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Abstract

The burgeoning technology of scheelite mapping image is of great significance to explain the characteristics
of mineral trace elements. The Dongyuan tungsten deposit, located in southern Anhui Province, is currently the
largest W deposit in this region. Based on geological characteristics of the deposit, we carried out the systematical
study of cathodeluminescence and LA-ICP-MS analyses in scheelite. We combine the mapping image and cath-
odeluminescence to divide the scheelite into two zones and illuminate the characteristics of ore-forming fluid and
source. The results show two zones of scheelite in the deposit have been distinguished. The distribution of Mo,
Nb and Ta strongly follows zonation, with high contents in the rim and low contents in core. By using the differ-

ent trace elements of core and rim from Dongyuan scheelite, we concluded that the oxygen fugacity of ore-form-
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ing fluid increasing, the partition coefficient of REE deduced and the fluid is full of fluorine volatile. Both core

and rim trace elements shown that the mantle material is probably contribution to Dongyuan deposit. We hold that

mapping and cathodeluminescence images of scheelite are necessary before we elucidate the characteristic of ore-

forming fluid and the source of metal. Overall, we proposed that the image of scheelite is quite important and

should mapping before analyzing the trace element of scheelite.

Key words: geochemistry, scheelite, cathodeluminescence image, mapping image, in-situ trace element

analysis, Dongyuan
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Fig. 1

Simplified tectonic map of the Dongyuan deposit(a), simplified geological map of the Dongyuan orefield

in southern Anhui Province(b) and cross section of Dongyuan deposit (c) (base map after Fu et al., 2011)
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Fig.2 Microphotograph (a.c)and cathodeluminescence image (b.d)of scheelites from Dongyuan deposit

Sch—Scheelite; Qtz—Quartz; Py—Pyrite; Pl—Plagioclase; Kf—K-felspar; Mus—Muscovite

TR o H PR B R AR USRI 24 4 (]
3a), MATHTEE SR AT 1), A% A S A 2
B ICE & Mo .REEs. Y FINb JL % ; JL-F JE 2 Bl
JEFEIE:SUC R . FTIICER & BUE R A% A
WO, -1 T i 4385043 112 78.86% il 76.63% (14 3b).
K EB TN TR w(Mo) V- HI{E 53 531] i 3818x 10711 7421 %
1076, B3 1 2t B S AR 31 5 (11 3 ) 5 A3 A 3
REE+Y V-3 i i 435003 Bl 1926x 1070 F1 707x 1070,
LREE V- ¥ iz 1t 43 5 73 il )& 1357> 10 F1 581x 10,
AR M 2 B EH o R E 4, 5+
TCR T IRHE, AR oo E SR s T
(1 3d~0)o w0(Sr)7E A% A1 &8 (1) 7 1 8 53 51 A&
74.0x10°5 Fl1 66.2x10°( & 3g) . w(Nb)FER% B A1
() 57 YA 43 ) 2 527 < 1076 Fll 184x 1070, 3 & & K
TAZIR(E 3h) o HAFTI TR WL 1,

5 1 i

51 FiEEH KOSH B RASE R KR
AT AT 2% B 3 20 UK 1 LA-ICP-MS fil &

TCER A 78 AT it M4 4% J R AIE (Ghaderi et al., 1999;
Brugger et al., 2000a;2000b;2002; Song et al., 2014),
FLES 7 1Y Mo 7 i 3228 52 31 S AL 08 5 2% R 45
(Hsu et al., 1973), 24 50 FZ = B, Mo DA 7S M 35 4
WO, M5 B2 = I, Mo®* U IA Ji A Mo* I JE U £H
™ (MoS,) (Linnen et al. 1990; Rempel et al., 2009;
Song et al., 2014), 1fif H., sl itk 4 Bu FEAS [ 4E fk
W AAE T L Eu? 5k Bud JE 2UA7F 76, 4 1E 55 28 B
Eu? 5 i, RIRR™ O M4 400 B2 IR, B 0 S i R W
Eu’ & = 5, B 400% J& &1 (Ghaderi et al., 1999 ; Brug-
ger et al., 2002), XLl 55 R W [/ — 230 0k 56
S FRE R o (Mo) Al 5 I 52 3 W] S e 1 By i 44 4
1% 15 BL(Song et al., 2014),  MAS SCIE ) B4 1
B4 Tl AR R O R S5 R SR T, s BAy
HH I A T A5 A R AT R 0 95 14 6 S i w(Mo)
HEAT BRI (] 4a), T, MAZER 5 2190 5A 5 1 1,19
(F% KB 0.58(F /M) (] 4b), w(Mo) i 3500106 T
155 Oh 9383 %1070, 3 it iz R i A AR JEURRAE — 2
PR W A A S B B T R

