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Research activity

Groundwater and seismicity relationship: hydrogeological monitoring to identify
hydrosensitive sites in central-southern ltaly

General objective: Hydrogeological and hydrogeochemical characterization of the main springs in central-
southern Apennines in order to identify specific sites for a potential future national monitoring network.

Specific objective: Expanding our understanding of the cause-effect relationship between groundwater and
seismicity to define "hydrosensitive" sites in central-southern Italy.

State of the art: Earthquake-induced groundwater and gas changes have been widely documented in
seismogenic areas worldwide. Several studies have highlighted the sensitivity of fluid behaviour related to the
seismic cycle both in terms of hydrogeological and hydrogeochemical anomalies-3. In detail, variations,
including changes in spring discharge*, groundwater level®, geochemical content®, isotope composition?,
dissolved and free gases® have been observed in sensitive monitoring sites at different distances from
epicentres. In literature, various mechanisms have been proposed to explain groundwater level and discharge
changes such as: pore-pressure response to crustal elastic strain®, permeability changes caused by seismic
waves!®, and fluid migration along dilatant cracks or deep crustal fracturesl. Besides, variations in
geochemistry and isotopic signature of groundwater have been also defined as the results of the following
processes: deep and hydrothermal fluid upwelling!2, mixing of waters from different aquifers, and rock
weathering enhancement in new rupturing®s. Studies carried out by international research teams argue that
focusing on hydrogeological and hydrogeochemical earthquake-related effects is a promising target for seismic
investigation. Indeed, in many countries all over the world (e.g., ltaly, Iceland, Japan, China, and Korea)4-18,
the set-up of hydrogeochemical networks has been already established or is currently in progress in order to
identify responses induced by earthquakes. Scientific efforts are now moving towards this direction to obtain
more observations and to build up appropriate hydrogeochemical models associated with different geo-
tectonic contexts. In detail, hydrogeochemical anomalies during the 2016-2017 Amatrice-Norcia seismic
sequence in central Apennines were ascribed to the deep CO2 upwelling into the regional shallow aquifer along
tectonic discontinuities#1920, Thus, considering previous results, and hydrogeological and seismological
constraints, the central-southern Apennines represent a natural promising laboratory for monitoring geofluids
as markers of active seismogenic processes, owing to the great abundance of groundwater resources and the
nature of the regional aquifers hosted by fractured Meso-Cenozoic carbonates that enhances the response to
deep fluids uplift, allowing fast and concentrate changes in groundwater close to tectonic lines. Additionally,
the intense seismic activity, affecting the above-mentioned area, confirms the relevance of the research to
better understand the interactions between seismicity and hydrogeology. Therefore, this PhD project has the
dual purpose of identifying potential earthquake-induced groundwater and gas changes, and of analysing deep
and shallow fluid contributions to a regional groundwater circulation model in an active seismic area.

Activity and workplan: The bibliographic study concerning the topics related to the project was carried out
and will be continuously updated in order to better develop the research. Based on the results of the first year
of research, respect with the entire central-southern Apennines, two focus areas characterized by optimal
conditions of water-gas system were selected. Thus, by considering both logistic conditions and
hydrogeological characteristics, | focused the study mainly on the Matese, and the Contursi sites, since deep
fluids contributions are more evident. In detail, | performed monthly surveys at four springs in the Matese area
(i.e., Rio Freddo, Grassano, Telese Terme, and Capovolturno) in order to investigate potential changes in
groundwater hydrogeochemistry induced by seismicity. Additionally, | performed continuous hydrogeological,



