
Comparison of shock induced lamellar texture in olivine between Martian meteorites and experimentally 
shocked basalt 

A. Takenouchi1, T. Mikouchi1 and A. Yamaguchi2, 1Department of Earth and Planetary Science, The University of 
Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan, 2National Institute of Polar Research (NIPR), Tokyo 190-

8518, Japan. E-mail: a.takenouchi@eps.s.u-tokyo.ac.jp. 
Introduction: Collisional events, which are fundamental but important processes in the solar system, are often 

recorded in meteorites. Olivine is one of the most abundant minerals in meteorites and a good indicator for estimat-
ing shock degrees [1]. Therefore, studying a behavior of olivine under high pressure is essential in order to reveal 
such collisional events [e.g., 2]. In order to estimate shock degrees of meteorites we have observed both naturally 
and experimentally shocked olivine by scanning electron microscopy (SEM) and transmitted electron microscopy 
(TEM). Since we have found characteristic shock-induced lamellar textures in olivine from experimentally shocked 
olivine-phyric basalt (reported in [3]), we sought a similar lamellar texture in naturally shocked olivine in Martian 
meteorites by SEM. In this study, we describe shock-induced lamellar textures in olivine and propose their for-
mation conditions, which are related to different shock conditions of meteorites. 

 Samples and Methods: We studied two shergottites (Northwest Africa (NWA) 1950 and Roberts Massif (RBT) 
04261). NWA 1950 characteristically contains brown colored olivine while RBT 04261 does not [4-5]. The lamellar 
textures of olivine were found using SEM (JEOL JSM-7100F at NIPR). Thin film sections were cut off by focused 
ion beam (FIB; Hitachi FB-2100) and observed by TEM (JEOL JEM 2010 at The University of Tokyo). 

 Results:  By SEM observation, lamellar textures similar to those in shock recovered samples as reported in [3] 
were found in olivine from NWA 1950 and RBT 04261. The abundance of lamellae is higher in NWA 1950 com-
pared to RBT 04261 (olivine lamellae in RBT 04261 are rare). The distribution of 
lamellae is heterogeneous even in NWA 1950. The maximum widths of each 
lamella were about 1.1 µm and 0.5 µm in NWA 1950 and RBT 04261, respec-
tively. The lamellae have darker contrast in BSE images compared to the sur-
rounding olivine crystal and the lamellae are parallel to a few crystallographic 
orientations of olivine. The FIB sections were cut off from olivine to be normal to 
the lamella elongation. By TEM observation, the lamellae are easily recognized in 
the FIB section of NWA 1950 (Fig. 1). The lamellae show no diffraction patterns 
indicating that they are composed of glassy material. Compositions of lamellae 
are almost the same as that of surrounding olivine. There are abundant disloca-
tions throughout the FIB section although the dislocations are rare around lamel-
lae (Fig. 1). On the other hand, such glassy lamellae were not found in the FIB 
section of RBT 04261. Instead, high dislocation density areas seem to correspond to the lamellae in BSE images 
similar to the result of shock recovery experiment [3]. 

Discussion and Conclusion: The lamellae in RBT 04261 are composed of dislocations similar to those in 
shock-recovered samples. This indicates that the lamellar areas in RBT 04261 have experienced a similar shock 
condition to those of the experiments. According to [3], the lamellae became wider as the shock pressure became 
higher (~0.25 and ~1 µm at 39.5 and 48.5 GPa, respectively). Therefore, the olivine showing lamellae with ~0.5 µm 
in width may have experienced shock pressure between 39.5 and 48.5 GPa although the conditions of shock recov-
ery experiments and natural shock events are not completely the same. On the other hand, lamellae in NWA 1950 
composed of glass. Its identical chemical composition to that of surrounding olivine and its topotaxial texture indi-
cate that the glass is of solid-state origin. In previous experimental studies, olivine diaplectic glass formed over 41 
GPa and over 50-55 GPa under hydrostatic and shock compression, respectively [6-7]. Therefore, NWA 1950 may 
have experienced high pressure such as over 50-55 GPa (at least over 41 GPa). However, the lamellae in NWA 1950 
are surrounded by less abundant defects compared to the shock recovered sample in [7]. This may be induced by a 
difference of post shock temperature between shock recovery experiments and natural shock event. In natural sam-
ples, dislocations are likely to have disappeared due to high post shock temperature. Such high post shock tempera-
ture is also supported by the presence of brown colored olivine because brown olivine may form under high-pressure 
and high-temperature inducing high post shock temperature [5]. 

This study demonstrated that TEM observation of lamellar texture in shocked olivine has a potential to provide a 
good indicator for estimating shock pressures and post shock temperature throughout meteorites. 
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Fig. 1 TEM-Bright field image 
of glassy lamellae in olivine 
from NWA 1950 
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