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Abstract

The Gaojiabang tungsten polymetallic deposit is located in the northern sector of the Jiangnan tungsten ore
belt. Tungsten mineralization occurs in the skarn and its adjacent parts between granodiorite porphyry and Huang-
bailing Formation. According to the spatial location and modes of occurrence, the ores can be subdivided into
three types: scheelite in porphyry (type 1), scheelite in skarn (type II) and scheelite in hornblende (type Il ). The
EPMA analysis results show that Mo content in the scheelite grains decreases from type Il ore (w(Mo)=1.34%~
1.40%) through type Il ore (w(Mo0)=0.01%~0.17%) to type I ore (w(Mo0)<0.01%). The values of Cu and Fe in
pyrrhotite grains gradually decrease, while the values of Zn, Co and Ni gradually increase from type 1 ore
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through type II ore to type Il ore. This metallogenic zonation indicates that, in the Gaojiabang tungsten polyme-

tallic deposit, the oxygen fugacity of ore-forming fluid in skarn-stage gradually decreased from type Il ore

through type 1 ore to type Il ore, and in quartz sulfide stage, the cooling rate of ore-forming fluid that formed

type II ore was much higher than that of type I and type I ores. A comparison with regional tungsten polyme-

tallic deposits shows that the Gaojiabang deposit is a Mo-poor scheelite deposit, which was formed in a relatively

reduced metallogenic system.

Key words: geochemistry, scheelite, pyrrhotite, EPMA, metallogenic indicator, Jiangnan tungsten ore belt
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Fig. 1 Geological map of the Jiangnan tungsten ore belt (a, modified after Zhang et al., 2017) and the Qingyang W mineralization
ore district (b, modified after Zhang et al., 2017)
1—Quaternary; 2—Kedoushan Formation of Lower Cretaceous; 3—Triassic strata; 4—Carboniferous—Permian; 5—Wutong Formation of Upper
Devonian; 6—Gaojiabian Formation of Lower Silurian; 7—Wufeng Formation of Lower Ordovician; 8—Tuanshan Formation of Upper Cambrian;
9—Yangliugang Formation of Middle Cambrian; 10—Huangbailing Formation of Lower Cambrian; 11—Granodiorite; 12—Granodiorite porphyry;
13—Fault; 14—Large W-Mo deposit; 15—Small W-Mo deposit; 16—W-Mo deposit
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Fig.2 Geological map of Gaojiabang tungsten polymetallic deposit (a, modified after Fan , 2015) and geological map of 36 line pro-
file (b, modified after Xiao et al., 2017)

1—Quaternary; 2—Kedoushan Formation of Lower Cretaceous; 3—Carboniferous—Permian strata; 4—Wutong Formation of Upper Devonian;

|\’ 17 |£E3F4| 18 | tG1| 19

5—Gaojiabian Formation of Lower Silurian; 6—Wufeng Formation of Lower Ordovician; 7—Tuanshan Formation of Upper Cambrian;
8—Yangliugang Formation of Middle Cambrian; 9—Huangbailing Formation of Lower Cambrian; 10—Granodiorite; 11—Granodiorite
porphyry; 12—Hornblende; 13—Marble; 14—Skarn; 15—Tungsten orebody; 16—Molybdenum orebody; 17—Fault;
18—Drilled holes; 19—O0Observation and sampling points
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Fig.3 Sampling profile in the Gaojiabang deposit (outcrop of orebody I in skarn belt) and petrographic photos

a. Field sampling position photo; b. Sampling location profile; c. Porphyry specimen photo; d. Skarn hand specimen photo; e. Hornfel hand

specimen photo; f. Scheelite in porphyry under tungsten lamp; g. Scheelite in porphyry (crossed nicols); h. Reflection microscope

photo of pyrrhotite in porphyry; i. Scheelite in skarn under tungsten lamp; j. Photo of scheelite in skarn (crossed nicols);

k. Reflection microscope photo of pyrrhotite in skarn; 1. Scheelite in hornstone under tungsten lamp photo;

m. Scheelite in hornblende (crossed nicols); n. Reflected light photo of pyrrhotite in hornblende

Cal—Calcite; Sch—Scheelite; Po—Pyrrhotite; Di—Diopside; Grt—Garnet

A EEO AR T A R AR TR
B Y AR TR 73 A T ko 9 b R AR AE 0.1~1
mm, P ALK 3 mme R 5 R AR A (]
3i~k) o

fer b GRS CERLID) %28 H e
A0 S AR BROWTZ 5536 £ A e A b = v (A D 3
TS S IR ) o 0 A7 2 2048 (8, SARAE M, JUtk
s, B A ) R B AR R RS ERAT B
YA, KO0 A T A AT B SE . HSE
AT ANRLEE ) RAR 29 0.1 mm, KR 23 A 5 i 5 2k
B AR AR YRk oA (18] 31-n)

3 sk 54

3.1 SRAE

AU T AR 8 R0 IR B S0 g e k™ 3
IR I THRE (EPMA) /T e A I8 Tolk K2 %8
U5 5 PRBE TR 2 B i TR 4T 2= Se i, AR B 50 JE-
OLJXA-8230, SZER 451 R M HL R 15 KV, SRBER
S 3 um, FREFHL T 20 nA L, FEAT G R (G 5 oR4E
[0 15 s, 15 S0 R34 5 s 8 1E D5 ik ZAF, #:
FRALF 0.01%.
32 NRER

ARUKBFFERT 3 Fp A A B AT T
THRE 530, o BT 8 R Nk 1 R

HEM T 54 P T w(WO5) 4 80.01%~ 80.32%
CEEIME 2 80.17 %) 5w0(Ca0) A 19.65%~ 19.96% (-
YA 19.81%) , LA, H & A i 19 w(NiO)
0.01%~0.08% (-4 1 4 0.01%) ; w(FeO) A 0.01%~
0.03% XA} 0.01%) o %0 G FHET 1 wMo)
IC TR .

