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Mineralogical characteristics and genetic mechanism of the Xuebaoding deposit
in northwestern Sichuan Province
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(Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: The Xuebaoding deposit is located in northern Longmen Mountain of Sichuan Province. The deposit
lies mainly in the contact marble between Pankou and Pukouling granites. The deposit is characterized not only
by the coarse-grained beryl, scheelite, cassiterite and fluorite but also by mineral zones in ore veins. The typical
ore veins can be grouped into three parts. In the first part, granite is the main host rock, and beryl, cassiterite,
muscovite with diameters less than 1 cm and K-feldspar with diameters up to 20 em (fd1, fd2 and fd3) can be
found. Part [l is the most important part of the ore veins with coarse-grained fluorite, beryl, scheelite, cassi-

terite, albite (Ab4 and Ab5), muscovite and apatite up to 20 cm. All the K-feldspar and albite with various
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kinds of morphology are distributed throughout these veins. EPMA, XRF and ICP-MS were employed to exam-
ine the chemical composition of minerals. Tabular beryls in the Xuebaoding deposit are rich in Li, Rb, Cs, be-
longing to a type of beryl between Na-Li and Li-Cs beryls. Scheelites are rich in REE+ Y (>350 % 10 %).
Muscovite is enriched in Li, Rb, Cs, suggesting a kind of Li-bearing muscovite. Apatite is a type of F-bearing
fluorapatite. F-feldspar and albite are very pure with chemical composition of fdl (Or 95.34~93.96), fd2 (Or
96.28~97.88), {d3 (Or 95.74~98.39), Ab4 (Ab 99.19~100) and AbS (Ab 99.58~100). According to
the morphology, and locations, K-feldspar and albite samples were named fdl to fd5 separately: fdl, fd2 and
fd3, Ab4 (in marble host rock) and AbS (in marble host rock Li, Rb, Cs, W, Sn, Be were highly concentrated
in the hydrothermal fluids during the late stage of the evolution and crystallization differentiation as various types
of complex such as SnF2 from the melt. With the increasing temperatures of emplaced magma, the reduced vol-
ume of magma after its emplacement led to the formation of fissures in marbles, which also resulted in the fluid
immiscibility. Fluid immiscibility might have been induced by the pressure released by extension joints, thereby
facilitating the mineralization found in Part III. To constrain the formation age of Xuebaoding deposit, the au-
thor selected muscovite with coarse-grained beryl from Part 111 for Ar-Ar dating and obtained the age of 195.7 £
2.5 Ma.
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Fig. 2 Typical profile of ore veins and the distribution of several minerals within them Cafter Liu ez a/.,» 2012b)
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Table 1 The major element composition of cassiterite

UJB/ %

85 Sn0, FeO
1-1 99.35 0.05
1-2 99.20 0.00
2-1 96.08 0.71
2-2 97.77 0.39

V,0s
0.23
0.07
0.00
0.00

TiO,
0.00
0.25
0.07
0.19

WO,
0.14
0.15
0.19
0.26

MnO NbyOs Ta,Os S
0.17 0.01 0.04 100.00
0.23 0.15 0.07 100.12
0.26 1.53 0.24 99.08
0.00 0.87 0.18 99.66
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Table 2 The trace element composition of cassiterite

w15/1076

FE i Snl Sn2 Sn3 Snd Sn5 Sn6
Li 0.72 0.31 4.82 10.4 3.4 0.42
Be 5.92 4.06 35.2 94 2 0.88
Cr 4.8 3.4 4.0 3.3 4.8 2.8
Ni 2.6 3.0 2.9 2.7 2.8 2.4
Cu 1.7 6.8 2.1 4.8 36.7 6.8
Zn 1.4 3.4 1.5 1.8 16.7 8.6
Ga 0.09 0.28 0.28 0.58 0.16 0.14
Rb 0.79 0.52 3.2 4.5 1.2 0.81
Sr 0.68 1.7 1.1 1.8 1.0 1.7
Y 0.26 0.27 0.34 0.34 0.09 0.57
Zr 136 138 77.3 255 112 143
Hf 26.7 20.8 15.0 31.1 11.1 25.7
Nb 16.0 12.2 7.5 14.2 7.1 12.1
Ta 2.0 1.3 1.7 5.8 0.68 3.4
Mo 0.03 2.1 0.86 0.6 0.42 0.31
Ag 0.80 1.0 1.3 36.4 1.3 0.81
In 2.0 1.5 0.89 1.6 0.64 0.54
Ba 2.4 3.4 5.4 5.8 10.9 3.8
Cs 0.83 0.55 3.7 9.3 0.55 0.39
Al <10.0 <10.0 393 629 113 37.0
TFe 351 476 188 604 288 671
Ca 55.0 62.0 228 214 355 133
Mg 32.0 31.0 103 98.0 115 57.0
K 93.0 72.0 239 348 140 105
Na 64.0 85.0 415 409 87.0 117
Ti 253 250 50.0 362 192 233
Mn 29.1 36.4 21.2 53.8 15.6 55.0
P 1.9 0.33 1.7 0.65 0.24 <0.01
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x3 TNEERTKEAPEE(wy/ %) THE(wy/107)

