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Abstract. Radon, CO2 and environmental variables are recorded dur-
ing nearly three years at a shelter hosting a 505 m deep well lo-
cated close to Teide volcano. Different temporal patterns are observed,
annual, semi-annual, semidiurnal and multi-day fluctuations, the latter
observed as gradual variation of the semidiurnal signal. CO2 is anti-
correlated with atmospheric pressure at daily and at multiday scale,
pointing to a barometric control on the rate of up-flow through the
pipe of volcanic CO2 exsolved from the aquifer. Rn daily maximum
lags pressure by 2 hours or more, exhibiting a positive correlation at the
multiday scale. Also, an apparent quasi-fortnightly period is detected
at Rn, CO2 and Patm during summer months, with different relations
among them (reversal at CO2 compared to Rn and Patm), pointing
to a long period tidal modulation on these gases. Several anomalous
large semidiurnal radon peaks were detected, some of them possibly
related to seismic events within the volcanic edifice. This work defines
radon baseline levels during a period of low geodynamic activity at a
site which is in direct contact with a CO2 saturated aquifer that could
be easily perturbed by potential unrests at the central volcanic edifice
of the island.

1 Introduction

Tenerife is the largest (2078 km2) and highest (3718m) island of the Canarian
Archipelago, an intra-plate volcanic chain located about 100 km from the African
coast (Fig. 1, inset), and is one of the most complex from the geological point of
view. The structure of this island is controlled by a volcano-tectonic rift system
forming three axis trending N-E, N-W and N-S, with predominantly basaltic vol-
canism. The intersection of these three axes is occupied by the large Las Cañadas
Caldera (about 16 km the longest axis) which hosts the Teide-Pico Viejo stratovolcano
(Fig. 1), both part of the central volcanic complex of Las Cañadas edifice (3.3–0.2Ma
(millions of years before present)), composed by a sequence of basaltic, trachybasaltic,

a e-mail: mcmartin@ull.es

http://www.epj.org/
http://dx.doi.org/10.1140/epjst/e2015-02397-7


642 The European Physical Journal Special Topics

Fig. 1. Location of the monitoring site at Las Cañadas Caldera, Tenerife, Canary Islands
(photographic composition from NASA repository).

trachytic and phonolitic products emitted during several constructive and destruc-
tive episodes [1,2]. The Teide – Pico Viejo stratovolcano, located inside the caldera
depression, is a 3718 m high volcanic complex made of basaltic, trachytic, and phono-
litic volcanic products emitted during several eruptive episodes, starting after the
Cañadas Caldera formation, (0.2Ma). The eruptive styles ranged from strombolian
to phreatomagmatic activity, cryptodome formation and dome extrusions [2]. The
last eruptive event in the terminal crater of Teide took place in 1400 AD [3]. Other
historic eruptions occurred along NE and NW axis in 1704, 1705, 1706, 1798 and
1909, mainly consisting of basaltic monogenetic fissural activity [4].
Present day latent volcanic manifestations are the low temperature fumarolic

activity at Teide crater (< 85◦C) and large areas with groundwater thermal and
geochemical anomalies in the aquifer of the central zone [5–9]. At this area, CO2 con-
centrations up to 10 vol% in air have been measured inside numerous water galleries
(water prospection drillings) [5]. During 2004–2005 a seismic crisis occurred at two
new seismogenic zones, located NW and SW of the Cañadas Caldera, possibly related
to magma intrusion, at least below the NW seismogenic zone [10,11].
Extensive radon mapping at surface (in soil gas) and at the deep subsurface

(using the extremely dense network of groundwater galleries existing in the island)
revealed large radon anomalies (> 37000Bq/m3, background < 3700Bq/m3), with
a spatial distribution clearly associated with main volcano-tectonic structures of the
island. At the central zone, radon anomalies are also associated with areas of high
CO2 emissions and/or areas with thermal anomalies [12]. The temporal variation of
radon (222Rn) in the subsurface has also been investigated [7,13–17]. At Tenerife is-
land radon flux patterns significantly differ from one site to another, indicating the
influence of the different geological settings and the different degrees of endogenous
and environmental variables effects.
In general, radon monitoring performed at different underground sites exhibit