EAR T H A AT wWO,) K 74.63%~

78.94% (¥4 {H 76.64%) ;1w0(Ca0) K 19.41%~33.80%
CEI{E M 22.57%) 5w0(M0oO5) N 1.34%~1.40% (F-14
{4 0.23%) ; w(Fe)(w(Fe0)=0.01%~16.72%, “F- &
1 6.11%) Fl w(Mn) (w(Mn0O)=0.01%~0.51%, “F- {4
4 0.20% ) FHXT L

KR A P A w(WO5) K 79.03%~80.71%
CFHI1E N 80.01%) ;w(Ca0)H 19.5%~20.58% (°F-
18 4 20.04% ) 5 1w0(MoO;) K 0.01%~0.17% (F- ¥4 {5 Ky
0.05%) ;w(Fe0)} 0.02%~0.04% (F- Y1 4 0.03% ) .,

BRI IR 3 B IR o g B TR
EFoy AT Rk 2 iR . 88 1 0 A v i ok
w(S) A 38.59%~51.99% (F- ¥ {H N 41.0%) ; w(Fe) Ky
47.62%~60.85% (YA E A 58.5% ) ;10(Cu) K 0~0.04%
CFIE ] 0.02%) -

R L1 AR BT w0(S) 4 38.46%~53% (-
YI{H N 46.8%) 5 w(Fe) Ky 47.76%~60.96% (-2 {5 Hy
52.8%) ;10(Cu) Ky 0~0.15% CCEH{E 4 0.03%) .

AU A 1RG5 B 0(S) M 38.45%~39.23%
(P31 4 38.83%) 5 w(Fe) K 60.11%~61.06% (-
{54 60.7%) ;w(Cu) K 0~0.05% CEHAE 4 0.01%) .

4 T i

4.1 FH=ESHAE

H RRAE SR R RS 2 & R T IR s ik 1)
SN RT R4y R BEA TP Al KR G R S T A (2R
) W ks i ok s oA CGERLD) Fn= T
AP bR Ay A (AL )3 28, M R4
HTEE R (R, R 2)BR 0 AT ST w(WO,)
Flw(MnO) BAT LAY T <A M <AL T, w(MoO,) Fl
w(FeO) M T > AU M >25 M T (AR fLHRAE ; 2510

T A5 H w(Fe) il w(Mo) AH X 45 1 s 288 T A9 H”



g

408 2 TERRIR A VLR 0™

PRS2 N R g R (VSR S8 375

R1 SREVAIXTAETEBTEETEAR
Table 1 EPMA data of scheelite grains from 3 types of ores in the Gaojiabang deposit

w(B)/%
ney B
MoO; PbO Ga,0, V,0, NiO FeO MnO ALO, Mg0 WO, CaO K,0 TiO, Na,0 SiO, Cr,0, &if
598-2-1 - . . - - o005 80.1 1989 - - . - 006 100.1
59822 - . . - - - 004 8021 1985 - - 004 - 004 100.18
59823 - . . - - 001 002 - 00l 8032 1965 - - 003 - - 100.02 B‘f‘f"qj
A
598-2-4 - . . - - 003 - - 001 8018 1984 - - 00l - 00l 100.08
(A
522-1-1 - - - - - 001 - - 002 8001 1996 0.02 001 - 002 10005
522-12 - . . - 008 001 0.08 80.05 19.82 - - - . - 100.04
522-13 - . - - 001 0.03 8029 19.67 - - - - 002 100.01
413-1-1 1.4 017 0.08 7831 2005 - - - - - 100
413-12 134 - - 011 - 014 002 - 00l 7802 2043 - 001 - - - 100.1 -
WA
381Schl - . . - 0.04 003 002 7894 1941 002 - 001 - 001 9847 hpysy
381Sch2 7463 2012 - - - - 001 9477 W
381Sch3 - . . - 0.0l 001 001 7499 2011 - 001 - - 004 9518 (M
368Schl - . . - 0.01 0.04 7494 2005 003 - 001 - 004 98.13 LS
206Sch-1 - - - - - 004 7856 1991 001 - - 067 022 994
248-1-1  0.03 005 008 - - 004 003 - 00l 8031 1994 - - - - 001 1005
24812 001 - 005 - 008 004 002 - 00l 7955 2058 - - - - _ 003 AT
1A
24813 - - - - 0.63 0.04 80.05 1955 - - - - 001  100.1
(m
248-1-44 001 011 009 - - - - - 001 8006 1974 - - - - 002 100 )
248-2-1 007 0.18 0.02 0.12 0.02 0.04 7903 2049 - - - - - 100

T SRR TR IR

R T AR (& 4a~d) . AZEAI T —2KR T -2
UL, B 7 B4 FUES T w0(WO3) JE R R 50, w(MoO5)
JeHE T AR BE R RAE R A T R
Bl w(Cu) i & 5 T HAL 2280 41, Fe.S . Mn% o0&
Jo i 2 X5 (K Sa~d) o

