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GRAIN SIZE DISTRIBUTIONS AND TEXTURES IN THE MATRICES OF 
METAMORPHOSED C 0 3  CHONDRITES Adrian J. Brearley, Institute of Meteoritics, Department of 
Earth and Planetary Sciences, University of New Mexico, Albuquerque, New Mexico 87 13 1. 

Summarv We have examined the morphologies, textures and grain size distributions of fine-grained 
crystalline phases (dominantly olivine) in the matrices and fine-grained rims of 3 CO chondrites which 
range from petrologic subtype 3.1 to 3.6 in order to examine the physical changes which occur as a 
response to increasing degrees of equilibration. In moving through the petrologic sequence, the textural 
characteristics of individual grains show subtle, but progressive changes. Grain outlines become 
progressively less angular and aggregates of grains with tight grain boundaries become more common in 
contrast to individual grains which dominate in low petrologic types. All three meteorites show log normal 
grain size distributions indicative of either Ostwald ripening or condensation from a gas phase. 
Introduction The petrologic sequence in the CO chondrites is characterized by a progressive increase in 
the degree of equilibration of chondrule silicates and concomitant changes in the matrix mineralogy and 
chemistry [l-31. If the proposed model of parent body metamorphism is correct, the textural properties of 
the matrices and rims, such as grain shape and grain size should exhibit changes as a result of sintering in 
a metamorphic environment. Fine-grained matrix grains, with high surface areas should be especially 
responsive to the effects of metamorphism. In this study we present new data on the textures and grain size 
distributions in 3 metamorphosed CO chondrites Kainsaz (3.1), Ornans (3.3) and Warrenton (3.6). 
Textural Characteristics Kainsaz (3.1) In Kainsaz, olivine typically occurs as euhedral to anhedral 
grains, with tabular or equant morphologies. Many olivine and pyroxene grains have angular, irregular 
shapes. Olivine is present dominantly as loosely-packed, fine-grained crystals with considerable porosity 
between them. Distinct aggregates of olivine grains also occur which consist of interlocking grains with 
tight, curved, non-equilibrium grain boundaries. Large (0.5 pn)  low-Ca pyroxene grains are associated 
with the olivine and both phases often contain dislocations. Cr-spinel and kamacite occur within the 
aggregates and spinel is often present as fine-grained inclusions (<50nm) within the olivines. Isolated 
olivine grains, (41 p) are also commonly found in Kainsaz. Ornans (3.3) The fine-grained rim materials 
in Ornans have an appearance which is somewhat different from that in Kainsaz. Like Kainsaz, fine- 
grained olivine is the dominant component and the angular grains which are present in Kainsaz are absent. 
The olivines in Ornans also have tabular and equant morphologies, but many individual grains have 
somewhat subrounded morphologies. The olivines have the appearance of a loosely connected network in 
which many grains have mutual, curved grain boundaries over part of their surface area with adjacent 
grains, but there is significant porosity between the grains. The grain boundaries are often embayed and 
clusters of very fine-grained olivines also occur in low porosity aggregates. The triple junctions within 
these aggregates often approach 120'. The aggregates are rarely more than 1 pn in size and have highly 
irregular outlines. The fine-grained olivines provide a groundmass in which coarser-grained olivines (41 
pn)  and aggregates are embedded. The larger olivines frequently contain dislocations as well as inclusions 
of secondary phases, dominantly Cr-spinel. Warrenton The matrix of Warrenton appears to have a lower 
porosity than that of Ornans and there are subtle differences in the textural characteristics of the matrix. 
Like Omans, the olivine grains have subrounded morphologies and angular grains are absent. However, 
unlike Ornans, clustering of olivine grains into aggregates is extremely common and distinct, and individual 
fine-grained olivines are rare. Instead, the olivines appear to form a relatively close-packed groundmass in 
which most grains have tight, mutual grain boundaries. Grains larger than 0.5 pn appear to be more 
common than in Kainsaz and this has been confirmed by grain size analysis (see below). Many of the 
grains have a strained appearance and contain dislocations.The tabular grains which are relatively common 
in Kainsaz and Ornans are relatively rare in Warrenton, but large irregular shaped aggregates are present. 
