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Compositional constraints of mica and wolframite on hydrothermal ore-forming
process of the Songshugang Ta-Nb-W-Sn deposit, northeastern Jiangxi
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Abstract: The compositional evolution of ore and gangue minerals has recorded detailed information concerning the
hydrothermal mineralization process. Based on petrographic observation, the authors used the combined EMP and
LA-ICP-MS analytical techniques for mica and wolframite to constrain the shallow hydrothermal mineralization
process of the Songshugang Ta-Nb-W-Sn deposit in northeastern Jiangxi Province. The W-Sn orebody in the shallow
part of the Songshugang deposit contains four different types of quartz veins from early stage to late stage and from
deep to shallow: wolframite-quartz vein, cassiterite-quartz vein, sulfide-quartz vein and barren vein, respectively.
The four types of quartz veins all contain early crystallized zinnwaldite and late formed muscovite-iron oxides. The mi-

ca in the early veins is mainly zinnwaldite, while the mica in the late-stage veins is dominated by muscovite. Compared
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with the chemical compositions of zinnwaldite, the muscovite contains less Ti, Na, Rb, Cs, W, Nb, Zn, Li,O but
significantly higher Pb, Cu and B. From the early veins to the late veins, the mica compositions have following var-
iable trends: Ti, Na, W, Nb concentrations decrease, and Pb, Zn, Cu, Li,O, B concentrations increase. Wollf-
ramite-quartz veins of different depths contain two different compositions of wolframite, but they belong to the same
period of evolution. Compared with wolframite deposited early in the hydrothermal fluid, the late wolframite has a
significantly lower Nb, Ta, Zr, Hf, Ti, Sn, U, In, and Sc but higher Mo and FeO/MnO ratio. The evolution of
trace elements in mica and wolframite implies two different fluids involved in the hydrothermal mineralization
process. One was granite-related hydrothermal fluid and the other originated from water-rock reactions. In the early

stage of mineralization, magmatic hydrothermal crystallization was dominant, and in the late stage, due to the inten-

sification of water-rock reaction, surrounding rock materials made more contribution.

Key words: mica; wolframite; hydrothermal fluid infilling; water-rock interaction; Songshugang
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Simplified geological map of the Lingshan area in northeastern Jiangxi Province( modified after Zhu et al. , 2015)
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Fig. 2 Cross section of the Songshugang W-Sn-Nb-Ta deposit

( modified after Zhu et al. , 2015)
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Fig. 3 Hand specimen and plainlight photographs of four different types of quartz veins in the W-Sn orebodies of the
Songshugang deposit
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Table 1 Representative EMP analyses of micas in the four types of quartz veins
YLk I ik 11 &k T & fik IV 2 ik
e BRER 2 BE Haott BRER R BE HazhE PR BE Mz Bt PR B A=kt
IIHT R 55 3 3 2 6 19 4 5
Si0, 41.29 50.49 42.77 53.74 45.28 52.17 43.78 51.07
TiO, 1.01 0.09 0.35 0.01 0.18 0.00 0.39 0.16
Al, O, 20.41 27.21 21.25 26.11 20. 81 26.37 21.56 26.23
FeO 17.48 4.56 18. 65 5.39 14.85 5.05 16.05 5.26
MnO 0.23 0.02 0.41 0.04 0.83 0.06 0.57 0.07
MgO 2.89 2.11 0.44 1.99 0.17 1.44 0.28 1.49
CaO 0.00 0.07 0.04 0.14 0.03 0.08 0.01 0.11
Na, O 0.18 0.03 0.16 0.06 0.06 0.05 0.13 0.05
K,0 9.86 10. 87 10.09 9.38 10. 44 9.70 10.22 9.34
Nb, Os 0.00 0.00 0.03 0.02 0.00 0.00 0.01 0.01
Li,0" 2.27 1.76 2.70 1.39 3.43 1.03 3.00 1.41
F 6.05 3.09 6.30 2.59 6.90 2.06 6.64 2.61
0=F 2.55 1.30 2.65 1.09 2.90 0.87 2.79 1.10
H,0" 1.23 3.08 1.16 3.41 0.95 3.54 1.03 3.24
R 100. 34 102.07 101.69 103.19 101.02 100. 69 100. 86 99.96
PL 22 AR O T T B
Si 3.02 3.33 3.09 3.47 3.22 3.46 3.14 3.42
Al 0.98 0.67 0.91 0.53 0.78 0.54 0.86 0.58
Ti 0.06 0.00 0.02 0.00 0.01 0.00 0.02 0.01
Al 0.78 1.45 0.90 1.46 0.97 1.52 0.97 1.49
Fe 1.07 0.25 1.13 0.29 0.88 0.28 0.96 0.29
Mn 0.01 0.00 0.03 0.00 0.05 0.00 0.03 0.00
Mg 0.31 0.21 0.05 0.19 0.02 0.14 0.03 0.15
Ca 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01
Na 0.02 0.00 0.02 0.01 0.01 0.01 0.02 0.01
K 0.92 0.91 0.93 0.77 0.95 0.82 0.94 0.80
Li* 0.67 0.47 0.78 0.36 0.98 0.28 0.86 0.38
Nb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH* 1.20 2.71 1.12 2.94 0.90 3.13 0.99 2.90
F 1.40 0.64 1.44 0.53 1.55 0.43 1.51 0.55