(Fig. 2): a) Long term seasonal radon variations, with lower values in winter and
higher in summer, b) Non-periodic multi-day (MD) radon signals lasting several
days, and c) semi-diurnal radon fluctuations superimposed to the MD signals. The



Radon Applications in Geosciences – Progress & Perspectives 643

Fig. 2. Radon monitoring at different anomalous zones (up to 7 km apart) (A, B C in map)
exhibits different temporal patterns: Long term seasonal variations, with lower values in
winter and higher in summer (zone A; Plot I). Non-periodic multi-day (MD) signals (zone
B, Plot III; zone A, Plot I), and semi-diurnal radon fluctuations superimposed to the MD
signals (zone A, Plot I and II; zone B, Plot III). The amplitude of the semidiurnal variation
relative to the MD signal is different and characteristic at each site (Plots II, III, IV).

amplitude of the semidiurnal variation relative to the MD signal is different, system-
atic and characteristic for each site.

One of these sites (Montaña Majua, Fig. 2C) exhibits mainly semidiurnal fluc-
tuations, and MD signals defined by the gradual variation of the daily maxima.
Non-periodic MD radon fluctuations have been frequently associated to geological
activity (seismic/volcanic/rock mass deformation) [18–26]. Diurnal and semidiurnal
radon variations have been studied in relation to many other periodic phenomena
(barometric pressure, atmospheric temperature, Earth tide deformation, solar irradi-
ance) as possible drivers for radon variation [20,27,28,30–33], but no clear consensus
exists.
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Fig. 3. Shelter entrance (left) and vertical layout of the underground structure (right,
modified from [34]). The monitoring station (MS) is located inside the shelter, next to the
wellhead. Radon, CO2, barometric pressure and internal air temperature are measured at
this point. External air temperature is measured outside the shelter, about 50 m apart.

In this work we combine radon measurements with the simultaneous monitoring
of another gas – CO2, and environmental variables (air temperature and barometric
pressure) in order to better understand the daily and multiday radon signals in the
context of the active volcanism of Tenerife. Nearly three years long time series are
analysed and compared to the recorded seismic activity in the island.

2 Experimental site and analytical procedure

Montaña Majua site is a 505 m deep well used for hydrogeological research by the
Water Council of Tenerife (Consejo Insular de Aguas de Tenerife). This facility is
located at 2264 m above sea level in the central area of Las Cañadas Caldera, at
about 600 m from the South-eastern base of Teide volcano (Fig. 1). The lithology
along the borehole corresponds to an upper layer of phonolitic and pumiceous rocks
followed by basaltic lavas and some intermediate trachybasaltic flows that belong to
the Teide-Pico Viejo sequence [35]. A more detailed description of the lithological
column of this well is given in [7]. The wellhead is hosted into a shelter that is
partially isolated from the external air by three metallic doors (Fig 3). The water
level inside the well (unconfined aquifer) is around 446 m depth. Inside the well, CO2
concentrations up to 40% in volume have been measured between the water table and
a zone of thermal inversion located around 300 m depth [7]. The CO2 is of volcanic
origin and is released from the CO2 saturated aquifer.
Radon, CO2 and environmental variables (air temperature and barometric pres-

