











Text-fig. 3. CT slices on Block 3. Invertebrate moulds (a, ¢) and remains of their hard skeletons (a, b). Large areas of limestone
matrix hold either only a few scattered invertebrates or no fossil at all (b, ¢). Ring artefacts seen close to the isocentre of the scan
(b, ¢) are a well-known phenomenon caused by the X-ray beams traversing the block at an insufficient radiation dose (as expected
in such a large block of dense material), and are not part of any physical structure present therein (Triche et al. 2019).

fossils as opposed to the surrounding calcareous matrix Holes may also point to the complex anatomy of vertebrate
due to the metallic compounds contained in these minerals, structures, namely vascular canals, sutures between bones,
which have higher density than calcium carbonate. Empty or pulp cavities in teeth (Text-fig. 1), which were not filled
cavities in the limestone possibly indicate places where in during fossilization. All unfilled cavities are clearly
organic matter has degraded leaving behind an imprint. visible in the X-ray CT scans due to their low radiodensity,
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including invertebrate imprints. The invertebrate remains
located close to vertebrate remains are sometimes sacrificed
during the manual preparation of the vertebrate specimen in
order to save time. The CT data, albeit of a low resolution,
can be used to record the existence and location of any
invertebrate remains, and may also present an opportunity to
discuss whether it would be worthwhile to preserve them or
not prior to starting mechanical preparation.

Initially, we had doubts about the capacity of a medical
CT scanner to produce sufficiently powerful X-rays which
could traverse large blocks of dense matrix, a predicted
limitation of such scanners, which are designed to get the
best possible image resolution at the lowest dose indicated
for causing the least harm to patients. However, the medical
machine proved suitable, with X-rays amply able to traverse
even the largest block of limestone at the medical CT-level
of power. The low resolution of images produced is also
a limitation of medical X-ray CT scans, but in our view, it is
a minor limitation, since the main purpose here was not so
much to produce an accurate digital model of the blocks, but
rather a preliminary visual inspection of embedded objects.

Surprisingly, scanning an unprepared block to assist in
the subsequent physical preparation of the sample does
not appear to be a commonly used technique despite its
advantages. Otherwise, if the technique is widely used, that
information is seldom reported in publications describing the
prepared fossils. This consideration aside, the apparent low
use of this protocol could, in our view, be related to three
things: 1) many publications deal with specimens discovered
decades ago (specimens never studied or re-examined) that
were prepared at a time when X-ray CT scanners were not
widely available; 2) obtaining data of sufficient quality to
be useful to the team of preparators is not systematic, and
scanning abig piece ofrock is very difficult, possibly involving
a complex protocol; 3) the confidence of palaecontologists in
their team of preparators (with whom they have often worked
for many years) may make this practice unnecessary, costly
and time-consuming in their eyes (the physical preparation
having been already decided, scanning the fossil would only
delay the start of preparation).

Although a digital restoration of the fossils in question
could be possible with medical X-ray CT scans, care was
taken in not making definitive morphological interpretations
from the low-resolution images. If models constructed from
scans with the best possible resolution should be treated as
satisfactory working hypotheses (Lautenschlager 2016),
extra care should be taken when inferring the anatomy from
models created out of medical X-ray CT scans. This said,
the latter can be satisfactorily used for outreach activities,
to supplement museum exhibits, or as a basis for further
research (Rahman et al. 2012, Lautenschlager 2016).

In conclusion, use of medical X-ray CT scanners for an
initial visual inspection of the interior of limestone blocks
for fossil detection is possible, cost effective and reliable.
We suggest that physical preparation of limestone block-
embedded fossils should only begin after CT scanning is
performed, and a standard medical X-ray CT scanner will
suffice for this purpose. That way the original raw data is
preserved as a digital object (albeit at a low resolution), and
physical preparation will not proceed blindly. If X-ray CT
is already recognized as an invaluable tool for gaining non-

destructive insights into an embedded fossil (Schilling et al.
2014), the advantages of making use of standard medical
X-ray CT scanners to facilitate paleontological preparation
under logistic or budgetary limitations is becoming more
and more apparent.
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