S5 E T M SURAE R DL, 5 T IR A T
Rah AT LA R RS ST RS, BA R
5 19 w(MoO5) \w(FeO) FIMEK Y 10(WO5) .uwo(MnO), H.
TG B KA EA B Y w(Cu) (18] 5¢) o
42 BT

B R DR A 3R A T L A
filt, e LR B REAR T4 MEAEW RETY
42 fil S AR R o ARSI OB, BT A
T A 3k TR A3 1 S S 3 A R A A 4 (kR
K %% ,2006; Chang et al., 2019) , AR TAEN &%
BE R M ORN 75 A A R AE AR R, R T 0 A
M HEYT S5 AT A A S TOKY RE It
Ao JERY R A R Y 5 G R R A - Ak
YA A Y . L, (S G R 2 A AR

TV BB BUHL R FT 75 B3 8 R 5 R B AR
) BAL 22 55 1

5 W-Mo " KA C B A AR —RIKT 5
Cu-Au-Mo #" R A3 K 1) A 2 1Y & 3% £ (Candela,
1992; Mao et al., 2017; Xie et al., 2017; Shu et al.,
2017) o M THETE A SR B S FAETE L) We JE R
FATE , 32 5 JK WY S0 2 52 T 8/ (Che et al., 2013)
BRMAAMAETCR B TR AR P a4,
TE AR DI i o S ) 3T 4% 31 o 44 b (Cande-
la et al., 1990; % # 5, 2018) o 7£ B HA I 4
Vs A T3 I A PR 0 TR AU R IR IR S pHL T 7 T
3 R AT TLTE (Wood et al., 2000) . 5 K554
PR AT 1 4 B TN BE 5 42 o Fe?t /Fe? (L 7E 0.03~
0.06 Z [i] (Zhang et al., 2017) , &5 A1 Ce*/Ce*F-H{H
9191 (AP BR A, 2017) , 2446 7 o 1R 4tk B IR
(Borisov et al., 1990; Ballard et al., 2002 ; Zhang et
al, 2014) . BRI IR K5 ET RN LT KR
JERRTR W), 38 7R 15 T IR O B0 LY A IR - AR
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Table 2 Main element composition of pyrrhotite grains from three types ore from Gaojiabang deposit
w(B)/%
M5 n(Fe) fm&k - KA
Ge S Au Pb Ag Cd Sb As Zn Cu Ni Co Fe Mn &t

381Pol - 3888 0.14 0.09 001 - 003 - - - - 017 6068 - 100 47.14 N
381P02 - 3884 0.04 001 - 006 008 - - - 001 014 6081 - 99.99 4722 AN
381Po3 - 3892 0.07 0.06 002 - - - - - - 013 6081 - 10001 47.17 NI
381Po4 - 3856 - - - 003 - - 005 004 - 013 6051 07 10002 4728 NI
368Po5 - 3891 0.04 - 006 - 002 - 01 - 004 011 6072 - 100 47.14  A77
368P06 - 3898 - - - - - - 003 - 002 012 6085 - 100 47.15 N7

il
368P07 - 3872 0.07 - - - 006 003 0.02 0.04 001 0.11 5998 098 100.02 4695 Al
368Po8 - 3895 - - 005 004 - 002 007 - - 015 6072 - 100 47.11 U7
368P09 - 3899 - - - 001 005 - - 002 - 013 608 - 100 4712 AT7
368P0l0 - 5199 005 -  0.04 0.02 0.01 0.03 002 - 012 47.62 0.09 99.99 3436 Fgl
368Poll - 3859 - - - - 007 001 - - - 017 6056 0.61 100.01 47.28 NI
368Pol2 0.01 51.72 - - - - - 002 006 003 - 014 4802 - 100 34.66
187Pol - 3923 0.07 - - - 002 002 - - 001 029 6034 - 99.98  46.78 g}
187P02 0.01 52.55 - - 003 - - - - 002 - 013 4726 - 100 3395 Hif}
187P03 - 5257 - - - - - - - 002 - 009 4676 056 100 3370
187Po4 0.01 53 - - - - - 001 009 - 001 01 4678 - 100 3353 g
187Po5 - 5251 - - - - - 003 - 015 - 011 4719 - 99.99 3393 |
187Po6 - 51.63 - - - - - 002 002 002 - 005 4828 -  100.02 3483 Hf}

187P07 - 3876 - - - - - - 001 004 006 018 6096 - 10001 47.33 NF K
187Po8 - 3934 - - 003 - - - - - 007 016 6039 - 99.99 4673 Al
187P09 0.01 52.61 - - - - - - 002 - 001 01 4724 - 99.99 3391 Hif}
187Pol0 - 3846 0.03 0.01 0.02 - - 003 002 001 002 025 60.18 099 100.02 4721 X~
187Poll 0.02 39.09 0.06 0.04 0.02 003 - 001 005 - 005 021 6044 - 10002 4691 ik}
187Pol12 0.02 5175 - - - 003 0.02 002 003 014 - 007 4792 - 100 34.60 Hf}
187Pol3 - 386 0.07 - - 003 - 004 - - - 023 6038 0.66 100.01 4720 NI
602Pol - 3923 - - - - - 004 001 - 00l 013 6058 - 100 46.88 g}
602P02 - 3861 - - - 009 - - 002 - - 011 6053 0.64 100 4725 NI
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W, w(MoO,3)>13.53% I AW R b & H 0. A
WFFE BN, @ R IR VS 1 w(MoOs ) 7E 0~
1.4% 2 [a] , /T 13.53%, Z W% IR 8 T3040 E
By IR, Hit—250 8 BoR, 3 280 A P T 1Y
w(MoO5) 28R T >R RN >2K A0 [ 4545, HERER
BEESH PR IO A ISR TT 2R T —28 80 T, B
R A 18 BB A At JE PR AR

