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Introduction: The CO3 chondrites represent a 

metamorphic sequence [1] and have been assigned 

petrologic subtypes according to the severity of 

metamorphism. The subtypes originally ranged from 

3.0 to 3.7 on the basis of the systematic Fe-

enrichment of olivine and low-Ca pyroxene in type I 

porphyritic chondrules [2]. A subsequent study of 

amoeboid olivine aggregates (AOAs), which are 

sensitive to parent body hydrothermal alteration in 

the CO3 chondrites, expanded the range of subtypes 

to 3.8 in order to make room for a hypothetical 3.1 

[3]. Meteorites belonging to the 3.1 subtype are 

expected to show signs of the incipient stage of 

alteration. Recently a study of Cr2O3 in CO3 

chondrule olivine confirmed the existence of a gap 

between 3.0 and 3.2 in existing datasets [4].  

We have studied the AOAs in a suite of six CO3 

chondrites, which have not previously been assigned 

a petrologic subtype (except ALH82101), in order to 

increase the known dataset of subtypes and to further 

our understanding of hydrothermal alteration on the 

parent body. Here we report our results, which 

include the first possible CO 3.1. 

Methods: Thin sections of six CO3 chondrites 

were studied: ALH82101, ALH85003, A-881632, 

EET92126, Y-790992, and Y-791717.  Each thin 

section was mapped with back-scattered electrons on 

a JEOL JSM5900 LV scanning electron microscope 

(SEM) in the Hawai’i Institute of Geophysics and 

Planetology at the University of Hawai’i. Six AOAs 

were identified in each thin section.  The constituent 

phases (olivine, diopside, anorthite, spinel, Fe-Ni 

metal, sulphides and phosphates) were analyzed on 

the Cameca SX50 electron microprobe (EMP) at the 

University of Hawaii for 14 elements using 4 crystal 

spectrometers, natural mineral and synthetic 

standards, ~20 second counting times, PAP 

corrections, a sample current of ~11 nA and an 

acceleration voltage of 15 kV. 

Results: As alteration increases in CO3 

chondrites, the AOA olivine crystals (<Fa1) are cut 

by ferroan olivine veins (Fa35-40) which eventually 

replace all of the forsteritic olivine. Petrologic 

subtypes are assigned on the basis of the distribution 

of fayalite content in the olivine of the AOAs and the 

measured thicknesses of ferroan olivine veins and 

halos around the forsteritic cores. The results are 

shown in Figure 1 and Table 1.  

The coarse objects (e.g. chondrules and CAIs) in 

the thin section A-881632,55 are enclosed in fine-

grained rims and the section appears to have a 

primary accretionary texture, such as that described 

by [5]. Type I porphyritic chondrules show no signs 

of Fe-enrichment in BSE images and FeNi is 

abundant, similar to the 3.0s reported by [2]. 

Meteorite Veins Haloes Subtype

A-881632 ~0.8 n/a 3.1

ALH82101 3-4 ~0.5 3.3

ALH85003 5-6 ~0.6 3.4

Y-790992 10-15 ~1 3.5

Y-791717 20-30 2-4 3.6

EET92126 n/a 5-6 3.7

DaG055 n/a n/a 3.8  
Table 1: Measured thicknesses (in µm) of ferroan 

olivine veins and haloes around Mg-rich olivine cores 

in the AOAs of the six CO3 chondrites in this study. 

 

The olivine in AOAs of A-881632 is composed of 

forsteritic olivine (average ~Fa1.4). Subtle ~0.8 µm 

thick ferroan olivine veins cut across the olivine 

(white arrows in Figure 2). 

Discussion: We assign petrologic subtypes as 

follows: EET92126 is a 3.7, Y-791717 is a 3.6, Y-

790992 is a 3.5, ALH85003 is a 3.4, ALH82101 is a 

3.3 and A-881632 is a 3.1. 

At first glance, it appears that A-881632 was 

another CO3.0, like ALHA77307, Y-81020 and 

Colony. The olivine in the AOAs of A-881632 is 

composed of forsteritic olivine (average ~Fa1.1). 

However, there are subtle ~0.8 µm thick ferroan 

olivine veins in the olivine, distinct from the 

assemblages of spinel, anorthite and diopside (white 

arrows in Figure 2).  0.8 µm is consistent with the 

prediction of <2 µm for the vein thicknesses in 3.1 

from [3]. The 3.0 chondrites show no ferroan olivine 

and the 3.2 chondrites have ~2.5 µm thick veins [3]. 

When the EMP data from the AOAs of A-881632 

is examined in detail, it is clear that the olivine is not 

pure forsterite.  It has an average Fa content of 1.14 

mol% with a standard deviation of 1.46 mol%.  In 

contrast, the olivine in AOAs in the 3.0 chondrites, 

ALHA77307 and Y-81020, has an average ~0.4 

mol% Fa with standard deviations ~0.3 mol% [3]. 

The olivine in the AOAs in the 3.2 chondrites, 

Kainsaz and Y-82050, has an average Fa content of 

4.29 mol% with a standard deviation of 4.71 mol%. 
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Figure 1: Distribution of fayalite content in 

olivine of the AOAs of the A-881632, ALH82101, 

ALH85003, Y-790992, Y-791717 and EET92126. 

 

 
Figure 2:  BSE image half of an AOA in A-

881632. Fo = forsterite, Sp-An-Di = spinel, anorthite, 

diopside assemblage, white arrows show incipient 

ferroan olivine veins. 

 

A-881632 fits in between the 3.0 and 3.2 in terms of 

its distribution of Fa content in the olivine (Figure 1). 

The Cr2O3 distribution of the olivine also supports 

A-881632 being a 3.1 (Figure 3). The 3.0 chondrites 

have high Cr2O3 contents (0.3-0.4 wt%), while the 

3.2 chondrites have low Cr2O3 contents (<0.1 wt%).  

The olivine in the AOAs of A-881632 has Cr2O3 

contents of 0.2-0.3 wt%, in the gap defined by the 3,0 

and 3,2 chondrites. 

 
Figure 3: Mean wt% Cr2O3 vs. the standard 

deviation in wt% Cr2O3in the olivine in A-881632 

compared to olivine in other CO3 chondrites, adapted 

from [4]. This plot shows that A-881632 falls in the 

gap between CO3.0 and CO3.2.  
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