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K1 Rl s XL DR 2 b — AR (a) AL 0] — b/ 1 5 BRI AE B (b) A BRBL IS bR A A L
Bl B, B : Wang Xiang 45 (2016) ; BB FATARHEMLEHEI A Taylor and McLennan(1985)

Fig. 1 Chondrite-normalized REE patterns of early Yanshanian biotite monzogranites (a) and late Yanshanian two-mica/muscovite

alkali-feldspar granites (b) in the Nanling Ranges. Data are from Wang Xiang et al. (2016). Chondrite REE values are from

Taylor and McLennan ( 1985)
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W Mk e R A A (b) (P& Wang Xiang and Ren Minghua,2018 1584)
Fig. 2 Geological map of the Yaogangxian tungsten deposit, Yizhang, Hunan Province (a) and
contact relationship between the early Yanshanian biotite monzogranite and the late Yanshanian

tungsten-ore vein in this deposit (b) (modified from Wang Xiang and Ren Minghua, 2018)
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45 2006 ; X1 [E PR 45 2008 ; B E 4R 45, 20105 FRI %
84,2014 BEEAE 2018 ;A7 WA R )65 ,2020) . K
I PR 5 BEE (R 1) 7800 U], I8 4
W SR M 2 10 1%t B 1L g 30T, B 130 ~ 140
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B AE 5 A (P E R 2E B st BRI A B 5T T, 1979 ; 5
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(ST B A BT R 28 an R A R 25 A
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R AL R A E ST 130~ 140 Ma Z[H] (£ 1),
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PRI YRR B P s 2 R DU R
W 22— B X AL <1 5 AT PR A B Be . 161 ~ 180
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W B e b IR (R A AR 45,2011 ) Al AT BH A
YEHIIT 148 Ma, 1% 5 55 PU B B 1) 46 i B85 A A
R, Ja R my AR 2 BT e S2 , PH AR LLAE b BE2 Y
AR 136. 0~140. 0 Ma( 3 1), i P42 1L49 %"
FY AT AFE I A 130.3~139. 8 Ma( £ 1) , I R4 -
W6 o BBt I — Sk 19 e A5 e B R B A
HIBFSE , Xiong Yiqu % (2020 ) | FH45% 4 U-Pb il
F 2z B K A = AV 0 K 0 T2 B AR 8% 4 0l hy
138.0 Ma Fi1 136. 8 Ma, Wi & A — 5, H7E 20
T2 BR0E (1991) 76 SVS5 i 06 B30 9T T AR IS w4
H, CHIDRLAE b i (A SCHE ; BD Ak — = B/ H 2 BE ik
KAEK A ) BITE AR Y 208 135 ~139 Ma, 58 ki
AL,

(2)BRT LR SCHRE B A 88 5« 1138 B i
BB ml e L I 01 — B/ BERR R AR A A

2] B AR S R AR SCGA AT LB B T 51 RR AR 1 1
MR . O J kA B 2 B RS T e
HEZ B/ A = BRI AR 5 5 R 1 IE 7 (bR,
1991 ; B4 HE 55, 2004 ; F KR HE 45, 2006 5 55545 4+ 4%
2010; 281745 2012 ; Xiong Yiqu et al. ,2020) , IE
W2 ScE e XCE T s (B 4) . QFERiTT
Pel B2 B il B LAl B VD PE AL 35 PR R 1L A
By R 2 EE MM BN BT th B —
AP EN A RS S TR B s b A s b
WAL B A Wk, = S SR P R AR G &R (Mg 55
3C,1985; BRAK A, 19885 0%, 1991) o 9 (1990)
g ARIAE R A (AR SCHE . Ak — 2 B/ A &
BEBA AL B A ) AR50 8 Hh R 43 B W (A SCH . D
BB ) LU AR Ay . O R, BT 2R
YR HE B/ A = B AE B4 P (R
1991 ; 5K 3C 24 45,2006 ; SRAH A4 ,2010) , 5 2 R4
W — i —a—K A — AR A IR R B A7
T at/ A BB AL R A (M 5 5, 19855 BRAK
1988 5 HfE AL AT, 2007 5 5K SC 2246 2009) , T EAE
AR B R A A, (AR R, AR @R
FIEEQFP LG A 4 BUAE 5 80 A5 188 1L L PR
mRZRAER AT

