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Introduction:  In only two meteorites, Krymka 

and Supuhee, a very rare, fine-grained mysterious ma-
terial has been discovered so far. Laul et al. [1] de-
tected in these two ordinary chondrites an enrichment 
in Ag, Tl, and Bi. They concluded that this enrichment 
has its origin in a late condensate introduced during a 
brecciation event. Since a petrographic carrier of the 
volatiles could not be specified, they named this fine-
grained areas “mysterite”. Higuchi et al. [2] studied by 
radiochemical neutron activation four mysterite frag-
ments from the H6 chondrite Supuhee, whereas 
Grossman et al. [3] investigated with electron micro-
probe a mysterite-bearing inclusion from the Krymka 
LL3.1 chondrite. Although they used very different 
analytical techniques, both groups concluded that mys-
terite belongs to an unknown kind of carbonaceous 
material condensed in a special nebular region. 

Another carbonaceous clast (K1) from Krymka 
with similar mineralogy was studied by Semenenko et 
al. [4, 5]. The presence of organic compounds, micro-
crystals of graphite and an anomalous enrichment in 
Ag are distinctive features of this clast. It was sup-
posed that the graphite was formed from the organic 
compounds as a result of metamorphism [5]. Due to 
this features mysterite was interpreted as the most 
likely material with a cometary origin [6]. 

In our study we carried out an additional detailed 
investigation of the Krymka carbonaceous clast K1 by 
using reflected light microscopy, scanning electron 
microscopy, secondary ion mass spectrometry, and 
transmission electron microscopy (TEM). The aims of 
the study were to investigate structural features and 
nature of graphite and the other minerals. Here we 
present preliminary results of TEM analyses, which we 
made on a thin section prepared by focussed ion beam 
(FIB) technique. 

Method:  A ~1.5 ×1.5 mm² and 200 µm thick pol-
ished section of mysterite was prepared for the investi-
gations. To get a 100 nm thin slice for TEM analyses 
the very new FIB technique was used. In this method a 
TEM specimen can be cut out of a thick section by an 
ion beam generated from a gallium liquid metal ion 
source. The ions irradiate a pre-determined sample 
position ~15 µm in length and ~10 µm in depth from 
both sides until a ~100 nm thin section is generated. 
For TEM investigations, which were performed with a 
JEOL JEM 3010 instrument (300 kV), the thin section 
will be positioned on a carbon coated copper grid. 

Results:  First TEM analyses show that the inves-
tigated thin section contains the following minerals: 
forsterite, enstatite, graphite, and an FeS-phase. 

Forsterite with an average grain size of 1 µm is an 
abundant phase in this specimen. First TEM investiga-
tions show no significant hint for a high dislocation 
density (Fig. 1) as it would be expected from a meteor-
ite classified as S3 [7]. 

Enstatite, with the same size as olivine shows only 
one defect in TEM scale: clinoenstatite lamellae 
(Fig. 2) parallel to (100). Corresponding diffraction 
patterns of areas with high occurrence of clinoenstatite 
indicate typical streaking of spots along the reciprocal 
a* direction (Fig. 2, insert). Trigger for this ortho-/ 
clinoenstatite inversion are shear stress [8] or rapid 
cooling from protoenstatite [9]. 

Graphite pervades the sample as lamellae crystals 
or flakes (Fig. 3) ~100 × 400 nm² in size. The diffrac-
togram (Fig. 3, insert) shows discrete spots, reflecting 
the well-developed crystalline character of this mate-
rial. Some crystals seem to be broken into two flakes. 
Other crystals show kinking within one flake. 

FeS is a rare phase in this section. Only one FeS 
~1 × 0.7 µm² grain was found so far (Fig. 4). At this 
point it is unclear if it is a hexagonal superstructure of 
troilite or the monoclinic superstructure of pyrrhotite 
[10]. In both cases quenching can release a superlat-
tice. 

Conclusions:  Concerning the studied sample, for 
enstatite it is difficult to distinguish between the two 
possibilities (shear stress or rapid cooling) on the ori-
gin of the ortho-/clinoenstatite lamellae. Considering 
the fact that the superstructure of the FeS is a result of 
a quenching process, rapid cooling is more likely. The 
occurrence of well crystallized graphite in the fine-
grained area is an indicator for metamorphism [11], 
because the degree of crystallization of carbonaceous 
material increases with metamorphic grade. For the 
olivine it is difficult to exclude the presence of a 
higher dislocation density. In shocked olivines the 
most prominent effect is the formation of dislocation 
with Burgers vector c, unfortunalety we had no chance 
to look in the right direction so far. 

Further TEM investigations will deliver more in-
formation about the open questions. 

The relatively new FIB technique to produce thin 
sections for TEM investigations is an excellent method 
especially if the substrate is a fine-grained material. 
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Fig. 1: Bright field image of olivine with dislocations. 

 
Fig. 2: Bright field image with ortho-/clinoenstatite 
lamellae. Corresponding diffraction pattern shows 
typical streaking in the [100]* direction. 

 
Fig. 3: Bright field image of a graphite flake (G), 
which seems to be broken into two flakes. The discrete 
spots of the SAED pattern reflect the crystalline char-
acter of graphite. 

 
Fig. 4: Bright field image of the FeS-phase. 
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