Burgger 55 (2000a; 2002)4 F1 458" i AN [ 4 50



$374% ol

M T AT RS R IRBE A TR B PR VA8 I e JU R iR S R X

1241

(S

500 um

AZER(w(W ) FAE{H )=78.86%
THEB(w(W)FHIE)=76.63%

B (Mo FAI(E)=3818+10-6
JHFB(w(Mo)y F-H{H )=7421x10-6

La

oLyl 130110 O
W (w(La) FHI{E)=65.7-10-6

B B (NG T -527+10-5
JHEBw(ND) FIHE)=184x10-

Nd

KR (w(Y) FAI(E)=271x106 =
THEw(Y )y FHEHE)=52.1x106

d FZEB(w(St)y A {E)=74.0x107
FHE(w(Sr )y FA4{E)=66.2x1076

HZEB(w(Nb)FAH )=90.3x10-6

JHEB(w(Nb) FIHE)=152.1x10-6

3

AR PR VST B A R () T8 L4 (b~h)

a. BB ARG h U B B AL 254 s b. W B 43 A 55 [ R ' K T BT s B 1S 0 e B — B
. Mo JUZR IR & ik TA% IR s d. La JUR AL &t i3 T LA s e NA TR AL & k8 T30 5
£ TEFRALAR i T 5 @ Sr7EAL AR A 50 20415 s h. Nb JCFR 2 A5 1w T A%
Fig.3 CL image (a) and LA-ICP-MS mapping image (b~h) of scheelite from the Dongyuan deposit

a. Core and rim growth zones of the scheelite grain; b. The distribution of W closely mimics the CL responses with the mineral boundary;

c. The distribution of Mo show high concentrations in rim and low concentration in core; d. The distribution of La show high

concentrations in core and low concentration in rim; e. The distribution of Nd show high concentrations in core and low

oncentration in rim; f. The distribution of Y show high concentrations in core and low concentration in rim;

g. The distribution of Sr show uniform distribution in both core and rim; h. The distribution

