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Tranamidsion electron microscopy has seldom been used in studies of fossils,
and to date, no electron diffraction work has been reported. Because of the
limited transmission power of the 100 kV electron microscopes (<lu), the
techniques which have been used to prepare specimens have followed standard
biological methods, including ultra-thin sectioning and staining.(1l) High vol-
tage electron microscopy on the other hand allows examination of considerably
thicker specimens (up to 5u at 500 kV) and is particularly useful in studying .
fossils e.g. it is often not necessary to section pieces of the fossil. Mini-|
mal preparation is advantageous because materials that have been interred in |
rocks of the earth's crust for millions of years are commonly brittle and dis-
tort or break while being sectioned with the microtome. The present paper
describes one of the first in which fossil specimens have been examined direct-
ly without following standard biological preparation techniques. All the work
was done on the 650 kV Hitachi at Berkeley. '

The fossils studied are in a group called the graptolites (see fig. la). These
have previously been examined at low voltages.(l) The graptolites are an extinct
group of colonial organisms that lived from approximately 525 to 375 millionm -
years ago. The actual specimens studied are approximately 475 million vears. |
old. During their lifetime, they were widely dispersed in large numbers in ]
ppen seas. Despite an extensive knowledge of the graptolites in the fossil
record, nothing is known of the animal that secreted the skeletal parts of
the colonies now seen as fossil and little is known of the fine structure of
the colony. It is hoped that study of the fine skeletal structures may pro-
vide some information on their life activities and biological affinities.

The graptolite colony includes an elongated, bell-shaped shell (the sicula)
as the initial part of the colony which is shown in the scanning electron
microscope images of fig. 1. The sicula probably housed an individual pro-
duced by sexual reproduction. The sicula has upper and lower halves (see figs.|
la,b) which exhibit differences in structure (figs. 2,3). The high voltage
electron microscope study to date has shown that the three distinct structural
elements of the prosicula are: 1) a thin tissue formed of fibers interwoven to
comprise an open mesh (figs. 2a,c); 2) sets of long fibers closely bundled
together to form longitudinally-oriented rod-like structures (fig. 2a at A);
and 3) a set of fibers joined together to form a band (in weak contrast) that
spirals down the length of the prosicula (fig. 2a at B). The diffraction
pattern and dark field image (figs. 2b,c) indicate that all three regions are
of the same material. The lower half of the sicula (metasicula) is composed
of a meshwork of fibers that is similar to but more randomly oriented than
that forming the tissue-like structure of the prosicula (see fig. 2a,3a).
Superimposed on thege fibers is a regularly-layered mesh-work with four-fold
symmetry that has a fabric-like aspect (fig. 3a). The faint diffraction spots
in fig. 3b indicate that this layer is single crystalline.

Chemical data and microscopic study of the fibers suggest that they are prob-
ably formed from large proteinaceous molecules. The diffraction patterns of
the fibers in figs. 2b,3b are consistent with this viewpoint. The intensity
differences in these patterns reflect possible differences in degree of miner-
alization due to aging.

-r'n(t.i ION OF THIS DO MENT IS UNLIMI
(1) W.B.N. Berry and R.S. Takagi J. Paleontology, 117-124 (1970)
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Fig. 2(a)
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Fig. 3(a)
(b)
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Scanning micrograph of Orthograptus
Scanning micrograph of fragment of metasicula shown in (a) at A.

650kV transmission bright field image of prosicula shown in 1(a), B.
Diffraction pattern showing rings due to fibres.

Dark field image of region indicated by the aperture in 2(b) of
rings reverses contrast of all the fibres.

650kV transmission bright field image of metasicula.
Diffraction pattern; rings due to fibres, fault spots due to layered
structure.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.