sure) are recorded during nearly three years inside the shelter, next to the wellhead
(Fig. 3), by using a multi-parametric station consisting of: a) a radon measurement
system based on a Geiger-Müller counter (RM-70 detector, Aware, USA) sensitive
to alpha, beta and gamma radiation, as well as X-ray radiation above 10 keV, b) a
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non-dispersive infrared (NDIR) sensor (SenseAirTM, Sweden) with a measurement
range from 0 to 4% vol for CO2 measurements, c) a temperature sensor (PT100) and
d) a PTB100 analog barometer (VAISALA, Finland). All are connected to a data-
logger using a time resolution of one hour. Overlapping comparative measurements
of radon in the shelter are done with a radon probe (Barasol, Algade Inc., France),
(silicon detector for α particles, sensitivity of 1 cph (= about 50 Bq/ m3), with a sam-
pling interval of 15 minutes. Outside the shelter and about 50 m apart, external air
temperature and relative humidity are recorded using a HOBO Temp/RH datalogger
(ONSET Corp., USA).
Decimal time (UT; day 0 = 1.1.1998) is used for the obtained time series, that

span from February 14, 2013 to September 30, 2014 with the Barasol probe and from
February 10, 2012 to September 30, 2014 for the rest of instruments. Raw data from
the Barasol probe (radon – alpha) and external temperature sensor were decimated
from the original 15 min. time resolution to one hour. Data gaps of three hours or
less were filled by linear interpolation. A six day gap existing at the Barasol record
from July 2 to 7, 2014 was retained.
The obtained times series are analyzed in the time and frequency domains, at

different time scales and intervals: Long term (multiyear) trend is analyzed by simple
linear regression of the time series. The residuals of the linear regressions are fur-
ther used for analysis of the de-trended time series. Seasonal/annual variability is
obtained by FFT filtering using a 45 day window. Several smoothing methods using
different window lengths were performed to select this optimal procedure. Shorter
periodic components are extracted by FFT analysis of the de-trended time series.
Phase variability of the diurnal components is studied by frequency histograms of
the daily maxima. Observed anomalous intervals are later compared to the seismic-
ity recorded within a radius of 40 km from the monitoring site. Seismicity recorded
during the observational period is obtained from the National Geographical Institute
catalog (http://www.ign.es/ign/layoutIn/volcaFormularioCatalogo.do).

3 Results

The long-term temporal variation of 222Rn, CO2, barometric pressure, internal and
external air temperature is shown in Fig. 4. A statistical summary of the data is given
in Table 1. Radon concentration in Bq/m3 is given by the calibrated Barasol probe
and can be qualitatively compared to the count level obtained with the Geiger-Müller.
The mean radon concentration inside the shelter during the monitored period

is of 7944Bq/m3, well above the mean continental concentration in open air (10–
30Bq/m3), with maximum values higher than 22,000Bq/m3. CO2 concentration
varies from 0.2 to near 4% in volume.
A detail with two examples of 10 days and one month time windows can be

observed in Fig. 5. Semi-diurnal signals are evident in Rn, CO2 and Patm. Rn daily
signals lag by 2h (up to 5 h) the daily CO2 fluctuations (Fig. 5a, b). Occasionally, Rn
anomalies occur, defined as large semidiurnal radon peaks, usually not accompanied
by CO2 peaks (Fig. 5b). These radon anomalies are studied in more detail in Sect. 3.4.
At a larger time scale, multiday patterns (MD), defined by the gradual variation of the
daily signal, can be observed in Rn, CO2 and Patm. (Fig. 5c and d). Variable relations
are observed between MD-Rn and MD-CO2 and also between each gas and MD-Patm.
MD-CO2 are mostly anti-correlated to MD-Patm (as expected), however during some
intervals MD-Rn are positively related to Patm (Fig. 5c). In other occasions, though
MD-Rn and MD-CO2 events coincide in the same time interval, their upper envelopes
exhibit inverse patterns (Fig. 5d).
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Fig. 4. Temporal variation (from top to bottom) of external (Text) and internal temperature
(Tint), barometric pressure, CO2, radon counts at the GM sensor and

222Rn at the Barasol
probe, from February 2012 to September 2014. Long term (multiyear) trends defined by
linear regression fits are also showed.