(3) MRAE I AT IR 0T AR & A e
A MERMAR B AIAE (A5 ,20117°) B
WIS RS MR 2 Dy ik = BE R oy S 4 e . m
WML IX 1 — 2 B/ s BERR A AE B A (RS A
F/NTF Any; BLHT K%, 2012; Wang Xiang et al. ,
2017) 5 A AL 2R R AE S B 0 B AT P B2 SRR s
Gy, RN O E =LK LR Sio, (Y
K 75.86%) FIE FeO" + MgO + CaO ( F- ¥ {H K
1. 52% ) W4FAIE( Wang Xiang et al. ,2017) ; @QEMTHY
MEICER LAE ANHHZJCER (Be  Bi Li Nb Pb Rb,
Sn.Ta U .W.Y) FIFX % T &K (Ba,Cd, Co,Cr Hf,
Ni.Sr.Th,V.Zn Zr) HHFE ( Wang Xiang et al. ,
2017) ; BT BRBL IS A bR o A 4 B 40155 5Ky
I Eu U R R MRS R (] 1b) o [FIE, X ek
KA E SHERST Y (. EA BRA EE Hs
By BREL S BE D5 A0 5 ) AU A0 (AN PR
P41 Nb—Ta ALY B0 BREL0™ B Ah e 45 )
(Wang Xiang et al. ,2017) , Ja#B ] R4 BN IL
TR AR AT B FER A4 (45 55 3C, 1985 5 BRI, 1988 ;
WHEEEAE 2007 3K 30244 2009) , EATH A XS
SRR IR G5 M (R G A TLAE ) 1988) | d i A4
TR A A (F AR5, 2007) , R ERAE UL B
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MBS IR B R R S F & TR IT &R, S U #4
WA,

(4) H1 T 45 A A W B2 A B il R B 1, AT
DA AR A B 45 i i AR S B e E sk
S ZE U2 S = o VT = TP IR u LU o i )
n("CHE) /n("THE) Fln (7 Lu) /n(TTHE) HAE S 45 S
AEWS AT AT n (TOHE) /0 (THE) W1 FAE, SR )
Tk A 4 A JoT B AR AR (VEARSS,2003) o FbT
B MBI | I 3 X PO Bk A (B Bk
tide VA G AR RN AT ) B 1 = BERR A A
A ko S A B AR (TOHE) /0 (THE) B 4G
LAE, UER T = BE AE 4 2 5 IR R A 0 2 ) £
TE 25 (Wang Xiang et al. ,2017) . 7EIFZ R4S
WX, AR AR AE B S50 A T R A B 8
SRR A 8™S (i (M55 3C, 1985) , B & Hh () A e
BAE2ME R 80 (i (FiE5e4,2007) , BEHIE
H WP ¢ PN R TR T R = W= W R VA= )
G R, IS 0 1Y AL
W) (IR BLER A &
g3 5 WAL K e (BRI,
1988 ; RfH 45 ,2010)

SR, A B U4 b DX TS
SO R AT e 1L R
B/ = B AR 45
R AE /N T 1 km?
(G ME T4, 1988;
WU 55, 2012)  BEAITHY
W Froh 243.3x107°
(HE R BE Bt BH Hh ER 1k
2WFSE T, 1979) o A R
SOV T SR XEE B n
U /IMAS R Y B A A B
SEANATRE 3 5 0 7 i LA
RS, B,
WA REFR B AT R W B

P 3 LRI B/ s BRI AR b o v B R T O T 45 4 B9 TE S DG U A (a)
(IR AR B EL ) X BN 2 BRI AE B R B BE RS 5 B (M) 5 (b) (TEPTRAEL ) S50k

(R BE A SR P v NS i, B BT T 78501
BFE) XA P I R A e ok (AR AE 45, 20117°)
W2, BT TR B £ 5k, ms
WX = 2B A 2 B A AL X 5 5 B — X [
TRAMAR P 3ok A RIS D R A A 0K
2 I

TERGUAHE X, (€L F0D]) 150 ~ 160 Ma (B =
B AR A A A R ST S AR A (b
W= Eg W I H A6 5 T AL, 19895 3 M AR 4,
1999 ; XBF-45,2002 ; 4 [ 525, 2004 ) , 5EIR S BIAE
B A TG T TR o L A B A o T S (2R R AR 5
1997; Yenes et al. ,1999) | Bl . 76 Ho 5 il it 2 v
SRR R AR E e e B m B KA A
5 (Yenes et al. ,1999) ; 1% A% by 52 Bk —
BYIE, BB KA KA R G W 2, 2 ahiz
{57 B H15¢ |3 ( Castro and Fernandez, 1998 ; Yenes et

‘:'_5 '(d)

4

B BT CES IVEE e ot B0 17 KI5 (o) TP 4050 BRI 1 26 BB 2684 24 o 0 B
A VL) AT RE MK SEIN g5 Ab) 5 (d) IR ECEE B ) S5 LAIVRE 4 25 BRI AE 481 O T2 Qo)

RBUE IR« A IR 25 A Fig. 3 Photomicrographs ( crossed polars) of resorption texture of phenocryst minerals in the late
BRI A 5 ( FEM A Yanshanian two-mica/muscovite alkali-feldspar granite: (a) phenocryst muscovite (Ms) in the
ZE 2011 136 ) 40 B H S BY), Dengfuxian fine-grained muscovite alkali-feldspar granite ( Chaling, Hunan Province ); (b)

