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Introduction: Unaltered carbonaceous chondrite (CC) matrix 

is a mixture of fine-grained materials, composed largely of amor-

phous silicate, sub-micrometre forsterite and enstatite grains and 

micrometre sized aggregates of such crystals [1]. High resolution 

image mapping of selected matrix regions of carbonaceous chon-

drites ALHA77307 CO3.0 and CR3 QUE 99177 has been per-

formed in order to explore the variability of matrix texture, min-

eralogy and composition within individual meteorites and pro-

vide quantitative comparison of representative areas of matrix 

between meteorites.  Use of SEM can more readily provide in-

formation at appropriate spatial resolution on larger areas than 

TEM on electron transparent foils as is normally used.   

Experimental methods: Ultra high-resolution image maps 

were acquired using a Carl Zeiss Ultra Plus Field Emission SEM. 

Image manipulation software “Image J” was used to estimate the 

clast and pore abundances by thresholding different grey-scale 

values from the image maps. Element maps of the same matrix 

regions were acquired, at 15kV and 5kV using a FEI Quanta 650 

SEM with an innovative XFlash QUAD 5060F Bruker detector, 

providing chemical information at spatial resolution down to a 

volume of 200 nm in depth by 100 nm in radius at 5kV.  

Results: Clast and pore abundances in 5 image maps of each 

meteorite (each map having an area of ~ 20 x10 µm) show the 

average abundance of metal grains in ALHA77307 and QUE 

99177 is 3±2.3% and 2±0.8% respectively, the average porosity 

is 6±4.1% and 3±1.6% respectively, and the average abundance 

of crystalline silicates and oxides are 65±12.1% and 46±4.8% 

respectively. A groundmass of amorphous material accounts for 

26±16.2% in ALHA77307 and 49±4.0% in QUE 99177. In both 

samples the element maps acquired show that the main cations of 

the amorphous groundmass are Al, Si and Fe, consistent with 

previous works e.g. [2], [3]. The matrix of ALHA77307 contains 

some acicular grains of Mg-silicate grains, a morphology indica-

tive of condensation from solar nebular.                                                                                                                                                                                                                 

      Conclusions: The high resolution SEM investigations reveal 

that the grain porosity in CO3.0 and CR3 meteorites is generally 

lower than the bulk porosity values, although they are compara-

ble to that reported for matrix in other CCs [4, 5]. The porosity 

measured in matrix is interstitial porosity and the low values sug-

gest that chondrite porosity may occur mainly in fractures (not 

studied here). The matrix areas of ALHA77307 appear to be 

more homogenous than QUE 99177, which shows more textural 

heterogeneity between areas, possibly due to localized aqueous 

alteration [6]. QUE 99177 contains twice as much amorphous 

material indicating less parent body processing. By observing the 

amorphous material directly using SEM we can also rule out the 

possibility that previous observations of amorphous material in 

matrix are an artefact of TEM preparation [7]. 
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