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et al., 1998) (Stein et al., 2000) ,
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1~5  /min; 20~30  /min , , 4
-80~—100 , -22 , 1 ,
1~5  /min , 2
2.2 “Ar/PAr
22.1 “Ar/PAr ( )
) 223
, 10XT02 Cst 152.3 mg
99% A/ Ar
, , 80 (Qiu and Dai, 1989; Qiu and
( ) ZBH-2506( Wijbrans, 2006a; Qiu and Jiang, 2007),
, 132.7 Ma) R 170 mm, 36 mm,
~5 mm , 28 mm ( 2)
VAR )
, 2~4 , ,
10 , 150 10 h,
0.5 mm Cd R
, (AC~90V) ,
49-2 50 h,
GZ17 s ,
Ar , , ,
J J ~100 mg
J )
C°Ar7Ar),=8.984x107", (°Ar/’Ar)c,=
2.673x10°%, (*°Ar/ *’Ar)x=5.97x10"°
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Fig.2 The crushing apparatus for extracting the fluid

inclusion in vacuum
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-60 (
), 2 SAES NP10® Zr/Al
Ar
s OAr s Ar
, 6 , 1
, 3
, (
)
3 e m%% 3 10XT02 Cst) ( ,
1.1 Fig.3 Photomicrograph of cassiterite 10XT02 Cst
- ) (Koppers, 2002; ,2009)
( 3 10XT02 Ms A Ar
) ( Sa),
, (4 , 155.6£1.7 Ma (26, MSWD=1.7),
10~20 pm , 325~355 155.9+1.9 Ma (26, MSWD=1.7) (  5b)
—-6.1~—13.0 (Hall 10XTO02 Cst
et al., 1988; ,2004)): Y07 /PAr (
W=1.78T,—0.0442 T> +0.000557 T> 5a) 7 (1~7)
9.3%~16.9%NaCl, , 2843 Ma
AP Ar 7 200 Ma 8~18
3.2 “ArAr , , 154.3+3.0 Ma
3.2.1 “Ar/Ar (26, MSWD=0.2), *’Ar 83.8%,
10XT02 11 (
AT/ Ar 1 5b), 155.1£7.0 Ma (26, MSWD=0.2),
ArArCALC (v.2.52) OAr°Ar OArSAr 294.8+4.8

4 10XT02 Cst , (a) (b) ( )

Fig.4 Photomicrograph of cassiterite 10XT02 Cst, showing the primary fluid inclusions (a) and secondary fluid
inclusions (b)
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£ 1 H& 10XT02Ar/PAr EE 9 1R
Table 1 “*°Ar/*’Ar dating results of sample 10XT02