HA , i 14 M X FHE 1) 1 phenocryst potassic feldspar (Kf) in the Piaotang granite porphyry ( Dayu, Jiangxi Province) ;(c)
R I A S N Y A phenocryst of albite ( Ab) in the Tieshanlong fine-grained muscovite alkali-feldspar granite ( Yudu,

2 giizlgxi Proviflce() ; ( c}l] ) pher;locryst (;uar.tz (())z) in the Yaopgangxian fine-grained muscovite alkali-
- N __ feldspar granite ( Yizhang, Hunan Province
Rzt (F3) , Uil el
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al. ,1999) T U 2= B — K AE K 8 (e B s k)
(1 4) , #s A B oT o , 2R B 7E h— i (R %0
32 S O3 2 Ui AR B (8 IR o —H5% 1 3 T A L R
WISEIR S B i< A W T8 B o (B A%,
1997 ; A 45 1999 3 XRS5 2002 ) , KL, B 14 i
XL R B BB b KA R R TR AR R 5
(Yenes et al. ,1999; Wang Xiang et al. ,2021) ,

[ i 0 L DX e Ly g 0T 1 B T R R
AE R 7 (ML 7= B R I 35 H A6 1 5 & R4, 1989
Wang Xiang et al. ,2017) , iX $64¥ 54 7 B BB 405
IR Ry A S AHORE 45 4, PR I o T A AR O < (B
PR YR AE b (A58 30, 19855 k3L, 1991 ; 2248
A5 1993 5 W iESE A 2007 ; SR AR, 2010, 1 S 4%,
2011 ; 280 ¥ 55, 20125 BT A 55, 20125 o [ 76 4
2014 ; B3 HE A, 2017) 8L “ A i BEA " (R R,
2005 ; Bf )11 55, 20065 2= 4 7 55, 2006 5 WA A= %5
2006; 25634 2011 EIGHESE 2017) . AR BE 7
ST YRIAE 5 2 AV 1 I O &R 6 B BE A S B Lk
SEAKLAE B 5 (BRYE, 1991) o 33 b 4 hr B 1ROk 405 44
S T AR A A TR A T P s PR 7 B0 R
Wi ( S i) 254 S IE U ( Wang Xiang et al. |
2017) , Bk S 20 6 B (3 ) 5 2 B BB R L 1Y)
)i J& 4 ( Castro and Fernandez, 1998 ) ,

(1) FE L3 1) — = B/ 11 = BERK AE B 5 3
i ARMATE 5 25 B 2, 42 A TE 2K I 5 (R
IR R B KA R s ) Z el (18 4) | F L
U4l DX K A A e L 0 A e B A R (R 2)
RS ] LR O R R W, T 3 10 5 3% s IO 1% Ak
Tl —HL |-,

(2) ARG HMATE 5 5 142 AAE FH AR 32 21 4 7]
AL 2R 1) (AU AE 2R ) A6 4R 2R 18] B 28 Ak 0 L 9 ) e
ZL ] (2 b 22 T 55 30, 1999) |, B A 7 Al 5
A MR BB IE T E AL,

(3) B2 MU A7 A 2 5T B, 3 WG A A6 i
2 E AT B R A G R RO PE  A h  []—
FIRAE AR A T AR B B B 7 0 (BRI S, 1988 M K
H:,2007; ZRE 445, 20105 R & W55, 2011 ) , 25
IEB NN b/ P B K AR B 2 3K Sl i
Bt REH R B o R A S R
(R, 1991 25 o 2% MG B8 SC, 1999 M B 4 55
2000) ,

(4) Wang Xiang 45 (2021) #/5, IR HLIX =
B/ B BRI AL B A 1 SRS A A 2 1 ok R
A A AR A AR B ERRE . D & F {211
HEI ;@ 5 CL 52 PAF &R HE SRS &=

I, ) P 5t 58 58 A R, 78 ~ 140 Ma
AE R 1 N ) A s i) i 5 7 (2= Rk
A 1997 50 SO A, 2003) o PRI, BE I
Hi DX HE L B A 1 — < B/ s B AR
A PR R i LS AR R s (R E I A
2005 ; Wang Xiang et al. ,2021),
YER B BEE ARLBER — = B/
FI 2= B8 AR B 3 o B AT T S B A A
ik @ B AT BE A R s o B (R

++++++++b
+++++++++()

3);@ BAS A RFEAZEMCR (K
4) . XSEFFEVEH, EATH RS ROk A R
S as 45 8 ST M oA s DA IR L
AR <) ( Miiller et al. ,2005) . X — 5K

Je 7 - % Devonian-Permian FE L & Cambrian
= B — K ¥ X & Biotite monzogranite LYl PN

BEWH K 1€ 5 5 Two mica/Muscovite alkali-feldspar-granite
N385 ik W-Sn-ore vein [\] 7 2 Fault

