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Several well-preserved dinosaur fossils recovered from the Lourinhã Formation, central west 
Portugal, can be found at the Museum of Lourinhã. These fossils from the Late Jurassic constitute 
one of the most varied and best-preserved collections of dinosaur fossils in Portugal. The collection 
comprises the first dinosaur embryonic remains reported in Europe [1], which were found as 
isolated skeletal elements in ovo or in close association with eggs in the nest discovered, in 1993, in 
the locality of Paimogo [1]. Since the site is Late Jurassic in age, it fills an important temporal and 
phylogenetic gap of the fossil record regarding theropod embryos. Furthermore, it belongs to a 
clade widely regarded as ancestors of birds. More recently, in 2005, a clutch containing several 
crushed eggs and embryonic material ascribed to a restricted clade of basal theropods was found in 
Porto das Barcas [2]. A paper with a detailed description of these fossils is being prepared, which 
will include results obtained by tomography performed at the Deutsches Elektronen–Synchrotron 
(DESY). Eggs, eggshells and embryos from the Lourinhã Formation locality of Peralta are also part 
of the collection of the museum [2]. The discovery of fossilized eggs associated with embryos is 
rare and, thus, the Museum of Lourinhã has been using non-destructive techniques that allow the 
visualization of the internal morphology of these exceptionally preserved dinosaur fossils. This will 
ensure that the fossils remain preserved for any eventual further analysis. 

Synchrotron-radiation based micro-computed tomography (SRµCT) experiments were performed at 
the beamline HARWI II operated by the Helmholtz-Zentrum Geesthacht (HZG) at the storage ring 
DORIS III at DESY. During 9 shifts of beamtime we were able to study 29 samples (fossilized 
dinosaur and crocodile eggshells and teeth, and dinosaur embryonic bones - Fig. 1).  

 
 

Figure 1: Samples mounted on the respective sample holder inserted in the new automatic sample 
changer designed by HZG. The inset shows a 3D-representation by VGStudio Max 1.2.1 

(Volume Graphics, Heidelberg, Germany) of an embryonic theropod tooth found in Peralta. 

14 sample holders 
29 samples studied 



The specimens were imaged in absorption mode with photon energy previously selected according 
to the samples properties (from 28 up to 60 keV). For acquiring the X-ray attenuation projections 
the sample was rotated between -180° and 180° in equidistant steps of 0.2°. For the evaluation of 
the SRµCT slices perpendicular to the rotation axis were reconstructed from the single projections 
by a tomographic reconstruction algorithm using “filtered backprojection”. The slices were then 
collected in an image stack that can be visualized, edited and exported into different file formats 
using a 3D rendering software.  

Examples 

The collection of the Museum of Lourinhã comprises fossilized eggs with their associated embryos, 
which provide the opportunity to absolutely determine the eggshell type characteristic of a specific 
clade. The eggshell thickness and the distribution of pore canal in the eggshell are clade specific 
and additionally good indicators of nesting environments. For example, the study of the porosity of 
the shell can provide valuable information about the level of humidity of the area where the egg was 
laid [3]. Thus, eggshell microstructure and pore patterns may be used to differentiate and categorize 
fossil eggshell. Figure 2 show typical results obtained at HARWI II for eggshell fragments collected 
at Paimogo and Porto das Barcas. These specimens were imaged with photon energy of 37 keV and 
the effective pixel size corresponds to 6.4 µm. 

  
 

Figure 2: Fossilized eggshell fragments collected from the Lourinhã Formation: (left) at Paimogo 
(thickness ≈ 0.92 mm) and (right) at Porto das Barcas (thickness ≈ 1.23 mm). The visualization of the 

morphology of the samples has been carried out by means of the software VGStudio Max 1.2.1. 
 

The morphology of the two eggshells shown in Fig. 2 is quite distinct. The pores system of the 
eggshell collected at Paimogo is very simple but the pores of the eggshell from Porto das Barcas 
seem to make a completely interconnected system. The data recorded at HARWI II show that 
SRµCT is an extremely useful technique for non-destructive imaging of the morphology of dinosaur 
eggshells, revealing otherwise inaccessible details such as the network of pores in the eggshells.  

The experiments have shown that the experimental setup available at HARWI II is capable to 
provide high-resolution 3D tomographic datasets using a non-destructive procedure. This is a 
precious tool for evolutionary biologists and palaeontologists. Experiments for the study of 
complete dinosaur eggs are planned for 2012.  
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