3.1 Long-term (multi-year) variation

All variables exhibit a positive increasing trend (Fig. 4). The increase is almost
negligible in CO2 (slope 1.37 × 10−4), Patm (slope 7.18 × 10−4) and Tint (slope
8.62×10−4) and it is small in Text (slope 0.002). A faster increasing trend is recorded
at Rn (slope Rn GM 0.67), and especially at Rn-alpha (slope 1.76). Multiyear in-
creasing trends in radon levels have been interpreted as due to the influence of the
long-lived radon decay product Pb-210 (half-live of 22.3 yr) [28].

3.2 Seasonal/annual variability

Seasonal/annual variability is obtained by FFT filtering using a 45 day window
(Fig. 6). Seasonality is evident at all parameters, being strongest at Text and
Tint and less clear at Rn gamma. Also, during 2013 (the only complete year) a
semi-annual pattern can be observed in CO2, Rn gamma and barometric pressure.
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Table 1. Descriptive statistics of the time series.

Parameter Mean Min. Max. % St.Dev.
Rn-GM (counts/h) 3095 1350 7251 31.3
CO2 (% vol.) 0.5 0.2 3.7 63.0
P (mbar) 786.9 764.9 795.5 0.4
Tint (

◦C) 12.6 8.0 19.1 19.0
Text (

◦C) 12.2 −3.0 26.1 47.5
Rn-A (Bq/m3) 7944 0 22770 60.0

Fig. 5. Two examples of 10 days (a, b) and one month time windows during summer (c) and
winter (d). Semi-diurnal signals are evident for Rn, CO2 and Patm (a, b). Rn daily signals
lag by 2 h (up to 5 h) the daily CO2 fluctuations (a, b). Occasionally, Rn anomalies occur,
defined as large semidiurnal radon peaks usually not accompanied by CO2 peaks (ellipse in
b). Multiday patterns (MD) defined by the gradual variation of the daily signal, are observed
at Rn, CO2 and Patm. (c and d).

At all parameters annual maxima occur during summer and the annual minima dur-
ing winter, however there are different time lags among them. Using the time of the
external air temperature summer maxima as reference, the only stable time lag occurs
between Tint and Text (Tint summer maxima is 35 days lagged) but this lag varies
for Rn and CO2 (Table 2). Therefore Text doesn’t seem to have a relevant influence
on radon or CO2 levels at this site at a yearly scale.

3.3 Daily fluctuations

Figure 7 presents the power spectra of the signals filtered at the daily frequency
band. Both 222Rn and CO2 have spectral patterns very similar to that of Patm,
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Fig. 6. Seasonal variability (from top to bottom) of external temperature (Text) and internal
temperature (Tint), barometric pressure (P), CO2, Rn-gamma and Rn-alpha.

Table 2. Time lag between the seasonal variation of external temperature (Text) and the
other variables.

2012 lag (days) 2013 lag (days)
Tint 35 34
Rn-alpha +3
Rn GM 16 29
CO2 14 21
Patm 7 0

with a strong S2 constituent (12 h), minor S1 (24 h) and S3 (8 h). S4 (6 h) is also
present in the spectra for Rn gamma, Rn alpha and barometric pressure. This spectral
content is very different from that of the external atmospheric temperature which has
a dominant S1 periodicity. Therefore, as for the seasonal variation, at a daily scale
Text doesn’t seem to have a relevant influence on radon or CO2 levels.
Phase variability is studied by analysing the frequency histograms of the daily

maxima at each variable and in two periods, winter and summer. In this analy-
sis, winter and summer periods have been defined taking into account the relation
between the external and internal air temperature, considering the two most extreme
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Fig. 7. Fourier spectra of the de-trended time series.

intervals as described in Fig. 8. Winter interval spans from October 24, 2013 to
January 17, 2014, a period where the air temperature inside the shelter is mostly
above the external one. Summer interval spans from June 28, 2014 to September 19,
2014, when the temperature outside is most of the time above the internal one.