AT XA A TR R o A IR 4 Gl mn) S AT 1 L 0 0T ) A TE 12 T (L 0 0 ) 4
ARG H Eh . B4 ENTRPIRIE () 5 Ik R T 18, (a) 957 00 2525 5 206 B 1 (0 2 i 0 25
MEK R A0 T EZ KB A GESE M 2004 B840) 5 (b) &8 FOFE IR A8 B A (RSB A 45 45,2010 151%0)

A I SR

Fig. 4 Geologicalsection drawings of ( early Yanshanian) main intrusive

B =AY = T T ) granite, ( late Yanshanian ) subsequent intrusive granite and ( late
) y 708 Ve

— B/ P S B K AR B 5 L B Yanshanian) tungsten ( tin)-ore veins. (a) Furong ore-bearing granitic

_— AR 7/

LR K R RSk ] TRl — A T complex ( modified from Cai Jinhui et al. , 2004&); (b) Yaogangxian ore-

B — - =] 7]

B GEHEUNTE

bearing granitic complex (modified from Guo Weige et al. , 2010&)
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(9 U+Th+Y | 5 A M1 T2 58 K A8 5 5 h B3R 1, St
b EATRES BV AR A T 154.9+1.2 Ma H1156. 1+1.5 Ma 22 [H]
g (Wang Xiang et al. ,2021) , 115 H U b < 3 2545 — K AL e o4
e § WEEATEE AF IS (15545 Ma, #4811, 2005 ; Z=HkAE 45,2007 )
ER S, DU, R 2R KA B S R A AR
] = |8 H B KA B B A A DA P 23 T A ) a3

£ e D2 (5) BeEHEHESRE , — 58/ 1 RS A T A i 2
=0z Fri |gge W 90 5 T VA P ) 5 3R B B (5 T2 5
s |SEHZREIR0 gl BRGNS (I /0 (7THD B8
T O EREzEgREeL (Wang Xiang et al. ,2021) , BLHI P& R A0, S052 1, FEi o
TR RZ S EE R X ) B2 — K AR 5 = 2R/ [ R K AR 1 S AT AR 1
£2 +m o wlS2 Aln n(VS) /n(YSr) FIE LA RIS O 1, i3 I K 1 Rl — 23 U6

e af L8ge 82 X (PLTE IS | 1994, 45 [ 552 2004)
aarEdgEEgy SN F LK 02 2R AR (R 5
HER T SRR T® R SRR A S (RMEAE R ) R [ 1R —
$302 1 2a53s1 1|3 (I UAE B AR ANE 55— h ~ 155. 0 Ma 1A 13 LU 76 14
R b - (Wang Xiang et al. ,2021) , 45 WK ~133. 4 Ma H93E LG AL 5
. ? (Wang Xiang et al. ,2017) , W & JL R 28 T — K #9328l ( R
=, |5 Eek & = - Sie| 5 LaBE) WP T AL 5RO O .
S SSEZEESEEEE NIBSEB LTI R, 0. D fE Querigut &AL 7K
FORET PR EEEIE  (men, ) KB B CEIER ) B R 303
i ~312 Ma, 1M 1 TR AR 6 (RMASAE K 8 ) B € AR I 4 270
iﬁ”_ é\ ; ; : : ; ; z ; ; ; EZE ~280 Ma( Auréjac et al. ,2004) ;@ 7£ David Lake & AL A 14
il nlialialialialie TR ORIk TR AR A (B BE AR
o LG 9366 Ma, TR LR CRMAAERS ) 1076 (4RI 344
E gé i;i ilii i&i i;i E{HE ikf ilzi gé % % ig Ma( Kontak and Chatterjee, 1992) ; @ 7F Guilleries & 2 AE & 771K
SRS R R Dol CIURIMCRICR S, ) TAMER G IR GER R
CEITOAT TS 2 E 305.3-299.0 Ma) W R IRIN K (GE BRI D 323.6 Ma) I 20
@ Ma 7545 5E v ( Martinez et al. ,2008) . 1F {5 Fg U4 #lL IX P 2 46 (<)
2122321123335 ﬁﬁ*ﬁﬁa@ﬁ@%%mmiﬁ),ﬁ Bud;;so Eiﬁ%gﬁfgi(%z
= |9 B o 9 2222§ Tm,%j(%U)EP,fi/TEﬁ%(I ZEI%%)#/ ZEI%
R ;E FORMEAE R ) A B 52 A FE A n(YSr) /n(*Sr) %1 4 e (H
= 3; %LZi i&i i&i %LZi i&i i&i i&i i&i i&i i&i il%' e, () 1E, VLAt 2[RV ¥ ( Barbey et al. ,2008) , XHE/R T
SEESSS SRR SR8 RN AR A G R 1L B R T
& © A7 20 Ma LR ATESEF A E TGRS 1.4 Ma LRI
{g A [] ( Morgan and Blake ,2006) ;{HJg& , Coleman %5 (2004 ) il i — &
e o L el |E PIPRERBARERE SR I
i EEes  _BHED|Z AAFI10Ma A, RUE, Wang Xiang % (2021) B )AL
SELT L LESL T A T 20 k RARHOEA B (TR, 2008) MABLAT
CHFmE D TEEEER 475 ke’ ORI BBKUERG BB IRL>6000 ke s 552k
I 2007)  MHIHR AR (950°C, Hall , 1996 ) [ 31 [# 4128 i
=g % B i Ji (600°C, London et al. ,1989) 7% 20 Ma 4 I, P, 01 SR 36 28
o T R AR R A IR F B WG AR LR 5

