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     Introduction:  The Kunashak shocked S4 L6 chon-
drite from the Chelyabinsk Province of Russia exhibits 
an unusual dual lithology of light and dark portions.  
Other papers on such unusual chondrites (e.g., [1-3]) 
have noted the lack of significant change in overall 
silicate compositions between these portions, but the 
darker lithology can show enrichment of volatile gases 
and different distributions of opaque materials, i.e., 
metals, sulfides, and oxides.  In this paper, a textural 
and mineralogical description of each portion will be 
developed, a comparison to the Park Forest chondrite 
will be made, and an interpretation will be posited as 
to the petrogeneses of the Kunashak chondrite. 
     Methodology:  Polished thin sections of the light 
and dark lithologies of the Kunashak meteorite were 
studied optically using both transmitted and reflected 
light.  A Cameca SX 50 electron microprobe was used 
to obtain BackScattered Electron (BSE) images and 
wavelength-dispersive chemical analyses.   Operating 
conditions were 15 kV potential, 20 nA beam current, 
spot size of 1µm, and count times of 20-40 seconds.  
In addition, an approximate modal analysis of opaque 
phases (metals, sulfides) was obtained by “area analy-
sis” using graph paper. 
      Petrographic Description:  Both the light and 
dark portions of this meteorite consist of poorly de-
fined chondrules with an average of ~ 1.0 mm diame-
ter.  The dominant phases are euhedral olivine-
pyroxene intergrowths with interstitial feldspar.  
Barred olivines are in abundance of 20-30%.  Chon-
drules are generally depleted in opaque phases (i.e., 
FeNi and troilite), but frequently these phases are con-
centrated along the outer edges in singular small grains 
and veinlets.  The matrix material is difficult to distin-
guish from potential chondrule fragments because the 
whole of the specimen is heavily re-crystallized.  Total 
opaque abundance is approximately 4.6% in the dark 
portion, and 4.8% in the light.  The most significant 
textural difference is the relative proportion of FeNi 
and troilite.  The light portion contains 77.9 modal % 
of troilite, which is significantly greater than dark por-
tion abundance of 43.6 modal %. 
     Metamorphic alteration and shock effects are ap-
parent.  This is evidenced by a lack of appreciable 
chemical zonation in olivine and pyroxene, an appar-
ent re-crystallization of matrix material, and indistinct 
chondrules boundaries with euhedral phenocrysts.  
Abundant fractures, weak mosaicism, and undulatory 
extinction in many mineral grains represent shock fea-
tures.  Overall, this chondrite is a shocked monomict 
breccia [2].  

     Results and Discussion: Mineral compositions, 
shown by average compositions of olivines, pyrox-
enes, and feldspars, in Table 1, are not distinctly dif-
ferent between the light portion and the dark portion.  
No chemical zonations were apparent in individual 
grains, suggesting equilibrium phases.  Metal data 
show a slight Fe-enrichment of FeNi metals in the dark 
portion; sulfide data show troilite as the primary phase.  
It is notable that no significant distinction in mineral 
compositions appears obvious between light and dark 
portions of the meteorite.  Other studies (e.g., [1-3]) of 
light versus dark portions of meteorites have also 
noted similar mineralogies between the two portions. 
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     Summary:  The Kunashak chondrite displays no 
major textural differences between light and dark 
lithologies, with the exception that the light portion is 
more enriched in troilite with respect to the dark.  
Chemical analysis data also demonstrate no differences 
in mineral chemistry between the portions.  With re-
gards to the petrogenesis resulting in dual lithologies, 
studies have hypothesized that such dual lithologies 
arise from metamorphic effects, and dark lithologies 
have developed from light.  As an expansion and syn-
thesis of these ideas, this paper suggests that the dual 
lithologies were native to the parent body as a function 
of exposure to irradiation and shock metamorphism.  
Subsequent impacts effectively mixed these lithologies 
into the dual-lithology chondritic meteorites found 
today.  

Table 1: Average compositions of olivine, pyroxene, and 
feldspar in light and dark portions of Kunashak. 
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(mol %) Light Dark 
Olivine     

Fa 24.5 ±0.5 24.8 ±0.3 
Pyroxene     

Wo 1.55 ±0.30 1.63 ±0.15 
En 77.7 ±0.4 77.5 ±0.3 
Fs 20.7 ±0.4 20.9 ±0.3 

Feldspar     
Ab 83.5 ±1.6 84.4 ±1.0 
An 10.7 ±0.4 10.7 ±0.5 
Or 5.83 ±1.80 4.93 ±0.84 
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