FERY R0 IR, B8 o 0 4 - Ak
Yy B W, T8 T A e 1 T R AR AR R PR AR
(WL 1155, 2008 5 ¥ WL , 20175 22 B4R 45, 2020) o
Carpenter 55 (1964 ) 48 H G B H™ (1 i 284 5 Ll o
ZIEAFAE AN T X R 96 2R < 75 O B EE Bk (hpo ) 1198k
JE T 0 B n(Fe)=47.8%~47.0% , B4 &) BE 55 Bk 5
(mpo) n(Fe) K 47.0%~46.5%, Xf =5 % B0 IR 1
Bl P ERE B (R 2) TR R, 28R T A2 Al
LA™ A P B A AR S 7S 5 R B k™, I 28 780 11
W TP RGBT AR R PR R B R . R R
1 i 2 55 A R B A G (35 3046, 2001 ), 7E Fe-S
& & v, mpo £ € A7 7E 19 I E L BR Sl 254°C (Ar-
nold, 1962) , &= i JE A Y hpo 78 22 18 ¥ #1id FE b &
T AT, Ak SR IR T RE ¥ mpo, (HJE
PR R IR H A R G R K 43 O hpo
(Yund et al., 1970; Gu et al., 1996; Ji & 304, 2001 ;
TEH%,2007; 548 R4 ,2010) . Fifi & mpo B9 1
R R PR AR D, S MR IR AR U B
PR B AR R . Vaughan 45 (1970) 4
T, Y PR EGR B TR AR BORE BT il hpo
[f1] mpo 5 7% (o % 2445, 2001 5 ¥ #8 3C,2011) . HFK
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Ho A & A s v BEVE . 253 1L A v g vk
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4.3 X Xtk
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Feab a3 3 i .

HRAE 1™ 1Y w(Mo) R i (ZF 45, 1991)
AR VLR B R SR R R o S B
IR (w(Mo0O,) < 13.53% , £ 45 5 K 5 ARIR LKW
PHAED H LA LIS MEHAST 7R
(w(MoO;)> 13.53% , S FfAEMOAS 155 ) 295, H
H B T E N RN A R T R A AR B Mo
fits 12 T 7 A9 (Mo/WO,) 1 3 K F 3 4H s e 9~
PR MRS A E H w(Mo) , & A AT R A1 AT A
R IR A3 S BT 8 A FE S i B R 48, i &
KRBT, BE SR x50 G E KRk
BRGSO R (%
3) %R i 1R A0 R ) W R T w(Fe)= 59.28%~
60.04% (1~ 59.09%) , 4 5. 15 2| n(Fe)= 45.41%~
46.2% , 4= R AR (AR R 4] Ry & R B ) L
8 7R G TR BT R R A B R
(Vaughan et al., 1970) . A, A TR A G Wow,
BT RS T4 Cu . Pb . Zn Ag 55 W™
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%

5 =

(1) 5 5% 55 14830 R0 R 3 k7 23 1) 7 Hh A A
A A i S50l 53 « 8 1 DK B2 o 40k vt 4R 1
B CRR T) F riR GiR RS  (2K
) S b BolR (IS5 5 7 CREIIN 336, B4
B B R A i LA 2 T >80 > 26 W0 T 9 43 A
Mk,

(2) T8 I PRIY W B I BT ik M 2 80
T2 T, 00 R A . T B
fr LA S A I B 2R T R R
VRGNS R TR IR R Pk
WUEE

(3) BB R J 200 LS 0 B B T o8
B3 -HIR R

B ASCERSNE R AR TR ARG S MR
B4 Jm 812 Hu B BN R 0 5 B, SE e TARAR 2 T &
AE T R BRI i 5 1 L p 5 B, SR el
R A B 7R AR BT OR v IR B R R R R



380 o JZS

Hh 5 2021 4F

S (AU 50 7 I8 96 R s B e L, 7E R
DR g

References

Arnold R G. 1962. Equilibrium relations between pyrrhotite and pyrite
from 325°C to 743°C[J]. Econ. Geol., 57 (1): 72-90.

Ballard J R, Palin M J and Campbell I H. 2002. Relative oxidation
states of magmas inferred from Ce(IV)/Ce(ll) in zircon: Applica-
tion to porphyry copper deposits of northern Chile[J]. Contribu-
tions to Mineralogy and Petrology, 144(3): 347-364.

Borisov A A and Shapkin A I. 1990. A new empirical equation rating
Fe*/Fe** in magmas to their composition, oxygen fugacity and
temperature[J]. Geochemistry International, 27(1): 111-116.

Candela P A and Bouton S L. 1990. The influence of oxygen fugacity
on tungsten and molybdenum partitioning between silicate melts
and ilmenite[J]. Econ. Geol., 85(3):633-640.

Candela P A. 1992. Controls on ore metal ratios in granite-related ore
systems: An experimental and computational approach[J]. Earth
and Environmental Science Transactions of the Royal Society, 83
(1-2):317-326.