x4 ONIEEMBEHETZEN wp/107°

TCRER Table 4 Trace elements in muscovite from the Xuebaoding
Table 3 Major (wg/ %) and trace (wp/10™%) elements deposit
of fluorite in the Xuebaoding deposit BESY Musl Mus2 Mus3 Musd Mus5 Mus6
Fll FI2 FI3 Fl4 FI5 Fl6 Li 2140 1622 1529 40067 5200 1700
Al <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 Be 26 276278 2L 975 1S
Fe  0.00 0.0l  0.06 0.01 0.02 0.01 Cr 223 28 302 353 <2 <2
La  0.55 0.6l 0.64 0.7  0.57  0.56 Co 536 346 420 2.8 SLT 578
Ce  1.55 1.27 148 1.65 1.21  1.23 /no 84 L7 83 9.4 70077
Pr 0.3 034 024 0.28  0.20  0.19 Ga 166 174 159 140 135 167
Nd  0.79  1.49 0.8 115 0.68 0.5 Rb 1207 1228 1243 916 854 844
Sm  0.23  0.66 0.26  0.56  0.17 0.1 Svoo23.5 271263 124 26 29.8
Eu 012 0.29 0.1  0.13  0.07  0.07 yoo027 018 0.25 0.4 042 0.27
Gd  0.57 149 0.64  1.31  0.44  0.24 e 3 >0 6.68 474 141 3.2
'l‘b 0‘10 0'27 0'12 0'30 0.05 <0'05 H[ 0.27 0. 13 0‘13 0.11 0.34 0.08
Dy 0.65 190 0.79 2.5l 0.26  0.26 Nb  66.4 745  64.3 ([ \J].4 O3 9.7
Ho  0.16  0.44  0.18 062  0.06  0.08 Ta 2,92 2.84 324 245 584 3.32
Er 037 27 047 216 013 0.23 Mo <0.05 0.13  <0.05 0.06  0.98 0.9
Tm  0.05 0.7  0.05 0.38 <0.05 <0.05 Ag 0.2\ 3 46 0.3 0.1 0.05
Yb 019 0.8  0.24  3.01  0.07  0.14 I 146 2\1R¢_J 1.8 1.46  0.07  0.08
Lu  <0.05 0.10 <0.05 0.45 <0.05 <0.05 Cs 204 289 192 201 226 20
REE  5.67 11.15 6.07 1521 3.91  3.63 fa | 163 183 233 132 166 204
Y 3550 66.10 26.80 151.00 12.90  28.80  “0-2 020 026 021 011 0.07
Zr 2000 1590  21.00 18.90  19.80  20.90 Ce 055 048 045 037 028 0.18
HE  0.46  0.38  0.48  0.43  0.46 0.5 Pro0.06. 0.5 0.06 005 0.140.08
SREE+Y 41.17  77.25 32,87 166.21 16.81  32.43 Ndo 024 0.2 0.25 0.2 0.2 0.12
Sm 0.5  0.04  0.06  0.05 0.07  0.05
Eu  <0.05 <0.05 <0.05 <0.05 0.02  0.02
— 7]
3.3 ARE Gd  0.05  <0.05 0.05  0.06  0.06  0.05
H =BT R TR ik o 30 PR 5 3 i 6 Tb  <0.05 <0.05 <0.05 <0.05 0.03 0.02
Y, (5 B DR A RS B S kR e 2. P O S0 O3 008 0 B
o L s e o Ho <0.05 <0.05 <0.05 <0.05 0.03  0.01
[, P H SRR e A T, (2w <005 <005 <005 <005 004 0.03
B R 2 AR RARA R 0.5~1 ems Ha RS K Tm <005 <0.05 <0.05 <0.05  0.00  0.01
A = : Yb  <0.05 <0.05 <0.05 <0.05 0.05  0.07
SIRIBRAL . AEKBE A R, B s R
jﬁﬁh‘ L s Lu  <0.05 <0.05 <0.05 <0.05 0.02 0.0l
s LS .
R, T IR KIFE R R T 1 em & w562 173 350 737 740 408
Bz TERMABRFELE Li(1 529 X107°~5200 ¥ 674 6.6 668 643 6.67 5.7
Pb 7.16 153 593 518 6.2 6.9
-6 -6 -6 -6
A X -~ X ~ X
107" Rb(844 X 107°~1 243 % 107°)-Cs(189 X 10 B <0.05 0.1  <0.05 <0.05 0.51  0.46
~226 X 10" OM W(73.7X107°~740 X 10 ®)(EL  1h 013 007 0.1 <0.05  0.54  0.16

