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DIRECT ANALYSIS OF TERRESTRIAL AND METEORITE SAMPLES USING LASER-ABLATION 
INDUCTIVELY COUPLED PLASMAIMASS SPECTROMETRV. M.R. Smith, D.W. Koppenaal, D.C. 
Gossel in and J.C. Laul , Battel le Pacific Northwest Laboratories, Rich1 and, WA 
99352. 

Mass spectrometric methods have long been used to determine isotopic trace 
element ratios as well as trace to ultratrace elements in various matrices. 
The ICPIMS technique employs the popular ICP emission source as an ion source 
for mass spectrometric determination of elemental isotope ratios andlor 
concentrations. Unlike thermal ionization-high resolution mass spectrometry, 
the low resolution and detection method characteristics of quadrapole mass 
spectrometer preclude present ICPIMS systems from obtaining ultra-precise 
isotopic ratio determinations. However, the advantage of this analytical 
tool is its versatility for accepting virtually any sample form (liquids, 
sol ids, gasses). Conventional ICPIMS involves sample introduction as solutions; 
however, the ICP can serve as an ionization source for any sample form provided 
the sample'is introduced as sub-micron sized particles. Besides introducing 
nebul ized 1 iquids (aqueous and organic) and gasses (ha1 ides and hydrides) , we 
have been experimenting with solids introduction by ablation using a Nd:YAG 
laser. The use of lasers to ablate or vaporize solid samples for direct 
injection into an ICP provides an attractive alternative to solution sampl ing, 
especially for clasts, chondrules, glasses or mineral grains which require 
microanalytical, spatially resolved compositional information. 

The laser ablation (LA) sampling capability involves the use of a 0.5-1 
Joule Nd:YAG laser operated in either a Q-switched or normal pulse mode. 
Depending on the sensitivities required, the laser ower and pulse rate can 
be adjusted (100-1000 mJ and 1-15 pulses per second I . Typically, about 2 minute 
acquisition times covering 240 amu and a 5 Hz pulse rate have provided nglg 
detection 1 imits for most elements (Table 1). Sampl ing heterogeneities were 
minimized by rastering the laser shots over a prespecified area. For the 
powdered geologic standards, approximately 3 mm2 areas were ablated, consuming 
about 3 mg of sample. 

The laser focusing capabi 1 i ty (10-100 pm) a1 lows analysis of individual 
minerals or clasts without physical separation of their respective rock matrix. 
Although the laser used in this work has a focusing limit of approximately 10 
pm, it is possible, through frequency doubling, to obtain c1 pm spot sizes. 

RESULTS and CONCLUSIONS: The results shown in Table 1 indicate that this 
method may be used to detect >60 elements (45 reported) simultaneously in solid 
samples. The data was quantified using BHVO (in noted cases, BCR) for 
standardization. A major factor influencing the accuracy of this method is a 
change in mass sensitivity between sample and standard determinations due to 
differences in transport efficiencies and the unavoidable accumulation of 
molten sample on the sampling interface. These sensitivity changes were 
calculated for each of the standards based on reported concentrations [I, 2, 
31.  Using elements with well known concentrations and relatively low 
volati 1 ities, curves were generated which were found to be essentially para1 lel 
and provided a normalization factor to account for differences in ablation 
and transport efficiencies. Volatile element sensitivity (e.g., Sb, Cd, TI, 
Bi, etc.) was enhanced; however, good agreement between our LA data and 
1 i terature results (Table 1) indicates that this enhancement is reproducible. 
Determin-at ion of the normal ization factors for the unknown samples were 
obtained by assuming a composition for the REEs in the sample, usually chondrite 
abundances. Although this may not be com letely appropriate, this approach 
does yield reasonable results (see below r . Some of the major elements were 
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excluded from Tab1 e 1 because their high concentrations resulted in detector 
saturation. 
Based on triplicate analyses (not shown) a precision of 10% is achievable. 
Relative to literature values, this preliminary study suggests accuracies of 
10-30% for most elements with >5 ng/g concentrations. 

One of the most important potential applications for this analytical 
tool is its ability to determine in situ trace element concentrations of 
minerals, chondrules, glass beads, etc. To assess this capability, a white 
clast ("0.2 mrn2) within the Allende matrix, an area assumed to represent the 
Dhajala matrix ("1 mmz), and a chondrule ("0.1 mm2) from Dhajala were ablated 
and analyzed. The assumption of chondritic REE abundances for these samples, 
especially the Allende clast, appears to be justified in that the use of 
significantly different values results in unreasonable major element 
concentrations. Our analysis of the Dhajala matrix shows distinctly lower 
Fe, Ni , Co compared to those reported by [4], suggesting that the Dhajala matrix 
sampled (0.6 mg) is dominated by silicates. The Dhajala chondrule is distinctly 
lower in Co and Ni relative to the matrix suggesting a further reduction in 
the metal component. High Mg concentrations in the Dhajala chondrule and 
presumably in its matrix, where Mg concentrations resulted in detector 
saturation, indicates a predominance of enstati te. 
REFERENCES [l] Flanagan F.G. (1972) U.S.G.S. Prof. Paper 840, 192p. [2] Laul 
J.C. (1979) Atomic Enerqv Review, 173, 603-695. [3] Jarosewich E . ,  Clark Jr., 
R.S. and Barrows J.N., (1987) Smithsonian Contrib. Earth Sciences, 27, 49p. 
[4] Sears D.W. and Weeks K.S. (1986) GCA 50, 2818. 
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<p&? 1.81 1.38 
0 1.84 1.78 

CR 13 13 
Y N  la81 1411 
w 3 3  [.Id) 
NI 1 0  1 1  
CU I 8  IS 
7.N 141 I38 
a 23 2 0  
a 1.4 1.1 
U 0.80 [sld) 
s r  80.0 fold) 
3R 334 112 
T  41.8 41.8 

2 1  I18 IS1 
Na 13.8 13.4 
YO 1.1 1.4 
ED 0.18 0.11 
8N 1.18 1.13 
la 0.88 [old) 
a 0.88 (st*) 
rA 848 841 
U 21.8 30.1 
CE 80.4 88.4 
PR 7.4 1,s 
YO 32.0 31.8 
sm 1.00 7.33 
EU 1.88 1.88 
W 8.08 8.13 
18 1.10 1.28 
OV 8.18 8.23 
H) 1.18 1.17 
ER 3.10 3.14 
T I  0.48 0.80 
vr 3.41 3.68 
LU 0.88 0.81 
HF 4.4 fold) 
1A 0.13 [Sld) 
P8 18 (~16) 
01 Q.031 0.038 
1H 8.7 [old) 
U 1.7 IrtdL 

, Table 1 
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