of Nb show high concentrations in rim and low concentration in core
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Tablel Main and trace element compositions of scheelites from Dongyuan deposit
. w(B)/% w(B)/10°°
e CaO WO, Mo La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y St Nb Ta
Dongyuan-corel ~ 19.41 80.16 3554 146 436 809 519 154 532 132 152 699 103 239 22 114 12 249 743 903 0091
Dongyuan-core2  19.36  79.56 3536 134 391 925 520 151 528 127 162 703 10.1 239 23 123 1.2 233 747 885 0.99
Dongyuan-core3  19.60 79.84 3905 128 407 86.7 527 166 574 152 18.1 86.7 129 292 3 15 1.6 323 732 832 0.90
Dongyuan-core4  19.75 78.43 3500 130 429 846 514 141 507 127 153 727 11.3 205 2.1 114 1.2 230 647 88.7 0.33
Dongyuan-core5  19.89 79.06 3869 136 410 955 552 167 584 152 179 83.1 12,1 285 28 137 1.6 296 781 98.0 091
Dongyuan-core6  20.56 78.75 3895 128 373 834 535 173 59 164 206 96.6 143 333 33 158 1.7 360 67.7 90.5 0.90
Dongyuan-core7  21.27 77.98 3934 125 394 789 520 147 50.8 121 158 69.8 11 199 22 106 1.1 211 701 884 038
Dongyuan-core8  21.19 77.95 3996 126 415 793 511 136 50 121 147 68.7 108 204 2.1 103 1 208 84.3 90.6 0.36
Dongyuan-core9  21.30 78.02 4170 118 368 81.4 548 180 59.5 186 22.7 104 15 342 32 158 1.6 358 785 94.1 0091
Dongyuan-riml 21.84 7738 4798 73.1 270 50.8 220 S1.5 179 443 541 285 4.1 103 1.1 6.5 0.8 527 79.3 119 1.00
Dongyuan-rim2 2191 77.32 4877 67.8 245 46.8 194 472 153 421 544 263 4 103 1.1 6.5 0.8 554 739 114 1.00
Dongyuan-rim3 ~ 21.90 77.30 4820 742 268 50.3 215 50 17.6 43.8 540 27 4.1 102 1.1 6.5 0.79 53.5 70.8 138 0.56
Dongyuan-rim4 2198 77.29 4971 70.6 270 512 222 53 18.5 463 540 289 42 103 11 6.6 0.8 52.1 68.8 128 1.00
Dongyuan-rim5  22.01 77.41 4672 603 231 403 177 459 133 403 530 259 4 104 1.1 64 08 562 71.6 102 1.00
Dongyuan-rim6 ~ 21.77 77.54 4498 79.6 274 523 212 388 125 249 290 145 22 57 0.67 43 0.56 648 69.5 189 1.70
Dongyuan-rim7  22.06 7623 8812 75.7 248 374 140 267 4.18 18.0 275 147 185 494 1.11 405 0.58 31.8 647 190 2.00
Dongyuan-rim8  22.18 76.19 8980 70.8 225 357 139.6 272 441 187 282 149 187 494 1.10 394 056 31.6 67.7 187 225
Dongyuan-rim9 2230 76.13 9253 71.8 225 36.7 1373 26.1 6.18 17.6 268 143 1.78 4.73 1.08 3.85 0.56 29.6 649 192 230
Dongyuan-riml10  22.35 76.08 9426 53.6 226 34.6 166.0 43.1 122 398 540 256 39 105 1.10 64 0.8 60.1 76.7 120 1.30
Dongyuan-rimll  22.18 76.18 9033 53.0 208 46.0 211.0 46.0 132 351 450 21.0 3.10 7.40 0.79 420 049 815 624 122 2.10
Dongyuan-rim12  22.24 76.16 9143 52.1 214 472 2460 60.6 182 487 580 26.1 390 920 088 490 054 962 61.8 139 230
Dongyuan-rim13  22.33 76.11 9340 58.1 206 324 1458 31.5 56 235 340 172 220 560 1.13 4.00 0.55 374 60.5 167 2.60
Dongyuan-rim14  22.34 76.09 9383 61.0 205 333 1388 28.1° 4.89 202 296 153 191 495 1.08 3.73 0.53 313 509 180 275
Dongyuan-riml5  22.31 76.11 9303 64.0 225 464 190.0 334 35 219 230 11.0 1.60 4.00 0.44 270 040 47.0 492 194 290
w(B)/% w(B)/10°¢
Uncertainty(1 Sigma)
CaO WO, Mo La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y St Nb Ta
Dongyuan-core 0.54  2.11 83 245 11.53 249 1477 475 098 43 042 24 035 086 0.10 044 0.06 7.7 19 3 0.22
Dongyuan-rim 0.55 1.65 118 3.85 10.77 147 6.16 1.5 051 1.5 020 091 0.14 042 0.05 024 0.03 32 19 4 0.028
w(B)% w(B)/10°
Detection Limit
CaO WO, Mo La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y St Nb Ta
Dongyuan-core 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dongyuan-rim 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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HFSE, H Nb/La {f — /N F* 1(Oreskes et al., 1990;
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TN 1N 1.30 3 9 A 4.59, 6 78 A TR AL B IR 19 B