Wy B4 — =t/ AR AE B A WA S 0 s P R i )
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e I 225 20 Ma LI HY 73 B 25 ARG OB RS
FARNL T I ZS )

3 WA HLE

FE PR D | G2 Ui A He T 46y 1] BRIV Al B AR
e R | ol S SR LIET N 3825 N [
(Maruyama et al. ,1997) , 1& W 4E re Hb b A T4 K BF
FERIPRES o BARHIUL, 78 ~ 155 Ma, Hi5E IR ER &R
SrIE AT AR A B E R B, 40 AE B A IR R
T2 FE B R AT B R U 1l IX RS %) ) 3 L R =
BT RAER A Bk Ak (P R BE 5t BH sk Ak
SERFFEIT 1979 BEATAE 1997 M A 55 19995 X6
45,2002 ; Wang Xiang et al. ,2021), % ~140 Ma,
F TR 253 Uiy Al B AR o D7 [ %) 2728 ( Maruyama et
al. ,1997) AR 1 1V 77 375 A5 T [ o Jre i A (2%
HRAEAF 1997 X1 U4, 2003) , JER L AR 1) (b L
AR 1) B AC AR AR 1] 1 728 A1 90 FT PN ) 1) A T 45 Ay 5k
FHIBI L (2= rh 22 FIMGE 3C,1999) . % ~133 Ma, {1
VEFHIAENEG (Li Jianhui et al. ,2013) , ¥EH#H 3K b
BRI A R ) 0 TE W B 1= A TE AR
TEt/HE AR A R A (BB R B ) (Wang
Xiang et al. ,2017) ,

SR, ME = B/ = B A I 5 38 AL Z T
WA 2T T 20 Ma DL 4 B 25 S EHT, B
WG R B AR AR A 2 TP SR W b i 1 v 4
R (Fe—Ti %ALY B A0 BRI A0 55 BB 1),
A1 SAINAT B s B A5 I G W) RS BT 2 R 1 ARG
1) o KEEEE S BA A FEARE. @ JLT
ARG RS (H,0 . F B C1,.CO, %) ;@ LHE KT
REHK . DI, X LE S i s T R DU R AT
TR EIEES , T BUA I by BRI A K b
JER SRR A ILEK (Si Al Na K) AHAEMEITEK
(Be .Bi Li Nb . Pb Rb.Sn Ta U W.Y) Fl$ % 4
(H,0.F B .Cl.CO, 5§) . TEIRERA I BRI # A
FEJI 56T B4 o 28 i Ok 0s B 5 2 01 (fF
NEEBAES T ) At oe R (Mo R B RS 1) 5
R A EER B o 0 T AR i — 45 5 1)
(n:[WO,F 1" [WO,F, ]* [ [ WO,(OH) ] %; 4§
Wood and Samson,2000) , 80 & 9—E3BRLZ&-S4) (4.
[WO,]* .[H(WO0,) ] .[H,(WO,), 1" % & Wood
and Samson,2000) , fifi 15 2% /55 B b & 4R 7F % Ui AR 1
BRAVE I T (Bailey, 1977) o XAl it 70 85 45 iV H
FEUNFRARAL R A I T ) B AL C 2
Z 5L 25 R AIESE ( Clarke et al. ,2010) , FZ2A1EH

TR, P ik A A KR e
MEI S (BREMESE 2004 ; BB & %5 ,2012) fH &
AT TR A AR B] —AN TT WA B ) 5
(H BhEF AR ) T BEAE TR A B R 420 20 Ma
DL oy B 2 Ve A T s ARk AR SO IS
Xt FE SRS I i i rp A B AR AL A
{14 SR BI04 A fe A B P A

GRS S T PR o A B R — v
BF, T B 2R B (A TR R Y 2R R )
BRI R TR I i 2R T B, S O AR —
Y 2 18] & A2 5 B /R (fluid—melt immiscibility )
BRAT I BRIR A0 P WA R o« WP e o 3 A A i e
FRBUE A (Veksler,2004) , 1 T & A TR AR Y %5 2
B, BRI RA s R R Ay Lo, JE A & B A
(A3 B 5 T I & FE R PR IR R I A T s (], 45K
Tt/ AR A (E4)

