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Abstract. EPMA, optical microscopy and TEM studies of lamellar olivine in Divnoe have revealed several different types of  lamellar 
structure. The lamellar structure seen in BSE images is caused by minor variations in Fe and M g  contents between adjacent lamellae. The 
lamellae seen in  TEM images are caused by linear arrays of dislocations parallel to the olivine c-axis which define the lamellar structure 
seen in transmitted light. The t w o  types of lamellae have the same orientation within grains studied but do not correspond t o  each other. 

The Divnoe meteorite is a granoblastic olivine-rich primitive achondrite whose textural and mineralogical characteristics suggest 
extensive recrystallization and slow cooling in the temperature range from - 1000 to  -500°C and lower [ I ] .  In spite of this, in back- 
scattered electron (BSE) images many, i f  not all, olivine grains show a lamellar appearance caused by minor chemical variations [1,21 in 
Fe, M g  and M n  contents between adjacent lamellae. These variations are superimposed on a large-scale compositional zoning in some 
olivine grains. In three grains studied by EPMA [21 the differences between Fe-richest and Fe-poorest lamellae are found to be 2.7, 3.0 and 
3.2 mol.% Fa, wi th  a strong positive correlation between Fe and Mn, which was only the minor element present in significant (>  0.05 
wt.%) concentrations. Several mechanisms have been suggested to explain the lamellar structure of olivine, but none of them is 
satisfactory 111. In order to understand the nature of chemical variations in lamellar olivines we are carrying out EPMA and TEM studies 
of other lamellar olivine grains. 

Eight grains of lamellar olivine studied here by EPMA and optical microscopy display slightly different structures shown in Fig. 
1. An 'ordinary' lamellar appearance in BSE images, where alternating light (Fe-rich) and dark (Fe-poor) lamellae up to  some tens of pm in 
thickness form a regular pattern (Fig. 1 A), has been found in many grains, but only grain # I  displays a similar structure in transmitted 
light (Fig. 1B). Some grains are composed of diffuse lighter and darker areas which contain bright (Fe-enriched) disk-shaped lamellae 
decorated by dark irregular domains (Fig. 1C). The larnellae have a system of cracks perpendicular to their elongation direction. While some 
cracks continue to the darker groundmass, they seem to be a distinctive feature of the Fe-rich lamellae in many grains. One of  the grains 
studied has a spotty structure (Fig. 10)  instead of a lamellar one, wi th  some arrangement of light and dark domains. The arrangement 
may be caused by a crossing of lamellae developing in different directions. Several similar grains has been found in Divnoe earlier [21. 

In spite of the structural differences between the grains studied, the compositional variations between lamellae (Fig. 2) display 
similar patterns wi th  the strong correlation between Fe and Mn. While the compositional ranges of Fe-poor and Fe-rich lamellae overlap, 
the differences between lamellae richest and poorest in fi are quite similar (Table 11, suggestive of their formation due to  an equilibrium 
process. The more restricted compositional differences between larnellae within grains #5A and # 6A, which have thinner lamellae, may 
be caused by contamination of the analysis wi th  the adjacent lamellae. Both the ranges of chemical variations and Fe-Mn correlations 
are almost the same as those found earlier [21. 

Only grain #1 has been studied by TEM so far. I t  contains an extremely high density of dislocations, which are typically 
concentrated in very narrow bands parallel to c-axis. These linear arrays of dislocations are rarely continuous and the maximum length 
observed is of the order of few microns, parallel t o  c. It is these linear arrays of dislocations which define the lamellar microstructure of 
the olivine observed optically (Fig. 1B). Despite the linear arrays of dislocations, there are few regions within the olivine where a clear 
interface has developed as a result of coalescence of dislocations. The olivine lattice in most cases is continuous across the region where 
the dislocation density is high, but is obviously highly strained. The thickness of the "lamellae" defined by the linear arrays of 
dislocations is typically of the order of 1 p, which is much less than the compositional lamellae observed by BSE imaging. I t  is clear that 
the arrays of dislocation do not correspond to  interfaces between Fe.rich and Fe-poor lamellae. EDS analyses in the TEM confirm that the 
adjacent lamellae defined by the linear arrays of dislocations have identical compositions. However, the compositions of olivine measured 
in different places within the grain #1 vary from 24.1 to 27.6 mol.% Fa, which is practically identical to the range observed in EPMA 
study (Table 1). The nature of the interfaces between compositional lamellae requires further investigation on the TEM scale. 

The question now is how this type of microstructure has developed and how it relates to  the compositional lamellae. Among 
several mechanisms discussed by 111, shock and static deformation may be excluded since an exsolved pyroxene adjacent to  the grain #1 
displays extremely low dislocation densities. Another possibility is that the dislocations are the result of an exsolution process where 
strain energy in the olivine is generated by the formation of t w o  compositionally distinct lamellae which have different molar volumes. 
This is in qualitative agreement wi th  the calculated low-temperature miscibility gap in ferromagnesian olivine solid solutions [3], but the 
volume difference (0.1 4J.2 %) for lamellae only 2 mol.% Fa different does not seem high enough to  cause such a high degree of strain 
energy. Further studies are in progress of other grains in Oivnoe to elucidate the origin of these unusual microstructures. 
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Fig. 1. fvlicrostructures of olivine grains. A - "Ordinary" lamellar 
shown in Fig. 1 B. B - Lamellar structure in the grain #1, transmitted 
image. Scale bar 100,m.  D - Spotty structure in the grain #11, BSE 

Table 1. Chemical variations within lamellar Fig. 2. Fe . Mn correlation within lamellar olivines. 
olivnes (fa, mol.%), 

Grain Fepoor Fe-rich Range 
I I I I I I I I I J I 4 I I I I I I I I I I I I I I I I I I I I I I I I I I I  
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