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S U M M A R Y
High time resolution monitoring of radon, using alpha detectors is carried out in a massive
and jointed syenite located in arid southern Israel. Monitoring, at a resolution of 15-min,
is conducted in two boreholes at depths of 1.2 and 85–90 m, resulting in more then 10-yr
long time-series. Systematic temporal variation patterns, manifesting large relative signals
are composed primarily of annual (AR), multiday (MD), daily (DR) and subdaily (SDR)
radon signals. Prominent periodic diurnal variation underlies the DR and probably also the
SDR signals. Diurnal (S1; 24-hr) and semidiurnal (S2; 12-hr) constituents characterize the
DR signal at 1.2 m, while diurnal constituents typical for gravity related periodicities (M2,
O1) are absent. The amplitudes of the S1 and S2 constituents, calculated for consecutive
512-hr-long time intervals, exhibit a similar covarying annual pattern. The periodic DR signal
is absent at 85 m depth. The peak time of SDR signals, occurring at this depth in some days,
exhibits a 24- and 12-hr periodicity. Time offsets of hours are observed between time-series of
the measured signal from the two levels. The lag, investigated for the decomposed MD signal,
using consecutive 20-d-long time intervals, shows that the signal at depth systematically lags
by around 9 hr the signal at the shallow level. Discrepancy of the patterns of the temporal
variation in the time domain, and also in the frequency and time-frequency domains of
the diurnal periodic components, indicates that atmospheric influence on the radon signal
is insignificant even at a depth of 1.2 m. Combining this conclusion with the compound
interrelations occurring among the different radon signals suggests that other geophysical
processes are driving the radon variation in the subsurface geogas. It is suggested that the
significant S1 and S2 signatures, and their modulations, are imposed on the radon system by
means of a direct link with solar radiation tide.
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1 I N T RO D U C T I O N

Rn (222Rn), being a radioactive inert gas formed by disintegra-
tion from 226Ra, is a unique trace gas component in the natural
environment. It occurs at varying concentrations in geological en-
vironments, mostly unsupported by radium, and very often shows
large, complex and systematic temporal variations. These varia-
tions are supposed to reflect natural processes in subsurface sys-
tems. The suggested drivers and influences include primarily: (i)
geo-mechanical processes acting on the release of radon from the
solid substrate into the fluid phase; and/or influences on the level of
radon in the fluid phase—either via (ii) mechanical stress and strain
on the surrounding rock system or (iii) atmospheric influences on
the transfer of radon in geogas,1 in the subsurface environment;
(iv) interaction and mass transfer with above surface atmospheric
environment and (v) adsorption and desorption processes.

In the frame of active geodynamics the proposition that radon
may serve as a useful proxy for seismic activity has been repeatedly

1geogas: = gaseous phase in the unsaturated zone above the groundwater
level, sometimes referred to as ‘soil air’ or ‘soil gas’.

considered (e.g. Monin & Seidel 1992; Segovia et al. 1995; Toutain
& Baubron 1999; Reddy et al. 2004; Hartmann & Levy 2005, and
references therein). In parallel, transport of radon in soil and water
has been investigated as a tool for monitoring volcanic activity (e.g.
Cigolini et al. 2001; Burton et al. 2004; Alparone et al. 2005; Immè
et al. 2006). Radon is used in these scenarios as a highly sensitive
tracer of secondary geodynamic processes—mainly mechanical and
thermal. Several recent works describe results of high resolution Rn
monitoring in the unsaturated zone. Trique et al. (1999), measuring
in a tunnel within massive gneiss, associated multiday Rn bursts
with transient deformation due to loading and unloading of a local
water reservoir. Using an 8-yr record of Rn, obtained next to a major
active boundary fault of the Dead Sea Rift (DSR), a statistically
significant relation between multiday Rn signals and earthquakes in
the nearby sector of the DSR was demonstrated by Steinitz et al.
(2003).

Daily variations of radon are well known from many observa-
tions at shallow depths, mainly in soils (for a summary see Pinault
& Baubron 1997). Their occurrence is generally attributed to atmo-
spheric influences at the boundary layer between the atmospheric
air and geogas. The influence of environmental factors, mainly
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