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Neutron Tomography and the
Virtual World of Paleontology

Joseph J. Bevitt
Australian Centre for Neutron Scattering, Australian Nuclear Science and Technology Organisation,
Lucas Heights, NSW, Australia

OSEQh.DEVm @anstc.gov.au

In paleontology, X-ray radiography and tomography (CT) are critical tools employed in the
characterisation of fossil forms through the structural evaluation of bone surface features. Where
further details are required, nondestructive CT complements physical thin-sectioning to
investigate the intemnal structure of fossils. In this manner, specimens can be evaluated as
juvenile, sub-adult or adult, while the presence of medullary bone infers that the animal was
gravid, and therefore female. Details such as these are essential in differentiating ontogenetic
(age related) and sexual from phylogenetic differences, resulting in improved taxonomic
definitions and revealing temporal changes in morphology.

Museums have traditionally either been ignorant of, or hesitant to employ neutron tomography
(NT) in paleontology. This is due primarily to warnings of residual induced radioactivity, the
unclear benefit over X-ray CT, and limited accessibility to neutrons. Unlike in most other fields,
legal ownership, ethics, import-export declarations, chain-of-custody requirements, insurance and
object loan agreements and suitable storage all complicate efforts to conduct paleontological
science at major facilities.

Over the last 10-15 years, museums have increasingly engaged with neutron facilities, first
through exploratory studies on low-value specimens, before rapidly transitioning to challenging
(X-ray opaque) and high-impact specimens.

This talk draws from the extraordinary outcomes of the diverse merit-based user community to
summarise the benefits of neutrons over X-rays and trace the development of a world-leading
program of paleontology research using the DINGO neutron imaging instrument at the Australian
Nuclear Science and Technology Organisation (ANSTO) [1].

Highlights include the first evidence that crocodiles ate dinosaurs [2], the world's oldest-known
fossil heart [3], neurosensory diversity in early reptiles [4] and discovery of new dinosaur and
pterosaur species. These and other examples will further demonstrate the challenges and lessons
learned, the evolving technical and ethical demands of the paleontological community.
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A small, complete, Early Permian skull with articulated mandibles"; from the fossiliferous karst
deposits near Richards Spur, Oklah Ref: Gee, Bevitt, & Reisz, A juvenile specimen of the
trematopid Acheloma, Frontiers in Earth Science, 7 (38), 2019.
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Neutrons and synchrotron X-rays go public. ANSTO-assisted dinosaur and pterosaur
discoveries featured on Australian coins and stamps in 2022.
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