Carpenter R H and Desborough G A. 1964. Range in solid solution and
structure of naturally occurring troilite and pyrrhotite[J]. Ameri-
can Mineralogist, 49 (9-10): 1350-1365.

Chang Z S, Shu Q H and Lawrence D M. 2019. Skarn deposits of
China[J]. Society of Economic Geologists, Inc. SEG Special Pub-
lications, 22:189-234.

Che X D, Linnen R L, Wang R C, Aseri A and Thibault Y. 2013. Tung-
sten solubility in evolved granitic melts: An evaluation of magma-
tic wolframite[J]. Geochimica et Cosmochimica Acta, 106:84-98.

Chen F, Du J G and Xu W. 2013. Ore-forming setting and metalloge-
netic model of the Baizhangyan tungsten-molybdenum deposit in
Qingyang, Anhui Province[J]. Geological Review, 59(3): 437-445
(in Chinese with English abstract).

Chen G H, Shu L S, Shu L M, Zhang C and Ouyang Y P. 2015. Geolo-
gical characteristics and mineralization setting of the Zhuxi tungsten
(copper) polymetallic deposit in the Eastern Jiangnan Orogen[J].
Science China: Earth Sciences, 45(12): 1799-1818(in Chinese
with English abstract).

Chen X F, Wang Y G, Sun W D and Yang X Y. 2013. Zircon U-Pb chro-
nology, geochemistry and genesis of the Zhuxiling granite in
Ningguo, southern Anhui[J]. Acta Geologica Sinica, 87(11): 1662-
1678(in Chinese with English abstract).

Chen X F, Zhou T F, Zhang D Y, Xiong Z Y, Li Q L, Yuan F, Ren Z
and Fan Y. 2017. Geochronology, geochemistry and geological
characteristics of the granite porphyry beneath Guilinzheng Mo
deposit, Chizhou, southern Anhui[J]. Acta Petrologica Sinica, 33
(10): 3200-3216(in Chinese with English abstract).

Desborough G A and Carpenter R H. 1965. Phase relations of pyr-
rohtite[J]. Econ. Geol., 60:1431-1450.

Ding K S, Qin K Z, Xu Y X, Sun H, Xu X W, Tang D M, Mao Q and
Ma Y G. 2007. Typomorphic characteristics and ore-forming sig-
nificance of pyrrhotite in the major Cu-Ni deposits, East Tian-
shan, Xinjiang[J]. Mineral Deposits, 26(1): 109-119(in Chinese
with English abstract).

Ding N, Du J G and Xu W. 2012. Metallogenic model of Huangshan-
ling Pb Zn Mo deposit in Chizhou City, Anhui Province[J]. Mine-
ral Deposits, (Supp.):7-8(in Chinese with English abstract).

DuY D, LiuJ J,Yu X Q, Zhou X, Yang H M, Yang L B and Huang Y
H. 2013. The sources of metallogenic materials and mineraliza-
tion of the Xiaoyao W-polymetallic deposit in Anhui Province:
Evidence from carbon, sulfur and lead isotopes[J]. Geology in
China, 40(2): 566-579(in Chinese with English abstract).

Fan Y. 2015. Study on tungsten-molybdenum mineralization in Qing-
yang area, Anhui Province(Dissertation for Master Degree) [D].
Supervisor: Zhou T F. Hefei: Hefei University of Technology.
125p(in Chinese with English abstract)

FuZY,XuXC,HelJ,Bai RY, DuJ G and Xie Q Q. 2019. The mag-
matic origin and evolution of granodioritic rocks and their con-
straints on mineralization in Gaojiabang W-Mo deposit[J]. Acta
Petrologica Sinica, 35(12): 3677-3702(in Chinese with English ab-
stract).

Gu L X and Vokes F M. 1996. Intergrowth of hexagonal and monoclinic
pyrrhotites in some sulphide ores from Norway[J]. Mineralogical
Magazine, 60:304-316.

Gu L X, Xiao X J, Ni P and Wu C Z. 2001. Metamorphism of sedimen-
tary pyrrhotite and fluid effect in the Hongtoushan massive sul-
phide deposit, Liaoning Province[J]. Geological Review, 47(2):
188-193 (in Chinese with English abstract).

Guo W M, LuJ J,Zhang R Q and Xu Z W. 2010. Ore textures and ge-
netic significance of pyrrhotite from Dongguashan ore deposit in
Tongling area, Anhui Province[J]. Mineral Deposits, 29(3): 405-
414(in Chinese with English abstract).

Huang C W. 2011. The typomorphic characteristics and their genetic
implications of pyrrhotite in Saishitang copper deposit, Qinghai
Province(Dissertation for Master Degree)[D]. Supervisor: Gu X P.
Changsha: Central South University. 46p (in Chinese with English
abstract).

Hsu L C and Galli P E. 1973. Origin of the scheelite-powellite series of
minerals[J]. Econ. Geol., 68(5): 681-696.

Jiang H, Zhang D Y, Zhou T F, Chen X F, Ye L X, Yu Z D and Xiang X
K. 2018. Geochemical characteristics of biotite from igneous
rocks in Dahutang tungsten ore district and its implications[J].
Mineral Deposits, 37(6): 1147-1167(in Chinese with English ab-
stract).

Jiang Q S, Yu C Z and Huang W P. 2009. Geological features and ore-

control factors of the Gaojiabang tungsten ore deposit, Qingyang



H 405 F2 M)

FERRIAAE - VLR RS0 2 B 2 B IR AT PRAT A 20l R ik AR 7R T 381

County, Anhui Province[J]. Geology of Anhui, 19(4): 251-254(in
Chinese with English abstract).

