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Abstract: Various reference zircons 158-1060 Ma in age and trace elements were analyzed simultaneously using
New Wave 213 nm laser ablation inductively coupled plasma-mass spectrometry (LA-ICP-MS). The results
showed that the weighted average ages of 91500, GJ-1, TEMORA-1, Plesovice and Qinghu standard zircons were
(1059£11) Ma (20, n=21), (604.4+4.7) Ma (20, n=25), (419.3+3.4) Ma (20, n=14), (338.7£2.4) Ma (20, n=23) and
(158.9+1.7) Ma (20, n=18) respectively when the laser frequency was 10 Hz and laser ablation spot size was
30 um. The relative errors (20) of a single point of age were all smaller than 5.6%, and the relative deviation (20)
of weighted average age were all smaller than 1.08%. The results agree with the ID-TIMS and SHRIMP data
reported previously. Using NIST 610 as the reference material and >°Si as the internal calibrate, the authors
analyzed twenty trace and rare earth elements for these reference zircons under the same test condition. All the
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other trace elements and the trace elements results of 91500 fall within the range of the reported literature except
Nb in Plesovice which is higher than the reported value. Pb, Th and U of GJ-1 all fall in the region of reported
TIMS data, while Th and U of TEMORA-1 fall within the range of reported SHRIMP data, and Th and U of
Qinghu fall within the range of reported SIMS data. Chondrite-normalized REE distribution curves of these

standard zircons show that the relative content of rare earth elements obtained is accurate.

Key words: LA-ICP-MS; zircon; U-Pb age; trace element
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Table1 LA-ICP-MS operating conditions

ICP-MS
ThermoFisher X Series 2 —-690 V
RF 1400 W 169V
0.89 mL/min D1 -41.6 V
0.80 mL/min D2 -143V
13.0 mL/min DA -41.6 V
12V
B 1 7x107 cps(pg/g) 2.5V
New Wave UP 213 30 pm
He: 0.65 L/min 10 Hz
10 12 J/em?
+NIST610 20pp/Afu 2YPb/*°Ph
30s, 10s, (1062.4+0.8) Ma  (1065.4+0.6) Ma
2s, 60 s 4 27ppb/2%Ph (1066.6x1.4) Ma (Lopez et al.,
, 2001) (1066.51.1) Ma (Paquette et al., 2001)
ICPMSDataCal(Liu et (1065.5£0.5) Ma (Amelin et al., 2002) s
al., 2008) 1065 Ma 91500 Yuan (2004)
( , 2009) LA-ICP-MS 30 um ,
Isoplot 3.0(Ludwig, 2003) 207pp20pp - 206pp/2ty (1075+16) Ma
. (1063.3+8.7) Ma
2 SR GJ-1 , 91500 21
2.1 ,  U-Pb
30 pm, 10 Hz ( 1), *Pb/*U (1059+11) Ma (20,
, 91500 GJ-1 TEMORA-1 n=21), TIMS LA-ICP-MS
Plesovice Qinghu ,
2P : 212 GJ-1
Pb , Jackson  (2004) 27ppb/2%Ph
1 5 (608.5+0.4) Ma, ,
(20) 4.5% 5.6% 3.3% 4.8% 206pp,238y 596.2 602.7 Ma ,
3.5% 4.9% 23% 4.1% 2.9% 4.0%, LA-ICP-MS
(20)1.03% 0.78% 1.08% Elhlou LA-ICP-MS 206pp/ 28y
0.71%  0.81% LA-ICP-MS (610.0£1.7) Ma (20, n=46)(Elhlou et al., 2006)
, (2007) (2008) (2009)
, , LA-ICP-MS ,
U-Pb , 206pp/2¥y (603.2£2.4) Ma (n=15)
91500 , (613+6) Ma (20, n=20) (607.0+2.8) Ma (25, n=20)
Jackson 91500 , 25 U-Pb
(2004) U-Pb . 206pp28y
(604.4£4.7) Ma (20, n=25)( 1),
2.1.1 91500
91500 2.1.3 TEMORA-1
Wiedenbeck (1995) TIMS , U-Pb
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Fig.1 U-Pb age and concordia diagram of different zircon standards
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Table 2 Trace element analyses for zircon standard

