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Digital three-dimensional (3D) models are widely used in museology and vertebrate paleontology. 
However, these models are almost exclusively used for visualizing and archiving the surface of specific 
bone elements or single specimens. Here, we propose to apply sophisticated 3D techniques from 
archaeology and geodesy to create integrated and georeferenced 3D models of entire dinosaur excavation 
sites. These 3D models serve as a solid framework to combine all existing paleontological, geochemical 
and geological data from the field and the lab to solve questions regarding sedimentology, taphonomy and 
paleobiology. 
Since 2013, the National Natural History Museum of the Netherlands, Naturalis Biodiversity Center in 
Leiden, is actively involved in the excavation and study of a new Tyrannosaurus specimen from Montana 
and multiple Triceratops skeletons from Wyoming, USA. Both fossil sites are visualized as a 30m x 30m 
x 10m large digital elevation model, derived from high resolution LiDAR imaging. The ongoing 
Triceratops excavation is also recorded by aerial photogrammetry allowing daily reports of the progress 
and stratigraphic correlation with nearby exposures. A (robotic) total station and GPS rover are used to 
accurately document the x, y and z position of every bone element and lithostratigraphic section. This 
replaces the traditional 2D grid mapping of bonebeds. Finally, prepared bones are scanned with a 
handheld 3D scanner to place them volumetrically correct in their original burial position. 
By integrating all these techniques, it is possible to develop an interactive, multi-layered 3D model which 
is coupled to a GIS (spatial) database that aids research, bone preparation in the lab, online collection 
registration, and educational and outreach purposes. Recording the elevation of every element is 
fundamental for taphonomic reconstructions, especially when dealing with complex bonebed structures 
with stacks of multiple disarticulated skeletons, as is the case for the Naturalis’ Triceratops site. New 
components within this 3D model are high resolution quantitative sedimentological and geochemical 
records, e.g. laser diffraction grain-size, bulk organic content and μXRF data. Mapping the lateral and 
vertical variability of these components sheds light on distinct taphonomic, diagenetic and 
paleoenvironmental patterns throughout the bonebed. Together with paleohistological data, this can be 
employed to match specific bone elements to specific individuals and to unravel the taphonomic history 
of this dinosaur graveyard. 
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