The phases of daily variations of external temperature (Text) and barometric
pressure (Patm) are stable through the year, with peak times around 16:00 h for
atmospheric temperature and at 12:00 and 23:00–24:00 h for barometric pressure.
The same is for CO2, with stable semidiurnal peak times around 7:00–8:00 and
17:00–19:00 h through the year. In winter, CO2 and radon are in phase most of
the time and both are in anti-phase with atmospheric pressure (as expected). How-
ever, during summer, the radon phase shifts up to 4 hours, resulting in semidiurnal
peak times around 9:00 and 22:00 h, being almost in phase with barometric pressure
(Fig. 9). Thus, at a daily scale, the barometric tide seems to be the main driver for
the semidiurnal variation at CO2, but the varying time shift along the year of the
semidiurnal radon signal compared to the stable phase of CO2 and Patm makes the
relation of radon with barometric pressure deceptive.
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Fig. 8. For the analysis of the daily and multiday variations, winter and summer periods
have been defined taking into account the relation between the external and internal air
temperature, considering the two most extreme intervals. The winter interval spans from
October to January, a period where the air temperature inside the shelter is mostly above
the external one (ellipse). The summer interval spans from ends of June to September, when
the temperature outside is most of the time above the internal one (horizontal line).

Fig. 9. Frequency histograms of the daily maxima of 222Rn, CO2 and Patm in two periods,
winter (from October 24, 2013 to January 17, 2014) and summer (from June 28 to September
19, 2014). In winter, CO2 and radon are in phase most of the time and both are in anti-phase
with atmospheric pressure. During summer, radon phase shifts up to 4 hours, being almost
in phase with barometric pressure.



Radon Applications in Geosciences – Progress & Perspectives 651

Fig. 10. Box plot of the de-trended and de-seasoned radon time series. Radon anomalies
(outliers set as two times the inter-quartile range above the third quartile), are defined as
radon levels higher than 3198 counts.

3.4 Radon anomalies

Rn anomalies, defined from the de-trended and de-seasoned radon time series as
semidiurnal peaks reaching a count number larger than two times the inter-quartile
range above the third quartile (see outliers in the box plot of Fig. 10 and an exam-
ple of anomaly in Fig. 5b), are compared to the seismic activity recorded during the
observational period, within a radius of 40 km from the monitoring site. 78 seismic
events were recorded from 30/01/2012 to 01/10/2014, with magnitudes between 0.8
and 3.8. Eight radon anomalies were determined, all of them corresponding to the
second semidiurnal peak. Three of these anomalies occurred between 1.5 and 4 days
after a seismic event, one occurred one day before, one was in the same day and
three anomalies occurred without any seismicity being recorded in the 5 days be-
fore or after. The magnitude of these possibly related seismic events ranged from 1.3
to 2.5
Some of these radon anomalies seem to be related to the occurrence of seismic

events within the volcanic edifice. However, similar seismic events have not resulted
in radon anomalies, lowering the significance of the observations. Influences of meteo-
rological variables such as rainfall or snow cover have been ruled out as Las Cañadas
Caldera is an arid zone, with less than 300 mm of rain per year, and most of the radon
anomalies have occurred during the driest months (May to September). On the other
hand, CO2 variations do not show any relation to the seismic activity during the
observed period.