Grain size analysis. The two dimensional grain sizes were determined directly from TEM images and the 
root-mean-square (rms) size (a2+b2)05 was calculated (a and b are the two orthogonal crystal dimensions). 
The average rms grain sizes are as follows: Kainsaz - 249 nm (n=144); Ornans - 542 nm (n=253); 
Warrenton - 348 nm (n=298). Analysis of the data shows (Fig. 1) that there are significant differences 
between the rms grain size distributions between the three meteorites. For Kainsaz and Warrenton there 
appear to be bimodal distributions in the data with the main peak being at lower grain sizes and a second 
peak at around 400 nm. For Ornans, the main peak is at 400 nm and there is no evidence of a bimodal 
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distribution. The aspect ratio (ah) distributions also show significant differences. Kainsaz and Ornans both 
have strong well-defined peaks at aspect ratios of 1 to 1.5, whereas Warrenton has a broader assyrnetric 
peak which extends up to aspect ratios of 2. Both Warrenton and Ornans appear to have bimodal 
distributions with small peaks at aspect ratios of -2.5. This peak is not present in the Kainsaz data, 
possibly due to the fact that the sample population is smaller. The cumulative frequency curves for all three 
meteorites are essentially linear for the entire range of grain sizes showing that the grain size is a log 
normal distribution, with Ornans showing the highest grain sizes and Kainsaz the smallest. 
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Discussion The grain size distribution in fine-grained chondritic materials can provide insights into the 
processes which may have formed or processed these materials either within a parent body or in the solar 
nebula [4]. L o g - n o d  distributions are indicative of size sorting, condensation within a cooling vapor or 
Ostwald ripening (annealing) whereas power law distributions indicate a steady state process such as 
fragmentation [4-61. The results illustrate that there are variations through the petrologic sequence, but they 
are not simple. For example, it would be expected that for a metamorphic sequence annealing of grains 
would result in significant grain growth. The results show that this is not the case and that Ornans (3.3) 
grains actually have a significantly larger grain size than the most metamorphosed chondrite, Warrenton, 
by a factor of about 1.5. Based on such a limited population it is not possible to determine whether Ornans 
is anomalous or whether there is a reasonable explanation for this differences. Certainly, the grain size 
distribution profile for Ornans is significantly different from that of both Kainsaz and Warrenton, which 
may be the result of heterogeneities in the initial grain size of the dust which accreted as rims and matrix in 
the three different meteorites. Perhaps of more significance is the fact that all three meteorites have log- 
n o d  grain size distributions, which is consistent with Ostwald ripening or condensation from a vapor, 
but not by fragmentation. In this respect, the distributions are distinct from the ordinary chondrites and 
Allende, which have both log-normal and power-law distributions for different grain size ranges [5,6]. The 
results are thus consistent with parent body annealing during a metamorphic event, but cannot exclude 
other nebular-type processes. However, several other lines of evidence indicate that annealing has been an 
important process. The progressive disappearance of angular grains and the appearance of fine-grained 
olivine aggregates with 120' triple junctions indicate a close approach to textural equilibrium which would 
result from annealing. The aspect ratio data indicate a change through the metamorphic sequence, which 
indicates that a process such as Ostwald ripening may have operated. Kainsaz and Ornans contain a 
significant number of grains whose aspect ratio is greater than 2, signifymg the presence of a number of 
grains with a tabular or elongate morphology. For these two meteorites, these grains form a distinct 
population which is quite distinct from the main population with aspect ratios of 1-1.8 (i.e equant grains). 
In Warrenton, there are many fewer grains with high aspect ratios suggesting that there is a shift in grain 
shape to more equant grains with increasing petrologic type. 
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