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Palaeontologists are
using tomography to
Investigate internal
structures of fossils.

It consists Into serial
slices into the
specimen that are then
virtually stacked
together using a
computer.
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... #  Buton important
% specimens, physical

sections are generally
unconcelvable.

Non-destructiveness IS
crucial

X-ray
microtomography
(especially using
synchrotrons) Is a
much better solution
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Beam geometry

Parallel geometry (synchrotron source) exact reconstruction
algorithm, the resolution is limited only by the detector

Conical geometry (laboratory source) approximate reconstruction
algorithm, the resolution depends on the detector and of the source
properties (size, divergence)

Modified from P. Bleuet



Monochromaticity A tight for science

Beam hardening is a differential absorption of the X-ray
spectrum by the sample, the low energies being more
absorbed than the high ones.

It leads to misleading reconstructed data with typical

brightening of the sample borders and linking of dense
structures.

It is due to wide X-ray spectrum and represents one of the
very important drawback of conventional CT.
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tungsten X-ray source spectrum (bremsstrahlung + specific rays), 80kV 0.5 mm of Aluminum
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tungsten X-ray source spectrum (bremsstrahlung + specific rays), 80kV 0.5 mm of Aluminum
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tungsten X-ray source spectrum (bremsstrahlung + specific rays), 80kV 0.5 mm of Aluminum

= SOUrce spectrum
sample 1T0mm of aluminum : transmission 15.4%
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slice obtained on conventional X-ray microtomograph without any
filtering or algorithmic correction: Strong beam hardening

5mm



Same slice obtained on the ESRF ID19 beamline using
monochromatic beam, free of beam hardening.




conventional microtomograph used to Ima
the Trinil molars, putative Homo erectus
remains

Smith et al. 2009
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Synchrotron imaging with
monochromatic beam on 1D19

Smith et al. 2009



. DEVELOPMENT OF POLYCHROMATIC BEAMS FOR PALAEONTOLOGY

In 2010, ID19 moved from mostly
monochromatic to nearly fully polychromatic
operations, but with high control level of the

spectrum shape.

MACRO Lego Llniverse
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It is not a “new” technique, but the spectral properties of
these beams are now so good that in many cases they
can be considered as nearly monochromatic

Several configurations have been developed, covering an
energy range from 19 to 250 keV, with partially tunable
flux, bandwidth and beam size

It replaced monochromatic configurations for most of
topics on ID19 and BMS.
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source and detected spectrum
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20 keV multilayer vs. 19.1 keV pink beam at 0.7
_microns (50 mm of propagation)

/"{/ TG / . \\\\»

- ~




A Light for Science

source and detected spectrum
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source and detected spectrum
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source and detected spectrum
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Faster scans (2 hours vs. 12 hours)m higher signal to
noise ratio, higher energy, less risk of decohesion, less
ring artefacts, no detectable beam hardening (~3%).

All hominid teeth are now scanned with pink beams for
Incremental lines investigations
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source and detected spectrum
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Therizinosauroid embryo, spectrum pic around 240 keV filtered
with 7 mm of cooper and 2mm of tungsten
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. COMPARISON OF RESULTS ON LARGE FOSSIL FROM ID17 AND BM5
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160 keV monochromatlc on ID17 vs. 170 keV average polychromatlc on BMS ......

The European Synchrotron ‘ ESRF
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What really made the success of synchrotron
Imaging in palaeontology

the propagation phase contrast

First application on a fossil in 2002, since then it
replaced absorption.
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Imaging of fossn embf'yos in b 0}
Smalllegos from Cretaceous of Thalland thought

basedionithe shiell’structure, toPelong either toa
small*theropod dlnosaur or: to a pird
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| PhD thesis of VVincent Fernandez,
with E. Buffetaut, \/. Suteethorn, M. Kundrat, E.
Maire, J. Adrien and P. Tafforeau



It Is Impossible to know what animal laid an
egg with

L'age de glace 3
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Small dinosaurs ?




Primitive birds ? m




Conventional microtomography



Absorption synchrotron microtomography



Phase contrast microtomography



SR-UCT: 62
bones barely
visible

UCT: 21 bones
barely visible

PPC-SR-uCT:
around 300
bones perfectl
Identifiable

I 5 mm I
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Neither dinosaurs, nor birds. These eggs finally
belong to lizards !

Nothing is better than a direct evidence.
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Propagation phase contrast
multiscale analysis:

T he revolution ofi the non-destructive
virtual palaeohistology

Ageat death determination of-the
Engis 2 Neanderthal child.

30 000 — 50 000:-ans, Belgique
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Age at death calculation

Measured age at death
||

(number. of long period lines). * periodicity.
(137) * 8 = 1096 days

Engisi 2 child was: 3 years old when:it died,
not 4. Same approach on several other
fossils demonstrated that in average
Neanderthals were developing faster than
Homo sapiens



Comparison estimated / measured age
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Phase retrieval process sustorscinc

Going from edge detection to quantitative
phase map
by holo-tomography

Phase retrieval based on Repeated during
several propagation Sample rotation
distances

Very powerful technique for phase retrieval, and

historically the first one to have been successfully
used on fossils.

The main limitations are the strong requirements on
acquisition protocol and quite complex data
processing, especially for dense specimens
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Oldest terrestrial fossil
plant from Rhynie
(Scotland)

Absorption

Tafforeau P., Kaminskyj S. d=6mm



Phase contrast
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Phase contrast
d=300mm




| < Holotomographic
Tafforeau P., Kaminskyj S. reconstruction
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A major breakthrough for phase imaging
of fossil (but not only) :

Single distance phase retrieval using
modified approach of Paganin et al.
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absorption




1m propagation phase contrast, edge detection




Reconstruction after single distance phase retrieval




Phase contrast

Ayl pirse edge detection

retrieval

absorption



19.1 keV pink beam at 0.7 microns
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Max Planck Institute
- for Evolutionary
TR, EBERHARD KARLS

Sl /nthropology  UNTVERSITAT @<
¢ TUBINGEN

human development in landscapes

Selehce:

Reconciling X-ray microtomography
of recent specimens and
paleogenetics: simple technical
solutions and good practices

P. Tafforeau, A. Le Cabec, A. Immel, M. Bonazzi, V.
Schuenemann, A. Herbig, H. Temming, B. Viola, J.-J.
Hublin and J. Krause

turopean Synchrotron Radiation fFacility 12/09/2015 ESHE 2015 London


http://www.uni-tuebingen.de/
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Old fossils: Recent fossils:

No risk for X-ray Risk of aDNA
imaging degradation




100%

Normalized quantity of aDNA depending
on X-ray dose accumulation using high flux
irradiation setup (93.74 Gy/s) at the ESRF
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EFFECT OF THE X-RAY SPECTRUM : 3D dose deposition on a
fossil tooth depending of energy for constant photon flux

low dose high dose

T . _6mm _
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Thank you for your attention
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