=, T TS AE A 5 B R LB 5 e o Ak
B A S R i R S T

(1) B PSS JE TR N i—ia—f " —
TR (R A A5 ,1999) , HSE e TR T iR OC R
— BB A EET R AT T EE R 107 4L
WO, EAMATAE B TG X A 48 O i
W PK? Wang Xiang 25 (2021) FIBFFE 7R, fEAE L
B ER AR s E R B RN SR
JiT 20 Ma LA B B 45 e, ARl P g &
LR W (B BV AR MBR A A K, NI 7E
skPEFR BT LT A &R R — R R
P R 0028 RIS T I8 T 5 2 e R IR
(BRIRHE 1988 3t 2 AL, 2005 ; T ¥ A= 45, 2011) , A
h SRR TE TE TR B A AR (8 RS
45 ,200277) , SR RARN EHFERIAE R AR TR
PRAY A eI A rf < R AT BESS 4 B A AL (5K
2012) , BOUT IS 9« A 3 J5 BT IR TR A 2R
S5 RO BL (AR SO A RO B RIS, A R )
= 0 (HCE K S SR DT b
MRS BV ) T JC I 7= AR 4 L 5 4 FA
(PEUUASCER 2 194 2 B) 0 SR IR Hal IR
NZSEARMSL Y . TEIL, 283 S5 4 11 B AR FH L
TR TR ET 2 I P,

(2) 15 20 {40 60 4EAR A 43 1 s i ik 43 2%
ST RIS . 70% BB 5 /NE A X (IR,
2013) , Jask, “/ANFERSKRE " X — & 5PN
B3 38 A TA AT (R, 19915 VFLABHAE 2011 ; B8 A&
45,2012) , FriE/NEIRT pR e R A A
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R B =B A B K AR A (4 H A
IRAE R A ™ T A6 B =2 T sl ) | 76 e 08
KBTI AR /N F 1 km® (EHRSEAME T
1 1988 s LB /2% ,2012) , Zead 20 Ma DL L A95355
EMTER AR A A K, BARERBUR /MBS T
E 0 O ot (2 Bhia R ) 2R T A
R RA TIER S RARZ B 3 ESEH B &5
R A TR AR 23 B 1 — =B/ 1 5 BER A 1) 7
FPK LA™ (A S - A Bk ) A R 28 /N F 25 AR 1)
AR ULE 4) o BRI, BT ANE R R T &
TR 5w IR TR Z 7R e R B
BRAR  IEBA AR N IZ R AR R A K — 4
ONERT R B TR B — R
PN REIRAMAS . UL, AR SCHE R A A K v B iz
P07 SRR T RIS 2 38" AR,

(3) LIRS R BN A Rl RIS (N A4
Bk AL AR AR R YA R A
WA R gk AR 45 2015) , BEATHER = M ETHE
BLRER A 5 J TP s 2 0 R LT PRIV B 4 i JE B
() FTLL 0 PRISH AR R AN A s e T JE W R 455 1)
AL A S RAL . B FA ] b A SRR pUS
VBRI B FRA A A D Uk, ani me R BB 1
W QAL A T . i IR VR BCE RE L R ) — KA
A T R AR, A8 B B W T I BAT
WU O A . R PR R A1/ A
SRR AL B A O Bk A (), v BE 4G fh LA A
A RV, Iy S L B SRR, @ s g
R T RO TR AL B 25 3 AR R R i = e
R, s RO, Gnvr iy 52 CRAR M 5
WO RAR . S R AR IR EY A, KA R
FALSARAE R, TR S ULE ok iR A R e
A i R AR T A 7y B A 5 (@ B A R R . B
AT ) AR A pl e R I S B B
K B SAAR S RN B 1T 5 | JE 8 K 30 3] R ) A
YR AR | B FATR 78 350 7E A R 1 2 B PO
B A, AP R B /IS0 78t AR SCHE
R SR BRI PP T BRI ) XA T T 2 T R A RS
Z g IR,

(4) Fr s R A Rl 22 i /b b & A e At
A4 JBICE (Sn Bi Mo U Nb Ta %), i i —=
SJEAR, 0 . T- Bl W—Sn & lidhil W—Bi 7
BUPEE W—Mo A Al W—U & K& 1 W—
Nb—Ta ", X EeHA: 4 JF 50 R o — Bl MR JE 1L <
wRA B MER SR A ITE, NIi7E—

SETRESRM T SR Ry KBS GER (B 5
Sn.S 5 Mo .CO, 5U.F 5 Nb—Ta%§) , iEli—=%
SRR E R R A D, J5E EHEN R
e —Z2 B IR, 722U Uk, 76 34 1 B30 (130
~140 Ma) Fad i XA & T — IR R HUASE I 5 08 1L i
Wb A A XL 4 )8 (W, Sn,Bi.,Mo, U Nb, Ta
YR ERI (£ 1),

