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Table 1. Sources of selected U.S.G.S. rock standards

Name Sources

G-2 Sullivan Quarry, Bradford,
(Granite)

W-2 Bill Run Quarry, VA, USA
(Diabase)
BHVO-1 Kilauea caldera, Kilauea

(Basaltic Lava) volcano, Hawaii
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Table 2. Analytical conditions of ICP/MS

Model VG PQII+
RF Power Input 1.3 kW
Reflected <5W
Ar gas Coolant 121/min
Auxiliary 0.6 //min
Nebulizer 0.8 //min
Sample flow rate 0.7 ml/min
Scanned mass region 44~240.5 amu
Skip scan region 47~50.5 amu
53.5~58 amu
78~81 amu
Total aquisition time 66 sec/run
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Table 3. Selected mass numbers and detection limits

IDL* LOQ**(ug/g)
Elements Mass (ug/l)

Open Microwave Fusion

Cr 52 05 2 1.6 20
Co 59 007 05 0.2 3
Ni 60 04 25 13 20
Cu 63 01 0.6 0.1 7
Zn 66 04 6.7 1.3 10
Rb 8 007 03 0.2 10
Sr 88 01 0.5 0.3 5
Y 89 002 04 0.04 5
Ir 90 007 03 0.2 10
Nb 93 004 01 0.1 1
Cs 133 005 01 0.1 2
Ba 137 01 1.6 0.3 6.5
Hf 178 004 03 0.1 1
Pb 208 001 03 04 15
Th 232 004 03 0.1 0.9
U 238 002 01 0.06 0.3
La 139 001 0.03 0.05 15
Ce 140 002 04 0.06 4
Pr 141 002 04 0.06 2
Nd 146 0.1 04 04 4
Sm 152 003 02 0.09 2
Eu 151 002 02 0.07 2
153
Gd 158 007 02 0.2 1

Tb 159 007 02 0.02 2.5
Dy 162 007 02 0.09 2.5

Ho 165 003 0.05 0.1 15
Er 166 003 0.1 0.1 15
Yb 174 003 01 0.1 2

Lu 175 002  0.08 0.05 0.2

*IDL; Instrumental detection limits using 1% nitric
acid blank and 10 pg/l mixed standard.

**1,0Q; Limits of quantitation are 10 times standard
deviation of blank concentration after five measure-
ments.
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Fig. 1. Measured concentrations of trace elements
are compared with reference values. Group 1 eleme-
nts are in (a) and group 2 elements in (b). Solid lines

represent 1:1. Symbols are as follows; open bea-
kercircle, microwave-square, and alkali fusion-tria
ngle.
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Fig. 2. Comparison of measured and reference va-
lues with chondrite normalized patterns. Normaliza-
tion values of rare earth element are those of reco-
mmended chondrite from Boynton (1984). Solid lines
show reference values and tolerance limits (2c).
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Table 4. Trace elements data (ug/g) determined by ICP-MS

W-2 diabase
Element Open Microwave Fusion Reference®*
¥1 #2 #1 #2 #1 #2 #1 #2

Cr 815 74.3 95.9 101 48.2 231 93 6
Co 446 395 45 47 38.2 38.8 44 6
Ni 67.4 62.6 67.3 68.9 59.8 93.2 70 8
Cu 105 939 984 100 455 279 103 12
Zn 75.1 69.8 77.6 82.1 69.1 75.6 77 5
Pb 9.1 7.93 9 8.7 <15 1.9 9.3 31
Rb 20 19 32 18 <10 <10 20 3
Sr 208 187 221 199 209 207 194 17
Y 234 204 23 17.3 223 22.5 24 3
Zr 89 82 86 81 91 93 94 9
Nb 6.9 5.9 7.6 7.2 6.4 6.7 79 14
Cs 1 1 1.1 0.8 <2 <2 1 0.1
Ba 190 163 187 168 150 191 182 23
Hf 25 2.32 2.71 2.35 2.64 2.96 2.56 0.14
Th 2.8 2.3 25 2 2.2 2.1 2.2 04
U 0.6 0.5 0.6 0.59 048 0.8 0.53 0.08
La 11.8 111 12.5 10.5 12.8 134 114 18
Ce 245 21.8 25.1 21 255 259 24 2
Pr 3.7 33 3.7 3 3.6 33 59 52
Nd 13.1 12 14 115 14.8 153 14 5
Sm 341 3.08 349 2.83 3.32 3.38 3.25 0.23
Eu 1.24 1.03 1.21 097 11 1.36 1.1 0.08
Gd 3.71 3.36 3.84 31 3.67 39 3.6 0.5
Tb 0.72 0.69 0.73 0.59 0.68 0.56 0.63 0.12
Dy 4.03 3.81 4.02 3.37 3.82 4.17 3.8 04
Ho 09 0.82 0.93 0.68 0.74 0.84 0.76 0.09
Er 271 2.36 2.58 2.04 243 248 25 0.6
Yb 231 2.07 2.26 1.78 221 2.17 2.05 0.12 -
Lu 0.36 0.31 0.36 0.26 0.284 0.278 0.33 0.07

*Reference values and standard deviations from NOAA (1989), **Hf value of G-2 from Totland et al., (1992).
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Table 4. Continued

