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Abstract. A network of three radon stations has been es-tant of about 50 km from the city of Thessaloniki (488 N,
tablished in the Langadas Basin, northern Greece for rado22° 59 E). It is a normal type fault in the Servo-Makedonian
monitoring by various techniques in earthquake predictionZone (Skordilis, 1985). The background (substrate) of the
studies. Specially made devices with plastic tubes includingServo-Makedonian Zone has been formed from minerals of
Alpha Track-etch Detectors (ATD) were installed for regis- palaeozoic era or older, which have been metamorphosized
tering alpha particles from radon and radon decay productsluring the palaeozoic or mesozoic era. In aging of the
exhaled from the ground, every 2 weeks, by using LR-115,crystallic background, the results gave upper palaeozoic or
type Il, non-strippable Kodak films, starting from Decem- lower kaenozoic. Two series might be distinguished in the
ber 1996. Simultaneous measurements started using Lucasystallo-schistic of the Servo-Makedonian Zone, the lower
cells alpha spectrometer for instantaneous radon measuraeries of Kerdylia and the upper series of Vertiskos (Figs. 1a
ments in soil gas, before and after setting ATDs at the radorand b and the Appendix 1).
stations. Continuous monitoring of radon gas exhaling from At the Stivos fault, large earthquake eventsMf = 6.5
the ground started from the middle of August 1999 by us-occurred on 20 June 1978, &f;, = 5.2 on 19 February 1984
ing silicon diode detectors, which simultaneously registerand of M; = 5.8 on 4 May 1995. A radon monitoring sta-
meteorological parameters, such as rainfall, temperature anlon using solid-state nuclear track-etch detectors (cellulose
barometric pressure. The obtained data were studied togetheiitrate films of type CA 80-15 Kodak) had been established
with the data of seismic events, such as the magnititle,  at that fault in the Stivos village for the period August 1982 —
of earthquakes that occurred at the Langadas Basin duringune 1985 (Papastefanou et al., 1989). After a decade, three
the period of measurements, as registered by the Laboratorgifferent radon monitoring stations have been established at
of Geophysics, Aristotle University of Thessaloniki, in order Gerakarou, No. 1, at Stivos, No. 2 and at Sholari, No. 3, in
to find out any association between them. the Langadas Basin (Figs. 1a and 1b) for the period starting
from December 1996 onwards.

In the Langadas Basin, at the spas of Nea Apollonia, No. 4
(Fig. 1b), 60km from the city of Thessaloniki, south-east
of the Lake Volvi, a radon monitoring station is registering

There have been various reports dealing with the measurecontinuously radon anomalies in the waters of spas (ther-

ments of radon concentration in soil gas emanating from thd"@! SPrings). Two active hot springs, namely Loutra (spa)
ground along active faults which may provide useful sig- bangadas (4@C) and Loutra of Nea Apollonia (4€), ex-

nals before seismic events (King, 1977, 1978, 1980: Mogro-iSt in the area of Langadas Basin. The hot spring action is
Campero et al., 1980; Hauksson, 1981). Anomalous chang

geonnected to the neotectonic faulting and must be more in-
in subsurface radon concentrations may be expected prior t

tensive in the past than today, as indicated by the extensive
earthquakes according to the dilatancy-diffusion model fordistribution of travertines along the periphery of the basin
earthquake occurrence (Scholz et al., 1973).

1 Introduction

and around Lake Volvi, in particular (Loutra of Nea Apollo-

In the Langadas basin, northern Greece, between the Lak@ia' .Nea Apollonia, Apollpnia, Nea Madytos, Megali (great)
Langadas (Lake Koronia) and the Lake Volvi (Figs. 1a and Y0Ivi: Nymphopetra, Profitis, Fig. 1b).

b), there is a great fault, named the Stivos fault, with a dis- "€ geothermal gradient in the area is high and sev-
eral “warm” boreholes were drilled for agricultural purposes

Correspondence toC. Papastefanou (greenhouses) in the vicinity of the Loutra Langadas (35—
(papastefanou@physics.auth.gr) 40°C), max 330m, Loutra of Nea Apollonia (56) and
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Fig. 1. (a) Geological map of Langadas Bas{b) Geographical map of Langadas Basin.

