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MATRIX MINERALOGY OF THE UNEQUILIBRATED C 0 3  CHONDRITE, ALH 
A77307: EVIDENCE FOR DISEQUILIBRIUM CONDENSATION PROCESSES AND 
IMPLICATIONS FOR THE ORIGIN OF CHONDRITE MATRICES. Adrian J. Brearley, 
Institute of Meteoritics, Department of Geology, University of New Mexico, Albuquerque, New 
Mexico 87131, USA. 

ALH A77307 is one of the most unequilibrated C03  carbonaceous chondrites and has 
been classified as a type 3.0 based on its petrologic characteristics [I]. Such unequilibrated 
meteorites are of considerable importance, because they represent the least processed meteoritic 
examples of early Solar System material available for study. They may preserve, to some degree, 
a record of processes which occurred during the formation of the solar nebula. An important 
component of the C 0 3  meteorites is opaque fine-grained matrix, interstitial to chondrules, 
which may be primitive nebular dust. This material is particularly susceptible to the effects of 
thermal processing and will recrystallize rapidly, due to its fine-grained character. Primary 
mineralogical and chemical characteristics are only likely to preserved in the least processed 
chondritic meteorites. The TEM work in this study show that, the primary mineralogy of the 
matrix of ALH A77307 is largely unaffected by thermal processing or Antarctic weathering 
effects. The study of the matrix of ALH A77307 provides useful data for a comparison with 
matrices from higher petrologic type C 0 3  chondrites which have already been studied by TEM 
[2]. Such data provide a basis for examining possible models for the origin of the petrologic 
sequence in C 0 3  chondrites (e.g., prograde vs autometamorphism). 

The abundance of opaque matrix in ALH A77307 is consistent with the typical matrix to 
chondrule ratio (0.5) of C 0 3  chondrites reported by McSween [3]. Accretionary rims around 
chondrules and other objects are extremely well-developed in ALH A77307 as noted by [4]. [4] 
also noted that rim material appears to be finer grained than meteorite matrix (all dark matrix 
which is not present as clearly defined rims). BSE studies show that chondrule rims are usually 
continuous, although they may be broken locally, probably due to abrasion during accretion. 
Most rims are <50pm in width although one type I1 porphyritic chondrule was found with a rim 
-130pm in width. Focussed (lpm) and broad beam (10pm) electron microprobe analyses of a 
number of chondrule rims and meteorite .matrix show that rim compositions are extremely 
uniform. There is little variation between rims on chondrules of different kinds, except in FeO 
(32-40wt%) and MgO (12-17wt%) which vary antipathetically. 

TEM studies of chondrule rims show that despite the compositional homogeneity 
exhibited on the micron scale, mineralogically the rim material is extremely heterogeneous and 
and complex. Olivine and pyroxene are relatively rare and the matrix is dominated by an 
amorphous Si,Fe-rich phase (80-90 vol%), which exhibits a variable composition on a scale of 
-50nm. The amorphous material appears to exist as distinct units within the matrix which can 
be distinguished by their mineralogy and relative proportions of crystalline phases. There is a 
continuum from homogeneous amorphous material, which gives electron diffraction patterns 
with broad diffuse rings, up to areas which are mostly crystalline with interstitial amorphous 
material. AEM studies of this amorphous component show that areas with no crystals have a 
variable composition, but are composed chiefly of Si02 (40-59 wt%), FeO (20-30 wt%) and 
MgO (6-15 wt%). Significant concentrations (3-5 wt%) of P205, A1203, NiO and S are also 
present. Regions of amorphous material with the lowest proportion of crystals contain only very 
fine grained troilite and Fe,Ni metal (<I50 nm in size). In regions with a'higher proportion of 
crystals, olivine has crystallized from the amorphous material in addition to Fe,Ni metal and 
troilite. Olivine crystals (-200 nm in size) are usually anhedral or subrounded but may be 
elongate or platy and have compositions between F O ~ ~ - F O ~ ~ .  Amorphous material interstitial to 
olivine tends to be slightly lower in Si than where olivine is absent, but locally can be extremely 
Si-rich (>70 wt% SO2), indicating that a fine-grained Si02 polymorph may be present. 

