
DETERMINATION OF THE MODAL ABUNDANCE OF NANO-SCALE AMORPHOUS SILICATE 

USING SELECTED AREA ELECTRON DIFFRACTION MAPPING. 

B. T. De Gregorio
1
, R. M. Stroud

1
, N. Abreu

2
 and K. Howard

3
 

 
1
Naval Research Laboratory (Materials Science and Technology Division, Code 6366, 4555 Overlook Ave. SW, 

Washington, DC 20375; bradley.degregorio@nrl.navy.mil), 
2
Pennsylvania State University DuBois (Department of 

Earth Sciences, DuBois, PA), 
3
American Museum of Natural History (New York, NY). 

 

Introduction: During the evolution of asteroids, amorphous silicates are rapidly modified by thermal metamor-

phism or hydrothermal processing, destroying the record of their original nebular or interstellar history [1]. There-

fore, the modal abundance of amorphous silicate remaining in a chondrite reflects both the initial abundance of ac-

creted amorphous material and the extent of parent body alteration. Variations in the modal abundance of amor-

phous silicate among different chondrites could be used to grade the relative “primitiveness” of each meteorite [2]. 

Common methods for measurement of modal abundances of mineral phases in planetary materials can fail when 

some of the phases are amorphous or glassy. Here we describe a method using semi-automated mapping of a sample 

with selected area electron diffraction (SAED) in a conventional transmission electron microscope (TEM) that can 

identify and measure the abundance of amorphous silicate at sub-μm scales. 

Sample and Methods:  Lamellae were extracted from fine-grained rim material around two chondrules from Al-

lan Hills (ALH) 77307 using a FEI Nova 600 focused ion beam scanning electron microscope (FIB-SEM) at the 

Naval Reasearch Laboratory (NRL). SAED diffraction patterns (Figure 1A-C) were collected across 5 × 5 μm areas 

with a JEOL 2200FS TEM at NRL using a DigitalMicrograph script that controls stage motions and image acquisi-

tion. Spatial resolution is determined by the magnification and SAED aperture and is limited by the reproducibility 

of the sample stage. For this study, 100 nm and 200 nm diameter SAED apertures were used, and the motorized 

stage provided ±100 nm reproducibility. More accurate stage positions can be achieved with piezoelectric stage con-

trollers. Since matrix grain sizes range between 5-500 nm, most diffraction patterns contain intensity arising from 

mixtures of amorphous and crystalline phases (Figure 1B). For each SAED pattern, the modal abundance of amor-

phous phases is estimated by the proportion of pixel intensity that contributes to the smooth decreasing radial back-

ground (e.g., radial intensity profile in Figure 1C). 

Results: For the fine-grained matrix in the first chondrule rim from ALH77307, a pure amorphous phase was 

identified in 6.1% of the covered area, while pure, large-grained, crystalline material was found in 12.8% of the cov-

ered area (Figure 1D).  Including mixed amorphous/crystalline diffraction patterns, the entire covered area contains 

on average 78.96% amorphous material, which is in agreement with the 50-80% amorphous silicate reported by [3]. 

This value is an upper limit, since the intensity of diffracted beams changes for different crystal orientations, which 

may result in a lower apparent abundance of crystalline phases in high-index orientations (i.e., SAED patterns con-

taining only a few reflections). The amorphous material consists primarily of silicate, but may also include organic 

matter, whose contribution can be identified by subsequent EDS mapping. EDS will also be used to identify silicates 

within the crystalline material in order to obtain a ratio of crystalline/amorphous silicate.  

References: [1] Chizmadia L. J. and Nuth J. A. III 2006. M&PS 69:5166. [2] Abreu N. M. and Brearley A. J. 

2010. GCA 74:1146-1171. [3] Brearley A. J. 1993. GCA 57:1521-1550. 

 

 
Figure 1. Representative SAED images from (A) fully crystalline, (B) mixed crystalline and amorphous material, 

and (C) fully amorphous silicate. Radial intensity profiles of each pattern are shown beneath. (D) HAADF image of 

a FIB lamella from ALH77307 with an overlay of pure amorphous (pink) and pure crystalline (red) grain maps. 
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