(5)H47R(2005) IA A, “ A i A2 b7 P g
O R —AZ AL =, T R W& FE — 2 I A 1 3
FIZEEAF T i TR OV A A b o 4
JRICRIEB—E P =g, B, v DL A R
R — R 220 HAUE T AR 110 Ma( FEAELL
s JEARTIR,2005) (>10 Ma (R LS ; 54
{71,2005) .13 Ma ( PEAR IS 075 H XK 55 55,
2002) ,10~20 Ma( BT FAiTTIE 2 480 ; 4
(7R, 2005) .20 Ma ( FEZEB 5 % T 5F,
2006, HEEEE; W55 & H 4 ,2019) . >20 Ma (£
ke Pt R ,2005) , XFIRZR 2 RAYAE R A
RO BUAES , 28 S5 R, R4 (g1 7 4
1) BB RK AR A (ERIE R A S 1E« B Bk
FCWEE 1 WNI S SR B A UE — K
WA 227 (AR SO BB A7 0 DN 7 T 9 A K B () fE
BT IR KNG« A —R i 227 (B, ©
MTA R R IE G330 T3 2 rhatie L B30 A8 b
L5711 M RS T AR I 254 s A I, SR
(GBI R — =8/ H = B AL B A (RMAAE
B MR BEET (WA 1 NS5 3
FEAS 2 75 A A — R B 227 O T R AR A
(2016) $E 2N, « 5324 F TFUR 1 B AMATE b A
MRALAEFE L E AR 5 5 1+ JLE A4 Ma, B
W SHMAIE R AR A AR IR

(6) KA B $AIRK A 45 3K D v i SR A A6 14
MG H Xk H 150~ 160 Ma JE B4 55 B b i
AR TR AR A BTLL, R FAR AT BELE R T
WA B B K AR R A K T i R ] oy, F 340
VL AR WA 150~ 160 Ma, B4, F 2450
FEHHAE 150 ~ 160 Ma 2B =B — K AL A, B
4 )5 22 A ) R b 32 3% 48 140 o i TR AR TR
Yoo — A ITNESE 2 B K b BB R
BT 155 Ma B o b KK AT S KA
(Wang Xiang et al. ,2021) , 7EI, ZEH 2 — R
AR FNER S, I 150 ~ 160 Ma Jl A" 4F % 7=
ARATRER IR 5K S22 45 (2009) AT (B4 ) #E4H
W Re-Os 007 (VLVH ) AFE R E 4R 1 B 4F 1%
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A = H AR B 4E I . 150.5 ~ 155.0 Ma, 142.0 ~
147.0 Ma 132. 0+6.3 Ma, JUEZCRIZ5ISHE, “n]
RER N T ARKE R 2 500 A A — A B By (K
L2445 ,2009) , (HR AR AR e 7 X = — K7
(Rl BB KA A —H = B A AL A —
B ) [ T B0 (5K SC 255 ,2009) , 5 F AR B M
D 150. 5~155. 0 Ma fRFB AR K ALK AT
Az B FE 7 BIAE IS 142, 0~ 147. 0 Ma R E P&
FIGEhHIRA (IRYY) 4E % . 132.0+£6.3 Ma fREEH
E A AR (B) =B/ A = B AE 5 A R 45
A AR ) o SR A AR 1 Bl AR PR AR L A T R
KITIASH ", §iTE A 155 Ma 146 Ma F1 137 Ma*“ =
W VE T (48R4, 2008) , J5 & B 133~156
Ma B BB AR08 (B 20855, 2009 ) . A 2 1Y
Ve KBRS HAT 5 A5 DL LR« 3 Bl
WAERAEE ", Qo A A7 B 2585 9 /9 153.4£0. 2 Ma
F1134.0+1. 6 Ma Jf 4504 (B35 35 ,2004) P HF
W) 152. 51,3 Ma A1 130. 1+1. 2 Ma i 4%
(Legros et al. ,2020) VSR AN 150 ~ 160
Ma* S AE I8 1 K A 7E , X 9K 2 A SR Y (A
IR AHAR W ELRE B VR B AR IR (AR ) o 6
HEAE T BEA XX A AU 45— AV PR
fif e B RBA S — A5 XA BT IR Y
AL “VE—iz—0E " B i R %) B A5 (Bl X
Hrp R —A31 1) 7

JUE R 150~ 160 Ma 0 AE B IA Jy 2 Tl
WA FE NI (B A, 2007 5 A~ T4
2007 ; PRI 55,2014 ) |, {H 256 T R U8 1l X A4 325 7 )
Gl ( NBF i Ji ) & AR AE ~ 140 Ma (2= fkAE
85,1997) B H U M IR 1 < B 191 (B
130~ 140 Ma, #i5AF#BH4E 2013 ; BRI I% 55, 2014) 1€
FKEIER R B, XBEARSE(1999) MK, “ Fk
A0 B 1A R GE R R F — 1 XA SR B g ] i)
W IR I R T, R 25 I D 42 3 4 0 11 485 ) e e ™
1M Mitcheoo and Garson (1981) | Fogliata %% (2012) |
Wang Xiang %5 (2017, 2021) AN, 838 581 A
LilERRAA K, P SEGE LSRR A=A
() 5K BT 2Rt o B ) 0T ) < aE S AT SR T
F) 53 [8] 254 ( Groves and Bierlein, 2007 ; Basto Neto
et al. ,2009) .
4 45ig

