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In order to characterize enstatite chondrites and highlight the similarities and differences 
between them and other chondrites, it is necessruy to examine the nature and abundance of the different textural 
types of chondrules. In this study we determine the relative abundances of textural types of chondrules in 8 type 3 
enstatite chondrites that have well preserved primary textures. Seven polished thin-sections of type 3 enstatite 
chondrites were surveyed using petrographic and cathodoluminescence microscopy to identify chondrules and 
characterize their textures. Objects with circular or elliptical outlines with textures indicative of crystallization 
from a melt were considered chondrules. Objects that display obvious melt crystallization textures, but do not have 
circular outlines, were included because they are probably fragments of chondrules. Unfortunately, this 
interpretation may result in slightly skewed percentages because porphyritic fragments composed of few crystals 
are optically indistinguishable from enstatite and olivine crystals in matrix. As a result, many probable porphyritic 
fragments were excluded from while barred, cryptocrystalline, and radial fragments were always included. The 
chondrule textures were traced onto overlays and the resulting maps were pointcounted using a 0.5 cm grid. 
Depending on the size of the thin-section, between 1250 and 3550 points were counted. 

Enstatite chondrites textures include poiphyritic, barred, radial, and cryptocrystalline. Porphyritic 
chondrules contain phenocrysts of either enstatite or olivine or both. If the majority of the crystals are pyroxene, 
then it was named a porphyritic pyroxene. Likewise, if the majority of the phenocrysts are olivine, then it was 
classified as a porphyritic olivine. If the chondrule contains both and is visually estimated to include more than 
15% of each, then it was labeled a porphyritic olivine-pyroxene. Barred texture is characterized by sets of 
generally dendritic crystals with parallel plates that exhibit singular extinction. Barred olivine chondrules usually 
contain minor amounts of pyroxene, and barred pyroxene chondrules commonly contain minor amounts of olivine. 
If both are present and there is at least 15% of each, it was considered a barred olivine-pyroxene chondrule. 
Radial textures consist of one or more fan-like arrays of pyroxene crystals that radiate from a single or a few 
points. These nuclei often occur near the outer surface of the chondrule. Cryptocrystalline chondrules usually 
lack any identifiable crystals and recognizable crystal shapes. Metallic chondrules while not the primary focus of 
this study were noted when observed. The only criterion was a clearly circular outline. 

The Chondrites used in this study and the distribution of their chondrule textures are listed in table 1. 
Qingzhen is a fresh EH3 chondrite with a large array of chondrule sizes including a fragment of a radial pyroxene 
chondrule that must have been approximately 2 mm in diameter. There are relatively few barred textures and the 
percentage of radial chondrules is high relative to the other EH3's, while the percentage of olivine chondrules is 
low. EET 87746 is an EH3 that appears relatively unweathered. Numerous olivine and pyroxene fragments stand 
out in the generally dark matrix. Overall, the chondrules are small and diverse in texture. There are some perfect 
barred olivine and porphyritic olivine chondrules. Metallic chondrules that contain many different sulfides are 
abundant. There are several porphyritic olivine-pyroxene chondrules with high percentages of both constituents. 
There are also unique rnicrochondrules with very fine radial textures. ALH 84170 is a slightly weathered EH3 
displaying a variety of sizes of chondrules, including one very large barred olivine-pyroxene variety and a high 
percentage of porphyritic olivine-pyroxene chondrules. MAC 88136 is a fresh EL3 that exhibits a variety of 
chondrule textures set against a dark matrix. There is one large chondrule that appears to be composed largely of 
sulfides. ALH 85119b is a moderately weathered EL3 chondrite in which many of the chondrules exhibit 
alteration features. This chondrule appears to have a lineation to it. Minor amounts of olivine occur as a linear 
feature. The metal is ovoid with the long axes aligned. PCA 91020 is a very complex EL3 chondrite. A 
cathodoluminescent (CL) image suggests that there are three components; we will call them domains. Domain I 
has dominantly red CL and contains an anomalously high percentage of cryptocrystalline and barred olivine- 
pyroxene and few porphyritic pyroxenes chondrules. There is one metallic chondrule that is approximately 1 mm 
diameter across. The chondrules display a modest array of shock features and alteration. Domain II has purplish- 
pink CL. The contact between Domains I and I1 is very sharp. In striking contrast with Domain I, Domain I1 
contains no barred chondrules, but 29% of its chondrules are radial pyroxene. No other chondrite examined in this 
study has more than 16% radial pyroxene chondrules. In addition, Domain I1 contains numerous porphyritic 
olivine chondrules that are concentrated in one area. The chondrules commonly exhibit extensive shock and 
weathering features. Domain III comprises only 10% of the section and is a discrete, rounded fragment. It has 
bright red CL with a sharp boundary between it and the surrounding Domain I. Its matrix is composed of crystal 
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fragments and circular blebs of metal. There is one large chondrule that contains unshocked elongate, skeletal 
pyroxenes. The chondrules in PCA 91020,5 were difficult to categorize texturally because of extensive shock, 
particularly domain 11, and the percentages reported should be considered approximate. LEW 87223 is classiiied 
as an anomalous E3 [I]. The relative abundances of chondrules do not correspond with other chondrites examined 
in this study. Most striking is the ratio of chondrules to matrix, which is much higher than any other chondrite in 
this study. Also sigmficant is that 79.7% of the chondrules are porphyritic, which is the largest -on in any of 
these chondrites. Notably, there are very few barred chondrules. 

Although there is variation within each chondrite and among each type, there are enough similarities to 
warrant comparisons between types. EH3 chondrites have a lower percentage of chondrules (18 and 25%) than do 
EL3 chondrites (26 and 36%), but have a higher percentage of olivine relative to pyroxene. Even though the 
overall percentage of porphyritic chondrules stays remarkably constant between 70 and 76%, the ratio of 
porphyritic pyroxene to porphyritic olivine-pyroxene and porphyritic olivine chondrules varies by as much as 15- 
20%. Radial, barred, and cryptocrystalline textures do not show any conclusive trends between EL3 and EH3 
chondrites. 

The most obvious difference between type 3 EC's and OC's is the percent of chondrule versus matrix. 
Ordinary chondrites contain 65-75% chondrules [2], while the enstatite chondrites contain 18-36% chondrules 
(Table 1). Despite differences in the number of chondrules and their composition, the chondrules in ordinary and 
enstatite chondrites show a similar array of textural types. Both contain mostly porphyritic chondrules, whether 
composed of olivine or pyroxene, and minor amounts of barred, radial, and cryptocrystalline textures ([3] and 
Table 1). This dominance of porphyritic textures in both types of chondrites indicates that the majority of the melt 
droplets were not heated to temperatures very high above the liquidus, and thereby retained many nucleation sites, 
resulting in porphyritic textures [4]. If they had been melted at higher temperatures, radial chondrules would be 
more common, as they would have fewer nucleation sites, and would experience supercooling before nucleation 
and growth [4]. Therefore, despite compositional differences, it appears that the chondrules of ordinary and 
enstatite chondrites were formed by very similar processes. 
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Table 1: Relative percentage abundances of primary textures of chondrules and chondrule fragments in seven 
enstatite chondrites. Textures are: porphyritic pyroxene (PP), porphyritic olivine-pyroxene (POP), porphyritic 
olivine (PO), barred pyroxene (BP), barred olivine-pyroxene (BOP), barred olivine (BO), radial pyroxene (RP), 
cryptocrystalline (CC), metal (MET), and other (OTH). See text for discussion. 
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