Nymphopetra (37—44), 100-200 m. Radon in soil gas was measured first by alpha spectrom-
This work reports on data obtained from field measure-etry using appropriate Lucas scintillation céllgGeorge,
ments of radon gas for the period starting from Decemberl990), in order to define the places of installation of radon
1996 up to June 2000 at three radon monitoring stationsstations. The spectrometer was linked to a portable radon
which were established at Gerakarou, Stivos and Sholari, amonitor, type AB-5 (PYLON), a trace environmental level
well as at the Nea Apollonia spa in the Langadas Basin. radon gas detector which detects radon levels as low as
11 BqnT 3, and a data acquisition unit (instantaneous radon
measurements). The volume of Lucas cells is 270 ml with

2 Experimental methods Zns(Ag), an active area of 27 700 rina counting efficiency

The methods of radon measurements in soil gas and in waters
of thermal springs that were applied are as follows. ltype 300 A (PYLON)
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of 0.75+0.02 cpm dpm?, a sensitivity of 0.037 cpm Bt} 20, 20kBq (PYLON). The data storage units were set far

m3, radon detection levels as low as 11 BginThe soilgas  away from the radon detectors that were inside the waters

was pulled off at opened holes of 70 cm depth. to avoid any influence of electric fields to detecting probes.
Radon in soil gas was also monitored for long time periodsSpecially made detector supporters were provided if the wa-

by LR-115 Kodak type Il, non-strippable nuclear track-etch ters were too deep. Radon registrations were performed ev-

detectors (integrated radon measurements) (Alter and Fleisery 15 min.

cher, 1981) in specially made devices consisting of a plas-

tic tube, 44 mm inner diameter, 50 mm outer diameter and ) )

300 mm in length, with the detectors being on top of the tube,3  Results and discussion

secured appropriately. The plastic tube with radon detectoh

was set inside another plastic tube of 2000 mm in length with

a 70mm inner diameter. The empty space between the twi

plastic tubes was filled with styrofoam material in granule No. 1 (Fig. 1a) are illustrated in Fig. 2. The data showed

form to thermally |sola_te the_: devices. In ord_erto avoid mois- radon registrations higher than 80 tracks@&h! at the
ture effects on the registration of alpha particles to the detec-

) ; . Gerakarou radon station No. 1, as well as at the Stivos radon
tor’'s surface, a glass fiber type GF/B was placed in front of _ . .
. . station No. 2, following anM; = 4.5 earthquake event that
the plastic detector. The time of exposure was 15 days.

. - . occurred on 12 December 1999 and tfeg = 3.9 earth-
For continuous monitoring of radon gas exhaling from the uake event that occurred on 31 January 2000. Earthauake
ground, appropriate silicon diode detecfotébbad et al., q y ) g

1995; Pinault and Baubron, 1996; Trique et al., 1999) weres cH® ofM;, = 35 (21 June 1999) anaf, = 3.7 (17 June

applied in the middle of August 1999, having a backgroundlg.gg) were not ass.ociat.ed with significant r%c:fc:nlanomalies
counting below 1 event every 24 h, a useful area of 45¢mm (Fig. 2). Radon reglstrgtlons up tq 60 tracks m - were

a depleted depth of 19m (microns), a sensitivity of 0.02 recorded in the Sholari radon station No. 3. Similar plots to
pulsgs rl Bq_‘} me. a resolution with ,the detectoryplacéd in that of Fig. 2 were obtained for the radon stations No. 2 and
the air 60keV, a radon detection limit of 50Bqthand a Noléegéults of radon concentrations in soil gas in the continu-
saturation volumic activity of 3 MBq m?. Atmospheric pa-

. : ous monitoring of radon by Barasol detectors for the period
rameters, like temperaturéQ), barometric pressure (mbar) of August 1999 through June 2000 obtained at the Stivos

and rain precipitation (mm were recorded simultaneously byradon station No. 2 are illustrated in Figs. 3a and 3b. In

the sensors provided by the detector probes. Radon registr?ﬁe period of August 1999 through December 1999, there

tio'r__lsrwerﬁtiaerforrr:egifvr(iarzy 1? rrmcr; n in waters of ther seems to be a background of 40 kBg¥or radon in soil gas

or continous monttoring of radon gas aters ot ther- (Fig. 3a), while in the period of February 2000 through June
mal springs, app_roprlate_ silicon c_J|_o_de dete&c(ll%ane etal, 2000, the background rose to about 50 kBtfrfor radon in
1995) were applied having sensitivity 1 counth=362Ba o o (rig 3b), possibly indicating higher seismic activity

