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Abstract

Located in the middle of the Jiangnan Orogenic Belt, the world-class Dahutang W-Mo-Cu orefield is com-
posed of four deposits, of which the Shimensi deposit is the largest one. In order to reveal the evolution process of
ore-forming fluids, the authors carried out in-situ LA-ICP-MS trace element analysis of scheelite from quartz-
vein type mineralization in the Shimensi deposit. Studies have shown that scheelite has two generations. The ear-
ly generation of scheelite in the quartz-vein is associated with wolframite, biotite and quartz, whereas the late ge-
neration only coexists with quartz. The former shows a right-leaning REE partition pattern, while the latter one

shows flat REE partition curve, with both of them having Eu positive anomalies. In addition, early generation has
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higher XREE, Mo, Sn, Nb, Ta and Y but lower Sr content than late generation. LREE-enrichment and high ZREE,

Nb and Ta content of early generation indicate that the ore-forming fluids were dominantly derived from magma-

tic hydrothermal fluids. Eu in the early and late ore-forming fluids were dominated by Eu** and Eu*’, respectively,

suggesting that oxygen fugacity increased during the evolution of ore-forming fluids and recycled meteoric water

might have been added into the fluids in the later stage. The precipitation of molybdenite and early scheelite with
high LREE, Sn, Nb and Ta had significantly lower REE, Sn, Nb, Ta and Mo in evolved fluids, leading to flat REE

partition curve and low Mo, Sn, Nb and Ta characteristics in later generation. In addition, the Eu normal anomaly

and increasing Sr content in scheelite in late stage may have resulted from the decomposition of plagioclase in

Neoproterozoic granodiorite.

Key words: geochemistry, scheelite, ore-forming fluid evolution, trace elements, REE, Shimensi tungsten

polymetallic deposit
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1—Quaternary; 2—Anlelin Formation of Meso-Neoproterozic Shuangqiaoshan Group; 3—Xiushui Formation of Meso-Neoproterozic

Shuangqiaoshan Group; 4—Neoproterozoic granodiorite; S—Porphyritic biotite granite of Yanshanian period; 6—Fine-grained

Geotectonic position of the Dahutang orefield (a) and simplified geological map of the Dahutang orefield (b)

biotite granite of Yanshanian period; 7—Tungsten deposit; 8—Molybdenum and copper deposit; 9—Tungsten-moly

bdenum-copper deposit; 10—Tungsten-molybdenum deposit;11—Fault
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Fig. 2 Geological sketch map of the Shimensi deposit (a) and cross section along the NE-SW trending exploration line of the
Shimensi deposit (b) (modified after Xiang et al.,2015)

1—Quaternary; 2—Neoproterozoic granodiorite; 3—Porphyritic biotite granite of Yanshanian period; 4—Fine-grained biotite granite of Yanshaninan

period; 5—Granite porphyry of Yanshanian period; 6—Hydrothermal cryptoexplosion breccias; 7—Ore-bearing quartz vein; 8—Orebody of thick-vein

type; 9—Orebody of veinlet-disseminated type; 10—Normal fault; 11—Reverse fault; 12—Geological boundary; 13—Sampling location
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Fig. 3 Different attitudes of ore-bearing quartz veins in the Shimensi deposit

a. Parallel straight quartz veins; b. Large quartz veins crosscut early small quartz veins; c. Quartz veins crosscutting early quartz veins;

d. Gentle quartz veins offsetting steeply inclined quartz veins
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a~c. Photograph of quartz-veins; d~f. Photograph of quartz veins under UV light; g. Backscattered electron (BSE) image of sms-11;
h. BSE image of sms-66; i. BSE image of sms-75
Sch—Scheelite; Wol—Wolframite; Mo—Molybdenite; Ccp—Chalcopyrite; Bi—Biotite; Qz—Quartz
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Fig. 5 Chondrite-normalized REE patterns of quartz vein-type scheelite in the Shimensi deposit (normalization

values after Sun et al., 1989)
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w(ZREE+Y-Eu)/10*