WA E L F LSy, HF & g i,

FIAES B A B o0 R A T DL TR R B 5O TR
(FE =445 ,2010; Fu et al.,2017), §ij A 25 1)
fiiE JC K Rb/Sr, Nb/Ta Fl Ze/HF Fb (7% B & 38 45
TE it 7 Hp oA 8 R A 5 A (Fu et al., 2017), 3% &5
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Fig.4 The diagrams of scheelite trace elements from Dongyuan deposit

a. Eu-anomaly versus w(Mo) diagram; b. Chondrite-normalized REE distribution patterns (ordinary chondrite normalization
factors are from Sun et al., 1989); c. (Gd/Lu), versus (La/Sm), diagram; d. Eu-anomaly versus (La/Sm),
diagram; e. w(Nb+Ta) versus Nb/La diagram; f. Nb/Ta versus w(Nb+Ta) diagram
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F1hy, HLofe Y B 46 3 A%, T BE R RO ) () 3% 2 46
2017), Hod R BB U R T R SR Bl T kR
BT A R AR VR AL B DN B, 766 1E 578 L R R
i+ T ZREAE R BT 25 S AR R A R B AR A
Jv (Brugger et al., 2002 ; Sun et al., 2017), 4 3 Jir il
YA R WA R S S TE A (K 4b) (B
JE A A TR R 4 25 o0 2R T 40 O B35 4 1
S, PRI U A% N 2 5 A AR R R AL AR 11
fiE, HR 84 00 53 0 R AE R REM R 2 th Tk A
SR T B AN B AR R R A T R B A
K NG HoApaty , vl BE A 214 1 7 S 8 10 Bs
ANGE 4 (A H 0 3 C 43 A5 TR I 5 W) 6 R i A UK
RO RE B BRI . ZE b A S BT BT I MR AL
B, U 45 A VR 14 T 44 RN B A & R S
HPERRAE , A BRI LS 0 S e R A R T K
RN RREE

(3) W™ AR TR A e R B B4 B bk
TR WA, AR IS PR RS 0 A R 340 A A o
TCR I RPRANE (B de~d), Bt T MAZFRE 35, 5%
i ECEMER LT RN REOR S, K’
2 A0SR T A ORI A 2 T, B R e
F A 2 5 IR AL B U R, B e sl

IS i o0 R IR DT B 3 A e 3 i 2R 80 A
tbo &8 b TEHT A TR T R I, A2 A S
T 8 R B & GG S 1 435 A BE A
WA T IT R I R B AL

(4) A AR 8 K 440 4« B SCRT T, AR TR
W R v A8 B s 45 HFSE, Nb/La B R A%
BB AR 22 0 K, H R E IR T 1(& F 4% %50 (E
4e)o PRI, ZRVEAT DR 1 B 0 A% 35 R s 35 A9 it T
# Nb/Ta LU BT R — B 5 2, A 19 204 1 X
fil H JG K Nb . Ta FUSE I LU 0 R AR /N . 45
b AEE I VR I T R R R LT I AR R o Al
SR RIR Gl R T e B I R A A A R AR Y
WSR2 A T A B AR O G T S 1 43
Al LLHE— 2 I Wiz 0 B N 45k 4 RN AR Ak
R

(5) B RV XF AR IR A IR rf F1 A (A% 35
AR 53 038 N/ Ta LUAE S & BL(IE] 40) , % ER AL
FR % Nb/Ta HAE Y = T M AR A, R T —30)
FWAEE o Zi bl (T o T R A e R
Jo K 5 BN L TIE I R 5 0 R P T I TR A 2 BT A
RO EURHEAT 43ty , H R W sl S U8 A5 B Rk T
R LEARZ 2.

6 4% it

(1) ZRIEAS ™ PR b (A 8™ 1 10 4148 F0 B A 42
P55 (7 B S 1) N R 5 48, ELA 300 40ty AR AE
P A5 A A% 0 R 0 8 e R A 22 ) A T 2 Mo
REEs.Y FINbIJGE ; JLF 2RI LR & St &,

(2) ZRURESH™ R B 0 P8 B0 3 1R ik 3 158
W B TR 5 B R ERAR FLS AR 4L F
ik 4y, HF &g ik m .,

(3) ZRUEH PR S5 7 Nb/Ta Ho A8 76 A% F ik
TR, 48 7 B Y AR R REA B IR B .

(4) 76 FE B T 3 MBI &6 R A 1)
Bl DX 25 A8 P JEAth b, P R S0 10 i T 2R LS,
G3 BT A T RE X R A RN ) R R A A LY
fif R

B A SCHERF AN TAE AR B A T
A7 B A SRy 332 Ml 5T A VE B R 4 T AR U Y S
R, WAL 44 F R 3R T sl itk s L, A
I — I 2 DL Y 3 R
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