e K H Tischendorff 251997 ) W1 Li, O [T A 3, X = )\ A =B 1i,0* =0.298 x Si0, —9.658 H4, %t = /)\fitA = BER A 1i,0 " =

0.395 F'"320 {1441,
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Fig.6  Trace element compositions of micas in the four different types of quartz veins
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= Rb M1 Cs mJ AN K, i A2 /i AR A B L, Lis Nby
Ta.Sn 253 42 J& 7] LLES 70 B 4K Al Fe . Mg 5.
I, = BRE] DL R M 4 e T R AR ), B W
FZEORANMEITTR G, UGS R 6
MG R h B R R 2 CER A, 2019)
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% (Zhu et al. , 2015; Breiter et al. , 2017) , ¥ 3l =
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Table 3  Representative EMP (w,/%) and LA-ICP-MS
(wg/107°) analyses of wolframite in the I-type quartz veins
with different depths

W /m 29 99 225 319

Iy T A 45 6 6 16

B HRE
W03 73.78 ~76.51  70.91 ~75.08 74.81 ~75.87 73.95~75.76
FeO 21.01~22.14 14.11~15.25 21.89~21.98 8.78 ~13.83
MnO 1.95~2.78 8.11~9.91 1.76 ~1.89  10.23 ~15.69

FeO/MnO  7.62~11.33 1.42~1.88  11.61 ~12.49  0.56 ~1.33

LA-ICP-MS
La 0~0.581 0~0.009 0~0.023 0~0.004
Ce 0~1.631 0~0.014 0.015 ~0.088 0~0.016
Pr 0~0.162 0 ~0.001 0.001 ~0.013 0~0.016
Nd 0~0.250 0~0.055 0.010 ~0. 113 0~0.055
Sm 0~0.357 0.021 ~0.160  0.057 ~0.165  0.007 ~0.070
Eu 0~0.055 0.006 ~0.061  0.002 ~0.013  0.006 ~0.027
Gd 0.077 ~0.829  0.121 ~0.694 0.070 ~0.234  0.082 ~0.312
Th 0.079 ~0.829  0.098 ~0.519  0.099 ~0.183  0.041 ~0.299
Dy 1.606 ~10.408 1.317~7.314 1.751 ~2.628  0.811 ~4.419
Ho 0.498 ~3.815  0.409 ~1.971  0.573 ~0.819  0.246 ~1.469
Er 3.739 ~21.661 2.366 ~9.804 3.752~5.041 1.345 ~7.698
Tm 1.879 ~8.661  0.907 ~3.598 1.728 ~2.307  0.451 ~2.778