3.5 Non-periodic multiday (MD) variation

Non-periodic multiday signals (MD), defined by the gradual variation of the daily
fluctuations, can be observed in Rn, CO2 and Patm. (Fig. 5c and d). Variable time
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Fig. 11. Cross-correlation analysis (using Origin software, OriginLab Corp.) between the
upper envelopes of the de-trended time series at two intervals, winter and summer. CO2 and
Patm MD variations are anti-correlated with a small lag of 0.5 day (CO2 lagged), (a and b).
Rn and Patm MD variations are positively correlated, with a time lag varying from zero in
summer to +1 day in winter (Patm lagged), (c and d).

shifts are observed between MD-Rn and MD-CO2 and also between MD-Rn and MD-
Patm. Time lags among MD Rn, CO2 and Patm were calculated by cross-correlation
analysis between the upper envelopes of the de-trended time series (Fig. 11). Due to
the observed Rn diurnal phase shifts along the year and the variable MD-Rn relation
to MD-Patm (and CO2), the cross-correlation analysis was also performed at two dif-
ferent intervals, in winter and in summer, as defined in Sect. 3.3.
CO2 and Patm MD variations are anti-correlated with a small lag of 0.5 day (CO2

lagged), which is constant through the year (Fig. 11a) and b)). Conversely to what
could be expected if radon is driven by volcanic CO2, Rn and Patm MD variations
are positively correlated, with a time lag varying from zero in summer to +1 day in
winter (Patm lagged) (Fig. 11c) and d)). Also, from the cross-correlation functions in
Fig. 11, an apparent quasi-fortnightly period is detected at Rn, CO2 (Fig. 12a) and
Patm (Fig. 12b) during summer months, with different relations among them (reverse
CO2 variations compared to Rn and Patm). This periodicity is absent during winter.
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Fig. 12. Cross-correlation diagrams for Rn vs. Patm and CO2 vs. Patm (a), and for P with
itself (b) during summer months. An apparent quasi – fortnightly period is detected with
different relations among them (reversal at CO2 compared to Rn and Patm).

This could be an indication on a long period tidal modulation on these gaseous com-
ponents.
Also in this case, it could be assumed that the temperature gradient between

the external ambient temperature and the internal one in the shelter, has a complex
effect which is reflected in a gradual variation of multiday radon patterns during the
year, which could be related to a variable rate of natural ventilation of the shel-
ter. During winter, when external air temperature is mostly below the internal one,
cooler and denser radon free air can enter into the shelter diluting radon concentration
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and influencing radon variation patterns, making them more similar to those of CO2
(Fig. 5d). During summer, external air temperature is mostly above the internal one,
avoiding or minimising the thermal ventilation effect, resulting in relatively isolated
conditions and thus in a better observational situation to analyse pure degasifica-
tion/emanation phenomena (Fig. 5c). This could be also an explanation of the fact
that radon anomalies are more frequently detected during summer and to the lack of
fort-nightly periodicity during winter months.

4 Discussion and conclusions

Radon, CO2 and environmental variables (air temperature and barometric pressure)
are recorded during nearly three years at Montaña Majua site, a key location for
volcanic surveillance due to its location, close to base of Teide volcano, and to its
long term accessibility as a governmental facility.
At this site, several temporal patterns are observed in both gases: annual and

semi-annual modulation, prominent semidiurnal fluctuations and multi-day variations
formed by the gradual variation of the semidiurnal signal during intervals of several
days.
Comparison to environmental variables highlights differences between both gases

at different time scales. At a daily scale, the barometric tide seems to be the main
driver for the semidiurnal variation of CO2, and possibly also of radon. However,
radon daily maximum lags pressure by 2 hours or more, and exhibits a positive cor-
relation with pressure at the multiday scale. The varying time shift along the year
of the semidiurnal radon signal compared to the stable CO2 and Patm makes the
relation of radon with barometric pressure deceptive.
At larger time scales (weekly-monthly), there is also a reversed relation between

