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Introduction

We are developing a program to apply x-ray microtomogra-
phy to samples relevant to paleontology, with a particular empha-
sis on the nondestructive imaging of the structure of dinosaur
eggshell fragments. To date, a wide variety of techniques have
been used to study these eggshells.' These techniques include nor-
mal and polarized light microscopy, scanning electron micro-
scopy, tomography, cathodeluminescence, and isotope, mineral,
and amino acid analysis. While each of these techniques has been
useful, paleontologists have continued to look for nondestructive
tools for their analysis. To this end, the high resolution microto-
mography possible at the Advanced Photon Source looks to be an
ideal technique. In particular, tomographic images with micron
spatial resolution should be readily achievable. Furthermore, the
tomography system at sector 2-BM requires little or no sample
preparation, allowing the eggshell to be viewed without section-
ing and in an unaltered state. Once the techniques necessary to
perform microtomography on these samples are characterized, the
goals of this work are to gain insight into the pore structure of the
eggshells, and to compare the structure of the fossilized shells
with modern shells from evolutionarily related species. The char-
acterization of the eggshells is also important because there is the
relationship between their structure (size, shape, porosity) and the
nesting behavior of the dinosaur and the environment in which the
eggs were laid. For example, the gas conductance through
dinosaur eggs has been estimated to be eight to sixteen times
greater than that of birds eggs, indicating very different environ-
mental conditions,' such as high humidity and CO,."' To date, the
methods for the analysis of dinosaur shells require thin sectioning
and high-resolution optical or electron microscopy, both of which
are time consuming and have the potential for introducing arti-
facts. The use of synchrotron-based microtomography will ulti-
mately allow the direct, nondestructive visualization of the pore
structure and connectivity of the pore structure in the egg shells,
providing information that is either exceedingly difficult or
impossible to obtain by traditional methods based on sectioning.

Methods and Materials

All samples were provided by Darla Zelenitsky, a paleontol-
ogist at the University of Calgary. Her choice of samples reflects
the desire to compare modern and fossil shells of a number of dif-
ferent taxa to investigate the connections between them. In the
past year, we have imaged shell fragments from a number of dif-
ferent species, including sauropod and theropod dinosaurs from
several different regions, fossil and modern turtles, extinct moa,
modern gecko, modern alligator, and modern brush turkey. All of
the samples were approximately 3 mm X 3 mm, and 1 to 3 mm
thick.

The experiments were performed on the bending magnet
beamline 2-BM at the Advanced Photon Source. The details of the
tomography set up have been described previously,2 and will not
be discussed here. However, much of the beam time was used to
investigating different options for the tomography measurements.
For example, several different imaging and CCD detector systems
were used over the course of the year, both YAG and CdWOs;
scintillators were tested, and both the multilayer monochromator
and crystal monochromator were used. Ultimately, the samples
required the use of 25 to 30 keV x-rays, which ruled out the use

of the multilayer monochromator. This energy is at the high end
of the energy range of the beamline, resulting in relatively low
fluxes. In addition, these energies are not optimum for the YAG
scintillators. Taken together, these restrictions required acquisi-
tion times of ~10 hours to collect a full data set, and in the end,
we have only recorded high-quality data sets for a fraction of the
desired samples.

Results

Tomographic data sets have been recorded for each of the
samples described above. We experimented with a number of data
acquisition setups, which resulted in collection times for a full
data set that ranged from approximately 40 minutes to over 12
hours. Unfortunately, subsequent reconstructions of the data sets
indicate that only those data sets obtained with the longest acqui-
sition times had sufficient signal-to-noise ratios and dynamic
ranges to show the details of the pore structure of the eggshell
fragments. The best quality reconstructions to date have been for
sauropod and theropod dinosaur shell fragments, while adequate,
although somewhat lower quality, reconstructions have been
obtained from modern turtle and alligator shell fragments.

Discussion

The reconstructed images of the theropod eggshell fragment
shows relatively few features, but several indentations that may
be the start of pores are visible. Theropod shells are known to
have relatively straight pores surrounded by relatively uniform
shell material. In contrast, the reconstructed images of the sauro-
pod shell show complex, convoluted pore structure throughout
the shell. Interestingly, the construction and pore structure of the
modern turtle eggshell fragment appears to be similar to the
sauropod fragment. In contrast, the modern alligator eggshell
fragment appears to be similar to the theropod fragment. Howev-
er, a detailed comparison of the reconstructed images will require
somewhat better data for the turtle and alligator samples. In the
coming year, we hope to obtain these data, to improve the data
sets for the remaining samples, and to develop more quantitative
methods to extract the pore volume from the reconstructions.
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