Yb 32.307 ~134.912 13.961 ~49.244 27.183 ~36.253 6.276 ~38.051

Lu 6.075~25.018 2.395~7.201 5.404 ~7.212 1.098 ~6.048
Y 1.558 ~32.805 5.496 ~20.278 1.365~2.288 1.062 ~8.054
>REE  47.32~201.87 21.67~80.54 40.90~53.30 10.39 ~61.19
3Eu 0.117 ~1.116  0.262 ~0.561  0.063 ~0.286  0.179 ~1.037
Ta 1~264 1270 ~5 520 4~16 966 ~3 940
Nb 103 ~4 410 2 720 ~8 630 776 ~1 170 1 320 ~4 090
Sn 1.34 ~15.48 174.16 ~1 951.57 0.50~0.71 35.42 ~463.13
Ti 54 ~854 250 ~2 710 12 ~29 34 ~334
7r 8.22 ~143.77 85.00 ~450.89  2.67 ~8.84 6.76 ~120.45
Hf 0.37 ~5.54  35.50~181.32  0.11 ~0.43 0.95~27.14
U 0.50 ~28.41 9.23 ~154.56 0.60 ~1.29 1.57 ~26.00
Mo 22.93 ~187.08  1.55~2.08 9.26 ~15.09 1.97 ~2.71
In 3.09~12.59 80.81~153.85 3.14~4.25 6.80 ~13.07
Sc 140 ~ 882 752 ~1 640 58 ~80 313 ~912
Zn 157 ~232 524 ~ 586 268 ~275 220 ~429
a
1000
E 10
% E
=
01k
=&— 29m
L B= 99m
=0= 225m
153 L == 319m
1 L 1 1 L L 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
K7

JEE BN 5ik, >R A T e A B AR K DL R KR K
DURRIZ WY 2, X 5 A A SR T R I A AL
JHAHE—3( Legros et al. , 2018)
H11& 5 7L 4 S S ik 2 BE 5 L A o) Ak
Pee — LA “ B PR A BE 7 i U B s
BE=11 2 B 735 KRR LR b, 34— A e Bl
mRE-E BRI R RS B BUST B kR
T WA R A B e N LSS, TR
TR IT 2k, B I ARDO G R AR b L e b Wl 2%, T
BIMANV 20k o <8 zs BE—BR A 25 B I 53 1) A ) AT
BN 2 ) P R PGB 45 T B < BR 01 R
B AH G, 1Bk 2 BE ity 7 5 A6 AR 1RV 1 AH
Ko BH B BER] A = BRI AR, #0072 0015 4 #4
WK AR A KCE R A SRR T 45 2R, i EL
FLIUES AT OB 4a IR 22 RERY L S04, 3oy
AR I AN 2 BR R ) PR AA 2R IR 45 i 73 5 ( Legros et al.
2018) o 2 TIL Kk, PRARTTI WK S ke T2 3
YERL, R E a8 E . A, S8 A o B T
DEEF Si0, B, R0 2 KR LS f A0 T A0a 1
G TR RN T MO Tk IE K Si A AL
R TR IS 2 AR R AR AR
Mz BEURAA TP 0 IE SR T4 . ARS8 8 1Y IR A
ZHCE, AEICE I 50 B R B00] RE A R W] W 2 S
(Legros et al., 2018) . AR, #OR S PR ICHE
Rz BRI R B BE =, H o A et 4l = BF
HR A TG 3R R A R A AL S WA A TP iR e 3R Y
HAXTHE (Legros et al. , 2018) . 3 2 AT UL, FAR
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Fig.7 Chondrite-normalized REE patterns (a) and trace element compositions (b) of wolframite in the I-type quartz veins

