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Abstract: Quartz is a common mineral in hydrothermal deposits. *’Ar/*’Ar dating technique for fluid inclusions in
quartz by crushing in vacuo provides a new approach to dating mineralization of hydrothermal deposits. However,
rare K-rich minerals are available for **Ar/*’Ar dating to confirm the validity of this new technique in previous
studies. In this study the authors selected paragenetic quartz and muscovite in a piece of ore collected from the
Shizhuyuan polymetallic deposit for **Ar/*’Ar dating. For the muscovite sample laser stepwise heating results in a
very flat age spectrum with a plateau age of (153.7+0.9) Ma (1c). For the quartz sample crushing in vacuo yields
an age spectrum marked with abnormal old apparent ages, which declines step-by-step for the first ten steps (steps
1 —10), and is followed by a plateau for the last ten steps (steps 11~20). The data points for steps 11~20 constrain
a well-defined isochron corresponding to an age of (152.3+5.7) Ma with an initial **Ar/*®Ar value of 291.7, which
can be interpreted as the contributions from the primary fluid inclusions without excess “’Ar inside. The isochron
age for the primary fluid inclusions in quartz is well concordant with that of paragenetic muscovite, indicating that

the quartz **Ar/*’Ar stepwise crushing technique is an effective method for obtaining ages of primary fluid
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inclusions in hydrothermal deposits. In addition, the primary and secondary fluid inclusions could be distinguished
into two groups by plots based on correlations among the ratios of K, Cl and Ar. The ages of secondary fluid
inclusions are obtained from these plots (~100 Ma), which are concordant with the *°Ar/*’Ar plateau age of the
K-feldspar vein, suggesting a post-hydrothermal activity in formation of the ore deposit.
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Fig.1 Regional geological map of the Shizhuyuan polymetallic deposit (modified after [15])
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Fig.2 Hand specimen showing K-feldspar vein cutting through the 098734 Ms At/ Ar

