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ABSTRACT

common origin. The 3He/4He ratio defined by that 1line can be considered as

ric noble gases dissolved into ground water.
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Volcanic gas samples from three volcanic centres of the Aegean island
arc were analysed for He, Ne, Ar, Kr and Xe isotopes, The gas samples from Milos
and Santorini show high 3He/aHe ratios indicating a large contribution of mantle
~derived helium, while the low 3He/qu ratio of the Susaki sample indicates

crustal helium, enriched in radiogenic 4He. Combining the above ratios with the
JHeIZONe ratios it is demonstrated that the samples from Milos and Santorini lie
on a common mixing line between atmospheric and mantle-derived helium suggesting

a

characteristic feature of this volcanic area. Elemental abundance patterns of
‘the analysed gas samples indicate that Ne, Ar, Kr and Xe are recycled atmosphe-

Aelvpata nealoteLakdv asplwv and tpla neairotelakd kévpa tou TtHZou ToOU
Atvalou avaiiBnkav yid Lodtoma twv dtoixelwv He, Ne, Ar, Kr kat Xe. Ta delvuarza
and tTn Milo kaL tn Eavtoplvn napouoidZouv upnholg Adyoug 3He/qu nou Selxvouv
pla peyahn ouppetoxn He amd tov pavdia eve o yaunidg Adyog 3He/4He tou Belypatog
and to ZovodkL delxvel ouppetoxh He amd tov gAold, eumhoutiouévo OE padLovEVEC
‘He. Zuvbuaouds Ttwv mapandvw Adywv HE TOUC Adyoug He!zoNe BetyveL OTL ta Bely-
pata and tm MAAo kar tn Zaviopivn tonoBetolvraL mAvw Of pla koLvh ypauun peTafl
TOU atpoogaLpLkol xar Tou pavduakol He, mou emitpémer Ty umdBeon TNg KoOLvAg
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npbéheudng, 0 Advoc “He/ e nou optZetal and taviypauph auth umopel va BewpnBel
oav xana:nnptuxixé YVUPLOUA QUTAC TG neaLoteLakic meploxdc. And ta Sraypdupata
TWY MEPLEKTLKOTATWY Twy otoLxeiwv palverar dti ta wgdtona twv Ne, Ar, Kr kair Xe
uuottknuv avaKukAoUWE va otuoopaLpLkd euyevli aépLa mou éxouv SLaAuBel ota umbyeLa
VEpQ.

1 §

'« INTRODUCT 1M
= Helium has two stable isotopes of mass numbers 3 and 4. Isotopic rati-
0s of 3He/ He in terrestrial samples vary from over 5x10 (KANEOKA and TAKAOKA
1978) to less than 1x10™0 (SHOKOLYUKOV, 1970). A portion of He in terrestrial
samples is primordial He which was trapped in the solid Earth at the time of
accretion (CLARKE et al., 1969). Another portion of 3He as well as qu are pro-
duced by nuclear reactions in the solid Earth. It has been established that He
isotope ratios show a close relation to the géotectonic features of the region
where the samples are co?]ected In divergent type of plate boundaries such us
Mid-Ocean Ridges (MOR),
in the atmosphere.

He{ He ratios are about ten times higher than the ratio
These (MOR type) ratios are extremely uniform with a value
of (1.3:0.2)x10'5, irrespective of differences in sampling sites (LUPTON and

CRAIG, 1975; CRAIG and LUPTON, 1976; LUPTON et al., 1977; OZIMA and ZASHU, 1983).

In convergent type of plate boundaries (subduction type), the 3He{aHe ratios of
hot springs and volcanic fumaroles vary from ?.Oxlo-ﬁ to l.]xl{]'5 and show grea-
ter variations than the MOR type (NAGAO et al., 1981; TORGERSEN et al., 1982 ;
LUPTON, 1983).

The Aegean island arc shows particular tectonic and geochemical chara-
cteristics (MAKRIS, 1977; MAKROPOULOS and BURTON, 1984; KONTOPOULOU et al., 1985
MITROPOULOS et al., 1987; MITROPOULOS and MAGGANAS, 1988a, 1988b) giving to it a
world-wide importance. The hydrothermal fields of Milos and Santorini are also
of great importance and they have been examined in considerable detail by many
geologists (FYTIKAS, 1977; LIAKOPOULOS, 1987; VARNAVAS, 1989: VARNAVAS et al.,
1989; BOSTROM et al., 1989). As a contribution to the more detailed study of the
Aegean island arc a collaboration program on the isotope geochemistry is in
progress. The first results on the noble gas isotope geochemistry of the Aegean
island arc, are presented in this paper.

SAMPLING AND ANALYTICAL PROCEDURE
Gas samples were collected from three volcanic centres of the Aegean
island arc, i.e. Susaki, Milos and Santorini (Fig. 1). Sample GSU1 from Susaki,
as well as samples GMI5 and GMI7 from Milos were collected from geothermal pros-
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,ﬁiﬁ. 1. Location of the volcanic centres of Susaki, Milos and Santorini in the

. Aegean island arc.
3X. 1. 840eLq Twv nealoTetaxbv KEVTpwy Tou Soucak(ou, Tng MAAou kai tng Eavs

b toplvng oto t6To tou Avvalou.