hydrogeochemical, and gas-geochemical monitoring by using multiparametric probes whose installation was
established within a previous research project. Specifically, the Hydrolab HL4 probe was used for the
continuous measurements of temperature, electrical conductivity, pH, and dissolved oxygen; the Mini CO2
probe for the continuous measurement of dissolved CO2 concentration; the Alphaguard probe for the detection
of dissolved radon concentration. Recorded data can be monitored and downloaded in real-time through an
online system of data acquisition. It is noteworthy that analyzing both discrete and continuous data, collected
and recorded at Grassano spring, hydrogeochemical changes were observed before the onset and during the
2019-2020 Benevento seismic sequence, including dissolved CO: increase, pH lowering, and anomalies in
major ions (i.e., Ca?*, Na*, HCOgz). The study shed light on the possibility of having pre-seismic
hydrogeochemical signals in groundwater of Apennines also for small-intermediate earthquake magnitude
(mainshock: Mw 3.9 San Leucio del Sannio), at least in the areas where deep fluids contribution to groundwater
is evident. Besides, the obtained results confirm a geochemical process in the fractured carbonate aquifers,
similar to the one proposed in literature for the stronger 2016-2017 Amatrice-Norcia seismic sequencel419.20,
Moreover, | performed a sampling survey in 22 springs with different geochemical features (e.g., from low to
high mineralization, abundance or absence of free gases) in the Contursi area. Attempts to build a detailed
deep circulation conceptual model, defining mixing between deep and shallow fluids, are now in progress.
Hence, | worked on field, in laboratory, as well as in data processing. In each sampling campaign chemical-
physical parameters (temperature, pH and electrical conductivity) were measured on-site through the
multiparametric probe WTW Multi 3420. Samples for the determination of major ions and trace element
concentrations were analyzed using the anionic and cationic chromatograph, and the ICP-MS spectrometer,
respectively, at the Geochemistry Laboratory of Earth Sciences Department of Sapienza University of Rome.
Samples for analysis of the water isotopes (880, 6D, and 3H), dissolved and free gases (He, COz2, Hz, N2, Oz,
CHa) and isotopic ratio (*He/*He, 83C, 534S) were collected and sent to the laboratories of Isotope Tracer
Technologies Europe Srl, and to ones of the National Institute of Geophysics and Volcanology (section of
Palermo). Analyses of samples and data processing allowed the determination of the hydrogeochemical facies,
the degree of mineralization, and the origin of the gaseous contribution. In addition to the two areas treated as
“core” of the project, the research activity extended to other areas in Italy (i.e., Val d’Agri, Pantelleria, Pontina
Plain) by starting collaborations with research teams of Sapienza University. Such areas are suitable for
expanding knowledge about the origin and mixing of deep fluids and the water-rock-gas interactions in aquifer
systems. During the last year, | will continue to perform monthly sampling surveys coupled with continuous
multiparametric monitoring in the Matese area. Processing and data interpretation will be carried out in order
to identify periodicity, trends and relations with local, seasonal conditions, and potential characteristic trends
associated with seismicity. For seismic investigation, | will select earthquakes of different magnitudes
(recorded by the National Seismic Network) that occurred in the same period of the hydrogeochemical
monitoring. Furthermore, a detailed hydro-gas-geochemical characterization of the Contursi area will be
realized through further sampling and analyses. An in-depth study of the deep and shallow fluid contributions
to a regional groundwater circulation flow in an active seismic area will be useful for improving groundwater
monitoring aimed at identifying geochemical signals related to crustal deformation processes and potentially
to seismic activity. | will contribute further to the above-mentioned “extra” activities that | started during the
second year of PhD. Among the activities of the third year, a period abroad at the Department of Ecology and
Geology of the University of Malaga (Andalusia, Spain) is planned to improve the interaction with researchers
involved in scientific research. Finally, | will also write papers and the PhD thesis.
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Gantt chart

PhD activity _ Second year Third year

First semester Second semester First semester Second semester First semester Second semeste
University courses X X X X
Bibliographic study X X X X X X
Sampling of springs X X X X X X
Installation of stations !/ /! X
Further activities (contribution to other research projects)* X X
Training period abroad / X
Analysis and comparison of processed data X X X X X
Data interpretation X X X X X
Publications X X X
Seminars and conference X X X X X X
Thesis X

The original time schedule was modified: the activities that were not realized during this year are displayed in grey, while the new ones
are reported with (*)
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