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The research has been stimulated by the emblematic case of the Mar Piccolo, in the city of Taranto (South of
Italy). It is a heavily polluted marine basin but, at the same time, it hosts unique natural ecosystem and several
protected species. The need of tuning customized and efficient remediation strategies stirred a cutting-edge
multidisciplinary investigation campaign and an advanced integration of data among geologists, geophysi-
cists, biologists, chemists, hydrogeologists, geochemists, mineralogists, geotechnical engineers and environ-
mental technologists. They jointly designed sampling procedures, devices, sediment handling procedures, in
order to ensure their compliance with the relevant standards for the different scientific fields. Thereafter, the
whole team ended up with the definition of an advanced conceptual site model that included such holistic site
characterisation to originally support decision makers in the risk management of the site.
The multidisciplinary investigation has produced a huge database, allowing for a new insight into the pro-
cesses occurring in natural marine sediments including anthropic and natural contaminants (Cotecchia et al.,
2020). In particular, the geotechnical characterisation of the clayey sediments has shown that their physical
and mechanical properties do not appear to vary solely with the mineralogical composition of the soil skele-
ton and the depositional loading history (Sollecito et al., 2019; Vitone et al., 2020). This finding has inspired
a multiscale testing on sediments, which entails understanding the extent to which either anthropogenic or
natural factors trigger bio-chemo-mechanical processes that affect the geotechnical properties of marine sed-
iments and may make the design of remedial measures particularly challenging.
Indeed, according to the Gouy-Chapman diffusive double layer model (Gouy, 1910; Chapman, 1913), the thick-
ness of the diffusive double layer (DDL) in clay microstructure decreases when either the electrolyte concen-
tration or the cation valence increases and the dielectric constant decreases, as in the case of pore water
including high concentrations of salts, metal ions and organic pollutants. These conditions favour floccula-
tion and prompt significant variations in soil properties (index properties and mechanical parameter values)
with respect to those exhibited by the clay including pure water. However, differently from the literature
contributions dealing with spiking tests on monomineralic fine soils artificially contaminated in laboratory
until fully saturated, contaminated marine sediments in natural deposits are usually formed by a pool of min-
erals (e.g. illite, smectite, kaolinite) and contain anthropogenic compounds (heavy metals ions and organic
pollutants) that, although exceeding the environmental law thresholds, are often in diluted concentrations.
Furthermore, they include several sources of natural contaminants (salinity, organic matter, diatoms, fossils)
which may activate bio-geo-chemical processes.
In the case of this site, while the prime suspect for unconventional behaviour was the chemo-mechanical
coupling between soil skeleton and contaminants, the innovative interpretation of thermogravimetry tests on
samples of marine sediments, associated to other micro-scale tests (scanning electric microscopy and mercury
intrusion porosimmetry) and chemical tests, provided evidences that the biogeochemical degradation of or-
ganic matter and the presence of microfossils and diatoms is likely to affect significantly the micro to macro
behaviour of contaminated marine sediments.
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