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A UNIQUE CHONDRITE GROUPLET: PETROLOGY AND CFGWISTRY 
OF CARLISLE LAKES 001 AND AtLAN HILLS 85151. Alan E. Rubin and 
Gregory W. Kallemeyn, Institute of Geophysics and Planetary 
Physics, University of California, Los Angeles, CA 90024, USA. 

Out of the more than 3000 separate chondritic meteorites 
that have been recovered, only nine major groups have been 
identified: CI, CM, CO and CV carbonaceous chondrites; H, L and 
LL ordinary chondrites (OCs); and EH and EL enstatite chon- 
drites. New petrologic, chemical and 0-isotopic data indicate 
that two meteorite finds, Carlisle Lakes 001 and Allan Hills 
85151, are members of another distinct group of chondrites. 

Both meteorites are highly oxidized; their olivine 
compositional distributions peak at Fa 38-41. Such high Fa 
values are significantly beyond the range for equilibrated OCs 
(17.3-32.4) and partially to completely equilibrated 
carbonaceous chondrites (29-34) [1,2]. In addition to olivine, 
silicate phases in Carlisle Lakes and ALH85151 include low-Ca 
pyroxene, Ca-rich pyroxene and oligoclase. Opaque phases 
include titanian chromite, Ni-rich pentlandite, pyrrhotite, and, 
in ALH85151, chalcopyrite, awaruite, martensite, and rare grains 
of a low-Ni, high-Co phase (possibly kamacite). 

Carlisle Lakes (type 4) and ALH85151 (type 3.7) are 
moderately recrystallized chondrites containing abundant 400-500 
p-size chondrules and a fine-grained, nonporous silicate 
groundmass resembling the recrystallized matrix of type 3.6-4 
OCs . ALH85151 has been extensively shocked and brecciated; it 
contains a shock-blackened groundmass, shocked chondritic clasts 
and a martensite-pyrrhotite cellular melt-mixture. 

The two meteorites have similar concentrations of most 
elements and very similar elemental abundance patterns (as 
determined by instrumental neutron activation analysis). Except 
for Car lithophiles show relatively little interelement 
fractionation. Relative to Mg and CI chondrites, Carlisle Lakes 
has high abundances of Ca (1.5xCI) and low abundances of Mn 
(0.87xCI); all other lithophiles are within 10% of CI. ALH85151 
has lower Ca ( 1  I )  , rare-earths (0.85-0.90xCI) and K 
(0.85xCI) than Carlisle Lakes. Both meteorites have nearly 
identical abundances of refractory and common siderophiles 
(0.96-1.04xCI); in both chondrites, the abundance of Au is very 
low (0.17 and 0.36 xCI in Carlisle Lakes and ALH85151, respec- 
tively) . Compared to OCs, these meteorites have relatively 
unfractionated lithophiles. Except for Ca, all lithophiles are 
within 20% (and most are within 10%) of L chondrite abundances. 
The meteorites have significantly higher abundances of Se and Zn 
than OCs. Abundances of refractory and common siderophiles are 
intermediate between H and L chondrites, averaging -0.90xH and 
-1.35xL; these abundances are essentially the same as those in, 
the type-3 H/L chondrites Tieschitz and Bremervorde [3]. 

Carlisle Lakes and ALH85151 have very similar 0-isotopic 
compositions which lie in a previously unoccupied region of the 
standard three-isotope diagram (R.N. Clayton, pers. corn., 1988). 
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The meteorites resemble OCs in their chondrule sizes and 
distribution of chondrule types, but differ from OCs in their 
modal abundances of groundmass (-35 vol.%), which far exceed 
those of matrix material in type-3 OCs (-10-15 vol.%; [4]). 
Furthermore, Carlisle Lakes and ALH85151 do not follow the 
inverse relationship in OCs between oxidation state and 
siderophile abundances; these two meteorites are significantly 
more oxidized than LL chondrites but have higher siderophile 
abundances than L chondrites. 

These data show that Carlisle Lakes and ALH85151 form their 
own unique chondrite clan. It seems likely that this clan is 
more closely related to OCs than to other chondrite clans 
because carbonaceous and enstatite chondrites differ even more 
dramatically from the Carlisle Lakes-ALH85151 clan than do OCs 
in 0-isotopic composition. 

The differences in oxidation state among H, L and LL 
chondrites may indicate that the H chondrites acquired lesser 
amounts of an oxidizing agent such as magnetite [5]. Because 
magnetite occurs in the matrix of some LL3 chondrites (e.g., 
Semarkona), it seems plausible that oxidizing agents were 
associated with matrix material. The high groundmass abundance 
of Carlisle Lakes and ALH85151 compared to that of matrix 
material in OCs may indicate that the appreciably higher 
oxidation state of Carlisle Lakes and ALH85151 is attributable 
to oxidizing agents in the matrix. These meteorites may have 
formed in a nebular region where they acquired relatively large 
amounts of magnetite-laden matrix-like dust. 

The low concentrations of Au in Carlisle Lakes and ALH85151 
may have resulted from Au remaining suspended as fine-grained 
particles in the nebular gas during the time these chondrites 
agglomerated. Small metallic Fe-Ni grains in this nebular 
region may have become coated with oxides at relatively high 
temperatures. Most of the volatile siderophiles were forced to 
condense as oxides or sulfides, but Au, the only noble metal 
among them, remained in the gas until temperatures dropped 
sufficiently to allow condensation as a metal. 

The degree of recrystallization of both chondrites, and the 
brecciated texture of ALH85151 indicate that, after accretion, 
their asteroidal parent body experienced thermal metamorphism 
and meteoroid collisions. 
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