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Fig. 4. Plots of (a) Ni vs. Ge and (b) Ni vs. Ir showing the fields
for the 13 iron meteorite groups (from Scott and Wasson, 1975).

granoblastic), modal abundances of minerals, and mineral
compositions are used to identify them by thin section examination (e.g., Table 2, Plates 1 and 2). As an example,
eucrites are basalts that have igneous intergrowths dominated by plagioclase and clinopyroxene with an Fe/Mn ratio in the pyroxene of ~30. In general, petrologic studies
and whole-rock chemical compositions tend to mirror one
another, as the chemical composition tends to reflect the
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composition and abundance of the individual minerals and,
at least in achondrites, the bulk chemical composition controls mineral crystallization.
Pioneered by R. Clayton and colleagues at the University of Chicago, the discovery that small anomalies in the
abundance of the minor isotope 17O could provide a unique
fingerprint of nebular or parent-body origin opened a new
way to determine relationships among meteorites not necessarily apparent from petrology or whole-rock chemical composition. Each meteorite group occupies a specific region on
a three-isotope plot for O (Plate 3). Nominally anhydrous
chondrites plot along lines of slope-1, suggesting that their
O-isotopic trends result from mass-independent fractionation in the solar nebula. For example, the CV, CO, and CK
chondrites plot along a slope-1 line commonly referred to
as the C-chondrite anhydrous mineral (CCAM) mixing line.
In contrast, hydrated chondrites (e.g., CM and CR chondrites) generally plot along shallower slopes (~0.7), indicative of modification by aqueous alteration. Like the highly
differentiated and homogenized Earth, achondrites from
largely molten bodies (e.g., Moon, Mars, Vesta) plot along
slopes of 0.52, the result of mass fractionation imparted
during melting. Some primitive achondrites (e.g., ureilites,
acapulcoites-lodranites) exhibit greater deviation from this
slope-0.52 line. Among these, the ureilites exhibit the most
dramatic O-isotopic heterogeneity. Despite similar petrologic and bulk chemical characteristics and igneous textures
suggesting a cumulate or partial melt residue origin, their
whole-rock O-isotopic compositions plot along a mixing
line that is an extension of the CCAM line (Plate 3), indicating that if ureilites are from a single asteroid, it was not
internally equilibrated in terms of O isotopes during differentiation.
In the practical matter of actually placing a new meteorite within one of the classificational bins — or deciding that it is ungrouped or joins with others to form a new
group — petrologic studies are the tool of choice. More
than 98% of the world’s known meteorites have been adequately classified from petrologic studies alone, although
that number is dominated by equilibrated O chondrites from
hot and cold deserts. Because many meteorite groups have
characteristic textures and metal abundances (e.g., Fig. 2,
Plates 1 and 2), a trained observer can make a good first
estimate of classification with the unaided eye. Good examples include the unusual white fusion crust on aubrites
or the presence of small, rare chondrules in black matrix
of a CM chondrite. Petrologic studies typically involve preparation of a polished thin section to examine a variety of
textural and mineralogical features, including the variety of
minerals present and identifiable with the polarizing microscope, the presence or absence of chondrules, the texture,
and mineral abundances. Although tentative classification
can often be made by the trained observer in hand sample
or thin section, mineral analyses are essential for definitive
classification. Typically, olivine, pyroxene, and, sometimes,
plagioclase are analyzed, since they are widespread in meteorites and have diagnostic mineral compositions between

