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Fine-grained graphite-magnetite aggregates are an important 
matrix component in several type 3 ordinary chondrites and 
ordinary chondritic regolith breccias (1,2). Graphite-magnetite 
intergrowths may be a primitive component which formed in the 
solar nebula bef ore accretion of the parent body. Furthermore, 
graphite-magnetite may be a carrier of neon-E (of presolar 
arigin) as indicated by analyses of graphite-rich residues from 
Dimmitt 3 ,  although more recent work has not supported this 
(4) .  It is theref ore important to characterize these f ine-grained 
intergrowths, both texturally and mineralogically, in order to 
establish whether they do indeed have a primitive origin or have 
been formed or altered by processes on the meteorite parent body 
1 5 ) .  

We are currently investigating graphite-magnetite aggregates 
in Sharps (HZ) by electron microprobe, SEM and TEN techniques. Of 
all the occurrences of graphite-magnetite observed t o  date, 
Sharps contains the highest volume proportion (7.5%) of any type 
3 chondrite and is intermediate in type between normal type 3 
chondrites (((0.5%) ( 6 ) ,  and the graphite-magnetite-rich clasts 
in gas-rich reg01 ith breccia5 ( 2 ) .  The high volume percent of 
graphite-magnetite in Sharps makes it the most suitable type-3 
ardinary chondrite for transmission electron microscope studies. 

Optically graphite-magnetite in Sharps occurs in several 
textural types which may be a gradational sequence. Typically it 
is found in small areas i<25 pm) , although areas up to 500 l~ m in 
size may occur. These regions may also contain fine, disseminated 
metal grains (<Sum). Graphite-magnetite can also occur associated 
with coarser metal grains (100l~m-500~1m) in larger aggregates. In 
some cases the graphite-magnetite is concentrated in the cores of 
the metal grains and may be rimmed by the metal, although in most 
cases the rim is discontinuous. A whole sequence from graphite- 
magnetite containing (5% metal up to large metal grains with (5% 
graphite-magnetite can be observed. 

Transmission electron microscopy and electron diffraction 
techniques have been used to obtain detailed inbormation on the 
microstructuses present in the aggregates. The graphitic phase 
has been shown tu be a finely crystalline, turbostratic 
graphitised carban with d(002) = 3.5M.054 which occurs in an 
anastomosing texture between metalo and spinel grains, The 
individual crystallites are around 400A in thickness and 2000A in 
length. In addition to the turbostratic carbon occasional 
subrounded grains a+ amorphous carbon occur and are rimmed by 
curved crystals of poorly-graphitized carbon. 

The metal grains within the i n t e r g ~ o w t h 5  are randomly 
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orrented and are angular to subhedral in shape. Grain size varies 
between 0.1-lpm and individual grains are always rimmed by 
graphitized carbon. The smaller metal grains 1<0.3um> are 
spatially associated with another iron-rich phase which electron 
diffraction studies suggest is a spinel consistent with magnetite 
(Fe304) or possibly maghemite ( Y F e z 0 ~ ) .  The spinel has a 
subrounded marphology and is rarely found with a grain size > 
0.3~ m. 

Preliminary analytical electron microscope data indicate 
that the spinel phase has a significant nickel content t -6%) as 
we1 1 as small concentrations of Si I< 1%). Analytical electron 
microscopy has also enabled identification of +ine particles of a 
chromium-rich phase which may be chromite. This phase also occurs 
as subhedral crystals I<O.lum diameter) but is not common within 
the intergrowths. The combination of Cr in chromite and Si in the 
magnetite probably account for the presence of these elements in 
the graphite-magnetite intergrowths analysed by electron 
microprobe in the Dimmitt, Flainview and Allan Hills &HA 77011 
chandr-i tes ( 1 )  . 

Our present textural data CM-I graphite-magnetite intergrowths 
in Sharps do not provide any evidence of a direct reaction such 
as : 

F e  + CO = Fe3D4 + C 
between the phases as has been previously suggested. Rarely do 
metal grains occur which are in direct contact with magnetite 
grains: almost invariably a rim of finely crystalline graphite is 
present around the metal. However, it seems highly improbable 
that the assemblage represents a chance aqgregate of genetically 
unrelated minerals. In view of the +act that the reaction between 
carbon, magnetite and metal will occur at low temperatures it is 
probable that the coexisting phases experienced at least partial 
reaction on the parent body or in the solar nebula. 
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