R A5 i s b, DX 119 38 LU AR < 25 7 RS P AR A
FHGHEIBEHNRR  EHFNN LRI RS

B R A 7 ML B — = B/ o B A X
HRAF—GKD, XEWRE NN AEKEED T
20 Ma DAL/ 4r B 45 AR, INTTFE A 5 D L v 43
S E E R Y B R AR A R A K, TERELL R
T Ul DX P e R A P 38 81 0 IR A AR B R
o W AR A T & AR T AR AR (R
BIER, LA 53T i RS (R A e ik i A
IR S —m B/ A s K bR A, i,
130~ 140 Ma ) — =B/ A B K AL A S8 &
—XoF [ A P B[] 20 th B s T (L ) )
“P—in—fE " e R A R

ARSCHE Y, Tz BT R b XA ARE L
FIRIER A (BB KA KA ) —HE i A
WA ( —abl/ A a T AE 5 A ) —HE 1 B A4
W =R R B, AN URT DL A B b A R
FR P RA KRB VF 2 M G (. < /NA R AR
KA ) i H B T 25 SR 1 BEE (A3
AR B A A« VR —iz—f% B L R Y A YA
PR BTES JE B (TR ) 8 4 b g 2 30 A mf
flhiEre S8 X,

B AR BUCGE RR  HOR R NEE R A 5T
POt TR SR L 5 P R Bl B A B B RS
VBT R A €8 TAF 5 AS DR 7 30 TR A5 21 pg 1t
FEE MG R ERRAF I AR 09 I ES Bl AR —
FEFR RO R 5 DL SOk 25 R R bk
2 5 TR B [ b T 2% 2% 100 AR,
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On the ore-forming period of magmatic—hydrothermal deposits

——A case study of the Yanshanian tungsten deposits in the Nanling Range

WANG Xiang" , LOU Fasheng®
1) School of Earth Sciences and Engineering , Nanjing University , Nanjing ,210023 ;

2) Institute of Geological Survey and Research of Jiangxi Province ,Nanchang 330030

Abstract; Magmatic—hydrothermal tungsten deposits in China are mainly hosted within or around the

Yanshanian granitic plutons in the Nanling Range. Actually the ore-forming ages of these tungsten deposits are very

difficult to be precisely determined, resulting in two periods of tungsten mineralization in statistics; 150 ~160 Ma

(primary ore-forming period) and 130 ~ 140 Ma ( second ore-forming period ), this puzzles understanding of

tungsten mineralization and its relationship with granite in the Nanling Range. This paper will analyze the recent

documents in tectonic, petrolographic, geochemical and geochronological domains, and discuss on parental rocks,

deep-seated magma chamber and ore-forming mechanism to provide some positive estimations relative to

metallogenic model of the tungsten mineralization in the Nanling Range: (D The early Yanshanian biotite
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monzogranites occurred as batholith or stock could not be parental rocks to tungsten deposits in the Nanling Range,
thus the ore-forming ages of 150~ 160 Ma are open to doubt. (2 The late Yanshanian two-mica/muscovite alkali-
feldspar granites occurred as stock, boss and vein are potential providers of tungsten source, but not parental rocks
to tungsten deposits in the Nanling Range due to their too small volume. 3) When combining main intrusion
( biotite monzogranite ) , subsequent intrusion ( two-mica/muscovite alkali-feldspar granites) and tungsten deposit as
a whole, a new metallogenic model could be established: the residual magma enriched in ore-forming materials
(tungsten, fluxing components, and aqueous fluid) could occur in a long-lived magma chamber, which intruded
rapidly in the extensional system and splitted into two portions (i. e. fluid—melt immiscibility) ; an alkaline and
silicious fluid and a strongly felsic melt. The fluid portion ascended quicker in the top of extensional system and
formed as the wolframite-bearing quartz vein, whereas the melt portion arrived later and filled the bottom of
extensional system and solidified as the two-mica/muscovite alkali-feldspar granites. (4) Therefore, the two-mica/
muscovite alkali-feldspar granites and tungsten deposits with the same ages (i.e., 130~140 Ma) are a couple of
congenetic subaspects, their synchronous occurrence showing a complete ore-forming process with “source—
transport—precipitation” of ore-forming materials. The understanding in this paper not only could explain the
magmatic—hydrothermal deposit-related geological phenomena (e. g. , “small pluton and large deposit” ) , but also
renews the theory of magmatic—hydrothermal mineralization, more importantly it provides a clear guidance of the
exploration of this type of deposits in future.

Keywords: Nanling Range; tungsten deposit; ore-forming period; parental rock to mineralization; magma
chamber
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