4o WRIEE DB Li SRS 5, T 5 TKRE )
HaBHE T8 Li st

FEil £d1(Or 95.34~93.96,Ab 4.42~9.33, An
0.00—0.47)"+ K,O ¥ #E 15.62% —15.11% > Na,O
TRARMC 0.47% ~1.04 % 75 {d1 H &K A H
gk s, o Na,O 718 10.54% ~ 11.23%, Ab =
96.59~98.93. il fd2(Or=96.28 ~97.88, Ab=
1.60~3.72,An=0.00~0.71 K,O % 16.03%
~15.34% , Na,O & EARMK 0.17% ~0.39% . +F i
fd3(Or=95.74~98.39,Ab=1.16~4.26, An=
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TR 0.12% —0.46% - FF i Ab4(Ab=99.19
~100,0r=0.00~0.59, An=0.00~0.34>"" Na,O
T 10.62% ~ 11.19%, K,0 & &R K 0.00 ~
0.04% . & AbSCAb 99.58~100,0r 0.00~0.42,
An0.00~0.30) ™ Na,O & & 10.62% ~11.19%
KO &% #ARMK 0.00~0.10% - Ik, 500 IR0
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Fig. 3 Feldspars and albite with various kinds of morphology and ore minerals in the Xuebaoding deposit, Sichuan Province
a— KA UdD S A SR PIVEA S b K AU S AT WA G KOG SR AT Wt AEH S KA
CADDOW A KA (ADS T IEA S KA AL S AT AN S oM KAARS) S A A G 8

KA I R4
a—K-feldspar (fd1) and muscovite mineral assemblage; b—K-feldspar ({d2) and muscovite mineral assemblage; ¢—K-feldspar ({d3) and beryl
mineral assemblage; d—albite crystals (Ab4); e—albite (Ab4) and scheelite mineral assemblage; f—albite (AbS) and scheelite mineral assemblages
g—albite (Ab5) and scheelite mineral assemblage; h—albite exsolution stripe in K-feldspar
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A1, Ab F TR Or & 5 M.

BT RN K A7 — A RE S B 158 4 2R [l
U5 B AR VR o PR IR T o AN £ H BRI A
HiK 41, 21 Abd A1 AbS HBLAE B K AT, Ko
HH PR 5 T P i T S e T A BT AT
HAn R ARG, s B AU 0.93.

4 HYIRE

4.1 BHEAR

EE R TR N S AN R S WA P
s {1121 3 p 1010}, /N7 A m 1010 3+ a {1120 Y FI°F4T
BT ¢ 0001}, H A -PAT XU 5 /877 XUHE S W, A 1)

Al R S AT, SRR AN AE T ELAT 5 AT Al

S, RRAEIR . HARRBCIREREE L — M 3:1 #1511
A MR EA AR 2~3 emy, K 5~7 em, i
Sl JUE K . SRR AR S ¢ PR AT
HEAE T IR SO . AN, A A 4
i ARG S, SR I A A7 AE BT L% C) i
55,2005), 5 B Hb X SRR A0 T A AH T 22 o0 R
LMo SR, 17 B sUm B K e, o
{0001 Y AR AL bl 7 77 OUHE FH 7S 77 A T8 e A=
GURE IR E K I G A

