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Introduction: At the earliest stages of metamorphism, ordi-

nary and carbonaceous chondrites undergo changes in mineral-
ogy that affect: matrix, which loses S; chondrule glass, which 
crystallizes albite, becomes K-rich, and changes in cathodo- and 
thermoluminescence; metal, which changes in structure and    
mineralogy; and ferroan olivine, which exsolves a Cr-rich phase, 
likely chromite [1-3].  However, many of these materials are also 
sensitive to aqueous and other forms of chemical alteration on 
asteroids (glass, matrix, metal), or are uncommon phases in some 
chondrites (e.g., ferroan olivine in CV, CR, CI, EH and EL chon-
drites).  This makes it difficult to assess the metamorphic history 
of many primitive chondrites.  This problem can be solved by 
careful characterization of individual ferroan olivine grains. 

Experimental: 3-6 large (>75 μm, where possible) ferroan 
olivine grains, isolated or in type II chondrules, were selected 
from 23 chondrites, including type 3.0-3.2 ordinary and CO, CR, 
CM, and CV chondrites.  Microprobe traverses were done across 
each grain with a 15 kV, 30 nA beam, ~0.5 μm steps with 1.5 s 
dwell-time, and spectrometers fixed on Fe, Mg, Si, Cr, and Ca.  
Data were reduced from working curves based on olivine stan-
dards.   

Results and discussion: Most of the olivine grains in the 
studied chondrites show normal, igneous FeO zoning profiles, 
although some isolated grains are fragments.  In chondrites hav-
ing the lowest petrologic type (3.00-3.03), Cr2O3 commonly 
shows zoning that correlates with FeO, although normal and re-
verse Cr2O3 zoning patterns occur in similar numbers.  All grains 
in these meteorites have high average concentrations of Cr2O3 
(0.4-0.5 wt% in ordinary and 0.3-0.4 wt% in carbonaceous chon-
drites).  Cr2O3 varies smoothly across each grain.  Slightly more 
metamorphosed chondrites, type 3.05-3.10, contain olivine that 
shows evidence for igneous zoning of Cr2O3, but zoning profiles 
are more jagged and erratic.  Average concentrations of Cr2O3 
are similar to those in type 3.00 olivine.  In petrologic type 3.15, 
igneous zoning of Cr2O3 is no longer apparent, average concen-
trations are lower (0.1-0.2 wt%), but zoning patterns are still 
quite noisy.  Olivine in chondrites of types ≥3.2 has uniformly 
low Cr2O3 (≤0.1 wt%) with no trace of zoning. 

Most of the ferroan olivine grains from a single chondrite 
show similar properties with respect to Cr2O3: average concentra-
tions and the noisiness of zoning profiles are approximately the 
same in each grain.  The petrologic type of a chondrite can be 
determined with fair confidence, within 0.05, between types 3.00 
and 3.2, by measuring the zoning profile of only a single olivine 
grain, and with high confidence by measuring several.  This me-
thod can be applied to chemically altered chondrites, those with 
only a small amount of ferroan olivine, and individual clasts or 
particles in brecciated chondrites; these are all cases where other 
methods either fail or are difficult to apply. 
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