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It has been recognized for some time that  many ordinary chondrites possess 
foliations defined by preferred orientations of ellipsoidal chondrules. One especially 
pronounced example is the  Parnallee LL3 chondrite. This fabric has been ascribed t o  
sedimentary accretion of non-spherical chondrules (1) or postaccretional deformation 
due to  compaction-(2). The occurrence of chondrites with nearly spherical chondrules 
(3) argues for the la t ter  interpretation; consequently, i t  is important t o  quantify and 
understand the  strain recorded in these meteorites. Because of the difficulty in making 
such measurements, only one chondrite (Leoville CV3) has been studied in this way (4). 
The analysis depends on the  presence of appropriate strain markers, for which deformed 
chondrules suffice. The problem is tha t  a number of properly oriented, cu t  surfaces a r e  
required to  provide statistically meaningful measurements. 

A sample of the Parnallee chondrite (USNM 5621) contains three mutually 
perpendicular surfaces and is suitable for strain analysis. The apparent strain ellipses 
for each face have been determined by several independent methods. The average 
chondrule axial ratios determined by the technique of (5) for each face  are: 1.64 + .41 
( face  A), 1.56 + .35 (B), and 1.34 + .28 (C). Histograms of individual chondrule G i a l  
ratios from which these average values were derived a r e  illustrated in fig. 1. The 
method of (6) gives an estimate of whole-rock strain, rather than for chondrules alone. 
Strain ellipses for each face determined by this method are  pictured in fig. 1. These 
axial ratios, 1.87 (A), 1.66 (B), and 1.58 (C), a re  slightly but consistently higher than 
those for chondrules only, indicating that  inter-chondrule material has absorbed more 
strain than chondrules. This extra  strain component could be accomodated by reduction 
in matrix porosity and/or more pronounced deformation of metal  grains. The measured 
strain ellipses a r e  of course only sections of the true strain ellipsoid. We a re  presently 
investigating a numerical method for calculating the shape and orientation of the  true 
strain ellipsoid from these data. However, a minimum value of strain experienced by 
the meteorite can be est imated from the  strain ellipse with the  highest axial ratio. The 
whole-rock strain ellipse for face A corresponds to  a uniaxial shortening of 2 1  percent. 
At geologically reasonable strain rates, the minimum strain would require 7 x lo5- lo7  
years for development. 

Two observations suggest that  this deformation was not produced at high 
temperature. First, Parnallee is a type 3 chondrite tha t  has never experienced 
protracted heating, and foliation in ordinary chondrites does not correlate with 
petrologic type anyway (1). Second, the  mosaicism and undulose extinction pat terns  
observed in chondrule olivines and pyroxenes indicate tha t  no thermal annealing has 
occurred. Types of dislocations and their density may provide constraints on the  
deformation mechanism, and consequently temperature, deviatoric stress, and strain 
rate.  The implications of these strain measurements must await  the  determination of 
the  shape and orientation of the true strain ellipsoid and the deformation mechanism. 
However, this strain analysis should be useful in understanding magnetic anisotropy and 
porosity reduction in ordinary chondrites, a s  well a s  in reconstructing the possible 
physical s t a te  and conditions in asteroidal interiors. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



STRAIN ANALYSIS 
Sneyd, D. S. et aL 

Fig. 1. Histograms of chondrule axial ratios 
and apparent strain ellipses for 3 faces 
of the Parnalee chondrite. 
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