Magnetite is relatively common in the rims and is the coarsest grained phase with a 
grain size ranging from 100 nm up to >1.5 pm. It does not occur intimately mixed with 
amorphous material but is restricted to the periphery of such regions. In addition to the fine- 
grained anhedral olivines associated with amorphous material, a number of different types of 
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olivine can be identified based on their morphological and chemical characteristics. These latter 
olivines were probably admixed with the amorpous component prior to accretion. One group 
consists of rare, coarser grained (200nm to >4pm), subhedral forsteritic olivines (Fogs-Fogg) 
which occur embedded in amorphous material. Clastic grains are rare in chondrule rims in ALH 
A77307, but some of these larger olivines may be fragments of chondrules. Only one clearly 
clastic, angular grain -1.5pm has so far been observed which consists of orthorhombic low-Ca 
pyroxene. The second distinct group of olivines are very fine-grained (<lo0 nm) and are 
extremely Fe-rich (Fase-q. These crystals are euhedral and occur in small clusters < 500 nm in 
size, which comprise distinct units within the matrix. The third group of matrix olivines have 
compositions like the LIME (low-iron, Mn-enriched) olivines reported by [5] in IDPs and the 
UOC, Semarkona. These forsteritic olivines (F-) in ALH A77307 have MnO contents between 
1.5 and 2.5 wt%. They occur as both isolated grains -1pm in size and as aggregates (-lpm 
across) of anhedral crystals (-100 nm in size), which coexist with Mn-rich (-2wt% MnO) 
enstatites. The morphology of individual grains suggests that they have not been extensively 
annealed: grain boundaries are curved and 120" triple junctions are not evident. 

Antarctic weathering effects are locally developed in the matrix of ALH A77307 and are 
most pronounced at chondrule edges. Regions of a microcrystalline phase (-500nm in size) have 
developed in elongate aggregates. AEM shows that only Ca and S are present and electron 
diffraction patterns (ring patterns) are consistent with gypsum. Some regions of amorphous 
material show evidence for incipient formation of clay minerals, which preliminary HRTEM 
studies show are ultrafine grained (<2 structural units thick). Despite these alteration effects the 
bulk of the amorphous material in ALH A77307 matrix appears to be completely unaltered. 

Implications. The presence of an amorphous component is of considerable interest, 
because such material also occurs in the matrix of the little metamorphosed OC, Bishunpur [6]. 
It has been argued that this material represents chondrule mesostasis which was ejected from 
chondrules when they were molten or are fragments of chondrules produced by collisions [7]. 
Neither of these explanations is satisfactory for the origin of the amorphous component in ALH 
A77307 matrix. If the rims were quenched chondrule glass, there would be some sort of genetic 
compositional relationship between individual chondrules and their rims. No such relationship is 
apparent and the rims on chondrules of different types are very similar. In addition clastic 
olivines and pyroxenes are essentially absent. This evidence demonstrates that rims were not 
derived from chondrules and shows that amorphous material was an important nebula 
component which accreted onto chondrules after their formation. Condensation experiments [8,9] 
have shown that under disequilibrium conditions amorphous materials are produced which occur 
as discrete clusters or aggregates with a size of -5-10pm. On annealing such material 
recrystallizes rapidly to ultrafine grained products which vary depending on the annealing 
temperature [lo]. The evidence from ALH A77307 matrix suggest that individual units, which 
have experienced different degrees of low temperature annealing are present. Such units may 
well represent individual clusters of amorphous material, either solar nebula condensates or 
interstellar grains, which have undergone only limited nebular or parent body annealing. Such 
units have previously been identified in the more processed matrix of the unique chondrite 
Kakangari [ l l ] .  The presence of such material in meteorites is to be expected in view of the 
astrophysical evidence that silicate material in the interstellar medium is largely amorphous 
material probably produced by condensation in the outflow of supernovae, etc. [12]. Matrix in 
chondritic meteorites of higher petrologic types, which consists largely of olivine, is probably 
the result of nebular or planetary annealing of such amorphous material. This model provides a 
framework for the consistent interpretation of matrices in most chondritic meteorites which has 
previously been lacking. Funded by NASA grant NAG 9-30 to Klaus Keil (P.I.). 
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