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Hand specimens of the Leoville meteorite display a strong 
preferred orientation of chondrules (1,2). Measurements (3) 
showed that Leoville had the highest degree of orientation of all 
C3-chondrites measured. This preferred orientation is also 
visible in thin sections and includes chondrules, Ca-Al-rich 
inclusions (CAI's) and fragments, as well as small metal and 
sulphide particles in the matrix. Most chondrules show an ellip- 
soidal cross section. ~ o s t  CAI's are elongated, and all have 
their long axes aligned into one direction. Many of the CAI's 
have well-developed rim sequences,which are thought to be 
primary, i.e. pre-agglomeration features (4). These rims as well 
as the delicately convoluted surfaces of some are well preserved 
around all sides of these inclusions. This seems to indicate 
that the agglomeration and sedimentation on the parent body was 
a rather gentle process and that the preferred orientation 
originates from the alignment of already asymmetric particles at 
this stage. The other possibility would be plastic deformation 
which flattened chondrules and inclusions into the same direction 
without destroying their original structure. 

In order to provide additional information, a transmission 
electron microscope (TEM) study has been started on a coarse- 
grained CAI, specimen Leo-1 (5,6), and a granular olivine-rich 
chondrule. 

TEM of CAI. (a) Melilite: Many, but not all melilite grains 
display a high dislocation density in the order of 10~cm'*. Some 
grains are fragmented into subgrains by low-angle grain bounda- 
ries originating from a deformation process. Such boundaries 
have not been seen in artifically shocked melilite (7,8). Dia- 
plectic melilite, glass was not found in the CAI, which indicates 
that - if shock compression took place - the peak pressure of the 
shock wave was below 15 GPa (7 8). (b) Spinel: Some grains 
showed a high density ( 109cm-~) of dislocations belonging to 
the slip system 1/2 <I 10, {I 1 1 3  . No twin lamellae of the {I 11i 
law were observed; their occurrence would have strdngly suggested 
shock deformation (7,8). (c) Anorthite: All anorthites studied 
had sharp a-,b-,c- and d-reflections.-They contain b-APB's, 
originating from the transition ~ i 3 1 1 ,  and c-APB's (c£.7,9).In 
some cases the spacing of the b-APB's was smaller than that of 
the c-APB's. No diaplectic anorthite glass was found. Most of 
the anorthites show crystal defects which we did not yet properly 
characterize: They resemble in some respects point defect 
clusters and small loops known from neutron irradiated materials. 
We mention that in anorthites from this CAI Al-correlated 2 6 ~ g  
excess was measured (6). 
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TEM of the chondrule. (a) Olivine: The forsteritic olivine2 
grains display a high density of dislocations (-1 09to 1 0 ~ ~ c m -  ) , 
mostly srew dislocations with the Burgers vector &01] , in 
agreement with (2). Dislocations of this type are characteristic 
of deformation processes at low temperatures and high strain 
rates (10). In a few cases, dislocation loops were seen. They 
suggest some, although a low degree of recovery. (b) Ca-rich 
clinopyroxene: The presence of twin lamellae of the (001) law 
is characteristic of shock deformation (11). 

Summarizing our TEM-observations, we see that the crystal 
defects in olivine and clinopyroxene of the chondrule are 
indicating shock compression; however, characteristic shock 
effects are lacking in the minerals of the CAI. Provided that 
shock waves are the only possible cause of deformation, we may 
overcome the conflict by suggesting that the minerals of the 
CAI were at high temperatures ( >0,5 Tm) when they were shocked. 
It is not clear whether thechondrule and the CAI have been 
deformed by the same event or not. 
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