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Previous studies [4, 5] showed that carbonaceous xenoliths 
in Krymka contain uniformly dispersed regular crystals of graph-
ite, which were probably formed as a result of metamorphism 
from primary organic compounds. Recently, we found similar 
crystals of graphite (≤4x0.2 µm in size) within a primitive, fine-
grained rim around a polyzone, olivine-pyroxenes macrochon-
drule (6x4.3 mm in size). The rim contains rare grains of Ca, Al-
rich minerals (hibonite, anorthite, diopside and spinel), and its 
SiO2/MgO and FeO/(FeO+MgO) ratios are higher (3.11 and 0.86, 
respectively) than those of the opaque matrix [1].  

The macrochondrule consists of several concentric zones: 
the silicate core is surrounded by two metal-troilite-rich zones, 
which are separated from each other by a silicate zone. This 
whole assemblage is enclosed by the fine-grained rim. The metal-
troilite mantles contain rounded or irregular graphite grains with 
a fine, polycrystalline structure. The grains are larger (up to 100 
µm in size) than metal-associated carbon inclusions in primitive 
chondrites [3]. By these mineralogical features this unique mac-
rochondrule differs from other known chondrules and macro-
chondrules [2]. 

The following speculations about the nature of the two types 
of graphites found within the studied object can be made. Their 
presence points to an enrichment in carbon of the precursor mate-
rial of the macrochondrule and its primitive rim. The existence of 
two metal-troilite mantles in the macrochondrule attests to its 
multistage formation. A fine-grained, silicate precursor of the 
macrochondrule was probably mantled by a metal-troilite dust in 
a mineralogically heterogeneous dusty environment at least 
twice, like those of accretionary, fine-grained spherules within 
the Krymka xenolith BK 13 [6]. The following flash melting of 
the macrochondrule precursor, probably with partial evaporation 
of its surface led to the separation of immiscible metal-troilite-
silicate liquids and the preservation of the melted metal-troilite 
mantles. Crystallization of graphite during the formation of mac-
rochondrule must be connected with the presence of C-bearing 
material, for example C-containing metal or organic compounds 
in the precursor. The primitive, fine-grained rim of the macro-
chondrule was formed due to deposition of dusty particles onto 
its surface from a dusty environment before or during accretion 
of the Krymka parent body. Regular graphite crystals within the 
fine-grained rim were probably formed from primary organic 
compounds due to shock metamorphism of the Krymka parent 
body. Thus, the two types of graphite crystals, which differ in 
size, shape and structure, have different nature, i.e. metamorphic 
within the rim and “igneous” within the macrochondrule, due to 
distinct processing of the primary C-containing material. 

Acknowledgment: We are sincerely grateful to Claude Per-
ron for helpful discussion and correction of our English. 

References: [1] Huss G.R. et al. 1981. Geochim. Cosmo-
chim. Acta, 45:33-51. [2] Hutchison R. and Bridges J.C. 1995. 
Meteoritics 30:523-524.  [3] Mostefaoui et al. 2000. Geochim. 
Cosmochim. Acta, 64:1945-1964. [4] Semenenko V.P. et al. 
2004. Geochim. Cosmochim. Acta, 68:455-475. [5] Semenenko 
V.P. et al. 2005. Geochim. Cosmochim. Acta, 69:2165-2182. [6] 
Semenenko V.P. et al. 2001. Meteoritics & Planetary  Science 
36, 1067-1085.  

74th Annual Meteoritical Society Meeting (2011) 5003.pdf


