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Table 1 ~ Working parameters of the MC-ICP-MS instrument
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Table 2 Ca-normalized relative sensitivity factors and precisions in MASC-3, NIST 610, NIST 612, KI2G and ATHO-G

B MASC -3(n=7) NIST 610(n=7) NIST 612(n=7) KI2G(n=7) ATHO - G(n=7)
= SEME RSD/% SERIE RSD/% SEYgME RSD/% SEgME RSD/% SEHE RSD/%
Li 0.0854 1.73 0.0926 2.42 0. 0969 3.98 0. 0805 3.37 0.0819 2.48
Be 0. 4461 0.77 0. 5296 2.84 0.5472 1.84 0. 4027 41.13 0. 6858 11.23
B - - 0.3944 2.79 0.4117 1.20 0.4827 5.24 0.4473 8.66

o0, 264. 1 0.67 - - - - - - - -
Na 0.0279 2.29 0. 0280 1.91 0.0287 1.89 0.0294 1.30 0.0258 0.95
MgO 0. 5888 0.85 0.5795 1.35 0.7395 0.94 0.6192 0.49 0.6199 0.93
Al - - 0. 0447 0.53 0. 0444 1.49 0.0455 1.03 0.0435 0.63
Si - - 1.7289 0.43 1.5947 1.79 1.7449 1.14 1.7568 0.69
P - - 0.2935 1.50 0.3378 4.54 0.3220 1.21 0.3121 2.37
K - - 0.0357 0.94 0.0548 12.95 0. 0290 0.79 0. 0299 0.52
Ca0 1 0 1 0 1 0 1 0 1 0
Ti 0.3196 1.59 0.2878 0.72 0.3356 1.32 0.3052 0.44 0. 3060 0.82
v 0.0174 1.81 0.0170 0.91 0.0173 2.24 0.0166 0.50 0.0181 2.30
Cr 0.0232 0.81 0.0221 1.29 0.0212 1.71 0.0247 0.34 0.0278 4.86
Mn 0. 0200 1.98 0.0209 1.76 0.0183 0.99 0.0192 0. 66 0.0190 0.90
Fe 1.0598 0.70 0.9844 1.63 1.3005 13.10 0. 9861 0.62 0.9812 1.51
Co 0.0173 1.01 0.0160 2.33 0.0157 1.72 0.0148 0.46 0.0325 9.64
Ni 0.5657 0.96 0.5255 2.24 0.5179 1.13 0. 4890 1.35 1.0932 16.26
Cu 0.0773 1.24 0.0671 2.73 0. 0652 0.85 0.0672 0.65 0.0726 1.73
Zn 0. 1450 2.21 0.1520 1.69 0.1788 2.06 0. 1394 0.66 0. 1564 1.01
As 0.1110 2.56 0.1062 1.02 0. 1463 2.12 0.0272 91.88 0. 0390 34.31
Rb - - 0.0145 1.51 0.0146 1.92 0.0139 0.90 0.0145 1.63
Sr 0.0122 1.15 0.0118 1.84 0.0124 1.46 0.0115 0.65 0.0110 0.59
Zr 0.0961 1.13 0.0927 2.34 0. 0982 1.75 0.1039 0.84 0.0918 1.15
cd 0.1764 1.91 0. 1839 1.28 0.2189 2.76 0. 1069 46. 83 0. 6344 71.48
Ba 0.0945 1.37 0. 0890 2.13 0.0954 1.80 0. 0893 0.88 0.0851 1.22
La 0.0107 0.58 0.0110 1.80 0.0110 0.70 0.0109 1.66 0.0101 1.27
Ce 0.0114 0.85 0.0105 2.44 0.0113 1.81 0.0103 0.77 0. 0098 0.76
Pr 0.0101 1.38 0.0086 2.67 0.0095 1.35 0.0092 1.02 0.0083 0.93
Nd 0.0399 0.91 0.0374 3.06 0.0415 0.55 0.0389 1.39 0.0355 0.48
Sm 0.0491 0.84 0. 0440 2.72 0. 0487 1.08 0. 0455 1.90 0.0413 1.57
Eu 0.0145 0.55 0.0138 2.11 0.0142 1.44 0.0132 1.21 0.0130 2.00
Gd 0.0518 1.06 0.0451 2.00 0.0478 0.85 0. 0490 1.41 0.0435 1.21
Th - - 0. 0067 2.42 0.0070 1.71 0.0073 1.33 0. 0062 0.61
Dy 0. 0297 2.82 0. 0269 2.85 0.0301 2.51 0.0298 1.10 0.0244 1.45
Ho 0.0077 1.10 0. 0069 2.20 0.0075 1.07 0.0074 0.69 0.0062 1.63
Er 0.0225 2.23 0.0196 2.06 0.0224 1.11 0.0229 2.63 0.0185 0.54
Tm - - 0. 0066 1.55 0.0076 0.79 0.0075 1.74 0.0062 1.07
Yb - - 0. 0488 2.73 0.0538 1.29 0.0558 2.02 0.0451 2.12
Lu 0.0081 1.78 0.0074 3.00 0.0081 1.32 0.0082 1.90 0. 0067 2.12
Hf 0.0283 1.69 0.0269 2.89 0.0279 2.53 0.0277 1.13 0.0236 1.66
Pb 0.0125 1.55 0.0121 3.16 0.0140 2.68 0.0125 1.88 0.0108 1.60
Th 0.0076 111 0.0073 3.20 0.0079 1.27 0.0074 1.15 0.0061 1.49
U 0.0078 2.38 0. 0066 2.99 0.0072 1.37 0.0048 2.17 0. 0057 2.18