3 Aty T Are, ¥ Arg 9 Arg HOAr* £26(Ma)  “Ar¥(%)  *Arg(%)
10XT02Ms , J=0.005369608
1 4.5% 3.11 0.0002 0.01 7.16 83.43 109.5 +19.1 8.3 1.47
2 5.0% 8.08 0.0003 0.03 17.37 251.60 135.2 +20.2 9.5 3.56
3 5.3% 5.02 0.0004 0.04 18.45 285.93 144.2 +11.7 16.2 3.78
4 5.6% 2.11 0.0001 0.05 18.79 310.86 153.5 +4.9 33.2 3.85
5 5.9% 1.31 0.0003 0.08 32.94 543.86 153.3 +1.9 58.4 6.74
6 6.2% 3.43 0.0002 0.11 46.80 778.80 154.4 +3.2 43.4 9.58
7 6.5% 4.95 0.0003 0.08 33.32 562.67 156.6 +6.4 27.8 6.82
8 6.8% 3.23 0.0011 0.09 40.36 672.96 154.7 +3.5 41.4 8.27
9 7.1% 2.61 0.0006 0.15 64.26 1091.24 157.4 +1.9 58.6 13.16
10 7.4% 1.13 0.0012 0.28 113.89 1916.80 156.1 +0.9 85.1 23.32
11 7.7% 0.77 0.0005 0.12 73.18 1224.88 155.3 +1.4 84.4 14.98
12 8.0% 0.07 0.0005 0.03 15.53 259.07 154.8 +3.3 93.0 3.18
13 8.6% 0.02 0.0010 0.01 3.75 61.73 153.0 +13.4 93.0 0.77
14 12.0% 0.01 0.0004 0.01 2.56 43.09 156.3 +17.5 93.3 0.52
3 Atair 3T Arca BAre 39 Arg N £20(Ma)  PArs(%)  *Ark(%)
10XTO02 Cst ,J=0.00539155, 1,=295.5
1 10 0.61 0.17 0.1772 0.024 16.97 2842.7 +279.3 8.7 0.26
2 20 0.59 0.23 0.2738 0.054 42.03 2972.4 +104.7 19.3 0.59
3 40 0.27 0.42 0.2127 0.063 32.51 2389.8 +68.6 28.8 0.69
4 80 0.22 0.58 0.2248 0.116 26.61 1455.8 +45.7 29.4 1.25
5 160 0.19 1.39 0.1499 0.225 19.02 676.6 +31.2 25.4 2.44
6 240 0.21 2.15 0.0843 0.397 13.83 310.5 +26.8 18.5 4.30
7 330 0.19 2.67 0.0450 0.615 13.38 200.0 +13.8 19.5 6.67
8 420 0.21 3.23 0.0360 0.880 14.60 154.6 +15.7 18.9 9.53
9 510 0.16 3.37 0.0230 1.097 18.15 154.2 +9.4 27.2 11.88
10 600 0.13 3.27 0.0150 1.103 18.74 158.0 +7.7 33.1 11.96
11 690 0.24 3.26 0.0136 1.135 18.44 151.4 +12.9 20.9 12.30
12 795 0.16 3.05 0.0104 1.040 17.38 155.7 +8.2 26.9 11.26
13 870 0.08 222 0.0078 0.774 12.83 154.4 +5.9 35.2 8.39
14 960 0.08 1.80 0.0061 0.622 10.14 152.0 +6.3 29.7 6.74
15 960 0.08 1.37 0.0058 0.445 7.33 153.4 +8.7 24.4 4.82
16 960 0.08 1.09 0.0041 0.318 5.26 154.4 +12.8 18.4 3.44
17 960 0.09 0.70 0.0037 0.215 3.51 152.3 +22.1 11.7 2.33
18 960 0.07 0.44 0.0018 0.105 1.74 154.0 +40.4 7.4 1.14
: Ar mV, 1.64x10 "> mol/Mv  Ar : air Ar;Ca ClI K
Ar 35Arair Ca ; 37Arca STAr ; 38Arc1 ; 39ArK Ca
; NS K
600 0.004
10XT02 @ 10XT02 (®)
& g
5 450 0.003¢" MRl
3 b2 o oWJI[}5 o
ﬂ!{ - 3405 14 10
= < 3 OO0 558 Ms
1 1=155.127.0 Ma (20)
D 10 11 12 13 14 15161% MSWD=0.2
I: C ::ﬂ 0.001 1 “Ar/°Ar=294.8+4.8
! Sample t(Ma£26) MSWD  “Ar% (“Ar/*Ar),
—$BACst 154330 02 838 2955
0 T EESMs 1556517 17 899 2955 0 . . . . .
0 20 40 60 80 100 0.00 0.01 0.02 0.03 0.04 0.05 0.06
RRAREE T8(%) Ar/PAr
5 10XTO02 (a) (b)

Fig.5 Age spectra (a) and inverse isochrons (b) of muscovite (Ms) by laser stepwise heating and cassiterite (Cst) by
progressive crushing
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322 K Cl *aAr
10XTO02 Cst Ar
2

£2 HBA K-Cl-"Ar EIfRIEX Ar R E 1R
Table 2 Ar data of cassiterite

VArPArg BAraPArg BAra/Ar(x107)
10XT02 Cst , J=0.00539155, [,=295.5
1 10 706.14 7.378 1044.89
2 20 774.64 5.049 651.72
3 40 508.52 3.330 654.77
4 80 230.19 1.944 844.57
5 160 84.40 0.665 788.22
6 240 34.84 0.212 609.48
7 330 21.75 0.073 336.33
8 420 16.59 0.041 246.88
9 510 16.55 0.021 126.91
10 600 16.98 0.014 79.97
11 690 16.24 0.012 73.50
12 795 16.71 0.010 60.13
13 870 16.57 0.010 60.45
14 960 16.30 0.010 60.02
15 960 16.46 0.013 78.80
16 960 16.57 0.013 78.50
17 960 16.33 0.017 104.35
18 960 16.53 0.017 101.40
, Cl
, (1) K ,Cl
( )
, Cl
(*°Ar/*°Ar) ;
() Cl
5 36ATCI 38Afc1 5
Cl , PAr-Cl ,
OAr (Wang et al., 1988),
Cl CI/K ,
(Landoll et al., 1989; Foland et al., 1993)
Cl  “Ar , CI/K(x
) PAUK(y ) ) ,
. Cl=0 PAr/K PAr
) BArc/Arg vs.
40Ar*/”ArK s