W(EREE)/10°

K6 111788 R4 SREE-Nal&l (a) #1855 TREE-Nb [ (b)
Fig. 6 Binary diagram of XREE versus Na for Shimensi scheelite (a) and binary diagram of XREE versus Nb Shimensi scheelite (b)

A 2005 ; BEAE (545 ,2006; Sun et al., 2017 ; 3545,
2018), HE # 7 X F 24 LAF 3 Fl: 2Ca>=REE**+
Na' ., Ca*+ W*=REE*'+Nb*" fll 3Ca>'=2REE*'+[]Ca
(Ca?* B9 %5 fif ) (Ghaderi et al., 1999; Brugger et al.,
2000), Hrfr, Na ¥4 & 475 & Na 2 Ca YIRS
T, REE*HI Na* &4 Ca? i}, i + 70 K 1= 8 1 41
o1, PRt 0 e R AW 2Rl ST O 1 oo R BC 5
5 FARA [E] s ND B i de R T & Nb 4644, h F
BRI, R TR AE Nb B i B o
A BE R85, PR 5 i VS h i B e R &
AHXT =7 458, 1 EE A - J0 2 A X & 4R (Ghadert et al.,
1999); Ca?* 25 i 4 2 A il 1 0 R I E 2R
o7 2 FEX PP SRR TP TR BA R Y
It A2 % (Brugger et al., 2000),

Ah, 1 F Bu 2B M Ie &R, Eu 9 B TR
K, But 1 5 i 3 35 2 3Ca2*=2REE3"+ [ Ca(Ca? [
23 )RR AL 5 11 Eu® 9 43 Ac 00 AT LU T 2Ca2=
REE**+Na* %5 # i #I #i| (Ghaderi et al., 1999 ; AE ffi {5
45.,2006). I, Bu® (19 73 T 5 B0 H A REE> 2641,
11l Eu?* 1Y 43 i R AN /T REE> . HAS 8™ 111 Eu
BRI R B T Eud R Bu> 22 Ji),

Sun 55 (2017) X141 1S5 290 240 Jhkis e 24 1 45 1
WFIEIN A, H REES B 4 Ca?* iU AL 3222y 3Ca2'=
2REE*+[0Ca. AWKMFFEIA AT TS50 PRAS ) 47 95 ik
R A IR s (1, 2 2) WoR, AR
i 4 Na . Nb & 2 A1 % SREE #4155 , (5 2 A B 5 i 40
K (1 6a.b) , BRIt , B0 R Rk bt ] RE A 3
4% REE* & L) 2Ca*=REE*+Na* , Ca?+ WS =REE*+

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

Nb> 5y B e Ca> HEA V0. eI 89 BN Na
FINb 7 & ik SREE P4 K 427K /9 REE fic 43 il 6 19
FFAE , 5 Ghaderi %5 (1999) 1 5% B9 P4 8 Kalgoor-Nors-
man Hb X R ACHGE 4 0 118 S R iE— 2
WM I il B2 b REE 32 22 L) 3Ca% =
2REE*+[Ca(Ca> 1y 7S fif ) Jy=UE 4, I, Joig
FUHIA M n) B e, K toc R C e k45
5, ANBE B3 AR 4 o0 B0 43 1h 4ok S e s T A4
Hh TR B EL AR
4.2 FH AR SkIR

