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Introduction: The unbrecciated, ultramafic, monomict, main group (95%) of ureilites are thought to have 

formed in the mantle of a large, differentiated carbon-rich asteroid that has since been disrupted [1]. The remaining 

~5% of ureilites are polymict breccias thought to represent the regolith on the surface or near-surface environment 

of the ureilite parent body (UPB) [2],  [3], [4]. On account of their chemical and isotopic diversity, the exact origin 

of ureilites is still a matter of intense debate, as is also the differentiation of the UPB. A recent iron-isotopic study of 

unbrecciated ureilites [1] concluded that the rate of melt-segregation on the UPB was insufficient to fully achieve 

differentiation and indicated that a further enhancing mechanism was necessary. In this regard, the suggestion that 

other factors, such as shear deformation, may enhance segregation rates of liquid metal from silicate matrix [5] has 

prompted us to perform a structural investigation of ureilites to determine any evidence for plastic deformation that 

would support the occurrence of shear deformation on the UPB. 

Samples: This structural investigation began with three ultramafic monomict ureilite samples (NWA 5725, 

NWA 8551 and NWA 7630) the results of which revealed signs of shear deformation. Yet, the relatively coarse 

olivine grain size in two of the samples (NWA 5725 and NWA 8551) limited the number of measurable grains 

which led to a reduction in the statistical robustness of their results. We then turned our attention to NWA 5996, 

whose comparably finer grain size promised abundant data points for robust statistical quantification. NWA 5996 is 

an ultramafic (90% olivine) monomict ureilite whose foliation and lineation were visible in hand specimen.      

Methods: Besides optical microscopy and scanning electron microscopy (SEM), electron backscattered diffrac-

tion (EBSD) was performed on the syton-polished surface of NWA 5996. Unlike the first three ureilites where, due 

to the coarser olivine grain size, manual or semi-automated EBSD data acquisition was more suited, NWA 5996 was 

analysed by automatic scanning over an olivine-rich area, using a stepsize of 2.5 µm, set at low gain (2) and 2x2 

binning. Data points indexed to a mean angular deviation (MAD) of <1.3 were automatically saved and the mean 

MAD was 0.816. EBSD data acquisition was performed using a JEOL SEM chamber, a 15 kV electron beam and at 

a working distance of 20 mm. Dynamic background noise reduction was performed before and after the scanning 

job. Almost 60,000 data points were recorded and over 7400 grains were identified and measured, including over 

4200 forsterite grains. HKL’s Channel5 Tango software was applied to generate maps showing phase distribution 

and orientation, grain and subgrain boundaries, euler orientation and grain size distribution. Stereographic projec-

tions (pole figures) were produced using HKL’s Channel5 Mambo. 

Results: The olivine in NWA 5996 showed clear preferred orientation with a strong fabric quantified to an M-

index [6] of M=0.16. The olivine results were subsequently separated into two grain size groups (<50 µm
2
 and ≥50 

µm
2
 grain surface area) and fabric strengths were quantified as M=0.05 and M=0.19, respectively. Thus, primarily 

the coarser grain size group (≥50 µm
2
) was responsible for the strong fabric strength and the preferred orientation 

pattern, whereas the finer grains displayed only weak deformation. Pole figures for NWA 5996 confirmed a strong 

lattice-preferred orientation (LPO) with point maxima density distributions of the orientations of all three main oli-

vine axes [100], [010] and [001]. 

Discussion and Conclusions: The results for both the third (NWA 7630) and fourth (NWA 5996) samples are 

both statistically robust with strong fabric quantifications, confirming that plastic deformation has taken place in 

both cases. Yet the results for NWA 5996 differ from those of NWA 7630. Whereas, the observed olivine LPO of 

NWA 7630 is unlike any LPO so far measured in experimentally or naturally deformed terrestrial olivine and, thus, 

the conditions prevalent during its deformation remain elusive, this is not the case for NWA 5996. The strong LPO 

of NWA 5996 indicates plastic deformation by the slip system (010)[100], the most common slip system activated 

in naturally deformed terrestrial olivine [7], an A-type fabric that develops under anhydrous conditions [8] and is 

dominant at very high temperatures of T ≥ 1573 K [9], [10], [11]. The LPO for NWA 5996 is clearly distinct from 

the axial compression LPO pattern found in rocks undergoing pure shear [12], such as at the bottom of a magma 

chamber.  
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