SEREAT A 2E B LR AR S S10, (62.79% ~
63.47% ), ALO;(17.46% ~ 17.75% > Be(41 063 X
1076 ~45723 X 10 %), Na,O(1.29% ~ 1.66% )»
Fe,05(1.03% ~1.29% ). H:H Na,O B s T K,0
W20 5. BARMBE KB ILI R, 76 2.28% ~2.46%
Z B, AR R FE S R R
AT REAR X ARG S0 B 2 SRR . A I A T
P Li (3930 X107 °~4695 x 10 %) Rb(56.3 X
10 °~120%x10 ©).Cs(3247x10 ©~4335x10 )
EE A, R T E Mg Fes V. CrMns Ni #il Se &
HARMK(Liu er al.» 2012

S E: o A 9.217 F19.232 A, ¢ M 9.183
# 9.244 Ao ¢/a M 0.996 F 1.002 (K& 1 4
0.995 4N (Liu et al.> 2012b)s ¢/ a fHAML 22 B 5)
FRFAE RN EQE 73X P& A o (2R G = 2
1E Be-O WY THI#A C Aurisicchio et al.» 1988). ZRFE A
kIR AL FIFE T A E B2 RS 2 1) 5 & ()
U Mg+Se V- Cr-Mn-Fe) B/~ 7E Al 7B L1255 A]
B ARINA B

SEFTA R Si—O DY A S 7 B SCH IR 45
P i A—O J\TAA Y Si—O DY 144 BLSL ff Ty
L&, M5 Be—0O VU T A4 a2 DLIL B Oy 0 45, A
Be—O WHAZ . TRINGA AT Na' K" -
Rb"\Cs" & RF2 48 H S T & H,O-OH fl CO,
SEAFAE TS TIE N, 300 T ¢ 0001 377 1] 1 1H M %%
fEo Be?" B Lit 5B & T HUR, AP # Fe ' .
Fe3t Mg " SR, Lit X Be? " 128 [ 15 5% AR
Na®K* Rb"Cs" % R P12 8 8 & 53 AN T7
iy iE N AN (Lia er al . » 2012a)-

4.2 HEBH

S — P B S A, LT Y H A
AAabh GHEA KA KR S A%E. JFE
FE LB A o P A f i
S B RT B R e o X P A Ry B ) B A B
AT R] e S AT A 2 A LB B O (KR AR,
2008)

TR AR BT\ AR 0 DY 5 RUHE R
HRTR o 380 AT AT 3 A, A 4 D s AN A U s R 4
B e AT A A R A DY O RUHE p {111 ), A
BIFE A IR 13 MR FERIDY 7 XUHE e (101 ). FIE9AT
p A A 1~3 cmy B 10~ 15 em 0B A, &8
ML 8~9 kg MIE dho LAFEWFFU X FASH™ 1) H 1
Be o A BCEEAT T WSS T Sm-Nd [ 25 56 i
Z(Liu et al . » 2007b), A B € T 55 KR
G BT RE 4 182.0+9.2 Mas

ZEIRBESE (19914 MoO; = AL T 0.50% ~
13.53% Z W 1S A8 S 8. JFEIA
B MoOs 8 <0.50% , ANE T H sy, &
F AT A LG R Al i, B AR D & 1 NapOs
Cr,05~MnO-FeO\ MoO; 45, HZfE 15 & B 2 1 #i
1 J6% SREE + Y(369 X 10 ¢ ~1 171 x 10~ ) (Liu
et al.» 2007b)o
4.3 WIKA

IR A R BCIR, B 20, 8 LR B AN
JiRWAHE s 1121 3 x (010 YRTPFAT XU ¢ 0001 ), Herp
SPAT U5 75 77 RUHE Lo T A FSCIR B L — it
M3:1 8] 5:1. MRER A 2~3 cms SHCIREE
FEATEAS AL B K A A6 2% 53 LB e , 41l
P,0s (41.26% —~ 42.53%), CaO (55.07% —
55.76% )F1 F(4.20% ~5.39% ), J& T 55 K A1
4.4 BEA

TR A AR, A9 A T KA
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L) B AR A A s 2R A SR
A3, HRX AFHRE N ES A s/ R
A MAESRAE AT FVES AT VB A U P R DY Y
HARMIE AP A

5 EBF LA

5.1 WKREHA

H AT, 5 BOBCIR 28 43 A7 5 AT 25 T8 B i R
AN A, Lin 5520120 M b AR AL 22 FOA 4 2 7= B B
PR 7 TN ZRAE A BCIR e AT T 1. RS
AT AT 2 BONOTARIR 5 SEARCIR, BRCIR S AT A
Bre T A RN A TESRHIE S e 8 & A
K (Beyc, 1960; T WEH %, 1981).

