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Olivine is present in all extraterrestrial material sampled directly in- 
cluding primitive meteorites (carbonaceous chondrites, unequilibrated ordi- 
nary chondrites, enstatite chondrites) , Deep Sea Particles (DSP) , Cosmic 
Dust, and Greenland Lake sediment. Being a common denominator of these 
materials, olivine has the potential of relating one or more of these sample 
types or indicating a unique origin. Pyroxene is also present but has more 
complex phase relations, a lower temperature of stability, and a more complex 
major element chemistry; while these complexities may in some cases be use- 
ful, use of olivine should simplify comparison. The prime objective is to 
develop criteria allowing comparison o,f an unknown olivine grain with a data 
base of olivine from known material; for example we wish to make observations 
on a single grain of olivine from Cosmic Dust and assign this grain either to 
a group of olivines from a known source or recognize it as unique. This 
application is analogous to many studies done on lunar soils and breccias 
where individual grains were assigned to a particular origin based on a 
chemical similarity (1). 

The observations which may be used include chemical (both major and 
minor elements), cathodoluminescence, and nature of any included phases in 
the olivine. In the absence of large samples which is the case for Cosmic 
Dust, DSP, and Greenland samples, textural evidence is not particularly use- 
ful and bulk compositions can be heavily biased by one particular phase. 
Isotopic analysis except in the case of the ion probe requires a larger 
sample than is usually available. Below the four types of observations which 
are most useful are discussed with reference to what is possible and whether 
existing data are sufficient for comparison. 

(a) The major elements of olivine are restricted to Mg and Fe and indeed 
for some olivines Fe is not a major element; conventionally, the Mg/(Mg+Fe? 
atom ratio (=mx) is used. Many published histograms of this distribution 
can be found for individual meteorites. Unfortunately the range of is too 
great for assignment of any one analysis, and a comparison of only a large 
number would be meaningful. Because the distribution of mx is quite differ- 
ent for C2 and C3-UOC groups (2), differentiation could probably be made. 
Unfortunately data for C1 meteorites are rare and it is probably not possible 
to separate C3 and UOC groups based only on major element content of olivine. 

(b) Minor elements provide a particularly powerful indicator because 
comparisons can be made in multidimensional composition space. In principle 
computer analysis is possible but use of simple 2-D variation diagrams is 
easier to understand (and use). From the data of ( 2 ) ,  it is clear that there 
are areas in (for example) Cr-Fe compositional space where reliable assign- 
ment of a single olivine analysis can be made either to a C2 or C3-UOC 
association. This of course is not sufficient as other elements must also 
show corresponding overlap. This type of analysis was used in ( 3 )  where 
relic grains in DSP were related to C2 olivines. Using electron probe tech- 
niques Al, Ca, Ti, V, Mn, and Cr are easily detectable in extraterrestrial 
olivine; the X-ray synchrotron microprobe should allow additional elements, 
in particular P, Sc, Ni, Co, and Zn are all known to enter the olivine struc- 
ture. Only sparse data exist in the literature and many of these haveunknown 
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accuracy. To be useful an internally large data base such as in ( 2 )  must be 
obtained. 

(c) Cathodoluminescence ICL) is generally regarded as a qualitative 
observation, but because olivine with Mg > 95 luminesces in colors correlat- 
ing with composition (4) it is a simple, rapid visual observation providing 
indirect chemical information. A quantitative aspect can easily be added 
with a dispersing spectrometer, and the resulting spectra clearly distin- 
guishes between C3 and C3-UOC olivines. The advantage of CL is that a 
spectrum can be obtained in tenths of a second compared to several minutes 
for a minor element analysis. Lack of equipment to date has prevented sys- 
tematic examination of other extraterrestrial olivines using CL. Extensions 
of this technique include quantitative analysis of the spectral shapes and 
correlation of these shapes with particular elements. Although most spectra 
are broad, sample cooling may provide sharper spectra. 

(d) Some olivine contains inclusions of Na,Ca,Al,Si-glass, spinel or 
metal. No data have thus far been obtained but some specific measurements 
which could be made include the distribution of Si and A1 between spinel and 
forsterite and the distribution of Ni, Co, and Si between forsterite and 
metal. The former has been determined experimentally and thus could also 
provide a temperature estimate of equilibration. Some data exist in publish- 
ed form but only in (5) are they comprehensive enough to be useful, but these 
are for only one C2 meteorite. 

Although for some cases unique assignment may be possible, there are ex- 
amples where this will not be true, as in the cluster of analyses on all 
Figures in (2). This composition appears to be one common to most primitive 
meteorites and as pointed out in (2) may represent a starting composition 
from which later compositions diverged. A second case are those meteorites 
such as C3 and UOC which appear near identical with respect to all olivine. 
For these olivines there may be no simple differentiating criteria. Till 
now we have used only 2 and 3D plots to describe minor element distributions 
but computer analysis should provide a more comprehensive description into 
which quantitative CL data can be included. 
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