ng/g)
Ti Nb La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ta Pb Th U
0.283 0.033 0.023 0.022  0.013 0.086 0.022 0.034 0.041 0.010 0.053 0.013 0.040 0.013 0.053 0.009 0.007 0.044 0.018 0.009
91500
14.6 0.862 0.046 2.86 0.046 0.566 0.791 0.337 2.95 0.985 13.2 5.33 30.2 746 87.5 15.0 0.574 15.6 314  93.1
1.39 0.565 2.15 0.008  0.139 0.252 0.069 164 0561 955 389 208 534 60.7 10.6  0.312 105 252 731
21 7.44 0.734 2.44 0.026 0.372 0.491 0232 228 0847 113 457 248 632 727 124 0.444 127 279 820
9.9 0.924 0.0028 2.89 0.026 0.28 0.628 0294 371 0924 174 706 369 10.5 109 14 0.718 18 40.6 874
(Yuan et al., 2008)
4.4 0.682 0.0007 2.19 0.01 0.181 0.387 0.188 1.78 0.651 9.59 349 174 559 73 747  0.441 10.8 18.3 619
(Yuan et al., 2008)
GJ-1
10.6 1.59 0.021 15.3 0.051 0.816 1.63 1.07 7.35 2.02 21.8 7.07 32.3 6.84 779 12.8 0.496 36.0 11.8 333
0.22 1.25 11.5 0.015 0.334 1.08 0.702 497 1.53 169 528 27.1 5.65 663 104 0.406 23.1 7.50 202
(25) 3.87 1.41 13.9 0.028  0.598 1.36 0.883  6.27 1.82 204 647 307 635 726 11.8  0.446 29.3 9.86 282
374 12.7 422
(Jackson et al., 2004)
19.3 626 212
(Jackson et al., 2004)
TEMORA-1
154 1.07 0.345 5.40 0.384 4.79 10.0 2.32 64.6 234 276 993 436 858 791 124 0.495 90.6 146 316
2.96 0.23 2.29 0.014  0.650 0.878 0.196  5.70 2.53 347 138 689 16.6 168 288  0.172 222 306 972
(25) 10.2 0.507 3.21 0.145 2.39 423 0.887 225 8.05 103 37.6 181 37.7 390 622  0.256 355 793 177
534 846
(Black et al., 2003a)
23 71
(Black et al., 2003a)
Plesovice
92,0 5.13 0.128 2.37 0.255 325 5.53 1.60 20.3 7.82 78.8  22.1 77.5 13.8 106 12.1 3.39 41.6 764 650




ug/e)
Ti Nb La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ta Pb Th U
Plesovice
27.2 2.73 1.31 0.068  0.75 1.46 0.379 5.72 2.90 32.1 8.99 32.8 5.99 41.1 5.01 1.89 275 400 430
(23) 62.9 421 1.99 0.155 2.03 3.36 0.868 12.1 4.71 50.6 13.9 45.6 8.94 69.0 778  2.64 51.8 652 717
i 32 1.5 9.8 1.7 11.9 11.7 3.1 32 11.2 121 35 1123 24 185 23 55 183 1106
(Slama et al., 2008)
. 0.17 0.18 0.93 0.13 0.97 2.1 0.26 7 2.6 28 8 27 5 38 4.6 21 44 465
(Slama et al., 2008)
Qinghu
27.3 6.64 65.4 144 15.1 59.5 13.7 2.24 44.1 16.5 185 61.7 267 57.2 562 853 481 337 833 615
4.20 3.67 0.017 9.52  0.053 0.87 1.67 0.187 7.42 3.23 39.9 14.9 70.8 17.2 184 290 269 214 282 770
(18) 10.8 5.27 0.052 24.6 1.54 7.42 4.50 0.636 16.8 6.04 70.2 24.9 113 26.2 266 409 399 258 408 780
635 1045
( ,2009)
220 507
( ,2009)
NIST614
(n=8) 3.47 0.74 0.70 0.78 0.77 0.78 0.76 0.74 0.66 0.67 0.75 0.71 0.70 0.67 074 0.67 073 234 075 0.81
3.4 0.81 0.72 0.81 0.76 0.74 0.75 0.76 0.75 0.73 0.74 0.74 0.74 0.73 077 073 079 232 0.748 0.823
(Jochum et al., 2008)
/% 2.1 -8.6 -2.8 -3.7 1.3 5.4 -1.3 -2.6 -120  -8.2 1.4 -4.0 -54 -8.9 -39 -8.2 7.6 086  0.26 -1.6
1% 12.3 14.5 11.5 14.9 4.8 7.82 4.49 7.65 9.7 5.96 6.21 7.97 9.58 9.03 865 109 544 9.09 6.14 6.03
NIST612
(n=8) 41.5 358 38.6 38.7 384 36.3 38.2 36.2 36.7 36.1 349 374 36.3 34.8 36.7 347 379 359 387 35.0
44 40 35.8 38.7 37.2 359 38.1 35 36.7 36 36 38 38 38 39.2 36.9 40  38.57 37.79 37.38
(Jochum et al., 2008)
1% -6.02 -10.5 7.8 0.0 32 1.1 0.26 3.4 0.01 0.28 -3.0 -4.5 -1.6 -8.4 -64 596 -525 -6.92 24 -6.3
/% 4.85 2.09 3.27 2.46 2.09 5.62 2.37 1.83 5.58 1.92 2.29 2.95 2.84 291 4.13 1.62 150 325 1.34 2.78
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Fig. 2 Chondrite-normalized REE patterns for
zircon standard (after Taylor et al., 1985)
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