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Abstract
Monitoring of chemical and physical groundwater gianeters has been carried out worldwide in seismiocgen
areas with the aim to test possible correlationsgween their spatial and temporal variations andastr
processes. Earthquake prediction is widely recagphizs being among the most challenging scientitiblpms,
both due to its societal relevance and to the msid complexity of the problem, and it has beenyaea with
several controversial discussions, debates, andewess Radon (222Rn) as a possible candidate for
earthquake's precursor has been studied for a |geripd, but there is no clear evidence that itéally a good
precursor. It has been suggested as one of sepasdible early signals, and its groundwater anoesli
associated with earthquakes and water-rock intéoaist were detected in several seismogenic areaklwige
indicating possible transport of radon through naiftecctures or the crustal gas fluxes along actiaelts. The
physical processes associated with radon groundwatemalies are based on changes of radon emanation
rates occurring due to strain signal near the egubke's nucleation point. Particularly, it is unafeits
behavior before, during and after the main shodksidering the consolidated scheme for radon relehse to
stress-strain processes in the rock. In the geoldgenvironment, the radon groundwater concentratio
depends on the isotopic abundance of its parenbradlides (238U and 226Ra), and on their geochaimic
patterns with reference to environmental redox phidcharacteristics. The geodynamic processes irdibge
earthquakes can modify radon migration patterngrioundwater as a potential indicator of strain. Hover, to
predict the activity of radon in fractured litholes is difficult and the measurement of radon cotre¢ion
does not uniquely characterize the rock deformatiothe chemical inhomogeneity, as well as itstreteship
with the transient crustal strain signals from 'mseic' fault slip near the earthquake's nucleatipaint.
Moreover, non-tectonic factors related to variagoof chemical and physical groundwater parameteay tve
of importance. Therefore, in the framework of teeemstific program ERMES (Environmental Radioactivit
Monitoring for Earth Sciences), the uranium (U) gnalwater monitoring was planned and performed arGr
Sasso National Laboratory of the National Institute Nuclear Physics (LNGS-INFN), Italy, to study th
possible pattern for radon sources in groundwatsecause anomalies were detected during the Umbria-
Marche (Italy) seismic sequence in 1997, locateou&l80 km from the laboratory. The aim was to t¢sts a
potential strain indicator of geodynamic processescurring before an earthquake, rather than the
consolidated scheme for radon release due to sgtam processes in the rock. Although, in ordeassess
the utility of U isotopes as fluid phase earthquakecursors, U concentrations and 234U/238U adfivétios
have been monitored in thermal waters, this momtpat LNGS-INFN was performed in a shallow aquifer
with a high dynamic behavior due to high perme#bilif the cretaceous limestones that form parhefGran
Sasso massif. Moreover, these measurements wdogrped to test a possible contribution to the viaoia of
the neutron flux background, because it plays arké&yin several research activities for NeutrinbyBics and
Dark Matter detection in the underground environindfhe U groundwater anomalies observed by ERMES
collaboration before the seismic swarm and the nsliack, which occurred on 6th April, 2009 in L'Agui
were probably associated with geodynamic procesg=surring before the earthquake, which triggered
diffusion processes through the overthrust fautaium in groundwater can be used therefore as t@mal
indicator of pre-earthquake processes as it mayabsociated with geodynamics of preparation phages o
earthquakes. Moreover, another possible physicatg@ss during the pre and post-phases of the eamidegu
could be investigated: the first stage seems tachmracterized by U variations in groundwater thatnc
modulate the radon concentration, the second orfer(ahe main shock) do not show any U anomalies,
justifying the different radon patterns before after the main shock. The details of this researctivity are
published now on Journal of Environmental Radioatti(http://dx.doi.org/10.1016/j.jenvrad.2009.08.009
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