BE# LiNa<Rb Ml Cs ZESEFE A7 /S 7 PR IE FP 75
SEHE N, SEAEAT IR T AW e AR AR BOBCIR, SR A
FIEFEREAARM 1:3 S 1:5CEBENAE, 19815 41
RN1996) 0 HETIX MR 42 J& & 1 7R 26 AE A
TR R, B TG A A N %A AR

F4 Hartman 551995 FER J& FAEE 12, ¢ 0001 }
T P O T 52 ok 45 s 25 5 St 1O 39 I g 3 0. X
4% ¢ 0001 Y A= KAFH A 218, 1 m {1010 ) A 1M
AR AR PRC BLie, — A K
RS BT R B m (1010 Y 2% EEE AR 1 9 2K
H2 ¢ 0001 ML A 2IOR B B T AR I AR O B2

XF SO 28 A A R LA S A B A RO ek
ITAF A S . RIS FE AT — M AR K AR B, SRR
ik — M 5E S~ 15 cmeo XU IR TR UG S4B —
ANJ7 Ak, SR SRR DT 1) ) ST A 52 BT IR A
%, B KM E R, X — ST DU R B
DU JERCIRTE d e AR IR IE Hh, BOIR 1) i AR TE 2
FRAE B TSR BB S . B
N NGNS N R WIS 3 SV S PO /SO CE-C7 TR
BRI R e 1R HARAT PR O PR, 1986) & 5 K
WA PR ASCR B R A 7 SR B A i DL T A 1 A
R MCF B A (BB SE, 1987). T 5 T4k
FEA AR T A F AR K B . T DU RE: m
{1010 YA [1 5 %~ BCAT A0 A4 5 i 17 2 K 34088 I b Jn
TR A T ¢ 0001 M E T m 1010 W TH A K
B ERIE
5.2 BB

4 LREE - MREE - HREE —ff El (& 4)th ]
DL DR 43 7 RS0 R AP 2, 481 2 A7 S T 1

LREE

B8 B BEE B W MoF R
Gl FH LA

HEAE B W-MoF I
(PRBEN:, L)

HREE

MREE

Kl 4 FRTAGY H-h-ER =0 G-
JiK RN B A —EH 0 PR B B S0 #4100 35 Henderson,
1985;Zhang et al. 1990; Raimbault ez al., 1993; Sylvester
and Ghaderi> 1997; Ghaderi et al.,» 1999; Brugger et al. >
2000, 2002, 2008; Dostal et al.» 2009; Peng et al.» 2010;
Song et al . » 2014)

Fig. 4 Triangular LREE-MREE-HREE diagram of the
scheelite from Xuebaoding (REE data in the veins of Au-W,
W-Mos and scheelites from porphyry or porphyry-skarn W-
Mo deposit after Henderson, 1985; Zhang et al.,» 1990;
Raimbault et al., 1993; Sylvester and Ghaderi, 1997;
Ghaderi et al.» 1999; Brugger et al., 2000, 2002, 2008;

Dostal et al.» 2009; Peng et al.» 2010; Song et al ., 2014)

A PRAT R NE I 32 K Au-W BT ik o [ 46w
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TCE T DRI 8 a5 55 9RO R A N 55K Au- W &
R Au-W B IKE DA R, G Au-W B k. &
TR A8 b R B = (275 X 1070~ 920
X 1079, HA T 2 0h 6 MREE & & 1) °F- 31
M, 5 Ghaderi % (1999) %1 73 (7 V84 11 2844 1 id
SRR, HEE R, S HA S A RAE
B B AR DY A3 A . 5 S T A A B AR
SR PG 43 20 2508, 3K — NS TR AE B A AR o
(00 20 2 508 Al 8 — O AL A5, 2001 A% W,
2004, MR A e 55 5 T AT B HL A AR AR 4 4k 7k
TAER A IR R AT

6 W WAL

B o2 S O IR e AR A
LT RBA KRR BRI AR . R A
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JicsE A0 B A B 3RS, i TR BEE TR
B G I, BRE I SRR A B A R B