TE: =7 FORPRIERE S B LR AOARIE(E

— 387 —



a

ity s}
w3 http: // www. ykes. ac. cn 2013 4
#&3 MASC -3 . NIST 610 NIST 612 . KI2G il ATHO - G Hy Z 4%} Ca 418K+
Table 3  Element fractionation factors normalized to Ca in MASC-3, NIST 610, NIST 612, KI.2G and ATHO-G
. MASC -3 (n=7) NIST 610 (n=7) NIST 612 (n=7) KI2G (n=7) ATHO -G (n=17)
o T4 SD T HMH SD F-H{H SD T SD 15 {E SD
Li 0.948 0.030 1.000 0.018 0.937 0.096 0.935 0.043 0.799 0.022
Be 0.996 0.019 1.031 0.013 1.075 0.063 1.005 0.081 0.956 0.101
B - - 1.171 0.039 0.960 0.067 1.038 0.067 1.034 0.074
CO, 1.192 0.161 - - - - - - - -
Na 0.948 0.047 1.024 0.029 0.932 0.031 0.950 0.009 0.862 0.025
MgO 0.989 0.042 1.008 0.014 1.004 0.040 0.978 0.026 0.965 0.012
Al - - 1.051 0.013 1.125 0.038 1.001 0.013 0.996 0.012
Si - - 1.026 0.039 0.977 0.063 0.993 0.014 0.954 0.013
P - - 1.193 0.034 1.021 0.084 1.086 0.030 1.073 0.035
K - - 1.005 0.016 0.344 0.147 0.947 0.033 0.883 0.017
Ca0 1.000 0.000 1.000 0.000 1.000 0.000 1.000 0. 000 1.000 0. 000
Ti 0.980 0.038 1.043 0.036 1.016 0.037 0.988 0.013 0.979 0.019
A% 0.99%4 0.024 1.012 0.010 0.937 0.048 0.974 0.009 0.985 0.030
Cr 1.006 0.043 1.016 0.038 0.937 0.080 0.967 0.011 0.956 0.057
Mn 0.986 0.036 1.021 0.030 0.979 0.047 0.959 0.009 0.926 0.024
Fe 0.977 0.027 1.005 0.015 0.818 0.335 0.982 0.014 0.916 0.036
Co 1.005 0.029 1.012 0.022 0.949 0.048 0.983 0.017 0.821 0.073
Ni 0.99%4 0.036 1.042 0.020 0.958 0.079 0.978 0.036 1.014 0.219
Cu 0.977 0.029 1.035 0.033 1.008 0.058 0.993 0.016 0.959 0.061
Zn 1.005 0.020 1.156 0.029 0.915 0.048 1.079 0.021 0.988 0.039
As 0.998 0.056 1.172 0.034 0.856 0.078 0.873 0.523 1.261 0.549
Rb - - 1. 006 0.020 0.938 0.052 0.948 0.022 0.891 0.026
Sr 0.988 0.034 1.000 0.035 0.988 0.030 0.999 0.007 0.991 0.019
Zr 1.019 0.027 1.043 0.020 1.096 0.073 1.055 0.015 1.009 0.025
Cd 1.009 0.025 1.095 0.026 0.861 0.078 1.300 0.861 0.89%4 0.306
Ba 0.978 0.030 0.990 0.024 1.000 0.028 1.007 0.022 0.983 0.029
La 1.009 0.016 1.010 0.026 1.071 0.044 1.003 0.022 1.003 0.010
Ce 0.987 0.016 0.997 0.020 0.985 0.030 0.997 0.017 0.978 0.030
Pr 1.007 0.021 1.007 0.028 1.029 0.070 1.000 0.016 0.988 0.021
Nd 1.028 0.035 1.016 0.023 1.041 0.057 1.007 0.022 0.993 0.017
Sm 1.007 0.029 1.021 0.040 1.054 0.046 0.989 0.018 0.995 0.028
Eu 1.003 0.021 1.012 0.025 1.028 0.031 1.014 0.017 1.001 0.029
Gd 1.039 0.036 1.025 0.033 1.143 0.050 1.018 0.011 1.018 0.022
Th - - 1.023 0.023 1.103 0.057 1.019 0.028 1.012 0.027
Dy 1.074 0.045 1.027 0.018 1.112 0.063 1.040 0.020 1.016 0.019
Ho 1.080 0.029 1.031 0.027 1.110 0. 060 1.018 0.020 1.011 0.015
Er 1.076 0.035 1.036 0.031 1.117 0.075 1.030 0.028 1.013 0.040
Tm - - 1.024 0.026 1.133 0.065 1.066 0.023 1.024 0.032
Yb - - 1.009 0.028 1.096 0.070 1.010 0.043 1.010 0.019
Lu 1.088 0.040 1.033 0.046 1.126 0.093 1.069 0.068 1.021 0.029
Hf 0.998 0.047 1.037 0.036 1.149 0.083 1.039 0.028 1.002 0.014
Pb 0.988 0.023 1.192 0.023 0.969 0.027 1.086 0.051 1.039 0.036
Th 1.076 0.029 1.036 0.025 1.114 0.045 1.032 0.024 0.997 0.021
U 0.951 0.020 0.997 0.018 0.945 0.062 0.991 0.029 0.922 0.017
e SR N 4l 8
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Table 4 Comparison of results for stalagmites calibrated with

