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Composition and structure of black veins (width,< 3mm) have been studied in Barbotan and Char- 
sonville chondrites by means of optical microscope, X-ray diffraction, electron microprobe and neu- 
tron activation. Additional results obtained by SEM, IR-spectrometry and chemistry are given in [I]. 

Barbotan and Charsonville chondrites have the structure and mineralogy composition (olivine, 
orthopyroxene, kamacite, taenite, troilite, chromite, plagioclase, ilmenite, phosphate and recrystallized 
glass) of the equilibrated chondrites. Composition of kamacite, taenite and troilite is characterized by 
variations between and inside grains. These chondrites contain shock metamorphism evidences 
(intensive fracturing of the largest chromite grains; undulate and mosaic extinction in olivine, 
orthopyroxene and plagioclase; polycrystalline structure of the kamacite and troilite grains with 
regular monocrystals; unzoned ribbon-like areas of taenite with not uniform composition on the rim of 
the kamacite grains; relict zoned structure of the taenite grains and nearly complete absence of type N 
plessite; melt pockets with troilite droplets), which are slightly more intensive in Charsonville, than in 
Barbotan. 

INAA shows the matter of the veins contains smaller quantities of Na, Fe, Ni, Co and in some 
cases of Ir than the main (gray) part of the chondrites (table). The level of the depletion is higher in 
Charsonville chondrite. The black veins are cryptocrystalline and contain a system of subparallel 
cross-cut cracks; globular-, vein- and dust-melting structures of troilite and kamacite; unaltered single 
grains of olivine, kamacite and chromite. The metal-troilite globules and grains (sizes g 0.5mm) have 
dendritic and cellular structure. According to the X-ray data the black veins contain olivine, 
clinoenstatite, kamacite and troilite. Composition determination of the kamacite-troilite mixture is 
limited by the small sizes of the monomineral areas, especially in Charsonville chondrite. Kamacite 
and troilite composition in black veins differs from that in the main part of the chondrites by the 
following features: 1. Kamacite contains phosphorus, has a higher Ni-concentration, larger 
composition variations (fig), and no phosphate inclusions. In some cases an increase of P and rarely 
Ni on the metal-troilite border is noted. It may be c o ~ e c t e d  with the presence of microrhabdite 
crystals. 2. Troilite contains Ni, P (in Barbotan, mass.% - 1.23-2.30Ni, 0.03-0.66P; in Charsonville - 
0.44-2.03Ni, 0.07-0.26P) and has no phosphate inclusions. Concentrations of P and, in some cases, 
Ni in kamacite in black veins are higher in Charsonville than in Barbotan. 

From the above mentioned differences in structure, mineralogy and chemical composition, we can 
infer that the black veins and the main part of the chondrites have suffered different levels of shock- 
metamorphism transformation. Comparison of the shock-metamorphism evidences in olivines of the 
main part of chondrites with experimental data [2] indicates a shock pressure of 25-35GPa. The shock 
temperature in the remelted pockets of the chondrites reached 3950°C. The near complete destruction 
of type IV plessite points to a residual temperature in chondrites >,500°C [3] and the morphology of 
kamacite crystals to a relatively slow cooling through 400-450°C. 

The temperature in black veins during shock heating was higher than the melting temperatures of 
metal and silicates and reached about 1450-1500°C followed by rapid cooling. Scott [4] showed 
dendritic and cellular structure of the metal in troilite is formed in conditions of cooling rates of order 
1-300Ws. Taking into account the experimentally established linear correlation between cooling rate 
and Ni content in troilite [S], this result agrees with our measured troilite composition. 
The present data confirm the conclusion [6 ,7  of formation of the black veins in chondrites as a result 
of shock metamorphism, possibly induced by repeated shocks. At the same time, the simultaneous 
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action of another process (for example, introduction in cracks of hot gases from deep in the parent 
body) [a], stimulated by intensive shocks cannot be excluded. 
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Table. Contents of Ca, Fe, Ni (mass %) and trace 
elements @pm) in Barbotan and Charsonville chondrites. 

Fig. Contents of Ni and P in kamacite of black veins ( 0  - Barbotan, A - Charsonville) and main 
part of Barbotan ( I )  and Charsonville (1) chondrites. 
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Barbotan 

Na 
Ca 
Cr 
Sc 
La 
Sm 
Fe 
Ni 
Co 
Ir 
Au 
As 
Sb 

Charsonville 
Main part 

8820 

4835 
6.9 

27.3 
1.72 

705 
0.83 
0.26 

Main part 
8020 

3805 
7.6 

32.0 
2.08 

1060 
0.94 
0.31 

Black vein 
4375 

< 1.2 
2235 

4.0 
1.14 
0.21 
10.8 
0.75 

290 
0.27 
0.18 

0.6 

Black vein 
4295 
C 2.5 

4335 
7.5 

< 0.5 
0.18 

25.1 
1.68 

720 
0.90 
0.39 
9.9 
1.4 