CO2 and barometric pressure, with a small lag of about half a day, which is consis-
tent along the year. For radon the correlation with pressure is positive, with a varying
time shift between 0 in summer and +1 day in winter. As far as known, there is no
mechanism that can explain an increased radon emanation or flux under positive
barometric pressure gradients.
Based on the different temporal patterns observed for each gas, different sources

for radon (mainly the surrounding shelter walls) and CO2 (barometric pressure driven
groundwater degassing and advective flow through the pipe of the well) are suggested.
This is also supported by the fact that the larger CO2 peaks (>2% in vol) are system-
atically accompanied by strong barometric pressure drops. In these cases it is possible
that during stormy (very low pressure) weather, the so called “mountain breathing”
phenomena described by Woodcock driven by a combination of Bernoulli effect of
strong winds and barometric pressure drop [36], could be acting at this high volcano
(measurements are done at 2150 m above sea level), resulting in a more effective
transport of CO2 through the borehole to the surface. But this is not the case for
radon, as these large CO2 peaks are not accompanied by proportional radon increases
and conversely, large radon peaks described in this work as anomalies, are not ac-
companied by similar CO2 increases. Thus we conclude that at Montaña Majua well
radon and CO2 have different dynamics and sources.
Moreover, an apparent quasi-fortnightly period is detected in Rn, CO2 and Patm

during summer months, with different relations among them (reverse CO2 variations
compared to Rn and Patm). This could be an indication on a long period tidal influence
on these gaseous components. If this is the case, gravity tide driving Earth tidal
deformation would be causing tidal changes in radon emission with the same quasi-
15 day period and phase. At the same time, the quasi-fortnightly barometric tide
[37,38] would be driving CO2 flux variations through the pipe well with the same
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periodicity but with opposite phase. Longer time series would be needed to support
this hypothesis.
Radon anomalies, extracted from the de-trended and de-seasoned radon time

series, were compared to the seismic activity during the observational period within
a radius of 40 km. Eight anomalies were detected, all of them corresponding to the
second semidiurnal peak. Influences of meteorological variables such as rainfall or
snow cover have been ruled out as Las Cañadas Caldera is an arid zone, with less
than 300mm of rain per year, and most of the radon anomalies have occurred during
the driest months (May to September). Some of these radon anomalies seem to be re-
lated to the occurrence of seismic events within the volcanic edifice. However, similar
seismic events have not resulted in radon anomalies, and also there are radon anom-
alies without any seismic event counterpart, resulting in an ambiguous interpretation.
Further analysis taking into account the different seismogenic zones within the island
would be needed to better define whether a relation exists. In turn, CO2 variations
do not show any relation to the seismic activity during the observed period.
On the other hand, the temperature gradient between the external temperature

and the internal one at the shelter seems to have a complex effect which is reflected
in a gradual variation of multiday radon patterns during the year. A possible expla-
nation for this phenomenon could be related to a variable rate of natural ventilation
of the shelter, higher in winter and lower in summer, resulting in more isolated condi-
tions during the summertime and thus in a better observational situation to analyse
pure degasification/emanation phenomena. This could be also an explanation for the
observation that radon anomalies are more frequently detected during summer inter-
vals and to the lack of fort-nightly periodicity during winter months. An improvement
of the experimental configuration including, for instance, flow rate and wind speed
measurements would provide complementary information for a better understanding
of the different gas dynamics and is recommended for future research.
Moreover, the described data reflect complex phenomena and part of them are

not well understood, especially concerning radon, not only due to the complexity of
the environmental interactions but possibly also to complexities related to the nature
of its radioactive decay [32,33,39].
Radon monitoring at the Montaña Majua site started several years after the seis-

mic crisis occurred in Tenerife in 2004–2005. The seismicity in the island has decreased
since then and, in spite of few apparently related radon anomalies, no clear relation-
ship is observed between radon and present-day seismic activity. On the other hand,
the recent volcanic eruption at El Hierro island [24,25] evidenced the need to know
the baseline levels during quiescence periods. In this sense, this work contributes to
establish radon levels during a period of low geodynamic activity at a key site which
is in direct contact with a CO2 saturated aquifer that could be easily perturbed by
potential unrests at the central volcanic edifice of the island.
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07775/BTE, PI2008-250, CGL2011-25494 and CGL12-33430. We are grateful to the Water
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