BHVO-1 Hawaiian basalt

Element Open Microwave Fusion Reference*
#1 #2 #1 #2 #1 #2 #1 #2
Cr 257 273 346 311 292 399 289 22
Co 442 47 51.7 49 42.3 43 45 2
Ni 110 110 126 137 134 169 121 2
Cu 133 144 147 159 41.7 47.8 136 6
Zn 104 109 123 118 102 103 105 5
Pb 24 2.4 24 2.2 <15 <15 26 0.9
Rb 9 10 11 9 <10 <10 11 2
Sr 426 442 472 421 421 427 403 25
Y 27.8 28.7 29 27.1 264 27.6 276 1.7
Zr 174 183 182 175 165 178 179 21
Nb 16.8 17.9 194 18.8 175 17.2 19 2
Cs 0.1 0.1 0.1 0.2 <2 <2 0.1 0.1
Ba 141 148 149 134 145 145 139 14
Hf 49 5.05 4.7 5.12 5 5.27 44 0.22
Th 1.6 15 14 14 0.98 1.06 11 0.2
U 0.5 0.53 048 047 0.36 0.39 04 0.06
La 16.5 17.2 18 16.8 17.1 18.8 15.8 13
Ce 39.1 415 417 39.3 38.2 42.2 39 4
Pr 64 6.8 6.7 6.6 6.2 6.7 5.7 04
Nd 23.6 25.1 257 25.2 24.7 272 252 2
Sm 6.37 6.57 641 6.36 6.18 6.54 6.2 0.3
Eu 2.07 217 2.13 2.09 1.96 2.31 21 0.08
Gd 6.29 6.71 6.49 6.24 6.36 6.29 64 0.5
Tb 1.16 1.24 111 1.22 0.94 0.97 1 0.08
Dy 5.53 5.62 5.59 5.3 5.13 547 5.2 0.3
Ho 1.06 1.13 107 114 0.96 1 1 0.08
Er 2.77 2.98 2.88 2.88 2.7 2.81 24 0.2
Yb 2.33 2.16 217 221 2.11. 1.82 2 0.2
Lu 0.3 0.31 0.3 0.37 0.177 0.27 0.3 0.03
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G-2 Granite
Element Open Microwave Fusion Reference*
#1 #2 #1 #2 #1 £2 #1 #2
Cr 4 132 5.6 <20 <20 9 2
Co 41 4.7 3.7 3 31 4.6 04+
Ni 19 2.7 1.9 <20 <20 49 2.3
Cu 104 11.5 7.3 7.6 <7 11 3
Zn 81.6 86.9 729 854 76.5 85 7
Pb 359 341 34.3 12.9 10.9 31 4
Rb 166 178 171 109 91 170 3
Sr 479 497 466 554 471 478 3
Y 8.8 94 8.7 10.8 9 11.4 2.3
Zr 47 4 64 334 319 300 30
Nb 111 115 11.2 11.7 10.2 13 4
Cs 1.8 1.8 16 <92 <2 13 0.1
Ba 1776 1869 1913 2142 1928 1880 20
Hf 122 1.01 1.84 8.63 8.55 7.9%*
Th 26.8 27.1 29.5 284 25.6 24.6 15
U 1.87 17 1.8 211 2.03 2.04 0.17
La 824 88.1 86.7 9.1 ‘85.9 86 5
Ce 154.7 161.8 166.2 178.7 160.5 159 11 -
Pr 18.3 19 20.2 20.5 18.6 19 2
Nd 494 50.9 53.1 573 49.2 53 8
Sm 751 7.67 7.66 7.52 6.99 7.2 0.6
Eu 148 145 1.53 146 129 141 0.12
Gd 421 4.21 4.03 424 381 4.1 0.8
Tb 0.56 0.59 0.57 0.52 04 0.48 0.07
Dy 2.6 2.74 2.61 2.48 2.3 2.5 0.5
Ho 041 042 0.46 0.33 0.3 0.37 0.02
Er 111 12 1.15 1.04 0.99 1.2 0.3
Yb 111 12 1.15 1.04 0.99 1.2 0.3
Yb 0.62 0.68 0.73 0.62 0.53 0.78 0.14
014 Ang R shye] B wpEe &3 a3 P, Cu, Rb 5§44 957} 49 -
Qg AP BT FE fee T 5 am A5, ARy AS Zn HE 5 284 %30
!
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Aol F& A Foh I B0t e @ AR H3Y 5 gk AEF Qb pAARE 4
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o)zmzst epde] WARL F & ALk AN SASIed e S5y A YT 2 34
A2 Totland et al.(1992)] Z3}e} A o QAALE I3t S Ao AU sk A
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An experimental study on the trace element analysis of rock samples
with regard to the decomposition method

Man-Sik Choi, Chang-Sik Cheong and Kye-Hun Park

Korea Basic Science Center

ABSTRACT : Three USGS rock standards (G-2, W-2, and BHVO-1) are decomposed by three di-
fferent methods, such as open beaker, microwave oven, and alkali fusion method, to compare the
effect of decomposition methods for trace elememt analysis in the rock samples. Solubilized trace
elements are measured with inductively coupled plasma mass spectrometer (ICP-MS). Generally
the analytical results of trace elements between open beaker and microwave digestion method are
not different. In case of alkali fusion method, some volatile elements such as Ph, Cu, and Rb are
considerably lost. Using acid digestion method, Zr and Hf concentrations are lowered in case that
these elements are concentrated in refractory minerals. The concentrations of rare earth elements
are generally consistent with the recommended values, but due to large dilution factor, there are
some analytical problems in alkali fusion method.

Key Words : decomposition methods, trace element analysis, volatile elements, refractory minerals
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