at different depths (the shadow area is the range of variation and the solid line is mean value)
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169 x107°.34 x107° ~ 134 x 10 7%, %F W (92 81
T Sn SR 32 x10°°~249 x 10 °.44 x
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10 % B A BERIE B2 BRI Sn AR IRCOK, B
S0 R AFT s A e ik b 2R B = BE WS 40l R 10. 31
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40 x 10 °, XN ETH A B W S 88 1.02 x
107°~39.38 x107°.1.77 x107°.2.16 x107° ~6.
18 x10 °.1.86 x 10 °® ~7.59 x 10 °; 47 7% ik 7 &%
PARERIEH A =B Nb &80 1.63 x107° ~
46.48 x10°°,Ta /N 29.75 x10 . HIHAL X
PR = BERT DUk BLIE PR B, SR B Sn B
BHH92 x10° ~156 x10°°, Bl Bt (¥ Sn &5 S0
K, M 19.1 x107°~42.1 x10°°; EprEE W 54
39.9 x107°°~50.3 x10 °, M Bt Ry 34 x10°° ~77
x10 7% HLErBY Nb & 109 x107° ~283 x10°°,
Wik BEA 16.3 x 10 ¢ ~108 x 10 °; LK B Ta 775
H35.1 x107° ~53.1 x 107, e Bk 19.1 x
10 °~42.1 x10 °*(Zhu, 2018). Fuifi Ffkrh =
RES TG 2 BER A 501 Sn & 220 TE
R 5% W.Nb Ta & E U] B8 E. Nb Fl Ta [ #
WG BT 5 DR AE VA R JE AR  Linnen et al.
2014; Legros et al. , 2019), 25 i i (1) = B Nb Fl
Ta & EBAK. P4 kb R 45 0 L = BERL,
RSN A5 B T WO EE SR BRI, DOUE R
MR HAIRN W & .

PR R BE Zn & EAR & T Cul Pb 5 EARAK,
AIREAT Zn AHXS T CuPb 3E 25 5 LA A5 % ¥ Fe
1977 2N 2 BEAS A 0 (R DEEE, 2014) o A X T
PR B, =B Cu Ph & B W B85, 1 Zn &
B EAREAG, H5E 44 x10 ° ~405 x10°°. A=
BEFFEE R Cus Ph Zn 75 3 U0 W B 30 A G b 1)
CuPbZn WL iy, 1X 5 W A 9 ik 47 48 2 ik
VT IS A o
6.2 EEBH KX A TIRRIE LY

ST RIORE B2 AR WL B S BR AT , nT R e i 3L 3T
TR BT AN REE (XK EE, 2017)  IRPE 319 m Al
99 m FIEBEH BA B FeO/MnO {E AL 73
e ML, MR 225 m A129 m A B H BAT
1] FeO/MnO {EFIZSBL I 7 2 70 25 1 4%, 17 319 m

#1225 m 599 m 229 m BT P A A
A3 T ) R AR e, HOAR B AL B AT 5% 3
FH 2 WY S LG A AR R LR AR, W SRS AT R [
— . PRASHTI ROV AR A ) By AR A R
N 2 b5 3 EOGTUE 1) AT B AT U] AN R (g,
Wi 31 1 2 B 38 3 MR S A W) T8 OB 5 4, W AE I
WK N R AT 2 1 Fe IS T BEN B R
W ¥R ( Lecumberri et al. , 2017; Michaud and Picha-
vant, 2019) . [, FeO/MnO LU AR %5 = 1 SR B4 #4
WA A B i BOE G A 4% oK H BIE 1) Fe 2
55,1 FeO/MnO HUAB FAR A SR B4 )2 BUm AR 4R
R BOUTTE, HlE T Fe 19 5T HR %L 2> ( Lecumberri et
al., 2017) o BEHLUTVE SRS B H 0 A A4 0 . 1
T R B 2 BRI BB AR . BiLE ) T ot ik D, TR
WK N N AT % ok AT R A 2
5.

AN R () S0y 35 S I EE A - & SR (0 LT
FHC o A 3K T AR TR A e ER, A T
B TEAR(GE ~Tu’ 2 0.94 ~0.86 A) T
JUIHI AR A7 8 () Fe?* (0.78 A) Fl Mn** (0. 83 A)
( Shannon, 1976; Zhang et al. , 2018) , K|t H 4 1+ 0
BRI RS R AR o e AR B v AR AN A R R T
FEAT (R G 38 R A HE M, YR BE 99 m A1 29 m ) PR
BN 0 AT B L R A RO IR A o A A ) &
O MR 319 m A1 225 m (¥ A H 4 IE B B0
WAL OB A 45 F AT A IO 45 2R . IR 99 m
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B AR AL A — 2 Zhang et al. , 2018) .
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