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Petrogenetic interpretations of lunar rocks are sometimes hampered because of uncertainty about the 
true range of chemical variation within a rock suite. This uncertainty is often confounded by considerable 
dispersion among whole rock chemical analyses reported in the literature for a given lunar sample [1,2]. 
Potential causes for this dispersion are comparisons among (1) chemical analyses determined by different 
analytical techniques, (2) analyses from different laboratories, (3) subsample analyses of small rock chips from a 
heterogeneous parent, and (4) nonrepresentative analyses from rock chips of inadequate sample size. These 
latter two cases are conceptually similar in that both are functions of scale, however, they are distinct sampling 
problems that can be distinguished and need to be assessed prior to chemical analysis. Although the problem of 
representative sampling is not unique to the study of extraterrestrial materials, it is probably more acute in 
studies of meteorites, breccia clasts, and lunar rocks where the amount of available material is necessarily or 
otherwise limited [I-61. In studies where sample size is not a limiting factor, a fairly comprehensive and unified 
data base for major and trace elements can be assembled through a combination of X-ray fluorescence (XRF) 
and instrumental neutron activation analysis (INAA) on splits from a homogenized finely powdered sample. 
Where sample size is limited, XRF is often precluded and only INAA is feasible; in these instances precise 
values for critical major elements are often lacking. 

The microprobe fused bead (MFB) technique is the direct (flux-free) fusion of rock powder and electron 
microprobe analysis of the resulting glass bead [7]. The MFB technique has been used as an alternative to XRF 
for major and minor element whole rock analyscs of small samples (e.g. 18-12]), but we sense a tacit skepticism 
about the reliability of the results. The paucity of studies attempting to use MFB analyses for detailed 
quantitative modeling suggests that the technique has not been well accepted. 

In this study we compare our whole rock major and minor element analytical results achieved by MFB, 
XRF, and INAA on splits from approximately 4 to 5 g of material for 25 samples of Apollo 15 olivine-normative 
mare basalt. This provides an opportunity to assess the extent of chemical dispersion among these analytical 
techniques independent of problems relating to heterogeneous and nonrepresentative samples. These results 
allow us to evaluate the reliability of MFB major and minor element analyses, especially to detect small 
differences among samples and to make detailed petrogenetic interpretations for a suite of samples, using a 
particularly relevant type of sample. 

Sample Analysis Each sample was pulverized by hand using a sintered sapphire mortar and pestle. Glass 
beads were prepared from -20 mg of homogenized rock powder employing the direct fusion technique 
described by BROWN [7]. Polished thin sections of the glass beads were analyzed with an electron microprobe 
using mineral standards and existing data reduction schemes. Ten to 12 spots across each bead were analyzed. 
Eight of the samples were reanalyzed to check the reproducibility of the results. For five of the samples, splits 
of our homogenized rock powder were fused and analyzed by SHERVAIS and VFITER (unpublished data) to 
provide an interlaboratory comparison. For each sample, splits of homogenized rock powder weighing 1.0 g 
and -100 mg were analyzed by XRF and INAA, respectively, following standard procedures [13-151. 

Homogeneity of fused beads One factor affecting the reliability of MFB analyses is the extent to which 
the glass beads are chemically homogeneous. The largest drawback of the technique is due to incomplete 
mixing during fusion, although quench crystallization products may also pose problems for some compositions 
[7]. The extent of homogeneity was evaluated using the criterion of BOYD et al. 1161 whereby a sample is 
considered inhomogeneous if the ratio of the observed standard deviation to the standard deviation predicted 
from counting statistics (homogeneity index, H.I.) is greater than 3. For all elements considered, the average 
H.I. 1 3, and average values for the percent coefficient of variation (%CV = [(standard deviation/mean) x 
1001 are essentially within 20 analytical uncertainties (cf. % uncertainty with %CV, Table 1). 

