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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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K. Seshan and H.-R. Wenk 

Department of Materials Science and Department of Geology and Geophysics 
University of California, BerkeJey Campus 

Asbestos fibre texture occurs, in various mineral groups (e.g. chrysotile, 
crocidol ite, tremol ite, grunerit~, tourmaline) and it has been established 
that at Jeast chrysotile is carcinogenic. We are investigating various 
aspects of the asbestos structure, with transmission electron microscopy 
(TEM) (1) in order to develop methods for unequivocal asbestos identification 
using minute samples and also to determine defects responsible for the fibre 
structure in these minerals which often occur as large, well-developed single 
crystals. 

In order to do this, we have started by investigating clinoamphibole 
asbestos such as tremollte Ca2Mgs[Sle022J (OH, Fh and crocidol ite Na2 (Mg, 
Al, Fe3+, Fe 2+) (Si e022 ) (OH, F)2, from California localities. In 
~rocidolite - asbestos we observed a high density of very narrow micro~win5 
paral leI to the fibre axis [001] (Fig. 1). They are often only 50-100A 
wide. Diffraction patterns display the typical twin Brrangement of spots 
and although preliminary contrast experiments are not yet conclusive the 
twin plane appears to be (lOO).· We have also observed microtwins in 
tremolite asbestos. In tremolite we found additional faults parallel to 
[001] (Fig. 2). It was possible to get these faults out of contrast in 
darkfield images by having certain reflections operating. Thus we interpret 
them as stacking faults .. In specimens with high fault densities streaking 
parallel to a* has been observed In SAD's. These faults seem to be respon­
sible for aperiodic interruptions in lattice fringe patterns which have 
been observed in high resolution photographs (Fig. 3). In some crystals we 
could identify another type of domains parallel to [001] which have (010) in 
common. It is produced by small mlsorlentatlons of fl·brlls (Fig. 4). 

We regard these defect~ (twins, planes, stacking faults and misorien­
tation boundaries) as cau~es for the fibrous texture In amphibole minerals. 
We have observed very similar-features in asbestos samples from UICC stand­
ards and are presently analyzing fibres extracted from human lung tissue. 
We explore the value of defect Identification with TEM by quantitative 
diffraction contrast experiments to determine ~sbestos varieties in very 
small amounts as they exist in medical samples, thus not permitting the 
use of standard X-ray diffraction and chemical methods. Impl ications of . 
recent reports (2) and(3) are that diffraction patterns are insensitive to 
tilting and that indexing is ambiguous. We, on the contrary, feel that 
considering complexities Introduced by the monoclinic symmetry and by faults 
and carefully separating Laue zones, the procedure for indexing diffraction 
patterns is straightforward as demonstrated with the figures. 

We acknowledge discussions with Prof. J. Washburn and encouragement 
from Prof. G. Thomas and Dr. J. Wesso1ow~kll. The microscopes used in this 
study were acquired with ERDA funds. . 

(1) K. Seshan, LBL report 4549. Submitted to Env. Res. 
(2) Mol. Sklkne, JoH. Talbot, RoE.G. Rendall, Env. F\cs.!!., 141, (1971). 
(3) RoL. Clarke, C.O. Rudd, Micron 5,83. (1974). 
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Fig. l. 

Fig. 2 . 

Fig. 3. 

Fig. 4. 
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Bright fi~ld image of crocidolit e micro twins parallel to 
[OOlJ = fibre axis 
Dark field image (g=020) of stacking faults in tremolite asbestos 
indexed SAD in same orientation 
High resolution micrograph of VICC tremolite showing 020 fringes 
and faults 
Rotation boundaries in tremolite. Notice that they have (010) i n 
rnmmon (SAD) 
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This report was done with support from the United States Energy Re­
search and Development Administration. Any conclusions or opinions 
expressed in this report represent solely those of the author(s) and not 
necessarily those of The Regents of the University of California, the 
Lawrence Berkeley Laboratory or the United States Energy Research and 
Development Administration. 
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