FES T 1 fdt 70 2R 21 Bt BB 8 7 R L T AR
A9 & Y5 AN Vi 4k 5 F2 (Sun et al., 2017; Zhang et al.,
2018), = i 19 J% PO AE 7 A 0% 7Y Mo, Sn
Nb . Ta %5 JC % (Eugster et al., 1985), -4 ik 77 it (4
B, A1 Mo Sn Nb Ta %0 % , 15 Kbk
A X5 S PAIR R PR 1) A ok i G AT S B Y Mo
Sn Nb 1 Ta 55 75 AR (& Ta~d) , BEAA T 5 i A
FREIRL o AN [) F T ) BT A2 TR 18 i B B A
AN TR ) REE % # FIAC 73 452 2 (Ghaderi et al., 1999;
Brugger et al., 2000; Song et al., 2014), [ It , REE 4¥
AT 38 3 8 I AR 9 U2 (Sun et al., 20175 Li et
al., 2018; Zhang et al.,2018; Zhao et al.,2018), f1J<
Ff- 20 fik 0 S0 A R B A R v AR T 43 il 2R
5 IRAL 5 2 BoR LA AR EAL G 2 th 18 h e i
F IR EER (K 5a.b) , WA T AR PR b
WA AT BE S AR A K

BRI B S e T4
Ik GBI Ak . 4 kR Gu B (A R AR 2 e
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K551 H Sun et al.,2017;Zhang et al.,2018)

Fig. 7 Diagram of trace elements in scheelite from the Shimensi deposit

a. Scheelite Euy-Eu* diagram (Eu*=(Smy*Gd,)"?); b. Scheelite Nb-Ta diagram; c. Shimensi scheelite 3Eu-Mo diagram; d. Shimensi scheelite

SEu-Sr diagram (scheelite of veinlet-disseminated type values after Sun et al.,2017; Zhang et al.,2018)

REE.Nb. Ta }¢ 8Eu ft 5 & %§ 1 (Sun et al.,2017;
Zhang et al., 2018), IR AT T KA S5 20 ik
R YL A T AR ALY T i T R ALSURRAE , HE Mo
Nb . Ta.Sr & KEAAFT (K] 7o~d) , X 2L LI 45 B
A B Bu IE SRR, G338 i T A A R e i
TR TG . ALY, i iR iE it b 5
BC A ARAE BTN A A 3K O AE R N
HRHE A B A 2 B AT RE A O AR A TR
it Eu, S 808 AR BA B S 1 Bu i, S0
TEFE7R I A B R TR L P 9 B 3 4 5 0% B
20 ks R T ) T TR T BE VA BRI O &R i
S ST VR B =
4.3 I RAEL

TR R A S R g R A A Bk

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

i e EFC R BT () 5) - A e 1Y
M o0 BB A B o i 2 5 0T IR AL < A AH AL, 3
M AT A 2R (] 5a.b) , @7~ LREE & %, 1M
B0 s 1 o0 Z BRI A L 43 #h 26 AN [R] T U0
W, R PR 2, e 2 R A 1 OC R AE
(FE5¢) . BRI AT 52 R o0 i RN
ANHE , (La/Yb) BI{E H 3.95 F10.86, K T 2 F 46
TSR IR A (P8 13.5) A KB AR L R IR0
IR H (36~19984) , AKX T4 IR AE i1 45 (La/ YD)y
B (12.8) (WUHT 25 45, 2012b; X135 5 4, 20175 M 5x
45 .2018), FH A5 AY(La/Sm)y . (GA/Yb)y fE 4 K
TR A, 5 AR 2 8 3 LREE )2 HREE
SR AR LB WG %, i LREE & % 4% 7% ) HREE &
o RIS TP e 5 LT R 2]
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VBTN N R T T N E10 o2 N 7 T NG R e WV £ )
SRR K AR B, AT 5 BUR BITTE 0 ) 2 1
56 4 AN ] TR DUVE 0 ) B B oo R C o ith 4
(Brugger et al., 2000; 32 #4255, 2010), 1[5 IR
A9 ik b s 42 LREE (19 530 1 4 0 45 0, 35 AR
TR TR S &, R e B A
ASE TR A A oo R 2, LU X
A IC A3 i 2 R REAE , 5 RGN B R DTRE
Yt St & % LREE, J5 8 ¥ b & % HREE A 4%
(SchONenberger et al., 2008).

