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Studies of the nine chondrite groups suggest that the sequence of E-0-C 
chondrites represents increasing distance of formation from the sun. Several 
properties are roughly correlated among the groups, e .g . ,  bulk 
FeO/ (FeO+hIgO) , refractory abundance, matrix abundance [ I ] .  To better 
match chondrite types with asteroids and to allow inferences to be drawn 
about planetesimals outside the asteroid belt we need to know precisely which 
properties correlate with distance from the sun. The existence of the 
ungrouped chondrites, such as Kakangari, Renazzo and A1 Rais, suggests 
that we have poorly sampled the spectrum of primitive chondritic material. 
Allan Hills 85085 is a remarkable chondrite [21 that offers insights into these 
questions. I report here results from petrol0 'c and electron microprobe 4? studies of thin section ALH 85085,9 (45 mm ). Oxygen isotopic, bulk 
campositional and transmission electron microscope studies have been delayed 
by procrastinations of the Antarctic Meteorite Working Group. 
Results. ALB 85085 has the following unique features: a) abundant metallic 
Fe ,Ni (20  ~ 0 1 % )  but sparse sulfides (0.5 vol% troilite) , b) low abundances of 
chondrules and obvious chondrule fragments ( 5  ~ 0 1 % )  and of matrix material 
( 5  vol%), C)  a high abundance of silicate and rock fragments (70 vol%), and 
d) all of its constituents are fine-grained, e.g. chondrules have a geometric 
mean apparent diameter in thin section of 15 pm ( < 4  to 200 y m ) .  Matrix 
material is largely opaque and occurs as lumps 5-200 p m  in size. It is mostly 
composed of submicron grains but also contains recognizable troilite, 
magnetite, phyllosilicate (approximately intermediate in composition between 
serpentine and greenalite [3]) and some metallic Fe,Ni and dolomite. 
Broad-beam electron-probe analysis indicates a close compositional resemblance 
to CM matrix [2,4] with 1.6 wt% A1 0 0.75% Na20, 28% FeO, 0.6% CaO and 
0.12% K 2 0 .  Chondrules are very lafge!i cryptocrystalline , microcrystalline (1 

grains) or glassy; about 10% are porphyritic olivine and pyroxene (type I)  
with apparent sizes of 15-200 p and a few percent are barred-olivine 
chondrules. Silicate and rock fragments have textures and bulk and mineral 
compositions generally consistent with an origin from chondrules. About 75% 
of these fragments are cryptocrystalline or glassy; 2-40 pm grains of low-Ca 
pyroxene and olivine make up the rest. Atomic Fel(Fe+Mg) ratios of olivines 
and low-Ca pyroxenes within and between chondrules and of whole chondrules 
and rock fragments are typically in the range 0.5-6% with a few percent 
having values of 7-25%. For example, ten porphyritic chondrules have olivine 
with Fa 1-6 and twinned clinopyroxene with Fs 2-6; outside chondrules, 
measured ranges for 20 olivines and pyroxenes were Fa 1-26, Fs 1-11. 
hletallic Fe , Ni grains range from < 1 to 300 tm in 

size and have mean 
concentrations of 2.6-128 Ni with up to 0.5 wt Si, C r  and P.  Grains with 
2.6-8% Ni are made of kamacite crystals; grains richer in N i  are composed of 
plessite, micron-sized intergrowths of kamacite and taenite. Most of the 
large, Ni-rich grains are concentrically zoned with kamacite rims and plessite 
cores and probably formed from zoned martensite. In situ equilibration 
between grains is not indicated as Ni-poor kamacites do not have rims 
enriched in Ni. One metal grain with 5.5% Ni contains schreibersite with 7% 
Ni .  All of these features indicate rapid cooling of metal and no period of 
metamorphism like that experienced by H-L-LL3 and C03 chondrites. Metal 
grains inside chondrules have compositions like many of the grains outside. 
Troilite, which is abundant in matrix material but otherwise uncommon outside 
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and inside chondrules, contains 0.2-1.2 wt% Ni, up to 0 .2% Co, Ti and Mn 
and up to 1% Cr. Troilite with up to 6% C r  in a large metal nodule very 
probably contains exsolved submicron daubreelite. Grains rarely exceed 20 
JLPI in size. Osbornite and magnetite were observed between chondrules and 
outside the matrix material. Except near the crust ,  alteration effects are 
almost negligible (no alteration veins, some glass fragments have 3 ym 
alteration rims) and it is unlikely that any of the minerals described above 
formed terrestrially. Shock effects are insignificant. 
Discussion. Broad-beam probe analyses of ALH 85085 give MgISi, Al/Si and 
Ca/Si atomic ratios of 1.07, 0.081 and 0.055, values which do not uniquely 
fit any of the nine chondrite groups. Mineralogical studies also indicate that 
a close association with any of the groups is unlikely. Like Kakangari [ lo ] ,  
ALH 85085 may not even fit conveniently into E, 0 or C chondrite 
subdivisions. The relative proportions of components such as chondrules and 
matrix may not have varied monotonically across the primordial asteroid belt. 
Then the only properties that would have correlated with distance from the 
sun were chemical and mineralogical properties of the components. 

The components in ALH 85085 have many features found in type 2 and 3 
chondrites. Thus metallic Fe,Ni has a Ni range like that of Renazzo metal, 
though it lacks the altesation rims [5]. The Si, C r  and P concentrations in 
kamacite are typical of type 2-3 chondrites. Type I chondrules have bulk 
and mineral compositions like those of type I chondrules in Semarkona [6,7].  
Nearly all of the minerals described above have been found in components of 
type 2 or 3 E ,  @ and 0 chondrites, although dolomite is a characteristic of CI 
choildrites. N i  concentrations in troilite are typical sf both type 2 and 
3 chondrites. Water and carbon are inferred to be present at type 3 levels 
implying metamorphic temperatures of 300-500°C. However, there Is scarcely 
any evidence that the highly oxidized matrix has reacted with the reduced 
chondrules and metal, and i t  is possible that the phyllosilicate and dolomite, 
like the other minerals, did not form in situ. Whole rock temperatures may 
have been &300°C. 

The textures of chondrules in ALH 85085 and rock fragments, which 
were probably derived from chondrules, indicate highep mean temperatures 
during chondrule formation or longer mean periods above the liquidus than 
for other chondrite types [8]. Such intense heating could also explain the 
depletions of Na, K and S in the chondrules. However, separation of 
immiscible silicate liquids might have contributed to the production of the tiny 
enstatitic, cryptocrystalline chondrules, which are also abundant in a 
microchondrule-bearing clast in Piancaldoli [ 9 ] .  The exceptionally small sizes 
of chondrules in ALH 85085 reflect both primary and secondary fragmentation 
processes. The absence of matrix and coarse grained rims on chondrules and 
other components and the rarity of compound chondrules indicate low dust 
densities in the nebular source region. 

The lack of sulfides in ALH 85085 reflects both a low matrix abundance, 
and the apparent loss of FeS from chondrules, or their precursors and metal. 
Assuming that ALE1 85085 is not a chondritic clast, which is unlikely, there 
must be asteroids with 41% S. 
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