Leng C B. 2017. Genesis of Hongshan Cu polymetallic large deposit in
the Zhongdian area, NW Yunnan: Constraints from LA-ICPMS
trace elements of pyrite and pyrrhotite[J]. Earth Science Frontiers,
24(6):162-175(in Chinese with English abstract).

Linnen R L and Williams J. 1990. Evolution of aqueous-carbonic fluids
during contact metamorphism, wall-rock alteration and molybde-
nite deposition at Trout Lake, British Columbia[J]. Econ. Geol.,
85 (8): 1840-1856.

Li Y, Pan X F, Ouyang YP, Rao J F, Zhao M and Zhang T F. 2020.
Characteristics of fluid inclusions and hydrogen-oxygen isotopes
in the Zhuxi W-Cu polymetallic deposit, Jiangxi Province[J].
Geology and Exploration, 56(2): 315-327(in Chinese with English
abstract).

Li Y Q and Yan X Z. 1991. Mineralogy of Nanling tungsten deposit,
China[M]. Beijing: China University of Geosciences Press. 1-455
(in Chinese).

Liu S B, Liu Z Q, Wang C H, Wang D H, Zhao Z and Hu Z H. 2017.
Geochemical characteristics of REEs and trace elements and Sm-
Nd dating of scheelite from the Zhuxi giant tungsten deposit in
northeast Jiangxi[J]. Earth Science Frontiers, 24(5): 17-30(in Chi-
nese with English abstract).

Mao J W, Xiong B K, Liu J, Pirajno F, Cheng Y B, Ye H S, Song S W
and Dai P. 2017. Molybdenite Re/Os dating, zircon U-Pb age and
geochemistry of granitoids in the Yangchuling porphyry W-Mo de-
posit (Jiangnan tungsten ore belt), China: Implications for petro-
genesis, mineralization and geodynamic setting[J]. Lithos, 286-
287: 35-52.

Mao Z H, Liu J J, Mao J W, Deng J, Zhang F, Meng X Y, Xiong B K,
Xiang X K and Luo X H. 2015. Geochronology and geochemistry
of granitoids related to the giant Dahutang tungsten deposit, Mid-
dle Yangtze River region, China: Implications for petrogenesis,
geodynamic setting, and mineralization[J]. Gondwana Research,
28 (2): 816-836.

Nie L Q, Zhou T F, Wang F Y, Zhang D Y, Chen X F, Xiao Q L, Li X X
and Wei O X. 2018. Scheelite trace element compositions from
Anhui Dongyuan porphyry deposit: Implications for tungsten mi-
neralization[J]. Mineral Deposits, 37(6): 1237-1248(in Chinese
with English abstract).

Peng N J and Jiang S Y. 2015. Fluid inclusion characteristics and fluid
evolution of the Dahutang superlarge tungsten deposit in northern
Jiangxi Province[J]. Acta mineralogica Sinica, 35 (Supp.): 611(in
Chinese with English abstract).

Qin Y, Wang D H, Li Y H, Wang K Y, Wu L B and Mei Y P. 2010,
Rock-forming and ore-forming ages of the Baizhangyan tungsten-
molybdenum ore deposit in Qingyang, Anhui Province and their
geological significance[J]. Earth Science Frontiers, 17(2):170-177
(in Chinese with English abstract).

Shu Q H and Lai Y. 2017. Fluid inclusion and oxygen isotope constraints
on the origin and hydrothermal evolution of the Haisugou porphy-
ry Mo deposit in the northern Xilamulun district, NE China[J]. Geo-
fluid, 4094582.

Song G X, Qin K Z, Li G M and Chen L. 2014. Scheelite elemental
and isotopic signatures: Implications for the genesis of skarn-
type W-Mo deposits in the Chizhou area, Anhui Province, east-
ern China[J]. American Mineralogist, 99 (2-3): 303-317.

Song G X, Nigel J C, Li G M, Qin K Z, Cristiana L. Cioban, Yang Y H
and Xu Y X. 2019. Scheelite geochemistry in porphyry-skarn W-
Mo systems: A case study from the Gaojiabang deposit[J]. East
China. Ore Geology Reviews, 169-1368: 1-17.

Song S W, Mao J W, Xie G Q, Chen L, Santosh M, Chen G H. Rao J F
and Ouyang Y P. 2019. In situ LA-ICP-MS U-Pb geochronology
and trace element analysis of hydrothermal titanite from the giant
Zhuxi W(Cu) skarn deposit, South China[J]. Mineral Deposita, 54:
569-590.

Tang K Y and Tang C. 2014. The geological characteristics and the
prospecting marks of Shangjinshan tungsten-molybdenum-silver
deposit in the south Anhui Province[J]. Contributions to Geology
and Mineral Resources Research, 29(2): 179-184 (in Chinese with
English abstract).

Vaughan D J and Ridout M S. 1970. Mossbauer study of pyrrhotite
(Fe,Sy) [J]. Solid State Comm, 8:2165-2167.

Wood S and Samson I M. 2000. The hydrothermal geochemistry of
tungsten in granitoid environments: 1. relative solubilities of fer-
berite and scheelite as a function of 7, P, pH, and my,[J]. Econ.
Geol., 143-182.