vein-network of greisen (Level 490 m, Shizhuyuan) , (15 3,7:i:0_9) Ma
, J  (lo, MSWD = 12.1) (  4a, ),
, , 2~4 1 (153.1+£0.9) Ma (1o, MSWD =9.7) ( 4b)
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Fig.3 Photomicrographs of quartz 09SZ34 Q, showing primary fluid inclusions (a) and secondary fluid inclusions (b)
(under plane-polarizer and transmitted light)
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Table 1 *°Ar/*’Ar dating results by laser stepwise heating
(%) 3Ary Y Arca BAra P Arg H0p (Ma, 1) VArc(%)  PAr(%)
09SZ34Ms, J = 0.0033660
1 4.5 0.166 0.098 0.006 5.71 153.05 155.8 +0.6 75.73 3.63
2 5.0 0.145 0.442 0.016 15.25 405.17 154.5 +0.3 90.44 9.70
3 5.6 0.075 0.302 0.024 21.17 563.53 154.8 +0.3 96.21 13.46
4 59 0.093 0.287 0.024 23.12 613.15 154.3 +0.3 95.73 14.70
5 6.2 0.199 1.339 0.050 45.85 1218.87 154.6 +0.4 95.38 29.15
6 6.4 0.041 0.347 0.011 9.60 251.98 152.8 +0.4 95.37 6.10
7 6.7 0.032 1.212 0.024 18.86 490.20 151.3 +0.4 98.08 11.99
8 7.1 0.011 0.318 0.005 4.12 107.77 152.2 +0.4 97.08 2.62
9 7.5 0.030 0.411 0.009 9.56 251.96 153.3 +0.3 96.64 6.08
10 8.0 0.007 0.345 0.004 3.12 80.28 149.7 +0.4 97.56 1.99
11 8.8 0.001 0.141 0.001 0.60 13.98 136.6 +1.5 97.11 0.38
12 12.0 0.001 0.100 0.000 0.34 8.62 146.6 +2.7 96.44 0.22
(%) Arg T Arca FArg P Arg “OAr (Ma, 1o) OArR (%)  PArg(%)
09SZ34Kfs J=0.0034001
1 4.5 1.066 0.052 0.035 19.51 787.21 232.0 +0.9 71.42 4.99
2 4.8 0.219 0.023 0.019 14.19 287.18 120.1 +0.4 81.57 3.63
3 5.2 0.151 0.089 0.034 27.03 459.18 101.3 +0.2 91.12 6.92
4 5.5 0.107 0.268 0.062 51.57 820.52 95.1 +0.2 96.24 13.20
5 5.7 0.015 0.069 0.013 10.61 174.52 98.2 +0.2 97.42 2.72
6 6.0 0.071 0.088 0.047 41.29 694.56 100.3 +0.2 97.02 10.57
7 6.3 0.046 0.166 0.025 23.10 387.29 100.0 +0.2 96.56 5.92
8 6.7 0.063 0.117 0.045 37.17 628.55 100.9 +0.2 97.08 9.52
9 7.1 0.258 0.114 0.067 73.50 1234.39 100.2 +0.2 94.16 18.82
10 8.8 0.032 0.040 0.023 18.51 310.12 100.0 +0.2 96.98 4.74
11 9.5 0.139 0.075 0.058 50.11 839.46 99.9 +0.2 95.30 12.83
12 10.1 0.054 0.007 0.027 21.51 363.11 100.7 +0.2 95.75 5.51
13 10.9 0.003 0.001 0.001 1.04 17.65 101.2 +0.7 95.48 0.27
14 13.0 0.003 0.003 0.001 1.44 23.86 99.2 +0.4 96.12 0.37
:Ar mv, 1.64x10™" mol/mV
2~4 3 ( ) ,
, (91.1£0.5) Ma (lo, MSWD = ( 5a) ), (91.1£0.5) Ma,
0.9) ( 5b), A/ Ar 617.6+7.2, (91.1£0.5) Ma
295.5 6~14 09SZ34 Q
, , WA Ar (
(100.3+£0.5) Ma (1o, MSWD = 3.4) ( 5a), PAr 4a) 10 (1~10)
68.5%, 9 , 1 5263 Ma
(  5b), 10 177 Ma 11~20
(100.4+0.8) Ma (16, MSWD = 3.9) 2~4 3 , P Ar
A, CAr 617.6 42.8%, 10
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Table 2 *°Ar/*’Ar dating results by crushing in vacuo
3 ATaie T Arca SArc ¥ Arg “OAr (Ma, o) OArH(%) ¥ Arg (%)
09S734Q ,J=0.0032710, 1,=291.7
1 10 3.577 0.08 0.07853 0.10 558.4 5262.8 +30.6 34.8 0.47
2 20 2.572 0.23 0.07588 0.12 509.6 4898.2 +22.7 40.4 0.53
3 50 1.668 0.57 0.05543 0.22 379.7 3407.8 +17.2 43.8 0.99
4 100 1.044 1.40 0.03230 0.45 249 .4 1864.8 +12.7 45.0 2.01
5 160 0.691 2.77 0.02564 0.82 181.8 988.2 +7.6 47.4 3.63
6 240 0.537 4.81 0.01861 1.36 142.7 531.6 +52 47.6 6.07
7 360 0.414 7.73 0.01311 1.99 119.8 3244 +2.7 49.7 8.86
8 480 0.366 10.94 0.00990 2.43 107.2 242.8 +2.0 50.1 10.85
9 600 0.294 13.65 0.01000 2.53 90.3 199.5 +1.6 51.2 11.25
10 720 0.268 15.14 0.00627 2.27 71.2 176.5 +1.6 47.7 10.10
11 840 0.225 15.33 0.00204 1.91 51.3 151.7 +2.0 43.8 8.53
12 960 0.187 13.35 0.00479 1.47 39.6 152.4 +1.9 42.1 6.55
13 1080 0.175 9.67 0.00188 1.03 27.7 152.5 +2.4 35.1 4.58
14 1080 0.138 7.46 0.00401 1.03 27.8 153.1 +2.1 40.9 4.59
15 1080 0.094 5.07 0.00222 0.85 23.1 153.1 +2.2 45.7 3.81
16 1080 0.093 3.64 0.00249 0.82 21.9 152.0 +2.1 44.8 3.64
17 1080 0.098 2.59 0.00198 0.69 18.4 151.2 +2.4 39.1 3.07
18 1080 0.077 1.96 0.00199 0.62 16.7 153.4 +2.2 42.7 2.75
19 1080 0.073 1.52 0.00165 0.60 16.0 151.6 +2.1 43.0 2.67
20 1080 0.068 1.26 0.00211 0.59 15.9 151.6 +43 443 2.64
21 1080 0.065 1.02 0.00160 0.54 13.8 144.6 +1.6 42.3 2.42
:Ar mv, 1.64x10™" mol/mV
( 4b), (152.3+5.7) Ma ArArCALC,
(16, MSWD = 0.1), *Ar/*°Ar 291.7 + 8.1, , Cl BArg
295.5, VAL SAr K-CI-*Ar ,
291.7 (152.1+ 1.0) ,
Ma (1o, MSWD = 0.1, I, = 291.7) [25-26]
32 K. Cl Ar A Arg-BAre/ P Arg ( 6a),
09SZ734 Q (5~8 )
. K . YAr AT 16.79
¥K (n, p) ¥Ar  YCl (n, y) *c1—L— 97 Ma (11~20 )
38Ar K Cl 40Ar [23—24]’ 38Ar , 40Ar*/39ArK ,
, 3B Are/*’ Arg AL A Arg 26.9,
K Cl *Ar 098734 Q 152 Ma, ( 4b)
A1 Ar 3 BAra/ Y Ar P Arg/CAr’ ( 6b),
A/ Ar , 5~8 , BAre/Ar
cd ¢l , YA/ Ar ,
*Cl1 CAr , BAr ¥ Arg/PAr” 17.6, 101 Ma
cd , 11~20 , X
Cl BArc, , PArg/Ar’ 0.037,
AT, BAre/Ar” , 152 Ma
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Fig.4 Age spectra (a) and inverse isochrons (b) of muscovite (Ms) by
laser stepwise heating and quarz (Q) by progressive crushing
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Fig.5 Age spectra (a) and inverse isochrons (b) of K-feldspar (Kfs) by
laser stepwise heating
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Table 3 Data for quarz derived from plots of K-Cl-**Ar

09SZ34 Kfs

PArPArg BAraPArg PFAre/Ar (x107%)

09S734Q ,J=0.0032710, 1,=291.7
1 10 5346.65 0.7518 14.06
2 20 4312.33 0.6421 14.89
3 50 1715.77 0.2505 14.60
4 100 553.77 0.0717 12.95
5 160 223.00 0.0314 14.10
6 240 104.75 0.0137 13.04
7 360 60.22 0.0066 10.94
8 480 44.04 0.0041 9.24
9 600 35.75 0.0040 11.07
10 720 31.42 0.0028 8.79
11 840 26.82 0.0011 3.97
12 960 26.94 0.0033 12.08
13 1080 26.96 0.0018 6.78
14 1080 27.07 0.0039 14.36
15 1080 27.08 0.0026 9.58
16 1080 26.87 0.0030 11.35
17 1080 26.73 0.0029 10.73
18 1080 27.13 0.0032 11.85
19 1080 26.79 0.0027 10.26
20 1080 26.81 0.0036 13.28
21 1080 25.52 0.0029 11.54
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