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Introduction: The fine-grained matrices of carbonaceous 

chondrites are sensitive recorders of both nebular and asteroidal 
processes in the early solar system. The matrices of type 3.0 car-
bonaceous chondrites consist of a complex assemblage of very 
fine-grained, unequilibrated materials (silicates, sulfides, oxides, 
etc.) that are particularly susceptible to modification by aqueous 
alteration and thermal metamorphism [1]. Only in very pristine 
chondrites (type 3.0) is matrix minimally altered, preserving a 
primary nebular record. We are examining matrix silicates in the 
most pristine CO3 chondrite, ALHA77307 (type 3.0), as part of 
study to investigate the formation and metamorphism of crystal-
line silicates in type 3.0 carbonaceous chondrite matrices. 

Experimental: Electron-transparent sections of ALHA77307 
matrix were prepared using focused ion beam (FIB) techniques. 
The chemical and microstructural properties of the FIB sections 
where characterized in detail using a JEOL 2010F FEG/STEM.  

Results and Discussion: All FIB sections of ALHA77307 
matrix are composed largely of extremely fine-grained materials 
(<100nm in size). Each FIB section contains similar silicate as-
semblages that occur in clusters surrounded by amorphous matrix 
material, consistent with previous observations [1]. The FIB sec-
tions are dominated by an amorphous silicate groundmass in 
which nanoparticles of iron oxides, Fe and Fe,Ni sulfides 
(<200nm), olivine and pyroxene grains are embedded [1]. In ad-
dition, our new studies have also revealed what appears to be a 
population of distinct, amorphous ferromagnesian grains that 
were not recognized in the previous study [1]. 

ALHA77307 contains a population of Mg-rich olivine and 
pyroxene grains that are probably primary in origin [1]. Each FIB 
section contains several distinct, fine-grained (>400nm) sub-
hedral to anhedral forsterite grains that usually occur in clusters, 
but also occur as isolated crystals. Dark field STEM imaging of 
the olivine and amorphous Mg-Fe silicate grains shows distinct 
Fe-rich rims on these grains which are usually 10-30 nanometers 
in width. STEM EDS analysis and STEM line profiles across 
these grains confirm the Fe-enrichment in their rims. The olivine 
core compositions lie in the range Fo78-99 while Fe-enriched rims 
range from Fo40-80. Fine-grained (>400 nm) low-Ca pyroxenes 
(En75-99) show no evidence of Fe-enrichment at their grain edges.   

We interpret the presence of narrow Fe-rich rims on olivine 
and amorphous silicate grains as representing the very first stages 
of metamorphic equilibration in the matrix of ALHA77307. The-
se features were not recognized previously by conventional TEM 
studies [1]. Nevertheless, the effects are so limited and subtle that 
it further confirms the highly pristine nature of this meteorite. 
However, it does demonstrate that ALHA77307 has not com-
pletely escaped metamorphism, consistent with the arguments of 
[1], but provides the first glimpse of the process of metamor-
phism in the finest grain fraction of chondritic materials.   
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