Eu & —F Ao R, E il R ik b £ 28
B, e A AP TRAR L Eud fE7E . Eud 7 1850
A 5 Sm il Gd ALY 43 e FR 2L, 1 Bu (1 43 i
FREOU T /N T Sm AT Gd, PRI 7R S A0 M R rh 4
1) 85 Bu M Sm . Gd 22 16— 25, M7 38 J5 1 it {4
H, Bu AR 4L 5 Sm . Gd A H A #H5PE (Ghaderi et al.,
1999; Brugger et al., 2002), Eu* MR #if Sm.Gd %
AR, F L, Bug 5 Eus BI2E B 1T LLUFR )
WrIE B A 8T i A SR RS . 1 7a iR,
W R s R 2 Ko i, R
B R AR 3 A But ;1 IR A S A R B
SR HL, H Buy 5 Bu* 7R HIEAA SR &R, 32 W
MEI] 0 B AR R Budt iy S . XRE AR
FCRFE LR T R A B 3 i ) AR A . i A
T IRANRIZE A e = R e ok b A2 9 H-O [Rl i 3=
BRI LA DA R R A DL S R
F AT A R A R IR S R AR A (B
E45,2015; EWMEAE,2015; X745 ,2016). TR
R/ L& B A I T (L et al., 2018), filif%
WS BT I A SR B e o KR e A R A
+ o0 K 41 At 3% B Bu?* Fil Eu’* 2 17 7€ (Sun et al.,
2017), WeAh, A T ARAE R IN A Lg%
1)t AT AR X S I RRE | ZE AR 51205 1R A B A
MR, Was R EaE A AR T A k. 25 BT
WA B KT A A L S R IR AR 2 T T A
TP AR ] SR A P TR R e A ARG B T, AR
TR BT A 55 AT 48 A B A9 A B A AT g2
B A S B AL R R Y (AT A& Eu
YA L R BN T HARA 100, h-gifikh i F 4
WY Eu 1Y 1E 58 AN AT BE 2 Bu 1943 Be 2 450m 1
Y, T B AR B Bu B % IR IE . A1 1)5F
B A X 2 B Bu w7 LA RRAIE , DRI 40 S A AR
W EA Eu 5 I AHFE X 5 F AT B0 ST 1Y e