internal standard and matrix normalization methods

< ppe e
B faF1 FIF2 KB
TR e WEC RWEC o WEC FWE G, 27, 3,)

BARIR— HfH— Bk —  FfkIE—
Li < < < < < < 0.13
Be < < < < < < 0.033
B 0.54 0.58 0.54 < < < 0.14
€0,V 36.49 39.47 - 4162 42.39 - 3.32
Na 24.1 26.0 24.0 27.8 28.3 27.4 3.8

%@ 0.68 1.3 0.54  0.55 1.1 0.0001
Al < < < < < < 3.7
Si 110 119 110 9.7  92.4 89.7 16.5
P 163 176 163 48.6 49.5 48.1 1.6
K 3.2 3.5 3.2 1.2 1.3 1.2 0.18

Ca0 @

CaCO, 55.31 59.82 98.65 55.99 57.02 98.84  0.0013
Ti < < < < < < 0.11
V.o 0.025 0.027  0.025 0.0065 0.0066  0.0064 0.0014
Cr 2.5 2.7 2.5 3.2 3.2 3.1 0.14
Mn  0.13 0.14 0.13 < < < 0.021
Fe 9.5 10.2 9.4 < < < 1.8
Co < < < 0.038 0.038 0.037  0.011
Ni 2.1 2.3 2.1 < < < 0.37
Cu 0.66 0.71 0.66 0.20 0.21 0.20 0.019
Zn 1.9 2.0 1.9 0.23  0.23 0.22  0.043
As < < < 0.70 0.71 0.69 0.058
Rb < < < < < < 0. 0083
Sr 70.3 76.0 70.2 117 119 116 0.26
Ir 0.11 0.11 0.11 < < < 0.033
Cd 0.15 0.16 0.15 < < < 0.021
Ba 17.1 18.5 17.1 42.3 43.0 41.8 0.028
La  0.0035 0.0037 0.0034 0.0047 0.0048  0.0047 0.0009
Ce 0.0035 0.0038 0.0035 < < < 0.0009
Pr 0.0008 0.0009 0.0008 0.0028 0.0028 0.0028  0.0001
Nd 0.016 0.017 0.016 < < < 0.0046
Sm < < < < < < 0. 0004
Fu 0.012 0.013 0.012 < < < 0.0024
Gd  0.057 0.061 0.056 0.087 0.088 0.087  0.0061
Th  0.0026 0.0028 0.0026 < < < 0. 0005
Dy 0.0067 0.0072 0.0067 0.025 0.025 0.024  0.0021
Ho < < < 0.0011 0.0011 0.0011  0.0002
Er 0.018 0.020 0.018 0.0087 0.0089 0.0087 0.0017
Tm < < < < < < 0. 0008
Yb < < < < < < 0. 0061
Lu  0.0026 0.0029 0.0026 < < < 0. 0004
Hf 0.0051 0.0056 0.0051 < < < 0.0021
Pb 0.011 0.011 0.010 < < < 0.0008
Th 0.0010 0.0011 0.0010 < < < 0.0002
U 0.14 0.16 0.14 0.10 0.11 0.10  0.0004

i @ CO M EwmEALN % , HAMTTR & =B ne/gs ™ <7 FoR

ARAH ;=7 R A

@ M CHEMIT—THEERT, DL MgO A1 CaO T AR5
AME CFEARI — T, AR AR 3 MeCO; Hil CaCO;, HIFE X
7 s 1t RO LU ) MgO Al CaO YTE it

3 5B

PO ol L B 5 55 B AR B R —IUE AT
A7 AU S RUZ TR T R HOAE A i B Y
JEAL AR DX AR A LG 25 A A D i A% 52 7 v, v
LA T LAE S RAE AR T A 55 Mg/ Ca St/ Ca
FOARLAY 23 (] 0 A A 20, 6T MASC - 3 Bk iR R b
T ity H 8 43 G 2 o o (T 0 0 8 B | 30 o AR R R
ORE A Bory @Y 22, W MASC - 3 NIST 610 A
NIST 612 ZAMR4l & WNAR Ca IH—5E & 73 H7 41 5
A TR & R V)T AT o BEXT Al T A A 5L
