
 
 
 
 
 
 
 
 
 
 

 

1. Research activity (max 1.000 words) 
RESEARCH OBJECTIVES 

a) GENERAL OBJECTIVE: the identification of potential geochemical precursors that will 

allow the short-term forecast (from days to months) of M ≥ 5 seismic events in order to 

initiate an effective preventive action.  

b) SPECIFIC OBJECTIVE: the compilation of a hydrogeochemical database (c. 30 months 

long) that will be used for purposes of earthquake forecasting and for the setting-up of a 

future hydrogeochemical network in Italy. 

IMPLICATIONS AND/OR APPLICATIONS 

The ideal implication of this study is to help increasing our ability to predict earthquakes; this could 

happen one day through the establishment of a hydrogeochemical network in Italy that will take 

advantage from the experiences of all the experimental site including the one experimented in this 

PhD activity. 

STATE OF THE ART 

Recent studies conducted in Iceland showed that, in some active tectonic areas, the influence of 

crustal and deep fluids can be strong on the seismic cycle. More in detail, these studies showed that 

groundwater's chemistry sampled even at a high distance from the earthquake epicenter (max 80-90 

km) resulted altered in relation to the pre-seismic crustal dilation occurred since already four to six 

months before two M > 5.5 earthquakes (October 2012 and April 2013; Skelton et al., 2014). 

In the same area of Iceland, similar hydrogeochemical changes had already been recorded in 2002 by 

Claesson and colleagues several weeks before a M 5.8 earthquake. These hydrogeochemical changes 

were probably linked to the inflow into the hydrological system of deep hydrothermal fluids that 

arrived to the surface following the breakup of a deep barrier during pre-seismic phases. In particular, 

it is believed that the origin of these geochemical anomalies derived from deep hydrothermal fluids, 

which are characterized by these elements as primary content, or by leaching during the deep fluid-

rock interaction. These studies show that groundwater monitoring and hydrogeochemical water 

analysis represent a key tool for the study of earthquake prediction (Claesson et al., 2004). 

On the basis of these works, the team of Proff. Petitta, Doglioni, and Barbieri (Sapienza University) 

in collaboration with IGAG-CNR monitored some springs of the Sulmona Plain and compared the 

hydrogeochemical data set with the sequence of Central Italy (2016-2017). During this study, 

geochemical anomalies and pH variations were detected 3-4 months before the beginning of the 

Amatrice-Norcia seismic swarm (Barberio et al., 2017). 

There are analogies between the studies conducted in Iceland and the one performed in the Sulmona 

Plain, suggesting that anomalies of metal-metalloid concentrations in groundwater could be a 



promising research field for the study of seismic precursors. However, both the metal-metalloid 

involved and the way they change in temporal order according to the seismical cycle suggest that 

such seismic precursors, if real, may be site-specific. 

Previous studies conducted in Turkey and Japan have also shown that hydrogeochemical monitoring 

and analysis of groundwater is a useful tool to evaluate seismic precursors (Inan et al., 2012; Igarashi 

et al., 1995). In particular, these studies show that changes in the chemical composition of water and 

in the concentration of Radon can be considered as precursory phenomena of disastrous earthquakes 

(Igarashi et al., 1995). 

Italy is a country characterized by a high seismic risk and vulnerability. Several authors have created 

models of prediction of the spatio-temporal distribution of earthquakes with magnitude greater than 

5.5 in the Italian peninsula. The different models agree with the areas characterized by the highest 

seismic risk, identifying four specific regions: the Friuli region, part of the southern Apennines, the 

Umbria-Marche region and part of the Calabrian arch. In particular, it has been highlighted that the 

southern Apennines are one of the areas with the highest probability of M ≥ 6.0 events.  

WORK PLAN 

During the first year, I will spend 6-8 months on bibliographic study in order to identify the study 

area. Once the area is selected I will choose 6-8 deep springs to monitor and will perform a first set of 

sampling and data processing to verify hydrological feasibility and analysing the springs' circuit, 

water's physical-chemical features and fluid-rock interaction. After this I will start a three-way 

monitoring: a continuous monitoring of spring for hydrological cycles analyses, sampling of springs 

for physical-chemical waters' analyses and the study of the seismicity of the area, in order to compile 

a hydrogeochemical and seismic dataset about the chosen area and to check for any anomalies. 

Springs monitoring will start during the second semester of the first year of PhD, so that at the end of 

the project there will be data covering a total of 28-30 months. In collaboration with INGV and CNR-

IREA I will also carry out analyses on GPS and on InSAR images in order to study the crustal 

deformations of the area and the possible anomalies detected. Once the periodic sampling of springs 

has begun, I will periodically process the data covering the entire duration of the PhD so that 

potential hydrogeochemical seismic precursors can be defined. At the same time the comparison with 

earlier similar studies will be carried out in order to identify possible analogies or differences. During 

the last year of the project, in addition to the monitoring and processing of the data obtained, I will 

also write scientific papers and the doctoral thesis, and the results obtained will be presented in 

seminars, courses, conferences and workshops concerning the argument of the PhD project.  

On the basis of the results obtained, it will be verified whether the water’s physical-chemical features 

are affected by the seismic cycle and if the possible changes detected are statistically significant. 

Furthermore, the purpose is also to investigate if there are hydrogeochemical elements which can be 

identified as seismic precursor allowing the set-up of an Italian hydrogeochemical network and 

allowing an effective preventive action. 

 
2. Research products 

c) Abstracts: 
Marino Domenico BARBERIO, Maurizio BARBIERI, Stefania FRANCHINI, Marco PETITTA 

(Sapienza Università di Roma) - Andrea BILLI (IGAG-CNR, Roma) - Carlo DOGLIONI (INGV, 

Roma): Hydrogeological and hydrogeochemical monitoring aimed to earthquake forecasting: first 

attempts related to the 2016-17 seismic sequence of Central Italy
 



 
 
 
 

N.B. I dottorandi del primo anno al punto 1 possono inserire il riassunto del 
progetto di ricerca (max 1.000 parole) 


