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Particle track records in some components of CM meteorites indicate that they have under- 
gone pre-compaction solar flare irradiation (1-3). It is probable that this irradiation took place 
early in solar system history (41, and this fact has been used to obtain information about the early 
sun by studying detailed particle track characteristics ( 5 ) .  Plausible scenarios for the events lead- 
ing to the irradiation and formation of parent bodies of these meteorites have been proposed (6,7). 
However, nearly all investigations of irradiation features in these meteorites have been carried out 
on olivines separated from the bulk meteorite. In this procedure, no information about the in situ 
reltionship of these grains is preserved. Since olivines occur as parts of several distinct inclusion 
types, and since these inclusions may record a series of events in the early history of the solar sys- 
tem (8), we have undertaken a systematic study of irradiation features in grains for which the in 
situ relationships are known. Sine the duration of irradiation is believed to have been short, lo3 to 
lo4 yrs, it is possible that this event may serve as a marker and aid in understanding the environ- 
ment in which the pre-compaction irradiation took place. 

The inclusions in CM meteorites vary widely in chemical composition and texture (9). 
Among other types they include single crystals (Type I),  irregular friable aggregates with refractory 
chemical composition (Type 11) and true chondrules with igneous texture (Type 111). The origin 
of these diverse objects, and their relationship to the hydrous matrix of these meteorites, is a sub- 
ject of considerable current interest (8-11). At least some of the material usually referred to as 
inclusions, and perhaps nearly all of it, is believed to be relatively unaltered direct condensate from 
the solar nebula. The major phase is olivine, with a range of chemical compositions, which occurs 
in all three inclusion types. Bulk olivines from Murchison as well as olivine from chondruls con- 
tain isotopically anomalous oxygen (12). 

We have done extensive sampling of olivines from these three inclusion types for the present 
study. Isolated matrix grains (Type I inclusion) were picked directly from the matrix. Type I1 
inclusions were sampled by randomly selecting 3 to 6 grains from about 150 such inclusions and by 
studying thin sections in about a dozen cases. Chondrules, defined here as igneous structure that 
broke free of surrounding matrix, were separated from disaggregated material and also studied in 
sections. Olivine grains obtained by disaggregation of whole specimens were considered to be 
representative bulk samples consisting of olivines from both Type I and Type I1 inclusions, with a 
minor contribution from chondrules. Mineralogical and chemical characterization of the different 
inclusion types was done using optical and scanning electron microscopes and the electron probe. 
The olivine grains analyzed in the present work have a similar distribution of chemical composition 
to those reported by Wood (13) and Fuchs et al. (9), and range from pure forsterite to more than 
50 moleO/o fayalite. The olivine composition characteristically shows a peak at pure forsterite with 
approximately an equal number of grains with < 2% Fa and > 2% Fa. There are, however, dis- 
tinct differences in the distribution pattern between the irradiated and the non-irradiated grains. 

Separated chondrules which we have examined also have a wide range in chemical composi- 
tion. They range from refractory objects composed of spinel, hibonite and perovskite to more typi- 
cal olivine-pyroxene spheres. The parallels of chemical type between chondrules and irregular 
inclusions, including their relative abundances, suggest that the chondrule forming process began 
at the earliest stages of condensation when very refractory rich materials were forming. 

A summary of irradiation features observed in olivine grains removed directly from the 
matrix as well as in crystals obtained by disaggregating whole specimens is given in Table 1. The 
whole specimen data refer to a particular fragment of Murchison rich in solar flare irradiated grain 
and the combined data for the CM meteorites analyzed by us. Also given in the table are the per- 
centages of irradiated olivine grains belonging to high-Mg (< 2% Fa) and high-Fe (> 2% Fa) 
groups in each case. One can immediately note that among the olivine grains obtained by disag- 
gregating whole specimen there is a paucity of high-Mg irradiated olivine, compared to their abun- 
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dance pattern when considered in totality (both irradiated and non-irradiated grains). From the 
limited statistics availble for irradiated grains directly isolated from the matrix, the distribution is 
similar to the bulk olivines, with equal number of high-Mg and high-Fe bearing irradiated olivines. 

Table 1. Irradiation and compositional details of olibine grains 
in CM chondrite 

Fraction of Percentage of irradiated Number of 
Sample Type track-rich grains grains with irradiated 

< 2% Fa > 2% Fa Grains analyzed 

Single crystal 0.016 50 5 0 4 

(Type I Inclusion) 

Bulk Olivines 

Murchison-519 0.2 16 84 19 

CM Chondrites* -0.03-0.2 24 76 46 

*Include data from Murchison, Murray, Cold Bokkeveld and Nogoya. 

A small set of irradiated olivine grains has been analyzed by elctron microprobe to test their 
similarity to non-irradiated grains. About 50°h of the irradiated grains with high fayalite content 
are zoned. The CaO-FeO correlation for the irradiated olivines is similar to those reported for 
bulk olivines in Murray and Murchison (14, 15). For forsteritic irradiated olivines the CaO con- 
tent varies from <0.1 to - 0.7O/n, and shows a possible inverse correlation with FeO content. 

Analysis of more than 500 grains selected randomly from about 150 Type I1 inclusion of the 
Murchison meteorite yielded six irradiated grains in two inclusions. No irradiated inclusion has so 
far been observed in thin section studies. The paucity of Mg-rich irradiated olivines, relative to 
their observed frequency in olivine separates from the bulk meteorite may be due to the fact that 
most Type I1 inclusions contain Mg-rich olivines, and thus contribute a disproportionate fraction of 
grains to the high Mg peak in the olivine histogram. Since we do not have at present statistically 
meaningful data on the fraction of irradiated Type 11 inclusions compared to individual grains, a 
firm conclusion in this regard will be possible only with additional data. 

The distribution of irradiated material in the CM meteorites is quite heterogeneous on a 
small scale (2, 7). In order to improve statistics, and obtain more details of in situ irradiation 
features, we are studying two fragments, one from Murray and one from Murchison, which have 
- 20n/n track rich grains among separated olivines. Etched sections of the Murray fragments con- 
tain several irradiated components that includes both single crystals and chondrules. Detailed 
analysis of these irradiation features is in progress and will be reported at the conference. 

The observation of chondrules in C2 chondrites with a wide range in composition including 
refractory elements indicate that the chondrule formation process was contemporaneous or closely 
followed the entire condensation process in the early solar system history. The presence of both 
Mg-rich and Fe-rich irradiated olivine grains, and the similar trend in their major and minor ele- 
ment correlations with bulk olivines of these meteorites indicate that the irradiated phases are not 
exotic phases which are a different component from the host meteorites. The presence of wholly 
or partially irradiated inclusions and chondrules and their interrelationship provides additional clues 
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to the possible environment in which the pre-compaction irradiation of these phases took place. A 
model has recently been proposed (7) in which the pre-compaction irradiation takes place during 
the early history of the solar system when the irradiated olivines existed as parts of sub-cm to 
meter size objects. The present study indicates that irradiation occurred when olivines existed as 
single crystals, as chondrules and possibly in inclusions and aggregates of different sizes. 
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