SCATAHI A R, FERITR Ca Mg DUBKIREHIE 20
HHAMICR BEAT 100% fnFH— , BEGEfE R ICP - MS
XF T C JT 2R JOvE HE A A I B[R] 8L, 55 5 KL A vk
(Ca WR) BOIESE REEA —2
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Accurate Multi-element Content and Ratio Analysis of Stalagmites by
Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry

FAN Chen-zi, HU Ming-yue, ZHAO Ling-hao, SUN Dong-yang, KUAI Li-jun,
CAI Bing-gui, ZHAN Xiu-chun
( National Research Centre for Geoanalysis, Beijing 100037, China)

Abstract; Mg/Ca, Sr/Ca ratios and trace element contents in stalagmites provide important indices for high
resolution paleoclimate reconstruction. In situ LA-ICP-MS analysis is introduced here instead of solution methods
due to their large errors and mixing with multi-micro layers. The spatial distributions of Mg/Ca and Sr/Ca parallel
to the growth axis of stalagmite are compared in sampling ways of line scan and spot ablation respectively, which
consistently show significant cyclical variations. The line scan ablation with 40 wm beam spot has the advantages of
high stability, high resolution, and of being fast and simple. The relationship of relative sensitivity coefficients and
element fractionation are discussed among NIST 610, NIST 612, KI2G, ATHO-G and MASC-3. Indications are
that the matrix effect is the main reason for the relative sensitivity coefficient change. The calibration method of 45
major, minor and trace elements in stalagmites was established by using normalization with multi-external standards
and internal standard element of Ca. The matrix normalization of Ca and Mg major elements in forms of CaCO, and
MgCO, with other elements, not only changes the calculation method of the content of the internal standard elements
in domestic and foreign studies, when using other analytical techniques, but also avoids the problem of inaccurate
detection of carbon successfully, which is consistent with the result when using internal standard element Ca.

Key words: stalagmite; Mg/Ca and Sr/Ca ratios; Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry ;

line scan; external standard combined with internal standard normalization calibration
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