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Introduction:  Nano-particles of Fe-Ni metal have 

been found in dark olivine from the NWA 2737 chas-

signite and it is believed that they formed by reduction 

of olivine during intense shock metamorphism [1,2]. 

The presence of these nano-particles is responsible for 

the darkening of olivine, which drastically changes its 

reflectance spectrum [3]. Furthermore, it significantly 

increases ferromagnetic susceptibility since Fe-Ni metal 

is a major magnetic carrier of the meteorite [1,4]. In 

our recent study on several shergottites with dark oli-

vine grains, we found similar nano-particles in olivine, 

however they are magnetite rather than Fe-Ni metal in 

some shergottites [5]. In olivine from the NWA 1950 

shergottite, nano-particles were reported to be Fe metal 

[1], whereas the presence of magnetite nano-particles 

has been suggested [5]. More recently, hematite has 

been found in NWA 1950 olivine [6]. Therefore, fur-

ther characterization of nano-particles in NWA 1950 

olivine is required to better clarify physical and chemi-

cal properties of this shergottite, which is also impor-

tant for understanding nano-particles in other Martian 

meteorites. In this abstract we report detailed analysis 

of nano-particles in NWA 1950 olivine by using an ad-

vanced transmission electron microscope (TEM) and 

discuss the nature of these nano-particles. 

Analytical Methods:  We prepared two thin sec-

tions from NWA 1950 by using Focused Ion Beam 

(FIB) method for TEM observation. The FIB section-

ing was first performed at 30 kV accelerating voltage 

until the sections reached 150 nm thickness, and then 5-

1.2 kV accelerating voltage with the beam current of 50 

pA was employed for final trimming to clean damage 

layers. The TEM observation was performed at Center 

for Electron Nanoscopy, Tech. Univ. Denmark (FEI 

Titan 80-300) with 300 kV accelerating voltage. Ener-

gy Dispersive Spectroscopy (EDS) and Electron Ener-

gy-Loss Spectroscopy (EELS) were performed for 

additional chemical characterization of nano-particles. 

High-Angle Annular Dark-Field Scanning TEM 

(HAADF-STEM) was employed in order to observe 

distribution of nano-particles within olivine. 

Results:  We found abundant nano-particles in 

NWA 1950 olivine with a diameter of 15-20 nm. They 

are sometimes present along cracks and dislocations. 

The olivine host often showed Moiré fringes and poly-

crystalline textures with each domain of several tens of 

nm size (Fig. 1). The electron microdiffraction patterns 

of nano-particles showed that they were Fe metal with 

body-centered cubic (bcc) crystal structure (Fig. 2). 

Weak diffraction spots corresponding to hematite were 

sometimes observed. The line analysis across nano-

particles by TEM-EDS showed clear increase of Fe and 

slight decrease of Si and Mg within the nano-particles, 

corresponding that nano-particles are Fe metal (Fig. 3). 

Ni was not detected in nano-particles as reported by 

[1,6]. HAADF images gave clear distribution of nano-

particles within olivine grains and smaller nano-particles 

up to 1 nm in diameter were detected. Dark spots sug-

gesting the presence of different phase(s) with smaller Z 

were observed around nano-particles in HAADF im-

ages (Fig. 4). Because of their small sizes, it was not 

possible to characterize what they were. TEM-EELS 

analysis showed that Fe L3 (~715 eV)/Fe L2 (~728 eV) 

ratios of nano-particles and host olivine were 3.8 and 

4.3, respectively. The smaller ratio of nano-particles 

compared to the host olivine suggests the presence of 

Fe
0
 rather than Fe

3+
, consistent that nano-particles are 

Fe metal rather than magnetite. 

Discussion and Conclusion:  We found that nano-

particles in NWA 1950 olivine studied were Fe metal, 

which is consistent with the report by [1]. We also 

found hematite as reported by [6]. The presence of 

hematite is most likely that they were formed during 

sample preparation by FIB. In fact, hematite nano-

particles reported by [6] also employed FIB for sample 

preparation. If hematite was originally present in olivine, 

the color of olivine would be red rather than dark 

brown. Similarly, the origin of the Moiré fringes found 

in the host olivine may be due to re-deposited crystal-

line phases formed on the olivine surface during sample 

preparation by FIB. Such re-deposition on olivine 

probably modified the original texture around nano-

particles and might disappear Si-rich phase(s) if present 

which is expected to be formed from the reduction of 

olivine with Fe metal. Alternatively, dark spots around 

nano-particles in HAADF images may be formed during 

an FIB session. Thus, caution should be taken for sam-

ple preparation when we study nano-particles in Mar-

tian meteorites by TEM. At the same time, more gentle 

condition for TEM observation is necessary in order to 

reduce damage on the sample. Sample preparation by 

Ar ion-milling or ultra-microtoming and observation 

with lower accelerating voltage are required and we are 

working on it so that we can report additional results at 

the meeting. 

It is still unclear about the presence of magnetite 

nano-particles in NWA 1950 olivine although we did 

not find them in this study. The magnetite nano-
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particles were reported by [5] for the powder sample of 

NWA 1950. Separately, the magnetic susceptibility of 

NWA 1950 suggested the presence of magnetite as well 

as Fe metal [1]. In our previous study we performed 

shock experiment of olivine and showed that magnetite 

nano-particles could be formed by oxidation of olivine 

during shock metamorphism [7]. Shock experiment of 

preheated olivine (400 and 800 
o
C) produced Fe-Ni 

metal nano-particles rather than magnetite at the same 

shock pressure since the redox state shifts to the reduc-

ing condition at the same fO2 at higher temperature [8]. 

Because shock pressure and temperature can be hete-

rogeneous in the sample, nano-particles of both Fe 

metal and magnetite may really co-exist in NWA 1950 

olivine.  
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Fig. 1 TEM image of NWA 1950 olivine showing the 

presence of Fe metal nano-particles in the olivine host 

with Moiré fringes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 STEM-EDS line profile across an Fe metal nano-

particle in NWA 1950 olivine. The nano-particle is lo-

cated between 20 and 30 nm position in the horizontal 

axis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 HRTEM image of a nano-particle as viewed 

from [100] of Fe bcc metal. Electron microdiffraction 

pattern is shown in the image, corresponding to [100] 

of Fe metal. The diffraction pattern was obtained from 

a region smaller than 1 nm on the particle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 HAADF-STEM image of Fe metal nano-particles 

in NWA 1950 olivine. Note the presence of many 

smaller particles as small as 1 nm in diameter. 
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