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The science of paleontology endeavors to reconstruct life on Earth as exposed by fossil remains. 
Each fossil represents vestiges of long-extinct organisms, supplying clues about past biotas that can 
be reconstructed only by carefully examining their fragmentary paleontological remains. Portugal is 
a showcase for dinosaur resources. The Lourinhã Formation exposed in the area around Lourinhã, 
central west Portugal, is the site of the most impressive fossil discoveries and its small museum, 
established in 1980, contains the most varied and best preserved paleontological collection in the 
country. One of the most relevant specimens of the Museum of Lourinhã is the nest with embryos 
of Lourinhanosaurus antunesi found in Paimogo, in 1993, by I. Mateus [1]. In this nest more than 
100 eggs or eggshell concentrations were detected. The embryonic remains were found as tin 
isolated skeletal elements within eggs or in close association with them (the term “embryos” is thus 
used in a wide sense to describe fossil skeletal found in ovo according to paleontological practice). 

The discovery of exquisitely preserved dinosaur embryos allows a solid taxonomical identification 
helping also to understand the ontogeny, evolution and reproductive strategy. The Paimogo 
discovery is an event of unprecedented interest for several reasons. The material found in this site is 
from the Upper Jurassic age, which extends the temporal range of “dinosaurian embryology”. 
Furthermore, it belongs to the Theropoda clade widely regarded as closely related to the ancestry of 
birds. Fossils of adult Theropods, also Lourinhanosaurus antunesi, have been as well recovered 
from localities neighboring the Paimogo eggs’ site. Therefore, it is a rare opportunity to correlate 
morphological details in the embryos and adults. 

The potential of the material collected in the Lourinhã Formation has not yet been fully realized. 
The Museum of Lourinhã is starting a new project based on tomography. This “virtual 
paleontology” approach is a powerful tool to share information of precious well-preserved fossils 
within the scientific community, which augment the ability of researchers to extract maximal data 
from our most rich resources. Furthermore, combining all the benefits of non-invasive imaging 
techniques will ensure that the precious fossils of the collections remain preserved to await new 
technological advances, and for future generations to enjoy. 

The synchrotron radiation based micro-computed tomography (SRµCT) studies have been 
performed at the BW2 beam line at the storage ring DORIS III located at DESY in Hamburg, 
Germany. The technical parameters of the beam line were described by Drube et al. [2] and data is 
available online [3]. The tomography set-up consists of a high precision rotation stage and an X-ray 
detector. In the detector a fluorescent screen converts the X-rays into visible light that is magnified 
by a lens and detected by a CCD camera. The specimens were imaged by microtomography in 
absorption mode with photon energy of 24 keV. For acquiring the X-ray attenuation projections the 
sample was rotated between 0 and 180° in equidistant steps of 0.25°. For the evaluation of the data, 
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 three-dimensional rendering software. In this work, the visualization of the morphology of 
the samples has been carried out by means of the software VG Studio Max (Volume Graphics, 
Heidelberg, Germany). 

A photograph showing two vertebrae of Lourinhanosaurus antunesi found in the nest at Paimogo 
site is presented in Figure 1(a). Data obtained at the BW2 beam line is shown in Figure 1 (b)-(f). 
The effective pixel size corresponds to 3.5 µm. The exquisite anatomical and histological 
preservation of the embryonic bones will allow observations of unprecedented precision and detail 
for Theropods. One of the most remarkable aspects of the Theropod embryos of the Upper Jurassic 
of the Lourinhã Formation is the accuracy of the bone-specific anatomical details and their early 
differentiation. Microtomographic slices close to the surface facing the next vertebra (see Figure 
1(d) and 1(e)) have shown calcified cartilage crossed by short transphyseal canals, some of them 
being already involved into the early deposition of endochondral bone. The slices of the cross-
section close to the centre of the vertebra show a wide chordal canal surrounded by an inner 
endochondral cortex and an outer periosteal cortex (Figure 1(c) and 1(f)). A detailed description of 
this precious material, based on the SRµCT high quality data, will be published elsewhere. 

 

Figure 1. Embryonic remains found in the nest recovered from Paimogo site (Lourinhã Formation): 
(a) photograph of two vertebrae of Lourinhanosaurus antunesi. Results obtained at BW2 for the vertebra 
shown on the right side are presented in the following figures; (b) three-dimensional rendering of the 
vertebra; (c) a microtomographic slice through the vertebra; (c) a three-dimensional image showing one of 
the surfaces facing the next vertebra; (d) sectioning of the three-dimensional image presented in the previous 
figure close to the surface; (e) general view of a centrum cross-section close to the centre of the vertebra. 
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