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Introduction: The numerical subdivision of indi- New Results for LL and L chondrites:. Among
vidual chondrite classes was pioneered by Van Sshmu the many ordinary chondrite specimens that we have
and Wood [1] as the now familiar Type 1 through 6 studied from Northwest Africa, we have selected-typ
categories. Among these, Types 3, 4, 5 and 6ctefle cal examples of Type 3 LL and L chondrites which
progressive metamorphism in anhydrous chondrites, a demonstrate the systematic changes in both theerang
applied most frequently to ordinary chondrites, 3lsb of fayalite contents and the Cr contents in ferrobn
to certain carbonaceous chondrites (especiallyhef t vine. We (and others) have also found a similéiepa
CO, CK and even CR classes) and to R chondrites. A for H chondrites, but our database for those spetam
important refinement of this scheme was made by is not as extensive.

Grossman and Brearley [2], who recognized that-deci

mal subtypes could be assigned to Type 3 (i.equine LL Chondrites
librated) chondrites by utilizing the statisticsfagalite o T
(Fa) contents in constituent olivine. 40— S Y T
35 NWA == NWA = NWA NWA _ NWA NWA
For subtypes between 3.0 and 3.2, Grossman ancg so n Bl | Moo | LT e
Brearley went even further and presented a logical 2 I | Mﬁﬁ
scheme based on chromium distribution in ferroan ol £ o0e Hoo7 <0.02
vine for subdivision of these highly unequilibrated e A4 <oz
(“primitive”) specimens into Types 3.00, 3.05, 3.10 ' -+ T
and 3.15. These authors [2, 3] also noted thaCthe 10 S
content in ferroan olivine declines progressivety i s|l—f
specimens judgethdependently (on the basis of range 041038 016 Mean Cr30in ofivine (wt. %)
in Fa contents) to be assigned to Types 3.3 thr8ugh 332 33 34 35 36 37 38 39

. . o Petrologic Sub
This trend has a sound theoretical basis, in thdt C SHRGHS SUSKTRS

substituting for Mg, Fe and Ca in the octahedrssi
of olivine would be expected during metamorphicthea
ing to be driven by solid state diffusion progressi
into the matrix (and presumably into recrystallized
chromite grains), as the initially very wide rarigeFa

Figure 1. Variation of Fa content (above) and Cr con-
tent (below) in olivinein Type 3 LL chondrites and
designation of subtypes.

content contracted towards a narrow median valge (e LL Chondrites
pressed ultimately in Types 4-6). 0.8 o ]
1756

We have attempted to place this classification 0.7 f-——f—
scheme on a more robust footing by examination of
many more unequilibrated chondrite specimens (over __ 0.6 S ——————]
120 in the past 10 years), and by developing mege p = & 3127
cise microprobe techniques for analysis of Cr iR ol ‘g [ o T
vine. e
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Electron Microprobe Techniques For Quantita- S HEE o
tive Analysis of Minor Elementsin Olivine: By us- o3ft—H——"H—"----—
ing longer peak counting times (40-100 secondsg-ca i
ful attention to background measurement, and even o2} 4} p}pf
double spectrometer counting, we have found that we —
can achieve a practical limit of detection of 0% 0.1 ] _ S
Cr,0; in olivine. Selection of olivine grains in a pol- ] | el

shed specimen and avoidance of chromite inclusions
are aided greatly by back-scattered electron images 3.1 3.2 3.3 34 35
Petrologic Subtype
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Figure 2. Variation of Fa content (above) and Cr con-
tent (below) in olivine in Type 3 L chondrites and des-
ignation of subtypes.
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Recommendations: On the basis of our new data
and the previous findings of [2], we recommend the
following guidelines for assigning subtypes to unigq
brated LL and L chondrites:

*Subtypes3.0-3.2 As diagrammed in [2, figure 15]

*Subtypes 3.3-3.6 have a wide range in Fa contents;

Cr,0O3 contents in ferroan olivine change as follows:

3.3 0.02-0.30 wt.%
3.4 0.02-0.20 wt.%
3.5 0.02-0.11 wt.%
3.6 0.02-0.05 wt.%

*Subtypes 3.7-3.9 have undetectable Cr in ferroan
olivine (but still measurable Cr in the most magaes
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olivines within chondrules). Subdivision of theise
accomplished by utilizing the range in Fa contéotsa
representative sampling of allivines in a specimen as
follows:

3.7 21-33(LL), 19-28 (L)
3.8 24-32 (LL), 20-27 (L)
3.9 26-30 (LL), 21-26 (L)
40 28+1(LL), 24+1 (L)

We emphasize that this scheme is necessarily sub-
jective to some degree, but we believe that it lban
used to assign decimal subtypes within £ 0.1. Ddpe
ing upon factors such as intrinsic heterogeneityhi
meteorite (including the possibility of clasts dffek-
ent subtypes mixed together, unequilibrated crystal
cores, etc.), and also attention to quantitativai Cr
analyses, different classifiers may arrive at gligh
different subtype estimates for the same specimen.
However, as long as it is recognized that subtype a
signments are estimates, then we believe that desir
ignation is of value in classification, and certgithis
is preferable to merely designating most unequitita
chondrites as Type 3.

One advantage of the proposed scheme is that it re-
quires significantly less analysis time (and expgns
than (perhaps more precise) methods utilizing dinge
in Fa contents of constituent olivine. This is &&se in
unequilibrated chondrites the range of Fa contents
very large (spanning from 0.2 to more than 50 mole%
in some cases), and thus it may be necessary thucbn
at least 50 point analyses of (presumably) steiltyi
relevant olivine grains per specimen. In contrast,
reasonable estimate of subtype can be obtained by
analysis of the Cr contents in as few as 10 feraan
vine grains.

There is no reason why the scheme outlined here
cannot be extended to other anhydrous chondrites, i
cluding the growing list of specimens which canbet
assigned to the H, L or LL categories. Such spersn
have some hallmarks of typical ordinary chondrites
[e.g., 3, 4], but they differ either in having armous
oxygen isotopic compositions, or else having metal
contents that are much lower than expected frornn the
silicate mineral or oxygen isotopic compositions.
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