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CT scanning as a tool for taphonomic analysis of shell beds: a case study on
small irregular echinoid concretionary accumulations from the upper
Hauterivian of the Neuquén Basin, west-central Argentina
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Over the last two decades 3D-imaging techniques have been widely used in the
reconstruction of fossils, from skulls and bones to the microstructure of delicate carbonized
flowers. In general, shell beds lie outside the feasible size range in which these methods
provide meaningful data. If a fossil concentration could be studied this way, important
information could be easily assessed or quantified. For example, the close-packing of
bioclasts and size-sorting could be assessed easily. Also, the percentage in volume of
bioclasts relative to the sedimentary matrix and the amount of individuals per volume unit
could be calculated in few steps. Here we present a case study using small irregular echinoid
concretionary accumulations from the Agrio Formation, upper Hauterivian, Neuquén Basin,
west-central Argentina.

The studied carbonate concretions (N= 9) were collected from a single bed in the upper third
of the Agua de la Mula Member. They contain a monotypic accumulation of small irregular
echinoids belonging to the genus Caenholectypus POMEL immersed in a fine-grained matrix.
The concretions are ellipsoidal and range in size from 6 to 15cm in length and 4.5-5.5 cm in
thickness.

Four concretions (Fig. 1A) were selected to be scanned with a Toshiba Aquilion ONE medical
CT scanner, with 120kV, 500mA and a final slide thickness of 0.5mm at the Instituto
Universitario Hospital Italiano of Buenos Aires. This resulted in an image stack of 1267 slides
that was further digitally processed.

First the density of individuals was estimated using between five and seven 1lcm-sided
randomly located cubes inside each concretion (Fig. 1B). The number of individuals with at
least 50% of volume included in each cube was counted. This number was divided by the
volume of the cube, obtaining its density. The mean of all the cubes’ densities was used to
estimate the density of the whole concentration, which resulted in 4.23 echinoids/cm3. A
digital simulation of an ellipsoid with the dimensions of the concretions filled with smaller
ellipsoids with the size of the echinoids produced very similar visual results as those
observed in the CTs. This was used as a confirmation for the previous result.

Then, the close-packing of bioclasts was observed across each concretion in two
perpendicular directions (Fig. 1C). Following the usual classification, the studied
accumulation is densely to loosely packed, with some exceptional patches where it could be
described as loosely packed (matrix-supported). This was done considering the nearly
hemispherical shape of the echinoids. Finally, the percentage of bioclasts relative to the
sedimentary matrix was estimated in two ways. Firstly, the previously obtained density of
individuals and their approximate volume were used in conjunction with the volume of the
concretions. This approach resulted in an estimated percentage of 56.77%. This value
matches closely the lower boundary of the “dense/loose” close-packing category (55%)
included in traditional visual guides. The second way was to use the volume of the
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concretions and the volume of the echinoids after digitally removing the sediment. This
method yielded widely varying results, from 30.15% to 47.95%.

The disagreement between these results may be due to an ineffective removal of the
sediment from the 3D-images. Some echinoids are filled with the same matrix that
surrounds them, while others are devoid of it and cemented internally. This situation
complicates the differentiation between the echinoids and the matrix based solely on
density, as many digital tools do. However, the echinoids remain visually distinct throughout
the concretions.

The previous results are being used to aid the interpretation of the genetic origin of the
echinoid accumulation, as well as a quantification of the basic descriptive taphonomic
information. Remarkably, these results were accomplished without the destruction of the
concretions and preserving the echinoids for further studies.

Fig. 1: Small irregular echinoid concretionary accumulation. A: Top external view of one of the scanned
concretions. B: The cubes sampled to calculate the density of bioclasts and their position inside the concretion.
C: Cross-section (left) and longitudinal section (right) as seen after the scanning. The bar is 1cm.
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