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

TR Bu iE 55 BRRIE 200 JE 1 o DRI, 76 B I 4
HAL I, GBI Bu b S8 I A B B A
o RO g b B A BT T AR R N A s
YA LRI Z8 DA A, 78 i AR 3 A8 K 1 3 i e
PLR S AR AL T Bu, R4 T HAT Eu iy
IE S U A A R T AR A R A DRk
FH T Mo X PR 9 LA I UEE | i i Sk
W JFEPEXT A R A Mo & 52 It 48K (Hssu et all,
1973), Ak 4544 F Mo® ] B 4 Wil 5 2 Mo 1%
B, AR IR SRR B, Mo 18 JFUE il Mo** I UL TE
TE VSRS, i B T 1Y Mo 7 5 R (R (Rempel et
al.,2009;Song et al.,2014), £71[ ]38 KW 505 i &
AL, HoA e kAR B S T w (Mo) B = A
77.3x107°, 5 41 iz e R £k o RORE 4R S A Y
B ) Mo & A Y (S TR LR R 1
" (w(Mo) K 2494x1070) (XN 3% F 55, 2017) , LI /R
BV B AR IR T R A . BT I AR A
LI 1) G B R o M ) AR R A AR 2R
BT A ) Mo & i QR FEAN AR SR TR 2 T 3K
P Mo & it THE o AT 1SF0 IR A 9 fik rp
WIE e T Mo & i i EREIL (K 70) , 54
i B AR I SE AR P & o BRI, BT AR 9 ALk i
BRI AR FZ 0 VS8 Mo % & = AR A i — [
Ro RUIERAT L AIXTE Mo IR0 145 il i 3
REARC A I 1A P A Mo 25 i, DT B0 3001 e gt A
HRARXT AL, fHZ S Mo & it BTG
HEABFSE &3, Bi.Sn Nb . Ta W &5 T0 R ¥ &
T2A R T S Y B = T A K A T (Bug-
ster et al., 1985), HHTXLEITLR 5 WS 147 &
TR B PR AR 2R PR BT L, Rk, 7R AR A
AT DL ) 42 e 4 1 O UA 81— e AR B 1Y
B, XLETTRIEET YIS B S EIE S KR
WP R B A DR (RN 4R 55, 1987 5 Eh AR T, 2009) , Jf:
Ho T3k S50 EAE A 45 b ) T4 e 2 A
W (Dgepectivesmia > 1) » 76 LA H 4 55 1 25 s IR
A TS S 85T 1458 Sn Mo \Nb il Ta 1% it B
WAL C(E 7o c) , B s T R B FRAR MU SH 0 B
Mo Nb . Ta & &t 1Y (&0 MR T 19 45 ik — 25N
FE T WA Mo . Sn . Nb 1 Ta, M 177 1 5 1 9 1 4%
W Mo .Sn Nb Al Ta & = IL T R 4505,
SR oo R & m g kAR SRR g
FIES 9 Sr 7 i o 2 T A L S DX A kot
R (B 7d) . Sr7EHSH A2 IR (Brug-
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ger et al., 2000), 1838 I PITTE 2 SRR T AY Sr %
B Wi (Bai et al., 1999;Li et al., 2018), itk , 7637
P Al AR b S i T R T A AL ST BTk . TR
IRVEH R A LS Sty F1E9H™ (1450x1075~6810x107°)
i) e A el B9 R AR — B B (S S &t
L ETHE (89.7x1076~910%107°) , X #4757 Sr & & 1917
BN N Z I AT S 2 BRI IE Y45 R (Peng et
al., 2003; Lietal., 2018), EARIIAED" H X IH)Z K
BTG SRR LR (1B 7K A28 SRR ) IR AE A 7R A
VIS0 IR ML S AR R A 2T AR N A
DAL b bl 22 H S TR R . 8 LU A b2 R -2 A
K B TC AL B I R ety A7 S 2 P b AR A
L Bet AL R N TP SraHC A TEREI K
AHE AR R R b AR e, BT Ca il Sratk A
A DL, BB AARTE At PR v S B f bk B sy, A
T FBU HAZE P L) S0 b Se & & T H .

25 LR A T TS A SRR (ST T AR A
1 AR B KRR B I AR AR - B A A AR S
SRR A LT A A Ry B AT M AR, ELAE
Fifi# REE Mo .Sn Nb . Ta & & FFAL A Sr & 8 T .
44 Y/MHon RIEAXMKT MEHIER

H T REE FIY 7£ FVE 0 R A4 2 18] 19 53 L R 5
ABALL, DA U R S99 465 f B ) Hh Y /Ho 5 La/Ho Z [H] 1Y
FbAB AR Ak LA AL 5 100 A [ R B0 4 T A
oA 2= 5 ) 2 2 B S (Bau et al., 1995). A1
1% A0 0 kR [R] 391K 1 A5 0 & I 5 2 75, Y/Ho 5
La/Ho H {2 B0 AHAL ) A8 b i 34 (18 8a) . LK,
TEZE 19 Y /Ho LR 25 M PR Rse i 2R3, i [m) A 245
i I 7E Y /Ho-La/Ho & ih 2 5 31 R BUR) /K43

60

ann
a
o M
40} % o
£ o 080 S OOO
= [m}
SR S0 o Y/Ho=28.
- o : o
20 F CO Qe
o o
i)
]
0 )
0 20 40
La/Ho