Differences between analytical techniques Mean differences between MFB and XRF are within 2u for all 
elements; mean relative differences are 12% for major elements and 55% for minor elements except P205 
(23%). A t-test of p = 0 versus p # 0 for the differences show no significant directional bias (i.e., Ho: p = 0 not 
rejected) at the 95% confidence level for S i 0 3  CaO, K20, and MnO. In contrast, MFB analyses are slightly 
higher than those by XRF for A1203, Na20, Ti02, and P205, and slightly lower for FeO, MgO, and Cr203. Our 
MFB data for the subset of samples for which interlaboratory replicates were performed yield results generally 
similar to the others. The MFB analyses of SHERVAIS and VETTER are slightly higher than XRF for CaO, and 
lower for A1203, K20, TiO2, P205, and Cr203. Of these latter analyses, the mean values exceed 2a analytical 
uncertainties for both A1203 and Cr203, with relative differences of 4.6% and 8.2%, respectively. Comparison 
of INAA with XRF and MFB analyses shows the means of the differences to be within 2u analytical 
uncertainties for all elements considered. INAA analyses for FeO are generally higher than those for XRF and 
MFB but the means of the differences are <la. Analyses for Cr203 by INAA are intermediate to the higher 
results obtained by XRF and the lower results from MFB, but again the mean differences are within la. Values 
for Na2O by INAA are nearly 2u higher than by XRF, but are not significantly higher than those by MFB. 
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Comparison of CaO results by INAA with both XRF and MFB shows the differences to be within lo, however, 
the analytical uncertainty for CaO by INAA is nearly 10% and the data show considerable scatter; in fact the 
relative crror between XRF and MFB for CaO is an order of magnitude lower than that for INAA compared 
with cithcr XRF or MFB. 

Conclusions The MFB technique, employing the direct fusion of whole rock powder and clcctron 
microprobe analysis of the resulting glass bead, is a rapid and reliable method for obtaining major and minor 
clcmcnt chemical compositions for small samples of basaltic rocks. Results from our analyses of 25 Apollo 15 
olivine-normative marc basalt samples using MFB, XRF, and INAA techniques compare favorably, with mean 
relativc diffcrences within 2u analytical uncertainties. Multiple analyses of individual fused beads indicate that 
the glasses are sufficiently homogeneous, so that incomplete mixing during fusion is not a major problem for 
thcse rocks or fur those which have low viscosities upon melting and low water contents. 

The major advantage of the MFB technique is that it enables whole rock chemical analyses of major and 
minor elements for samples where limited sample size precludes the use of other methods, such as XRF. The 
good agrcernent between results obtained by XRF and MFB suggests that similar petrogenetic interpretations 
would bc made using either data. The MFB technique is capable of detecting small differences among samples, 
and can provide reliable data for chemical elements that are critical to petrogenetic models, many of which 
would not be determined using standard INAA techniques alone. Used in conjunction with INAA, the MFB 
technique can provide a fairly comprehensive and coordinated analysis for major, minor, and trace elements 
using a total of less than 50 mg of sample. 

Differences among separate whole rock chemical analyses reported in the literature for the same lunar 
sample are most likely due to comparisons of nonrepresentative analyses from rock chips of inadequate sample 
size, not from the use of different analytical techniques or interlaboratory biases. While the MFB technique can 
provide accurate and precise analyses of small rock fragments, it should not be assumed that the results are 
necessarily representative of the parent samples. 

Table 1. Summary of fused bead homogcncity and differences among analytical techniques 

% Unccrtain~y ( 10 )~  Homogeneity (%CV) % Difference relativc to XRF 

S K F  XIFB I S M  MFB' MF$ MFU' XRF-MFU' S X F - M F B ~  X R F - M d  MFB~.MF$ XRF-I- MFBI.INM MFB2-INM MI$-INM 
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MgO 
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K 2 O  
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C r P 3  

+~nal~t ical  uncertainties based on counting statistics and possible systematic errors. 
MFB1: this study; M F B ~ :  subset of analyses from this study replicated by SHERVAIS and V m R ;  M F B ~ :  Replicate 

fusions and analyses of splits from same powders by J. W. SHERVAIS and S. K. VEITER, unpublished data. 
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