Wu S H, Wang X D and Xiong B K. 2020. Fluid inclusion studies of
the Xianglushan skarn tungsten deposit, Jiangxi Province, China[J].
Acta Petrologica Sinica, 30(1): 178-188 (in Chinese with English
abstract).

Xiao X, Zhou T F, Yuan F, Fan Y, Zhang D Y, Liu D Z, Huang W P and
Chen X F. 2017. The geochronology of the Qingyang Gaojiabang
tungsten-molybdenum deposit and its geological significance, An-
hui Province, East China[J]. Acta Petrologica Sinica, 33(3): 859-
872(in Chinese with English abstract).

Xie G Q,MaoJW,LiW,Zhu Q Q,LiuHB,JiaGH,LiYH, LiJJ
and Zhang J. 2016. Different proportion of mantle-derived noble
gases in the Cu-Fe and Fe skarn deposits: He-Ar isotopic con-
straint in the Edong district, eastern China[J]. Ore Geology Re-
views, 72(Partl): 343-354.

Xie G Q, Mao J W, Wang R T, Meng D M, Sun J, Dai J Z, Ren T, Li J
B and Zhao H J. 2017. Origin of the Lengshuigou porphyry-skarn
Cu deposit in the Zha-Shan district, South Qinling,Central China,
and implications for differences between porphyry Cu and Mo de-
posits[J]. Mineral Deposita, 52:621-639.

Xue H M, Dong S W and Ma F. 2010. Zircon U-Pb SHRIMP ages of

sub-volcanic bodies related with porphyritic Fe-deposits in the Lu-



382 o JZS

Hh 5 2021 4F

zong and Ningwu basins, Middle and Lower Yangtze River Reaches,
Central China[J]. Acta Petrologica Sinica, 26(9): 2653-2664(in
Chinese with English abstract).

Yao F L and Sun F Y. 2006. A course in mineral deposits|M].Beijing:
Geology Publishing House. 1-348(in Chinese with English ab-
stract).

Yu Z, Yuan X L and Wang F, L L. 2016. Material composition and their
occurrence state of the Xiaoyao tungsten deposit, Jixi County, An-
hui Province[J]. Geology of Anhui, 26(3): 228-231(in Chinese
with English abstract).

Yund R A and Hall H T. 1970. Kinetics and mechanism of pyrite exso-
lution from pyrrhotite[J]. Journal of Petrology, 11: 381-404.

Zeng Q Q, Hu Z H, Wang X G, Gong L X, Nie L M and Li Q. 2019.
Geochronology of the Yangchuling tungsten-molybdenum deposit
in Duchang County,Jiangxi Province[J]. Geology in China, 46(4):
841-849(in Chinese with English abstract).

Zhang D Y, Zhou T F, Yuan F, Fan Y, Chen X F, White N C, Ding N
and Jiang Q S. 2017. Petrogenesis and W-Mo fertility indicators
of the Gaojiabang “satellite” granodiorite porphyry in southern
Anhui Province, South China[J]. Ore Geology Reviews, 88: 550-
564.

Zhang DY, Wei O X, Chen X F, Ye L X, Ding N and Li Q L. 2017.
Study on the magmatism and mineralization in the Qingyang W-
Mo orefield, northern Jiangnan terrane[J]. Acta Petrologica Sini-
ca, 33(11) : 3659-3674(in Chinese with English abstract).

Zhang P, Yuan X L, Zhang Q and Yang S. 2011. Ore components and
their state of occurrence in the Gaojiabang tungsten-molybdenum
deposit, Qingyang County, Anhui Province[[J]. Geology of Anhui,
21(1): 35-39(in Chinese with English abstract).

Zhang R Q, Lu J J, Wang R C, Hu J B and Zhang H F. 2014. Redox
state of the granitic rocks and formation of the scheelite skarn in
the Xintianling deposit, Nanling Range, South China[J]. Acta Geo-
logica Sinica(English Edition), 88(2):64-65.

Zhou X W and Li X Z. 2001. Typomorohic characteristics and metallo-
genic significance of pyrrhotites in Laozuoshan gold deposit[J].
World Geology, 20(2): 133-141(in Chinese with English abstract).

Zhu Q Q, Xie G Q and Han Y X. 2019. Characteristics of tungsten mi-
neralization from the Tongshankou skarn-porphyry Cu(Mo) depos-
it in Daye, Hubei Province and its geological implications[J].
Earth Science, 44(2): 441-455 (in Chinese with English abstract).

Zhu X P, Wang M J, Yao P, Xu J S, Li J Z, Chen M H and Tang G L.
2008. Typomorphic characteristics of pyrrhotite as an ore-forming
indicator of Heiniudong copper deposit[J]. Acta Petrologica Sinica,

24(3): 562-568 (in Chinese with English abstract).

Mt R 32 5% Sk

Wio5, AL, VR T 2013, 80K B SCE E T R 05 5 5

B[], HTIR T, 59(3): 437-445.

WREE S &F A, &7 78, sk, BRRFAACH . 2015, VLS A BO AR 485 (5
L4 B IR A BRI S R T 5 (0], h R o BRRL A 45
(12): 1799-1818.

PR SR, TERLBE , P ILAR A5 55 . 2013, fog g 3° R IR0 HbL IX AL 1 2
B A U-Pb AR AR R Al 25 K R KA 58 0], M B2 41, 87
(11): 1662-1678.