16 (Bau et al.,1995), M & K 581 290 B0 JE K F
oy, BERAS[EAE 8] Y/Ho &5 La/Ho (B A7 7F—
JE 2500 A8 A — A S A B R AR T R T R
W4 i R P BE 3 R A R WY A 5 T G 3 P 4
TAE X B8 45 7F Y/Ho-La/Ho K (K] 8a) A 12
AR B S: . % Y/Ho-La/Ho B WU (1943
0, Bau %5 (1995) A A Al RE & HH T & & LREE A3
Oy EUe R EORE R HE A REE 237 {5 B A R Sz i A
WK Z W) 46 19 LREE ##4iF (Bau et al., 1995), [A]i}, i
WIAET  REE & i i &AL, AL @y
() w(Ho)E: 2 /NF 1x1076, & Y/Ho HLEAR LK,
B0 P A 12 P e R R T S O

Y 5 Ho 2 [8] (S ARAFAE B , AR R S A
Y 5 Ho Z [A1 48 fb HA IEAH S (& 8b) AL T Y 5
Ho Z[H] — S HbER L2447 Ry o AR U Z [R1 4 AH
M A 225, A Y Y /Ho (AR UAR K . b 4
W Y/Ho (HAMEH K, Y/Ho=20.2~44.1, 41} 33.5, K
L 5 T 28, B TS Y /Ho=14.9~55.7, K343
SR T 28, FLHARIBEH 12907 Y /Ho {8 28 £k 2 Bk
AN SRR S AR Y B AR B Ho 54, R
WA AR Y T B Ho & 42 (TR AR 5555, 2012), 17 1]
S AL AR Y Ho 43 R RE IR

AR Y FI Ho HA AR AN ZS AR LAY 25 2
PR 4 A FFITHCO, fig 111 22 7 221145 Y A1 Ho
KESR ., BRKPELEFB, Y/Ho o {E KT 28
(BRI Y/ Ho “FXME) , SR A7 4E HCOS B, Y/
Ho LB W T <28, TR EARI SIS 01 s,
WA YE B R A A b SO 43 £ 222 CHL, T
i 1] & CH, Al COL( X 4 55, 2016; M % 5%,

1000

L 1
0.1 1 .10 100
w(Ho)/10

E8 A58 K 45 Y/Ho-La/Ho(a) Fl Y-Ho(b) % fif
Fig. 8 Scheelite Y/Ho-La/Ho (a) and Y-Ho (b) diagram of the Shimensi deposit
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2016). BEL, ATTSFE 0 FL R 1 #8 Y/Ho (H 1Y
25 5 R W R R0 AR T B S F, AR X T 4
HCO;, 1 M W B 9L 1 W) B X = 481, & % HCO,
(Bau et al.,1995). ] A" i 4% 15 Ak 210 4 R R
PR FAE 5 451, FERT B8 B T3 A0 O 45 S FE SR 4 F-
DL RAE m a2 e A A B AR 1 F, DA
i I T A A R T 5 e TR SR A I R AR
IR, AT e i i HCO, i I AL

5 45 i

(1) FEW R X BT 2 A T TS50 R A 9
JK P VRS A BT 2 S B B, B A R R T AE i
TR TE AR AT R A D R DL
BT AL N E B BN A

(2) AT IRFT RAT SRS (B8 B i i 4
M JEPE R AR AL W AL PR IR, PR % REE
Mo . Mn Nb . Ta . F & &L St HCO, &= i

(3) 3 Sk 74 fb RN A0 ki G B ™ A6 1 B 3t
TR REVE A LR R, J8 T 2 4 57 0 L A
AT (S O A VAR 2 L
35 L B4 SN %o I 390 T 3 A 14 2 i L
A HERA

Bt A SRRk B ) RS I R A
ARBIFSE B, w85 7 9 e A AR A B T A 5 B e o) B
S ST AR 938 T RS B 5 Tk v R 2 e s Bk £l
SRS R R ) S S s O X 5
6 B R R R S BT SR AT Y
55 5 R ) O v R R R e A B A
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