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the different groups. Mineral chemistries are typically de-
termined with the electron microprobe or scanning electron
microscope to determine mineral composition and degree of
mineral heterogeneity. Among the more abundant meteor-
ites from hot and cold deserts, older techniques, such as oil
immersion analyses, are used to distinguish between critical
ranges of mineral compositions and classify the abundant
equilibrated O chondrites. In some cases, other minerals
provide diagnostic compositions, such as the concentration
of Si in the metal of E chondrites or the Fe/Mn ratio of py-
roxene in lunar, martian, and eucritic basalts.

Petrologic studies alone have produced some spectac-
ular misclassifications. For example, the basalt Elephant
Moraine (EET) 87251 was originally thought to be a eu-
crite (asteroidal basalt) and the ALH 84001 pyroxenite was
classified as a diogenite (asteroidal orthopyroxenite). Ele-
phant Moraine 87251 is now known to be a lunar meteorite
and ALH 84001 is martian. In the case of ALH 84001, this
misclassification stemmed from a lack of appreciation of the
petrologic diversity likely to be found on Mars. As a gen-
eral rule, misclassifications are minimized if a group of
competent workers with a range of specializations within
the field are consulted about meteorites for which one or
more petrologic features seem odd. In these cases, O-iso-
topic compositions tend to be sought. Chemical composi-
tions are less commonly sought as a primary classificational
tool, although they are essential for iron meteorites. It is
important to emphasize that even some of the best-studied
meteorites in the world cannot be confidently binned into
the existing scheme, suggesting either transitional proper-
ties between groups or sampling of a previously unknown
type of meteorite.

3.3. Secondary and Tertiary Properties

Chondrites are assigned a number according to petro-
logic type (e.g., Van Schmus and Wood, 1967; Table 3).
Type 3.0 is thought to represent the most pristine materials,
3.1 to 6 indicate increasing degree of petrologic equilibration
and recrystallization, and 2 to 1 represent increasing degree
of hydrous alteration in chondrites. Type 7 has been used to
indicate chondrites that have been completely recrystallized
or melted, but some or most of these meteorites may be
impact melted. Petrologic types can be assigned based on
petrologic observation, mineral composition (Table 3), and
thermoluminescence properties of the meteorite. However,
the mineral criteria listed in Table 3 do not work equally
well for all chondrite groups (Huss et al., 2006). For ex-
ample, one of the major criteria used to distinguish between
type 3 and 4 is heterogeneity of olivine composition. This is
difficult to apply to E chondrites because olivine is low in
abundance. Also, the amount of Fe in silicate is low due to
the reducing conditions under which the meteorites formed
and is not a reflection of the degree of metamorphic equili-
bration.

In some cases, the petrologic type is reflected in whole-
rock O-isotopic composition; e.g., in equilibrated (type 4–

6) chondrites, whole-rock O-isotopic compositions become
increasingly homogenous. The slope ~0.7 line of CM chon-
drites, most of which are (hydrated) petrologic type 2, on
an O three-isotope plot has been attributed to closed-sys-
tem hydration reactions with water that has heavier O than
the silicates (Clayton and Mayeda, 1999).

Figure 5 shows the petrologic types that are represented
in each of the chondrite groups. Some groups (e.g., H, L,
LL, EH, EL) do not have heavily hydrated (petrologic types 2
and 1) members. Other groups (e.g., CI, CM, CR) lack less-
altered (type 3) members. This is particularly unfortunate in
the case of the CI chondrites, which chemically are among
the most primitive solar system materials.

Thermoluminescence (TL) has been used to subdivide the
petrologic type 3 chondrites into 3.0 to 3.9 subtypes (Sears
et al., 1980). This has been largely applied to O chondrites.
Thermoluminescence sensitivity is largely dependent on the
degree of crystallization of the chondrule mesostasis. Thus,
we can recognize meteorites such as Semarkona (LL3.0) and
Krymka (LL3.1), which are interpreted to be examples of the
most pristine O chondrites. The TL data are supported by the
high degree of disequilibrium in the mineral assemblage of
chondrules and matrix and the abundance of glassy meso-
stasis in the chondrules of the low petrologic type (<3.5)
chondrites (Huss et al., 2006).

It can be argued that the current scheme for petrologic
type needs extensive revision. For example, does it make
sense to have a scheme where type 3 denotes the least-al-
tered meteorites and alteration proceeds to lower and higher
values depending on whether it is hydrous alteration or ther-

Fig. 5. Diagram showing the petrologic types for each chondrite
group.


