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Preparation of TEM specimens for olivine with specific crystal orientations from

the matrix in Allende CV3 chondrite using FIB-SEM and EBSD

I. Ohnishi, M. Kadoi, and M. Shibata (JEOL Ltd.)

Introduction
Iron-rich olivine is a major mineral in the matrices of CV3 carbonaceous chondrites (Fig. 1). Although it has been widely studied so far, the origin of 

the matrix olivine has been still poorly understood. Recently, the matrix olivine in the Allende chondrite was studied by an aberration corrected 

scanning transmission electron microscope (STEM) [1]. It showed that very thin planar precipitates (~1 nm in thickness) occur in the olivine and their 

long axis is parallel to (100) plane of its host olivine (Figs. 2-3). From these results and the previous studies, the precipitates were inferred to be Fe, 

Cr-rich oxides and formed by the oxidation process of olivine [1]. This paper reports how we determined the results. In order to observe the 

precipitates parallel to the (100) plane, we need to observe them in the specific orientations (e.g., [010] or [001]). Thus, the randomly oriented olivine 

grains in the Allende matrix was observed by an scanning electron microscope (SEM) and the crystal orientation of each grains is determined by 

electron back scattered diffraction (EBSD). And the sample blocks specifically oriented are hewed out and thinned by focused ion beam (FIB) for 

STEM observations. Reference: [1] Ohnishi et al. (2018) Meteoritical & Planetary Science 53: 6105. 
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Our atomic resolution STEM observations revealed that the planar precipitates (<1 nm in thickness) parallel to the (100) plane occur along the [010] and [001] directions and that no distinct defects were found 

in the [100] direction. These results are consistent with the previous study [1]. It indicates that planer precipitates might commonly occur in the matrix olivine of Allende meteorite.

The specimens for the observations were made with mis-orientation less than 5 degrees, judging from specimen stage tilt angle after crystal axis adjustment by selected area diffraction patterns. The mis-

orientation of the samples are supposed to be resulted from reasons, such as the sample tilt when we load to the grid on TEM specimen holder, and so on. The practically small sample mis-orientation 

suggests that our preparation method is very effective to make TEM specimens with the specific orientations from bulk poly-crystalline block. And it greatly helps to reduce the TEM observation time. Moreover, 

this method can be applied to preparation of STEM observation sample of poly-crystalline samples used in most commercially available materials.

Fig.1(left): BSE image of Allende matrix, consisting mainly of Fe-rich olivine (Fe-Ol) and minorly of 

Ca-rich pyroxene (Cpx), Fe-rich phases such as magnetite (Mag) and Fe-Ni sulfide. Fig. 2(middle):

High resolution STEM-HAADF image of Fe-rich olivine [001], showing the occurrence of very thin 

precipitates parallel to olivine (100). Fig.3(right): EDS elemental maps of O, Mg, Al, Si, Cr, and Fe 

for Fe-rich olivine shows that the precipitate is enriched in Al, Cr, and Fe and poor in Mg and Si. 
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Fig.5: (a-c) Enlarged images of the selected and colored olivine grains for the preparation of 

TEM specimens in (d). (a) Olivine grains with the orientation close to [001] for observing the 

grain in the [100]. (b) Those close to [100] for observing in the [010]. (c) Those close to [010] 

for observing in the [001]. (d) Crystal orientation map shows only the olivine grains having the 

[001], [100], and [010] orientations with mis-orientations less than 20 degrees, which were 

preferentially selected and colored from the result of Fig. 4(c). Red-colored frames in (a-c) 

show the unit cell models of olivine estimated by EBSD analysis. White-colored dotted lines in 

(a-c) correspond to the area milled for TEM specimen, and yellow-colored thick arrows in (a-

c) show the direction of TEM observation.

Fig.6: Secondary electron images of the prepared TEM specimens in the [100] (a), [010] (b) and [001] (c) orientations. 

The TEM specimens were made with FIB by the bulk pickup method, which is divided into three processes. In the first 

process, small bulk block having the specific orientations is hewn with an FIB. And, next, the block is laid down so that the

plane of specific orientation is vertical. Finally, the thin TEM specimen is sliced from the block by an FIB. 

Fig.7: (a-c) Selected electron diffraction patterns in several specific directions. (d-f) Atomic 

resolution STEM-HAADF images. Instrument: JEM-ARM300F. Accelerating voltage: 300 kV.

Instruments

1. EBSD for Allende matrix olivine 2. Selection of grains for TEM specimens of olivine in the [100], [010] and [001] directions

3. FIB milling of TEM specimens

4. TEM/STEM observationsFig.4: (a) BSE image of Allende thick section used in this study. (b) BSE image 

of Allende matrix. (c) Crystal orientation map (IPF(Z)+Fit) of the olivine grain 

from the area corresponding to the yellow-colored dotted box in (b). The crystal 

orientation map of the olivine in the Z direction (direction vertical to the polished 

surface of the sample) is shown. Color map in the upper left box indicates 

corresponding crystal orientations. (d) Pole figures (PF) of the (001), (100) and 

(010) planes. The results indicate that olivine grains in the matrix are randomly 

oriented.

Table 1: Tilt angles of TEM goniometer stage when the selected electron diffraction patterns in Fig. 7 

were obtained.
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