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Introduction: Until recent studies such as [1] and [2], 

research into shock metamorphism in chondrites has focussed 
upon the record in chondrule grains and other large olivines 
visible with optical microscopy [3, 4]. The CV Allende has 
previously been classified as S1 - essentially unshocked [5] – 
using this approach. However, it is important to consider the 
record in matrix. Models of impact-induced compaction make a 
number of predictions [1, 2] e.g., a heterogeneous distribution of 
shock and deformation over small distances of ~100s 
micrometers [1, 2, 6]. Work by [2] established a spatial 
relationship between impact wave propagation, chondrules and 
matrix configuration, e.g., the lee side of the chondrule shows 
limited deformation, exhibiting a deformation ‘shadow’ effect. 
The matrix will likely experience a much higher temperature 
during impact than adjacent chondrules, and localised melting 
may be possible [1, 2, 6]. Furthermore, variations across and 
within chondrule interiors and edges are observed in these 
models. These types of shock metamorphic textures have not 
been considered until these recent studies. Here we use electron 
backscatter diffraction  (EBSD) to search for the characteristic 
signatures of impact-induced compaction in Allende. We find 
abundant evidence for it, and our results indicate that a simple S1 
classification does not adequately describe the complexity of the 
shock record in this meteorite. 

Methods: Scanning electron microscopy techniques 
(including backscatter and secondary electron imaging) were 
used to identify matrix textures, fabric patterns and irregularities. 
We also used EBSD techniques to investigate the 
crystallographic arrangement of fabrics within the matrix, and 
textural relationships between the matrix and chondrules, which 
in essence, maps the degree of deformation. 

Results: Sizeable (100 µm) olivine chondrules show little 
deformation in their interiors, but an intragrain strain of up to 8° 
at the edges. However, we observe up to 20° intragrain strain 
across matrix grains. The misorientation axes correspond to low-
index directions in olivine, and are consistent with known 
dislocation slip systems. Low-angle (<10°) boundaries in 
individual matrix grains tend to align relative to each other, 
parallel to the elongation axis of elliptical chondrules. Therefore, 
these may be used as independent criteria for interpreting the 
dominant compaction direction within Allende.  

Conclusions: Allende probably experienced shock 
deformation. Chondrule interiors show little deformation whereas 
the matrix shows a high amount, consistent with modelling 
predictions that the matrix absorbs the vast majority of the shock 
on impact, and deforms accordingly, preserving low-angle 
boundaries in alignment with one another.  
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