-3 ~ . .
merfér'rAn ;zSpg.T]seafucnacl.tg)rgtf dStr;%rot:':Jyffeoz deéeéﬁflvggggo be followed in the next period. Beside this, only one earth-
p using I urce, typ guake event with a magnitude higher than 4.0 occurred at the
2Barasol probes region of interest; ROl in the period of measurements, that of

esults of radon integrated measurements by solid-state nu-
clear track-etch detectors for the period of December 1996
rough June 2000 obtained at the Gerakarou radon station
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at that period (December 1999 through January 2000, a twodata have been provided by the Laboratory of Geophysics,
month period), the Barasol detectors were not in the radorAristotle University of Thessaloniki, Greece. The variation
stations in the field for technical reasons (updating of soft-of radon concentration in soil gas might be slightly affected
ware by the manufacturer). So, we missed two months ooy changes in barometric pressure, moisture (precipitation)
data which could show radon anomalies at the radon spectrand temperature (Mogro-Campero et al., 1980).

Better results are expected for the cases of large earthquake Radon measurements performed in drillings ranging from
events with magnitudes higher than 5.0 (Papastefanou et al25 to 50 m in depth, at Nea Apollonia spa, No. 4 in the Lan-
1989), which, however, did not occur in the period of mea- gadas Basin (Fig. 1b) showed that radon concentrations var-
surements. Similar plots to those of Figs. 3a and 3b were obied from 4365 to 54415 Bq n? at depth 25 m and as high as
tained for the Gerakarou radon station No. 1 and the Sholar63100 Bq nt? at depth 50 m, associated with the seismic ac-
radon station No. 3. The seismic events that occurred in theive fault zones (Haukksson, 1981) like that in the Langadas
wide region of interest are illustrated in Fig. 4. The seismic Basin.

Appendix A Explanations of geological map of Langadas Basin (Fig. 1a)

SEDIMENTARY ROCKS METASEDIMENTARY ROCKS
QUATERNARY
HOLOCENE MELISSOCHORI - CHOLOMON UNIT

(LYRIASSIC - MIUDLE JURKASSIC)
Quartzites: Reddish-brown, ferrouginous, fine~ to
medium-grained, thin bedded and dark grey, calcareous
quartzitic sandst Intercalationy of dark grey phyllites,
Black, thin bedded, thick chert horizons and lenses or

Valley Deposits: layers sericized, chloritized, saussyritized dolerite, are
Sandy clay intercalated,

e ] Lacustrine sediments:
- HIK; Sandy clsy, silt aad fine-
AL ined sand rich in mica

SERBOMACEDONIAN MASSIF

PERMIAN () - LOWER TRIASSIC
xamili formation

Deposits in river and torrent beds:
Sandy clay, saad and grits

PLEISTOCENE

Lower terrace system:

| Gravel and sand. The top of the
s] system is located 5-6 m higher
than the rivers level,

: Middle terrace system
’)ﬁ; Graval. The top of the system is
W Jocated 10-15 m higher than the
rivers’ level.

OUATERNARY UNDIVIDED

i Fans:
| of different age

TERTIARY

UPPER MIOCENE - LOWER PLIOCENE

Red clays series:

Red to brick-red marls, .u.lty with
mics ining small
concrotionary bodies.

References

Quartzites: dark-grey to greenish, fine grained, thin bedded,
alternating with grey, coarge- grained, quartzitie, schistoes
sandstones and whitish thin-bedded, foliated conglomerates

tes rich in feldspar grading to quartzitic~
sericite uclmts anf flaser quartzites.

PALEOZOIC (or older)

Vertiskos formation

Two-mica gneiss: dark grey or brows, fine to di ined, ¢
. with trangitiong into augu-gnalu (pu;mclue anorthite 25- 30% quariz,

muscovite, biotite, perthitic K-fel p and des. Slightly

foliated pegmatoed dykes and sills and ﬂna—gulnad tcbbmu aplitm granite

sills, are frequent. South of Langsds Inke p. itic aiteration

iato chloritic schist with felds relists, 8 dary £ liati micro-folding

widespresd.

IGNEOUS ROCKS
METAMORPHIC AND SCHISTOSE

MESOZOIC

Two mica abd biotite granite (Acnaia type): Schistose, medivm-grained two
pegmatitic, in parts leucocratic to aplitic (plagioclase anorthite 18-27%, perthitic
osthoclase, microcline + muscovite, + biotite and asseccories). At the margins

of the bodles sills, dykes and apophyses penetrate the metasediments.
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