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Introduction: The Chelyabinsk meteorite is ordinary chondrites, type LL5 S4 W0 according to international 

classification. This meteorite substance consists of several visually distinguishable structural zones - lithologies [1]. 

Depending on the degree of metamorphism, lightly deformed light and shock-melted dark areas are distinguished. In 

the dark area, there are two zones - gray with melted silicates and black with melted sulfides [2]. The presence of 

such zones indicates that shock events occurred in the history of the parent body, which possibly causing a partial or 

complete remelting of the original structure. The fragments with light lithology are of particular interest since they 

more closely correspond to the original substance of the parent body. 

Experimental:  For the study, eight fragments of the Chelyabinsk meteorite with light lithology were selected 

from the collection of the Ural Federal University Meteorite Expedition. For convenience, the samples were divided 

into three groups  (A, B, C). After cutting, the surface of the samples was prepared by grinding and polishing. A 2% 

solution of nitric acid in alcohol was used as an etchant. The meteoritic metal microstructure was examined using 

Zeiss Axiovert 40 MAT inverted microscope and FE-SEM ∑IGMA VP electron microscope with EBSD and EDS 

units. 

Results and Discussion: Metal particles in the studied fragments have different phase and structural composi-

tion. There are α-Fe (Ni) kamacite and γ-Fe (Ni) taenite with a different structure. Therefore, we divided all the ob-

jects under study into three groups: 1) А1 fragment with unchanged chondrite metal structure, 2) fragments B1 and 

B2, which metal grains contain cloudy zone-like structure and 3) fragments C1, C2, C3, C4, and C5, which metal 

shows martensite-like structure. 

The metal structure of the А1 fragment is characteristic of ordinary chondrites and has not undergone any chang-

es. There are particles of zoned taenite with areas of tetrataenite and cloudy zones. In the same fragment, the mineral 

Haxonite and lenticular martensite were previously found in the particle of taenite [3, 4]. 

In the fragments of the second group, particles similar to zoned taenite with a highly etched fine-grained center 

and light polycrystalline rim are observed in the optical microscope. At a higher resolution, a plessite structure (α + 

γ) with an intergrowth size of the order of several hundred nanometers is revealed in the central part. However, 

cloudy zones and tetrataenite are absent. The Ni content at the edges varies in the range from 45 to 50 wt.%. In the 

central part, the value of Ni varies in the range from 30 to 40 wt.%. Linear mapping of the studied metal particles 

showed a small Ni gradient. Neumann lines were found in the kamacite particles of the B1 fragment of this group. 

There are particles of kamacite, in which the growth of new α-phase grains with an elongated columnar structure is 

observed.  

Metallographic studies of the fragments of group 3 did not reveal the presence of zonal particles characteristic of 

ordinary chondrites. All fragments of this group contain martensite-like structures different in morphology, which 

can be divided into two types: 1) acicular, located along the grain edge around the plessite and 2) acicular in the cen-

tral part of the grain and nucleated on troilite inclusions (FeS). Type 1 structures are found in fragments C2 and C3, 

type 2 in C1, C4, C5. Also for all fragments of this group, particles of recrystallized metal, with the structure of pol-

ycrystalline kamacite are characteristic. In addition, in the C5 fragment, there are several metal particles with growth 

twins in the γ-phase. 

Сonclusions: Summarizing the above and relying on the Fe-Ni phase diagram [5], we can suppose that the metal 

part of the parent substance of the parent body was cooled at a rate of about 5°C/Myr years below 400°C [3]. Then, 

as a result of a possible shock event, it underwent reheating to temperatures above 400° C, which led to the diffusion 

of Ni in the zonal metal particles of the taenite, disruption of their zonal structure, kamacite recrystallization, the 

formation of martensite-like structures and the growth twins in the taenite. 

Acknowledgments: The reported study was funded by RFBR according to the research project № 18-38-00598 

and by Minobrnauki (The projects 5.4825.2017/6.7, 5.3451.2017/4.6); the Act 211 of the Government of the Rus-

sian Federation, agreement no. 02.A03.21.0006. 

References: [1] Badyukov D. D. et al. (2015) Petrology 23:103–115. [2] Grokhovsky V. I. et al. (2014) Meteor-

itics & Planetary Science 49: A5364. [3] Grokhovsky V. I. et al. (2015) Meteoritics & Planetary Science 48: A5272. 

[4] Brusnitsyna E. V. et al. (2018) Meteoritics & Planetary Science 53: 6290. [5] Yang C.-W. et al. (1996) Phase 

Equilibria 17: 522–531. 

 

6328.pdf82nd Annual Meeting of The Meteoritical Society 2019 (LPI Contrib. No. 2157)


