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The origin and history of the white Ca-Al-rich inclusions 
(CAI's) occurring in chondritic meteorites is still an open 
question which is not yet satisfactorily answered. It is gener- 
ally accepted that the. microstructure of minerals reflects their 
genesis and their thermal, mechanical and irradiation history. 
Thus, it should be possible to deduce formation mode and history 
of rocks from mineralogic investigations of the microstructure. 
In practice, however, this turns out to be difficult, because 
experimental data are lacking and therefore, the observations 
cannot be interpreted properly. We try to provide background for 
interpretation of the microstructure of CAI's by experimental 
studies on minerals which are constituents of such inclusions. 
Some results of our current work are summarized in this paper 
and their possible application to CAI's is critically discussed. 
As far as we know, there are only a few observations on the mi- 
crostructure of minerals from coarse-grained CAI's (1) published. 
Grossman (2) mentions deformation bands in melilites from Allen- 
de. Dominik and El Goresy (3) report on various shock features 
in anorthite, pyroxenes and melilite from CAI's from Allende and 
Leoville. Transmission electron microscope (TEM) studies of 
crystal defects in minerals from CAI's of Allende and Leoville 
were contributed by Muller ( 4 ) ,  Martin and Barber (5) and Miiller 
and Wlotzka (6). In the following, we report on the results of 
shock wave experiments on spinel and melilite and of crystal 
growth experiments on anorthite. 

Spinel, MgAl2g41 We have performed shock experiments with peak 
pressures between 25 and 50 GPa on synthetic single and poly- 
crystalline spinel and studied the recovered samples by means of 
TEM (7). Spinel of all samples showed slip dislocations of the 
type 1/2 (110) f1114 , mainly edge dislocations, which were in- 
duced by plastic deformation connected with the shock wave pas- 
sage. (This slip system is also observed in spinel deformed at 
high temperatures and low strain rates (8)). In addition, all 
shocked spinel samples display twin lamellae - their width is 
varying between 5 and 500 nm - of the 1 1 1  twin law. - Slip 
dislocation belonging to the siip systemil/# 4 1 1  0> f1113 have 
also been observed in spinel grains from CAI's of Allende (4) 
and Leoville (6). However, no twin lamellae were found so far. 
While the first observation would be consistent with shock de- 
formation, the second is not. If one accepts shock waves as the 
only likely deformation mode acting in the history of meteorites, 
one could speculate that the spinel grains had been shock de- 
formed at very high temperatures at which twinning was energet- 
ically not favored. 

Melilite: Shock recovery experiments in the pressure range 
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1 1  to 50 GPa were carried out on natural melilite (7). 

The following shock effects were observed by means of TEM: 
slip dislocations with various Burgers vectors, amorphous 
lamellae, and in all samples (but their amount increasing with 
pressure) partial to complete vitrification, that is diaplectic 
melilite glass. This was proven by electron diffraction. Our 
TEM observations on melilites from Allende and Leoville are 
different from those on our experimentally shocked samples. We 
did not see so far diaplectic melilite glass in Allende and 
Leoville. In addition, we found in melilite from CAI's low 
angle grain boundaries, which did not occur in the experimen- 
tally shocked melilite. If one maintains that shock waves are 
the operating deformation process one could speculate that hot 
melilite was deformed by shock waves of rather low peak pres- 
sure ( <I5 GPa). 

Anorthite: It has been shown that anorthite crystallizes 
from CaA12Si208-glass at 1 4 3 0 ~ ~  first in the metastable C7- 
structure (c +7A) with disordered Al/Si-distribution and trans- 
forms, when held at this temperature, into the 17structure with 
ordered Al/Si-distribution (9). This was deduced from the pre- 
sence of the-so-called ~-APB'S which are finger-prints of the 
transition ~1417. The occurrence of the C1-structure was recent- 
ly directly proven: Anorthite grown by devitrification of 
CaA12Si 0 -glass at room temperature showed only type a-reflec- 
tions, &if not reflections characterictic of the anorthite 
structure with ordered Al/Si-distribution. In nature, b-APB's 
have been found in magmatic but never in terrestrial metamorphic 
rocks (10). It is tempting to use the presence or absence of 
b-APB's as indicator for crystallization from the melt or from 
reaction in solid state, resp. (4). However, the formation of 
anorthite in terrestrial metamorphic rocks certainly takes place 
at temperatures far below IOOO~C, aided by hydrous fluid phases. 
Therefore, we have to examine if b-APB's occur in anorthite pro- 
duced by dry sintering of solid components at temperatures > 
1000~~. Experiments into that direction-are underway. The 
general problem lies in the fact that C1-anorthite does not 
possess a field of thermodynamic stability. Thus, the crystal- 
lization of cT-anorthite is a matter of kinetics.' 
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