MR EE, RV &, ki L BRI, HUS R, R0 AT 831 2017 fie
Tt PR AR B ™ PR 075 A 0 A Q2 T R A 2 R AT S L
Hi T S [T]. 5 A 244, 33(10) < 3200-3216.

TZWE, F VPR . 2007, A8 K 1L BT R i i kT Y
W AR BUREAE K FL AR 5 SCLI]. 57 RIS, 26(1): 109-119.

T A T 2012, ZEBE W T LA YRR AR R I
K[ B R, 31(S1):7-8.

FEEBE, XK, A0, W9, NG, i e , Bk . 2013, 2 HL
RS2 B IR0 R W) BOR IR -5 ™ Bk AR IR 62 2% E
P[], P E T, 40(2): 566-579.

T 2015, R FH ML X 440 AL VE R 52 (38 30) [D]. S0l :
JAV K AN A AR Tl K% . 125 5.

FARBE AR IDE AR 42, A R, AR I 8. 2019, LRERIN K
T AR IR VR A Ak B G R BE 1 B AR ). A A
#12,35(12): 3677-3702.

B3 %, B A, AR, 2 B 2001, 3L THALE I HORER AL Bk o
DUBRESE B (128 BRI R VR HI[D]. HUBRTF, 47(2): 188-193.

SRR R, SR , IR SC . 2010, R B & L R P g B
R A S5 A ARRAE B LR R B ST, T IR |, 29(3): 405-414.

BORSC. 2011, T B A S 1 B (5 B AR A A R K] R S
(W AAE 3O [D]. I AW KV PR RS 46 01,

Fete, sRIkE, L, BRI E, IR, RIRAR WHTEE . 2018, K
IR DX IR PR S B 0 B R AE S R 8 s B [T, B
PRHJTE,37(6): 1147-1167.

P ALY AR . 2009. %2308 T BHEL o B4 TR b 5 4
TE R A0 B [J]. 2R, 19(4): 251-254.

Y . 2017, BLPGILET LA 2245 Jm 1 DR 1) ) PR Y - B R o
B LA-ICPMS i i 7 R I Z0[7]. Hb24RT%% , 24(6): 162-175.

2R W /NIE L BRBA KON , Be e X, 5K AR . 2020. TLVH A ARIRE
(1) % 4 )@ B PRI AR A 2L 0k K H-O [l {37 22451 []. #1575 1)
#,56(2):315-326.

IR BURAE . 1991, v [ g U T PR (M. JL T« [ b o
K2 R . 1-455.

XL, KB, T, B L0, 800E B EAE . 2017, S AR dLRZ M
RIVEH AR S AOH £ e o0 R R 2 R AE K Sm-
Nd E4FE[J]. Hi2Emi 2k, 24(5): 17-30.

SERITE VG K TR SRR R MR R, M DCEY, ZEHENE , KT
2018. LS AR IRBE A RS PR 1 50 S i 70 R AR S
7R X [I]. B RS, 37(6): 1237-1248.

SR . 2015, AL I R T A 1 PR U A L SRR AT S
WAAREAG[T]. 55, 35(S1),611.

R, AL AR, E 5, ALK, M. 2010, ZHIGE FH A L



H 405 F2 M)

FERRIAAE - VLR RS0 2 B 2 B IR AT PRAT A 20l R ik AR 7R T

383

FHART AR B BT A WA R B T (D). MR RTERL 17(2):
170-177.

JERHZE , ik . 2014. iR 14 LS EH AR PR b RRAE S 4R b [J].
TR TN, 29(2): 179-184.

SRS PNVARH 2R 2020, AT RVRIE I8 22 42 s 0T K T B Ak
Wy it TC B < R HEL, LA-ICP-MS 387 [J]. 543 2241, 36
(1): 245-56.

M2, R, 0 0OR, TRA L R AR A B RS B 2017, 42
K P K589 - 2 & B T R B L i AR B G 5t 2 [T,
AR, 33(3): 859-872.

BEMR RS, JER S0, 57 . 2010, KT HF R 3 X s (1) -#L(FHD #05*
(g 50) -8 () A N 5 B0 &1 K L5 44 1Y SHRIMIP 45 A
U-PbAE#E[J]. 54 253, 26(9): 2653-2664.

WAL, Ph-E T . 2006, B PR2FAZFEM]. AL5T: 1T Riek . 1-348.

AT, R, T, 254 . 2016, “LHUE SR BB 6 KD B4k

K HMRAFIRAS[J]. 2 Bb )it , 26(3): 228-231.

W DA B IEAE, E o) 3R RAE IR, 25 . 2019 VL AR B &
FEAKIA F9 4R AR A2 E R ST (D). h R HB TR , 46(4) - 841-849.

TR E L RRE BRI, A, T, B R 2017, YIRS b2
T BHAS AR 8 DX U O VE T D). 5 A 31, 33(11): 3659-
3674.

SRS, S I FS BT, B3I, 2011, 22308 75 PH B s KB4 AR R
AT R PR AR [7). L 5, 21(1): 35-39.

A, ZEFE . 2001, B HE LB RE B A bR RUARRAE BT (A
AN X [I]. BT, 20(2): 133-141.

RITST TR T SRR . 2019, 1AL R A L E AR CRFD 8 PR ST
ACERIE S o i D). HERRL2F , 44(2): 441-455.

BLI T TEA AR, WM, TR v 2l BRARAE AR 2008, 1Y)
PR R PRI B AR SRR S S T8 s 7 L. A
1,24(3): 562-568.



