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Introduction: The ureilites are the second largest group of achondrite meteorites. The mineralogy of the 
ureilites is typically comprised of olivine and pyroxene with some minor carbonaceous phases, including diamond 
and graphite. The unusual abundance of diamond/graphite (up to 8.5 wt% [1]) in the group has been used to attempt 
to constrain the conditions of the ureilite parent body (UPB) with some authors hypothesizing the presence of dia-
monds is due to a large parent body with static high pressures [2]. Other authors believe the diamonds are a conse-
quence of high shock pressures from a large impact that may be responsible for the ultimate break up of the UPB 
[3]. Olivine is a particularly well constrained recorder of both tectonic and shock deformation [4-5]. Thus, studying 
the deformation microstructures of olivine within ureilites could constrain the origin of diamonds further, especially 
with regards to shock and breakup of the UPB. MIL 090980 is a ureilite meteorite that contains equigranular and 
aggregate olivine crystals up to 1 mm in size with core compositions of Fa22, surrounded by carbon rims [6]. This 
sample was chosen for this study as it has not been explored in great detail compared to other ureilites. Here we used 
quantitative petrological analysis using electron microscopy techniques to provide new evidence of the deformation 
history of the ureilite parent body. 

Methods: MIL 090980 was analysed on a Zeiss sigma variable pressure scanning electorn microscope (SEM) at 
the ISAAC facility at the University of Glasgow. Energy dispersive X-ray spectroscopy (EDS) and electron 
backscatter diffraction (EBSD) data were acquired to identify the chemical, mineralogical and structural characteris-
tics of the sample.  

 
Results:As shown in Fig. 1 the carbon 
(red) and iron (blue) are largely contained 
within vein networks that pervade the sam-
ple. These veins have then been displaced 
by micro-faults and possible ductile defor-
mation (top right image). 

Discussion: The micro-faults cross cut 
the carbon veins and so postdate their for-
mation. There does appear to be a general 
preferred orientation of micro-fault orienta-
tions across the sample. This suggests one 
prevalent stress field was experienced over 
the whole sample. One exception to this is 
the top right image which shows conjugate 
sets of faults with opposite senses of dis-
placement. This could suggests multiple 
deformation events or alternatively an al-
teration of the stress field during defor-
mation. EBSD will be conducted on these 
regions to determine the formation mec-
ahnism of these deformation micro-struc-
tures and results will be presented at the 

conference. 
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Figure 1: EDS maps of Miller Range 090980. Shows carbon-rich (red) and 
iron-rich (blue) veins within magnesium-rich (green) silicate minerals that 
have been affected by ductile and brittle deformation (yellow lines), orienta-
tions of which are labelled in black. .   
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