SERFRLA ) 2 Ak, KBS0 W a8, w K
FAVHAET Y ESRE I, BRI, A AR
b, BB Ry 2 Ab, AT ik 3 ZE 53 PN 4, BA
TR ) R A A R S ) e AR Oy B AE . AR A
PEERAA VB A VRS R A (1 SE W R A A
Y)W (Liu er al ., 20120 FI &R KA L4241
B A ZE A R DA R A AT (1) A 2R DR 3 B % [
I B K R K AT IR A LA TE SR
TESEA R R WK 5. B RHBLSA B B, a5
HUAAT SR AR AT R VS S5 A % D) 3 AR (]
50, FERAT B Bt SR A 1 I A DG, TRk
T T RA™ kb (KA 1 R B 2 B A 3
BRAT S T RGN R B 7)) £ B A TE T 2]
A A1

AT R
FE& 5 fdl [ fd2 | fd3 Ab4 | Ab5 AT
i >350°C 350 ~300C 300~200C
Ab 4.42--9.33 1.06—3.72 1.16~4.26 99.19~100.00 99,58 ~100.00
Or 93.96~95.34 | 96.28~97.88] 95.74~9839 0.00—0.59 0.00~0.42
An 0.00~—0.47 0.00~0.71 0.00~0.93 0.00~0.34 0.00 ~0.30
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Fig. 5 The configuration; composition, formation temperature characteristics and mineral assemblages of the feldspar as well as

RS e o e st S S s SN E P
TR BT (K30, A T30 1113820 )

the relationship between them

VEPRAT AT DAL, FEE TR s B 113 2 Rt SRR A VB AT B B AR, [ A
3 58 1 #8202 AL BB SR AL AT IS B A VA T A R U A

AT A

In the mineral belt, part | consists of beryl, muscovite, orthoclases and quartz, with rock of granite; Part I is composed of beryl, cassiterites

muscovite with wall rock of transition between granite and marble; Part [ll which is the dominating ore-forming position consists of beryl, scheelite,

7 AR

cassiterite, albite, fluorites calcites tourmaline with acicular structure and several quartz crystals

TR R A B AR 2 Tz Ol

AEEE, 2002 FTTAIEE, 2002 1145, 2007). &
LN KT HETURN FRE: A HOA/P Ar PR
191 Ma, & 55 I 26 238 186.9 Ma CH & M55,

2002); H = BEO A/ Ar PEAERS 189.9+ 1.8 Ma, WA
S T RAT 1T 6 B SR B L (2t e 4
2007): 195" Sm-Nd 25 I 2k £ 4% 182.0 + 9.2 Ma
(Liu et al.» 2007a); K H LA-MC-ICPMS U-Pb ¥
PAFI T ETH AR W 194.8 £ 6.2 Ma+194.8
+6.4 Ma(Li et al.» 201681 193.6 + 6 Ma( Zhang
etal., 2014). RER B TAFEFEL #4ER, X 34
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FEdh M1 HIUE S 9 AR HOE F2 IR T8 91.4 % 1)
IArrE A PR 196.1 £ 2.1 Ma(26, MSWD =
2.4)0 KRHE 9 ANIE SR O FE VI B I A IR A S
195.7+2.5 Ma (26, MSWD=2.6), 54—

(K 6). DL AMOAL/0 Ar S S5 I 2 48 18 W] LU A
F = BERE A 88, IF AR W REARCR T R T K &=

JSA YD () AT R

AU 7 BT 3R A 1) S 25 ) 2 4E % 5 Bl SR
LA-MC-ICPMS U-Pb %3k 43 (1) & 5 10 85 A7 I fo7 4
W% 194.8 6.2 Ma M1 194.8 £ 6.4 Ma(Li et al.>
20160, H A1 193.6 + 6 Ma(Zhang et al., 2014)—
B, H S AL A 2B Ar-Ar FFE2 (1945
+1.0 M) B NHT, T 194.8+6.2 Ma #1 194.8
+6.4 Ma PIANAFEES 1D ARE ity b A SO 7 2 43t
15 = IR i i S T = Y T 1 B
193.6+6 Ma K43 FIAEREFE A K 1 R FF 1R i By
B, AR TR A4 1) 195.7 £2.5 Ma FX 264
I ()8 A TG AT R T 2Ll P B