“1ng wells. Samples GMI1 from Milos and GSA2 from Santorini were collected
the undersea bubbling hot springs located at Adamas and Palaea Kameni res-
;'Valy. Sample GSAl from Santorini was collected from the fumaroles of Nea
i (Figs. 2a & 2b). Each gas sample was transferred in the field into an
ated lead-glass container with a vacuum-stop valve. Several water samples
also been collected from the above three volcanic centres which are already
r isotope analysis.

Before noble gas measurment,
es with breakable seals which were made of glass of Tow He permeation. The
lles were attached to the purification system connected to the mass sgectro—

The system was baked out to get an ultra-high vacuum of about 107~ Torr
noble gas analysis. The sample gas was introduced into the purification
by breaking the breakable seal of the ampoule and was purified by removing

each gas sample was divided into several

ewAoyiag. A.M.O. 3%
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Fig. 2. Sampling places at Milos (A) and Santorini (B).
Ix. 2. Béoerg Bevypatoinylag otn Mhho (A) xai tn Zavropivn (B);
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geses with Ti-Zr getter heated at about 750° C. The purified noble
eparated into three fractions of He-Ne, Ar and Kr-Xe by means of se-
?btion and desorption on activated charcoal trap at the temperatures
pgen and -55° ¢, respectively. Each fraction of noble gases was
| into the mass spectrometer and analysed for isotope ratios and abso-
ices. The sensitivities and mass discrimination effects of the mass
were determined by measuring the standard sample prepared in the
by the same procedure applied to sample gases. The mass spectrometer
is study is a single focusing 90° sector type with 30 cm radius of ion
The resolving power was adjusted to about 1000 to separate noble gas
aks not only from H, D and H, peaks but also from hydrocarbon peaks.

YTICAL RESULTS
The absolute abundances of He of the analysed gas samples from the Ae-
jsland arc along with the He! He and He! 0Ne ratios are given in Table 1.
(m) values for 4He, zoNe, 36Ar. 84Kr and 132Xe are also given in Table 1.
'Q)_ values are calculated by the equation:

F(m) = (" ar)_ /(M ar)

sample air

m) values are used for the construction of the elemental  abundance

-aﬁown in Fig. 4

ISSION AND CONCLUSIONS

On the basis of their He isotopic ratios, the analysed gas samples
Aegean island arc can be divided into two groups. Samples from Milos
rini belong to the first group while the sample from Susaki belongs to
3He/4He ratios in the samples of the former group are higher than
eric 3He/4He ratio of 1. 4x10-6 Sample GMI5 shows the highest ratio
), indicating a Targe contribution of mantle-derived helium into the
ing gases. In contrast to the former group, the 3He/ He ratio of the sa-
. from Susaki is as low as 0.56x10 6. which indicates crustal helium, en-
radiogenic “He.

The samples from Milos and Santor1ni lie on a mixing line between atmo
mantle- derived helium with a He/ He ratio of 5x10 6 and He Ne in
""He vs. He/ Ope (Fig. 3). This suggests that the Milos and Santo-
, have helium of common origin. Although 3Hefaﬂe ratios of Milos and
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Fig. 3. 3I-le‘a’qu Vs, 4He/20Ne plot for the analysed volcanic gas samples from
the Aegean island rc., 4. 20

3x. 3. MpoBohfl twv Abywv “He/ He mpog 'He/““Ne twv BeLyudtwv mou avaAlbnkav
ané to tHfo tou ALyalou.

g. 4. Elemental abundance patterns of the analysed volcanic gas samples from
~ the Aegean island arc. ‘
4. Biaypdupata TEPLEKTLKOTATWY TWV OTOLXELWY TwV BeLypdtey and to tofo o
tou Aiyalou, mou avahiBnkav.
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ese ratios are about

of typical ratios

haHum %ﬁ?f#‘%ﬂaﬁ‘c’ %ef‘éi']s'"‘raqd rocks from @ ic ridjes
The corer rﬂﬁm&r‘aﬁnnd Santorini may be produced by contamination

/
with rad{ogenfc He and by regional homogenization on the way from the mantle to

@:Eﬁ BRATTOX oo vty 1o St
..Tuﬂuﬂﬂrmhppme% (Fig. 4)
at dissolved

sho-.-.rmg high eﬁ
tindicate that
or the above four elements are very similar

to the pattern of the noble gases of water saturated atmospheric air.The pattern
of the sample GSAL is close to that of the atmospheric noble gases. For that
sample large contamination from the atmospere was expected because it was colle-
cted at the very faint fumarole on the wall of one of the craters of Nea Kameni.
However, magmatic helium was also found in that sample.

and

the analysed gas samples,
tion of mantle-derived helium,
pheric noble gases

e due to the contri
Kr and Le are recycle
ese patterns
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