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A texturally distinct elongate domain dominated by small chondrule fragments 
was identified.  The linear lower boundary and truncations of a chondrule, CAI 
and opaque-rich clast  indicate structural offset (i.e., faulting).      

Results:
     Leoville exhibits elongate chondrules (presumably from flattening in 3D) with a well-defined preferred 
orientation as described in previous studies [6,7]. We obtained matrix/inclusions ratios close to the ratios of 
[8]; the lower matrix/inclusions ratio of Leoville suggests greater compression of Leoville than Vigarano. 
     Two distinct textures occur in our section of Vigarano: (1) a host domain with large chondrules separated 
by wide swaths of matrix; and (2) a clastic domain rich in small chondrule fragments separated by thin 
seams of matrix. Chondrules in the Vigarano host domain appear more equant than those of Leoville. The 
clastic domain has a sharp lower boundary and more diffuse upper boundary. Some whole chondrules 
occur in the fault zone, but the zone is dominated by chondrule fragments that are much smaller than 
chondrules of the host domain. A chondrule, a CAI and an opaque-rich clast are truncated and offset at the 
lower boundary of the clastic domain. 
     From the truncation of chondrite components along the host/clastic domain boundary and the 
fragmentation of chondrules in the clastic domain, we infer that the boundary is a fault and the clastic 
domain can be considered a fault breccia. Brittle deformation in Vigarano sugests a relatively cool setting 
near the parent body surface, wheras the ductile deformation of Leoville implies a higher-temperature 
setting in the interior of the parent body.

Sizes (areas) of Chondrules

BSE photos taken by SEM showing that inclusions were cut at the lower boundary of the fault zone. From left to right, 
the truncated inclusions are chondrule, CAI and, opaque-rich clast.  Each inclusion shows an elongate remnant to 
upper left, suggesting left-lateral offset along the boundary.

Orientations of long axes of chondrules, CAIs, AOAs in Leoville and 
Vigarano (rose diagrams were drawn using online java script “rose 
diagram” (website maintained by Hajime Naruse at 
http://turbidite.secret.jp/?Java%20for%20Sedimentology)

Modes of chondrite 
components

Aspect ratios of inclusions Orientations of long axes of inclusions
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Overview:  Several previous 
studies address differences 
between oxidized and 
reduced CV chondrites.  
Here, we compare types of 
deformation in two CVred 
chondrites, Leoville and 
Vigarano (Vigarano is 
dominantly CVred, but has 
some oxidized components.)

Introduction:  
The CV3s have been divided into three subgroups-- 
oxidized Allende-like (CV3oxA); oxidized Bali-like(CV3oxB) 
and reduced (CV3red)--based on differences in 
metal/magnetite ratios, and olivine and sulfide 
compositions [1,2].  Several other differences between the 
CV3 subgroups appear to be due to deformation in the 
CV3 parent body/bodies, including the following properties 
of CV3red:  higher shock deformation of olivine [3,4]; lower 
porosities [5]; greater flattening of chondrules [6,7]; and low 
matrix/inclusions ratios ( “inclusions” = chondrites + CAIs + 
AOAs) [8,9].  Differences in deformation may have exerted 
a control on fluid-rock interaction during subsequent 
metamorphism [10,11].  
In this study, we compare deformation in two CV3red 
chondrites, Leoville and Vigarano (Vigarano is dominantly 
CV3red, but has some oxidized components).  We use 
2D-chondrule shape, modal matrix/inclusions ratios, and 
chondrule orientations to compare deformation.  A clastic 
zone in Vigarano is characterized by closely-spaced, small 
chondrule fragments distinct from Vigarano host, and 
reveals an episode of brittle deformation that contrasts with 
the ductile deformation of Leoville.       

Methods:  
Imaging:  Mosaics of one polished thin section (pts) of 
Leoville and one pts of Vigarano were prepared in plane 
polarized and reflected light; and in back-scattered electrons 
(BSE) and several elements by X-ray mapping using a 
JEOL JXA-8900 electron probe micro-analyzer (EPMA) at 
Waseda University (WU).  A detailed elemental map (step 
size = 2 µm vs. steps of 6 and 7 µm for the pts maps) was 
collected of the clastic zone in Vigarano.  Additional imaging 
was conducted using a Hitachi 3400N scanning electron 
microscope (SEM) at WU.    Images were mosaicked 
together in Adobe Photoshop (AP) and overlain as separate 
layers in Adobe Illustrator (AI).  
Characterizing chondrite components:  The images were 
used to identify chondrite components (mainly chondrules, 
CAIs, AOAs = “inclusions” , and matrix).  Inclusions were 
traced in AI.  Inclusions as small as 100 µm across in the full 
pts images and 50 µm across in the clastic zone were 
traced.  Long and short axes of the inclusions were drawn in 
an AI layer.  Lengths and orientations of axes, and 
chondrule areas were determined using AI and AP 
commands, and transferred to spreadsheets.  Modes were 
determined by counting on grid nodes in an AI layer.               
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