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Abstract: Due to the limits of the conventional solution nebulization SN-ICP-MS method for trace element
measurement such as relatively long data-return time, potential risk of contamination, and the difficulty of
digesting refractory, this study developed a new method for the trace element measurement of XRF glass bead
using a 193 nm ArF laser ablation (LA) system coupled with Q-ICP-MS. Based on the sample matrix of
LiBrO; glass, we optimized the laser parameters and systematically evaluated the effects of different internal
and external standards for data normalization. Our experimental results revealed that the use of Ca as the
internal standard and NIST612 as the external standard yielded the best trace element data for eight reference

materials of different lithologies including granite, andesite, and basalt (relative deviation <10%, RSD <10%)).
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Compared with the results using femtosecond laser systems, our experiments show similar precision and

accuracy for REE data, however, limitations persisted for transitional metals (e.g., Sc). We also presented a

case study of mafic rocks in the Muzidian area of the South China Block, our data showed a <12% relative
deviation between LA-ICP-MS and SN-ICP-MS REE data, which confirmed the utility of this method. In

summary,

our proposed highly efficient trace element analytical protocol based on the XRF glass bead

requires a relatively small amount of sample (approximately 0.6 g, depending on the size of the glass bead).

Also avoids the risk of inter-sample contamination during conventional chemical procedures, which yielded

comparable quality of whole-rock REE data with the conventional solution-based methods.
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Table 1 Composition of the produced glass melt

P it 5] Frig it (g)

[ 455 (45L1,B,0, + 10LiBO, + 5LiF)  6.0000+0.0002
HfREE (NH,NO,) 0.30+0.001

R 0.6000-0.000 1

i ERITER S B A
(Rigaku) 4= 7= ) ZSX Primus 1T AU 37 4 (480 X 5
RANGIEIL (XRF), 4.0 kKW S #2450 X 280
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TCRITHIIEL IR Ko, bRt thZfd F E AR
i A1 25 GBWO07101-14 #~7 . Bk iE %
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Table 2 Operating conditions for laser denudation

systems and ICP-MS in this experiment

BOCHI RS ICP-MS
(Teledyne Analyte Excite) (Thermo Scientific)
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Fig. 1 Influence of different internal standards on the relative deviation (RD) of the sample GSR-1 test accuracy
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Table 3 Results of XRF determination of the main element of molten glass from Muzidian samples (mass %)

FEdhs Eayis

l‘_ll':'

Vet

Si0, TiO, ALO; TFe,0, MnO MgO CaO Na,0 K,0 P,0; JEN-:s
M2-14 FEMERHCAINSE 4668 3748 13.14 1731 028 526 847 290 1.176 0380 020  99.55
M2-68 FEMERHCAINE 4742 0618 843  13.12 021 1613 9.03 098 1994 0.169 133  99.42
M2-75 EFPEE 4487 0415 9.00 1029 0.14 2083 564 045 4831 0.191 182  98.48
R4 REAXHREIRTEM SN-ICP-MS EMRM A FEERB L TEARM ( x107°)
Table 4 REE composition of Muzidian samples measured by the method established
in this study and SN-ICP-MS method (x10°)
M2-14 M2-68 M2-75
JLE LA-ICP- SN-ICP- #IXf 2% fiZZRVF LA-ICP- SN-ICP- AHXMi2 W25 fLiF LA-ICP- SN-ICP- HIXHii2% (W2 i
MSEE  MSE  RD(%) FRY(%) MSE  MSE  RD%) MRY(%) MSE  MSE  RD%) FRY(%)
Sc 3393  35.82 5.28 21.81 26.19 2632 0.47 22.79 2470 2436 —1.42  23.01
Y 5401 5237 =313 20.13 1530 1476  —3.63 2493 1086  11.27 3.57 26.37
La 3324  34.63 4.02 21.89 2045  21.14 3.28 23.76 1075 1124 437 26.41
Ce 7756  83.88 7.53 18.89 4488 4455  —0.74  20.79 2407  26.16 7.98 23.28
Pr 1073 1225 1235 2642 5.10 5.56 8.14 29.77 3.27 3.37 2.95 31.93
Nd 4899  49.02 0.05 20.47 2235 2235 0.01 23.4 1420  14.20 0.02 25.24
Sm  11.73  11.65 —0.63  26.04 429 426 -0.69 30.6 2.93 2.96 0.95 32.49
Fu 3.11 3.18 2.30 32.19 1.15 121 4.85 37.51 0.65 0.65 0.03 40.95
Gd 1137 1121  -137 2617 3.70 3.62 -2.18 3133 2.53 2.53 0.00 33.25
Tb 1.76 1.77 0.41 35.16 0.50 0.52 3.85 42.52 0.32 0.36 1078 4537
Dy 1095 1067 —2.63 2633 3.03 3.03 0.01 3232 2.05 2.15 4.49 3434
Ho 2.23 2.04 -9.56  33.89 0.61 0.56 -8.21 413 0.42 0.42 0.14 43.68
Er 6.20 5.60 10.79  28.86 1.66 1.53 -822  35.48 1.18 1.14 -3.13 3738
Tm 0.85 0.79 -6.95  39.29 0.21 0.21 -125 4827 0.15 0.15 1.28 50.64
Yb 5.69 5.16 1023 2927 1.50 1.34 11.68  36.03 1.09 1.04 477 3785
Lu 0.83 0.76 -925  39.40 0.21 0.20 -577 4836 0.15 0.16 6.91 50.73
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