FEAR RS AR AR MR 5 XA S 48 e il 1

a b
270 | FRAER}196.1 +2.1 Ma ad |
YAr=91.4% LRHRER=195712.5Ma
230 MSWD=2.4 MSWD=2.5
0.003}F (AT AD=349.4 £ 143.5 Ma
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< 190 <
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Fig. 6 *Ar/*Ar spectra for muscovite from the Xuebaoding deposit
#z 5 EBENTK M1 BaEERYA/YAr DTEEE
Table 5 **Ar/3°Ar data for muscovite in the Xuebaoding deposit

/T OAr/¥Ar S Ar/¥ Ar SAr/PAr YA/ FAn A /% ¥ Ar/ % AFUE / Ma +26
780 61.83 0.05 0.15 17.49 28.29 0.2 164.04 +25.36
860 50.56 0.03 0.11 18.45 36.48 1.17 172.57 +12.14
900 36.47 0.01 0.06 19.91 54.6 2.6 185.59 +6.46
940 24.39 0.00 0.01 20.52 84.15 8.56 190.99 +2.31
980 21.34 0.00 0.00 21.01 98.47 27.14 195.32 +1.91
1010 21.12 0.00 0.00 20.92 99.09 44.78 194.52 +1.91
1040 21.17 0.00 0.00 21.07 99.56 60.58 195.84 +1.87
1070 20.94 0.00 0.00 20.83 99.46 70.52 193.71 +1.97
1110 21.25 0.00 0.00 21.07 99.13 75.54 195.79 +2.14
1160 21.50 0.00 0.00 21.34 99.24 87.28 198.21 +1.94
1220 21.45 0.00 0.00 21.27 99.19 95.85 197.59 +1.91
1300 21.61 0.00 0.00 21.30 98.56 98.19 197.84 +2.62
1400 22.07 0.00 0.00 21.21 96.1 100 197.04 +2.15
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W& A8 < FAR 2 (200.6 + 1.3 Ma)#E 5 Ma (Liu ez
al.> 20100« 195.7+2.5 Ma W4 &% 15 3 1108
A AR B AH B (o302 200.6 + 1.3 Ma #11193.7
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FHAE 5L, PN X0 28 R TR — AN 3R 55 #A 7 fig
JCA T A 4 o DR A6 B 25 Tl REAE 193.7
+1.1 Ma PR JEX A4 DTk -

8 W IR AHLHIHIER

ELEH M A RS W Sn A7 IR H R 2 DL kIR
R GRS B, WD H B RE Al A . SRAT A 7 AT A
FHT R AT DU L S IE 20 em SR AE A B A, W e
Hras o v R =5 Ik (Wang et al.» 20090, AL
W-Sn B KA, Be 70 I AE N T 450 3 I Mar-
shall et al., 2004; Vapnik et al., 2006; Gavrilenko
et al.» 20065 Groat et al.,» 2008). FHEIH KK
AN GES S SIS RV TR -V SN @ S I N SR
D LR R R AR R S R L
Rb-Cs~Sn\Be B M F, 5L A P LR 0R 2.
TR B [ A A 5% B i o 28 & SRR, S
FIAE B 7 & E B ) R U5 (Liv et al .
2012a)-

TEAE K A R, BOR SR AT AT AR/ T 3 em, 9
AN T 1 eme SERIEW] REEVF LisRbsCs+Be-
TaNbSn Hl W JCE 7153 B & i ik B b 4 ) T 7k
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1998), i & S 1) F IG5 FRACER A 5 JR 1K & L 42
iy T IX ST 2 W R B (Linnens 19985 Liu ez al. »
1999; Veksler and Thomas, 2002; Duc-Tin et al.
20070 {EXLEAHENT, & F AR B A T A S 9%
e K & 48 T LivRb Cs« W. SnvBe, IE U1 Portugal
(Gaans et al ., 1995)Brazil( Lenharo ez al ., 2002)+
Iran(Esmaeily ez al ., 2003 Frik. XI5 K H T
PR LLAS A B9 A6 5 % 300 SnF, (Due-Tin ez al . »
2007 1ES B A i b E R . MR, T &%
GYRAFAE R FLE IR K2 ITER, IR

IS s A B A IR, S A B R = BRI
RARIFAE HRAE I BUA R S R
LT R R RO AT A AR AT o il
LR A A, A B R P A T R
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MR AL 51 T RBIR i/ JF 3 80T KBS A
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PREaIE 1) S, IR 5 1R T AR 20 8D
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JLREANWITTIE . T B [ M AE 1 2 A2 K B
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