K Ccl  “Ar
1992; , 1992),

(Turner and Wang,
K-C1-*°Ar ,

(Jiang et al., 2012; Bai et al., 2013) A Arg-
BAre/ Arg ( 6a), 10XT02 Cst
(4~6 ) ,
A Arg 10.1, 96 Ma
(8~18 ) BArg
, VAT Arg s BArey/ P Arg
OAr A0 Arg 16.6, 155 Ma,
( 6b)
BAre/Ar P Arg /O Ar” ( 6b),
4~6 , ,
BAre/Ar , P Arg/Ar R
P Arg/Ar” 11.0,
104 Ma 8~18 , I Ar/CAr
, PAr/Ar 0.06,
BAre/Ar’ , 155 Ma
407 %38 Aty
O Arg /P Arg ( 60c),
s 104 Ma 154 Ma
K-Cl-*°Ar ,
, ~104 Ma ~155Ma
3

4
4.1

B

(Qiu et al., 2002; Qiu and
Wijbrans, 2006b, 2008; Qiu and Jiang, 2007),

, Cl K
( , 2006;
Qiu and Jiang, 2007; Jiang et al., 2012; Bai et al., 2013)
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250 A Ar; (2) ,
; 3)
2001 , Y Ar ,
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< y=113.07x+10.13 , WAL
i =96 Ma
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R Ay,
o
% 6001
b 40
Z BB 4-6 » K-Cl-TAr
= =—9811.86x+894.26
3 400 104 Ma '
# 6
200 4~6 (
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T T T T T r 40 40
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(Turner (4) K-CI-*Ar
et al., 1993) ,
AT Ar (Turner and ®)]
Bannon, 1992; Turner and Wang, 1992) ~155 Ma,

40 Ar, ,
40Ar
A/ SAr 980,
24400, A/ SAr (Sarda et al., 1985)
OArAr 294.8+4.8,
295.5 ,
OAr CO, NaCl-H,0,
H,S  CHy( , 2007),
( ) ,
OAr “Ar Turner (1988)
Ar
K, CI AT ,
PAr: (1)
; (2) ; ()
; (4)
(Turner, 1988)
( , 2006; , 2007)
40AI‘
(  ,2013) ,
40p ,
40AI‘
5 4
OArAr s R
(1) AP Ar ,
() YA/’ Ar
, A/ Ar
(3) AL/ Ar
VA Ar
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Direct Dating of Cassiterite in Xitian Tungsten-Tin Polymetallic
Deposit, South-East Hunan, by “°Ar/*’Ar Progressive Crushing

WANG Min', BAI Xiujuan®, HU Rongguo', CHENG Shunbo®, PU Zhiping' and QIU Huaning'

(1. State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences, Guangzhou 510640, Guangdong, China; 2. MOE Key Laboratory of Tectonics and Petroleum Resources,
China University of Geosciences, Wuhan 430074, Hubei, China; 3. Wuhan Center of China Geological Survey,
Wuhan 430205, Hubei, China)

Abstract: The Xitian tungsten-tin polymetallic deposit is a large deposit in SE Hunan province discovered recently. In
order to date the cassiterite directly by **Ar/*’Ar progressive crushing, we selected paragenous muscovite and cassiterite
from a piece of tin ore specimen from the Xitian tungsten-tin deposit. The muscovite by *’Ar/*’Ar laser stepwise heating
forms a flat age spectrum with a plateau age of 155.6+1.7 Ma (20). The “Ar/P®Ar data of the cassiterite by crushing
yield an age spectrum marked with abnormal old apparent ages declining step-by-step for the first seven steps, followed
by a plateau with an age of 154.3+3.0 Ma for the last eleven steps (steps 8—18, about 83.8% of the total *’Ar). The data
points of cassiterite clearly distribute into two groups corresponding to secondary and primary fluid inclusions,
respectively. Data points of the first several steps scatter on the inverse isochron diagram, and the apparent ages are
abnormally older than the ages of the contemporaneous muscovite, indicating the presence of excess “’Ar. The excess
“Ar is most likely hosted in the secondary fluid inclusions distributing along the microcracks and is easily extracted by
crushing. While data points of steps 8—18 yield an excellent isochron line corresponding to an age of 155.1+7.0 Ma with
an initial *’Ar/*°Ar value of 294.8, which are interpreted as the contributions of the primary fluid inclusions, without
excess "’Ar inside. The isochron age of the primary fluid inclusions in cassiterite is well concordant with that of the
paragenous muscovite, indicating that the tin mineralization occurred at 155 Ma, coeval to the Late Jurassic large scale
tungsten-tin mineralization in South China. The primary and secondary fluid inclusions could be easily distinguished by
the polts of K-CI-**Ar, and thus, the ages of secondary and primary fluid inclusions can be obtained from these plots.
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This study reveals that cassiterite is a suitable mineral for **Ar/*’Ar stepwise crushing.

Keywords: cassiterite; fluid inclusion; A1/ Ar method; Xitian; Hunan



