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Accurate Determination of Ni, Ca and Mn in Olivine by EPMA and LA-ICP-MS
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Abstract: Phenocrystal olivines in mafic and ultramafic magmatic rocks are critical minerals for trace composition of primary
mantle-derived magma and in turn to study composition and evolution of the mantle. We have developed two methods for accu-
rate determination of Ni, Ca, Mn and other elements in olivine by EPMA and LA-ICP-MS. These elements are important indi-
cators for the basalt source composition. The limits of detection for these elements are within the range of 7 to 57 (107°) by
using the proposed EPMA analytical method, which are lower than those of the routine EPMA method by a factor of 3—18. In
this work, these elements in MPI-DING reference glasses (KL.2-G (basalt), ML3B-G (basalt), StHs6/80-G (andesite) and
T1-G (quartzdiorite)) were determined at a spatial resolution of 24 pym by LA-ICP-MS. All the determined values of MPI-
DING reference glasses agree within 8% with the reference values, and most of them agree within 5%, which demonstrated the
accuracy of the established analytical methods. The EPMA and LA-ICP-MS were then successfully applied to the determination
of Mg, Al, Ca, Ti, Cr, Mn, Fe, Co and Ni in olivine phenocrysts from Early Cretaceous Feixian (western Shandong) and Si-
hetun (western Liaonin) basalts in the North China craton. Most of the determined values in the same samples determined by
EPMA and LA-ICP-MS agree within 10%. This demonstrates the accuracy of our developed EPMA and LA-ICP-MS methods.
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Table 1 Conditions for routine EPMA analysis

(107%)
Mg TAP Ka 10 5 5 71
Al TAP Ka 10 5 5 82
Si TAP Ka 10 5 5 117
Ca PET] Ka 10 5 5 127
Cr PET] Ka 10 5 5 167
Mn LIFH Ka 10 5 5 161
Fe LIFH Ka 10 5 5 124
Co LIFH Ka 10 5 5 139
Ni LIFH Ka 10 5 5 146

15 kV. 20 nA., 1 pmy; .S
2

Table 2 Conditions for EPMA analysis of this study

(1076)
Mg TAP Ka 90 45 45 11
Al TAP Ka 240 60 60 8
Si TAP Ka 90 0 90 9
Ca PET] Ka 120 60 60 7
Cr PET] Ka 120 60 60 57
Mn LIFH Ka 120 60 60 10
Fe LIFH Ka 90 0 90 7
Co LIFH Ka 120 0 120 30
Ni LIFH Ka 150 70 70 14

20 kV, 300 nA, 1 pm; .S,

JEOL-JXA-8100 .
Mg.,AlL,Si,Ca,Cr.Mn,Fe,Co  Ni.
SP ; Mg, Al, Si,

Ca.Cr.Mn Fe SPI # 02753-AB, Co

Ni SPI # 02757-AB. Mg, Si, Fe
,Al ,Ca
,Cr »Mn
,Co , Ni
1
15 kV, 20nA, 1 pm,
1. 2
Ni, Mn, Ca
, : 20 kV,
300 nA, 1 pm,
2.
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Fig. 1 Comparison of EPMA detection limits of routine

analysis and analysis of this study ) ) )
Fig. 2 Enhancement factors of elemental signals by using

3  LA-ICP-MS helium instead of argon as carrier gas
Table 3 Analytical parameters of LA-ICP-MS .
24
Geol.as 2005 100+ - pm
193 nm, Excimer laser
15 ns o 100
L, 2
14 ]« cm ;{ ok
24 pm =
8 Hz & 10"F
(0.70 L » min™ 1) ,
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Agilent 7 500 a ICP-MS 10° ! | | | | |

1 1
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RF 1350 W
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Fig. 5 Comparison contents in olivine phenocrysts from Feixian (SFX19-2, FX2-88 and SFX19-5) and Sihetun (SHT21 and

SHT24) basalts obtained by EPMA and LA-ICP-MS
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