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Introduction: Nanoindentation is a modern method to study the local mechanical properties of different materials. 

In the present research this method is used for metallic alloys with highly dispersed structure. Iron, stony and stony-

iron meteorites compose iron-nickel alloy with different structural and phase composition: kamacite, taenite, plessite. 

Zoned taenite consists of tetrataenite and cloudy zone. Shallow width of the areas (about several μm) makes it hard to 

measure the mechanical properties. A number of studies are known to investigate the micro hardness of kamacite and 

taenite in different meteorites [1,2]. Nanoindentation was used for martensite structure investigation in Tishomingo 

iron, ungrouped meteorite [3]. In the present work we investigated the metal structure in the fragment of Seymchan 

pallasite, PMG. Hardness and Young’s modulus were measured for tetrataenite and cloudy zone for the first time. 

Experimental: The fragment of Seymchan meteorite 31,9 g in weight was chosen for the examination. Fragment 

section 2x4,5 cm was prepared for optical and scanning electron microscopy investigation using the standard metal-

lographic procedure. After etching with 2% Nital the microstructure of the meteoritic metal was examined with the 

Zeiss Axiovert 40 MAT inverted microscope and ZEISS CrossBeam AURIGA SEM with the EDS. Nanoindentation 

was made with the Hysitron TI 750 nanoindenter using the Berkovich probe. We measured Young’s modulus and 

hardness along taenite particle M-profile line and made 25 measurements within kamacite, taenite and plessite with 7 

mN load and 10 μm step. In the field of the cloudy zone near kamacite/taenite boundary a set of 100 measurements 

with 1 mN load and 2.5 μm step was made. Hardness and modulus values were averaged. Also, the chemical compo-

sition of the studied areas was determined. 

Results and Discussion: Metallic parts of Seymchan pallasite are composed of kamacite, taenite, sulfide and 

phosphide grains. After the etching, taenite part demonstrated characteristic zoned structure. Neumann lines were 

observed within the kamacite grains. We investigated the zoned taenite part (400 µm size in width and 1500 µm in 

long) within the kamacite phase. 

Concentration of Ni and Fe varied in the range of 7 – 22 wt.% and 77 – 92 wt.% respectively as found across the 

M-profile area. Hardness value was found to be 1.95 – 5.34 GPa, Young’s modulus 177 – 258 GPa. 

Kamacite phase consisted of 7.1 wt.% Ni and 92.1 wt.% Fe. This phase showed the lowest hardness – 3.55 GPa 

with modulus – 241 GPa. Taenite phase was composed of 21.7 wt.% Ni and 77.7 wt.% Fe. The hardness of the phase 

– 3.98 GPa, modulus – 68 GPa. Plessite demonstrated the highest hardness value 4.22 GPa with 219 GPa modulus, 

what can be explained by the fact that it is a fine mixture of kamacite and taenite. Plessite consisted of 15.1 wt.% Ni 

and 84.1 wt.% Fe. Low values of the Young’s modulus found for taenite demonstrate the high plastic strain share 

subjected to loadings. Micro hardness of kamacite and taenite phases studied in [1] was measured using the Vickers 

probe. The hardness of the phases measured in the present work with the Berkovich probe is found to be in a good 

correlation with the previous results. Tetrataenite phase, due to the L10 ordered structure, demonstrated 8.43 GPa 

hardness and 237 GPa modulus, what is two times bigger than the taenite. The hardness of the cloudy zone – 7.23 

GPa, modulus – 208 GPa. 

Therefore, in the present work, Young’s modules and hardness were obtained for kamacite, plessite, taenite and 

tetrataenite. Tetrataenite and cloudy zone hardness and the Young’s modulus were first time identified and measured 

by the means of nanoindentation. 
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