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Precise microprobe determinations of minor elements in olivine from Marjalahti
show averages of 0.0267% CaO; 0.0211% Cr,05; less than 0.0045% TiO,;
0.288% MnO; and 30 ppm Ni. The calcium is as high as in some terrestrial
plutonic olivines (e.g. Stillwater) but lower than in terrestrial nodule (high-
temperature mantle?) olivines, consistent with very slow cooling to low
temperatures. The chromium is discrepant with some earlier determinations,
and possibly chromium is zoned in most pallasitic olivines. The Ti, Mn, and Ni
data are consistent with previous determinations.

INTRODUCTION

During a study of minor elements in lunar olivines, I made many microprobe
analyses of a Marjalahti olivine standard, both for petrogenetic comparison and to keep a
constant check on the level of reproducibility of the data. Although they were not gathered
with any specific problem about pallasites in mind, the data should be useful. They show
some interesting discrepancies and some consistencies with previous data.

The analyses were made over many separate working days, and the compounded
data are quite precise. Ca, Cr, Ti, and Mn analyses were made in two small regions about
500 microns apart on a single grain, and the Ni analyses were an entirely separate study
on a different grain. The data were not intended to delineate zoning in Marjalahti olivine,
and all analyses were made at least 500 microns from any metal grain i.e. they are of the
central portions of olivines.

ANALYTICAL CONDITIONS

All elements except Ni were analyzed at the Universitat Muinster on an ARL
microprobe, generally operating at 15 to 20 KV and 0.07 to 0.10 microamp sample
currents. Appropriate backgrounds were chosen following scans made to show interfering
peaks. The only significant interferences are small Fe peaks on the long wavelength side
of the Ca peak; thus narrow and asymmetric background positions were used for calcium.
During the analyses, a few determinations were made on minerals believed to contain
negligible quantities of the element concerned (e.g., Ca in chromite, Cr in anorthite), and
the results were always in the 0-20 ppm range, never negative, demonstrating that
backgrounds were appropriately positioned. The standards used were: Ca, Briancon
clinopyroxene; Mn, manganese oxide; Ti, rutile; Cr, chromite. For the Ca (lower
precision) and Mn analyses in Figure 1, counting times of 40 seconds on peaks and 8
seconds on backgrounds were used. Mg, Fe, and Si were analysed on the same point and
Bence - Albee matrix concentrations to Mn and Ca were made, but were of insignificant
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magnitude. For the Cr, Ti, and higher precision Ca analyses, the 3 sigma detection limits
(and uncertainties) for individual analyses shown in Figure 1 were attained with counting
times of 100 to 200 seconds on peaks and both-side backgrounds. For these Cr, Ti, and
higher precision Ca analyses, matrix corrections are insignificant both theoretically and
as established empirically by analyzing intermediate standards with known Ca, Cr, and
Ti abundances, and were not made.

The Ni analyses were made on the (now-departed) MAC microprobe at the Johnson
Space Center, using 25 to 30 KV and 0. 1 to 0.2 microamps sample current. Background
offsets were chosen after scanning across the peak. The background was calculated
variously from one of two methods: 1) offsets on both sides and 2) offset on one side
measured simultaneously with the peak count by using two spectrometers, after estab-
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Fig. 1 Histograms of point analytical data for Mar jalahti olivine. 3 sigma uncertainties

shown are for individual analyses and are counting statistics; the position of the
uncertainty line has no significance, X is the mean; n is the total number of point
analyses.
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lishing the appropriate background slope and calibration between the two spectrometers
(G. McKay, pers. comm.). A small systematic difference between the two methods
exists in this particular study (Ryder, 1983). Counting times of 100 to 200 seconds on
peaks and backgrounds achieved the detection limits shown in Figure 1. Matrix correc-
tions were negligible and not made. The standard was a synthetic diopside with 1% Ni.

RESULTS

The analytical data are summarized in Figure 1 and Table 1, in which comparative
data is also listed. The precisions listed for Ca and Cr in Table 1 are a 3 sigma estimate
from combining all counts on peaks and backgrounds as a single analysis.

CALCIUM

The average of the more precise data is the best estimate of the CaO in Marjalahti
olivine, 0.0267%, and agrees well with 0.025% reported by Smith et al. (1983). It is
much higher than that reported by Buseck and Goldstein (1969), whose data for CaO in
other pallasites are all less than corresponding analyses by Smith et al. (1983). Possibly
Buseck and Goldstein (1969) used inappropriate backgrounds and the data are systemat-
ically low as a result, or they analyzed points near the edge, depleted in Ca (see Leitch
et al., 1979). Thus Marijalahti olivine is not particularly depleted in calcium with respect
to terrestrial plutonic olivine of equivalent Mg (e.g. Stillwater; McCallum, 1968, Ryder
1984), although it is depleted with respect to olivine in nodules of presumed high-
temperature mantle origin (~ 0.07% CaO; e.g. Frey and Prinz, 1978). Thus the calcium
in olivine in Marjalahti is consistent with slow cooling to temperatures much lower than
those of the present day terrestrial upper mantle, although pressure and compositional
effects preclude a simple or single solution. The varied CaO in pallasitic olivines (Smith
et al., 1983) does not correlate with, and must be independent of the low temperature
cooling rates determined from metal by Buseck and Goldstein (1969).

Table 1. Minor elements in Mar jalahti olivines.

References CaO% Cr,0,% TiO,% MnO% Nippm
This study 0.0267 0.0211 < 0.0045 0.288 3010
*+ 0.0010 = 0.0010 +0.010

Buseck and Goldstein (1969)  0.0090 — 0.0025 — 40 =20
Smith et al. (1983) 0.025 0.060 0.002 0.314 <80
Kolomeitseva (1975) — 0.026 — 0.230 40=10
Yoder and Sahana (1975) — — — 0.280 —
Cooper (1974) — 0.165 —_ 0.301 —
Davis (1977) — — — 0.325 —
Reed et al. (1979) — — — — 25+ 5
Mason and Graham (1970) — 0.026 0.0077 0.270 34
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CHROMIUM

The average of 0.0211% * 0.0010% Cr,0O; is in reasonable agreement with the
determination of Mason and Graham (1970), and Kolomeitseva (1975) (both 0.026%)
but differs from the 0.060% of Smith et al. (1983) and even more from the 0.1645% of
Cooper (1974). The data of Smith et al. (1983) show a wide variation of Cr,O, among
pallasitic olivines (0.019% to 0.0.084), and at least Springwater olivine is zoned in Cr at
the edges (Leitch et al., 1979). Thus the Marjalahti variations could be real and result
from zoning. However, the higher value of Cooper (1974) might be suspected to result
from contamination with some other phase; his analysis of Admire olivine has more than
2% Cr,0s;.

TITANIUM, NICKEL, AND MANGANESE

All but one of the analyses for Ti are below the 3 sigma detectibility limit of
~ 0.0045% TiO,, in agreement with previous determinations. The averages for Mn
(0.288%) and Ni (30 ppm) agree well with previous determinations.

CONCLUSIONS

Precise microprobe analyses for minor elements in Marjalahti olivine show both
consistences and interesting discrepancies with previous work. Variations in calcium and

chromium in pallasitic olivines may be of petrogenetic value and need to be further
investigated.
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