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Determination of trace elements in melt inclusions by secondary ion mass spectrometry
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Abstract: Melt inclusions are small magma drops captured by mineral crystals during magmatic processes and
record useful information regarding magmatic origin and evolution. Using CAMECA IMS 1280-HR secondary ion
mass spectrometry (SIMS), this study established an analytical method for 25 trace elements measured in melt
inclusions. O, was used as the primary ion with a current of approximately 4-10 nA to bombard the sample
surface. The beam ellipsoidal spot was approximately 20 umx30 pm in size. The results of the five geological
reference glasses (NIST612, BHVO-2G, BCR-2G, TB-1G, and GSD-1G) indicate that analytical precision and
accuracy have a strong correlation with elemental concentration. The precisions for the elements with concentrations
higher than 10 pg/g are better than 10% (2SD), and for elements with concentrations lower than 10 pg/g they are
better than 15% (for Er and Lu, they are approximately 18%). The bias of all the measured elemental
concentrations from their preferred values are within +20%. Using the present method, olivine-hosted melt
inclusions from a Hawaiian basalt were measured. The results are consistent with the whole-rock data. Finally, a
MATLAB program termed SIMSTraElement is available for public use was developed, providing fast, convenient
data reduction for trace-element determination.
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Melt inclusions (tawny ellipsoid) in olivine phanerocryst mostly consisting of glass and a bubble
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74 5.6 4.00 ¥1Gd 0.9 5.04
¥Rb 1.9 2.96 Th 0.9 5.04
885 0.9 2.96 12py 0.8 10.00
8y 0.8 2.96 ' Ho 0.8 10.00
Nzr 0.9 2.96 165gr 0.8 10.00
%Nb 0.9 2.96 199Tm 0.8 10.00
“"Ba 0.9 10.00 yp 0.8 10.00
¥La 0.8 4.96 "Lu 0.8 6.96
19Ce 0.9 4.96 "T8HE 0.8 10.00
pr 0.8 4.96 181Tq 0.8 2.96
1eNd 0.9 10.00 208py, 1.3 20.00
7Sm 0.8 10.00 B2Th 1.2 4.96
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Table 2 Trace elements results (ng/g) for the five measured geological reference glasses
TB-1G BCR-2G BHVO-2G GSD-1G NIST612
ECWR e s MR e s WA e s W e s MR g s
(n=24) (n=20) (n=25) (n=20) (n=20)
Rb  149.0+9.3 2% 146.2 50.8+1.3 8% 469  9.8+0.6 7% 9.2  37.0£2.1 -1% 373 32.8+0.8 4% 31.4
Sr  1707.0£194 2% 1668 325.9+4.5 —1% 340.0 413.0£7.1 5% 396.0 63.6£2.4 —8% 69.4  78.3+53 0% 78.4
Y 252+0.6 2%  25.8 34.0+0.8 1% 37.0 243+09 3% 26.0 42.840.7 2% 42.0  40.9£1.8 7% 38.3
Zr 247.7£10.1 5%  236.5 177.9+4.7 2% 184.0 174374 % 170.0 38.3+1.4 -9% 42.0 40.0+0.7 6% 37.9
Nb  33.9£1.5 3% 32.8  12.9+0.8 6% 12.6  18.9+0.8 4% 183 41.8+2.4 0% 42.0 39.2+1.3 1% 38.9
Ba 1047.0£20.0 2% 1072 654.0£19.6 3% 677.0 125.1+6.3 3% 131.0 66.9£1.6 0% 67.0 41.5+1.5 6% 39.3
La  55.8£1.5 8% 51.5  24.9+0.9 7% 249 16.0+1.5 6% 152 36.9+23 —6% 39.1  39.5+0.4 10% 36.0
Ce 106.0£3.5 0% 106.3 49.9+22 5% 529 403+24 6% 37.6  40.4+14 2% 414 41.5£3.0 8% 38.4
Pr 12.5+0.4 8% 11.6 7.2+0.4 8% 6.7 5.9+0.3 7% 5.4 46.0£3.7 2% 45.0  37.3%£1.8 2% 37.9
Nd 46.8t1.4 6% 44.1 28.4+14 9%  28.7 23.6+1.8 —1% 245 42.0+£3.1 —6%  44.7 38.1%£2.2 7% 35.5
Sm 7.8+£0.2 -1% 7.9 7.0+0.3 6% 6.6 5.8+%0.5 5% 6.1 47.0£1.1 2% 47.8 34.8+3.2 —8% 37.7
Eu 1.8+0.3 —8% 2.0 2.2+0.3 -9% 2.0 2.9+0.3 9% 2.7  39.3+2.0 —4% 41.0 39.0+1.0 10% 35.6
Gd 6.5+0.5 11% 5.9 6.80.9 —-12% 6.8 6.0+0.5 3% 6.2 46.1£1.6 —9% 50.7  40.0£1.9 7% 37.3
Tb 0.9+0.1 10% 0.8 1.10£0.06 -11% 1.1 0.90+0.09 —2% 0.9 49.9+0.8 6% 47.0  39.0+1.7 4% 37.6
Dy 5.4+0.4 12% 4.8 7.3£0.3 18% 6.4 5.5+0.6 7% 53 509+1.8 —1% 512 34.2+2.7 —4% 35.5
Ho 1.1£0.1 16% 0.9 1.30+0.05 11% 1.3 0.90+0.10 2% 1.0 49.4+40 1% 49.0 35.0£2.3 9% 383
Er 2.4+0.3 —5% 2.6 3.2+0.5 =% 3.7 2.2+03 8% 2.6 41.8£2.7 4% 40.1  41.9+£2.6 10% 38.0
Tm 0.30+0.02 -16% 0.4 0.6+0.0 3% 0.5 0.30+0.03 3% 0.3  45.6£23 7%  49.0 40.2+1.3 9% 36.8
Yb 3.2+0.3 16% 2.8 3.8+0.3 19% 3.4 230+0.13 11% 2.0 48.0+1.4 —6% 509 40.0+1.4 2% 39.2
Lu  0.4+0.08 0% 0.4 0.50£0.06 —-15% 0.5 0.30+£0.04 10% 0.3  50.3£3.8 2% 51.5 39.2+22 6% 37.0
Hf 5.9+0.3 8% 54 500023 11% 4.9 4.7+0.5 10% 43  37.7¢1.6 3% 39.0 35.6£2.9 —3% 36.7
Ta 1.4+0.1 -12% 1.6 0.90+0.04 18% 0.7 1.00+0.14 -9% 1.2 394£1.0 2%  40.0 39.6+2.7 5% 37.6
Pb 17.1+0.7 6% 16.1 12.4£0.6  —4% 11.0 1.80+0.17 12% 1.7 49.0£2.3 2% 50.0 41.4+2.1 7% 38.6
Th  15.6£1.0 0% 15.6 5.6£03 -10% 5.7 1.30+0.16 14% 1.2 39.2+1.0 —4% 41.0 41.6x1.7 10% 37.8
U  0.50+£0.08 14% 0.4 4.1+0.3 -9% 43  1.60£0.17 1% 1.7 40.3£2.8 2% 41.0 39.2+2.6 5% 37.4
1SD; GeoReM (http://georem.mpch-mainz.gwdg.de/)
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1 4 FEAL ST TEETE (ng/g) O TR B Z:7% 30k
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