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= 8. Mantle-derived noble gases in the South Aegean volcanic arc: Indicators for
incipient magmatic activity and deep crustal movements
(V.J. Digtrich, R. Kipfer and F. Schwandner
= Dept. of Earth Sciences, ETH Ziirich, Switzerland)
)
0o
: The Active South Aegean Volcanic Island Arc
™ The islands of Nisyros, Yali, Kos,
= Santorini, Milos, Poros, Methana
- and Aegina constitute the South
& Aegean volcanic island are, which
= is a result of northward-directed
z subduction of the Atrican plate
O beneath the Aegean microplate
. (Fig. 8.1).
% The islands of Nisyros, Santorini,
= Milos and Methana are
< considered ftoday the most active
; areas in terms of a potential Sea
= volcanic reactivation. Therefore,
; these islands were chosen for a Fig. 8.1: The south Aegean volcanic island arc with the volcanic islands of Aeging,
= detailed noble gas investigation. Methana, Milos, Santorini, Kos, Nisyros, and Yali
Ll
e The Volcanic Island of Nisyros
= Although the last volcanic activity on Nisyros dates back at least 25000 years, the geodynamic activity,
= expressed by high seismic unrest, fumarolic activity and hydrothermal explosions is continuously present.
= A schematic model is used to show the crustal and lithospheric structure of Nisyros volcanic island (Fig. 8.2). The
: upper crustal structure is based on geological and volcanological investigations of Di Pacla (1974), Papanikolaou et
O al. (1991) and Vougioukalakis (1993} as well as on two geothermal wells (Geotermica Italiana, 1983 and 1984).
4 The existence of a large hydrothermal system with brine temperatures above 300°C at 1400 m depth is
O documented by the formation of five hydrothermal craters within the central Caldera. The most recent hydroclastic
5 eruptions in 1873 and 1888 were accompanied by violent earthquakes, gas defonations and fire. The latter effects
Z are due to high gas emanations of HyS, CO9, Hy and CH 4 from fracture zones which cut the caldera and extend
= towards north north-west through the vicinity of the village of Mandraki into the island of Yali and even towards Kos.
= This feature indicates the existence of deep reaching zones of crustal weakness destined for magma and gas input
o from the upper mantle and lower crust.
- Two distinct hydrothermal aquifers may be present underneath the Nisyros caldera (Fig. 8.2), according fo the
= temperature distribution, the fluid geochemistry, the physical-chemical characteristics of the fumarolic gases and the
> thermal waters at the surface as well as the waters in the deep geothermal drillholes (Geotermica ltaliana, 1983
s and 1984; Marini et cl, 1993; Chiodinit et al,, 1993).
a
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The deep hydrothermal aquifer is characterised by high temperatures above 300°C and fluids of high salinity, -
whereas the shallow hydrothermal aquifer shows temperatures around 100°C, high concentrations of CH4, CO», X
m
Ho, HoS and boiling phenomena. <
m
From June to September 1997 high- =
: : S : NISYROS CALDERA T
seismic activity (magnitudes of earthquakes & fng.__ nyootwmal cters el i
up to 5.5 on the Richter scale) occurred on | TS T?"’ﬁ £
Nisyros and were accompanied by |ouowsr e R B R &
therrmal _ ML gk o =
increased tectonic and fumarolic activity [mtrs sl = %I;/I-g S 3
S F erustal 1 km —
along the western edge of the hydrothermal TEJPE?;; s /ff‘: l,//ff/ //':/ﬂllf ey o
crater field (Polyboted, Phlegethon). B e g ehenciopsio NelD: s i =z
N T e AT i e -..‘l:?,-"ﬂ\..i"'h.-—-ﬂ,_- —
In this respect, the scheme of events as Z
comparable with the violent activity in 1873 R e -"l'"“*"- TN NN ke — o
. : : [ deep lith rl
and 1888 requires serious scientific ‘“‘—'l*m%n:hmémmm-ﬁuu ;
examination, the establishment of i T m?m{mm, =
fysialand g i e | e =
geophysical and geochemical monitoring S =
systems as well as a long term hazard, risk s m“gmaiﬂ"df_ﬂ_ Gt
and preparedness assessment. Besides the m%_; s MOHO  ~25km — pl
permanent residents of the island of A} subductonaenves daplated mantle
partial melits and fluids primordial Hatlum M
Nisyros, several hundred fo tourists enter : 5 5 : i Sl >
S, . _ __ : 2
the hydrothermal field of the Nisyros ig. 8.2: Sc emafacrf]c} elo J"TJ'IIS}"J"DE-FDCDHH_:“ island. Possi E:‘FI-D‘J‘ s of noble %
gases (i.e. helium] associated with the C-H-O fluids. 2
caldera daily without awareness of the =
entire risk situation. =
I
-
- - I_I-I
Noble gas characteristics @
Helium, as well as the other noble gases are dissolved mainly in COo-rich waters and CO9 gases (Griesshaber .
et al,, 1992) and are accompanied by CH,4 and Hy emanations. One of the major gas reactions occurring in the o
. o
crustis: CHy + 2 HyO = CO9 + 4 Ho. &
=
Helium shows distinct isotopic signatures in the main global reservoirs; the atmorphere (BHe/4He = 1.4 x 10°0), O
the Earth’s crust (SHe/4He = 107 - 10'8} and the Earth’s mantle [BHe/‘iHe = (1-4) x 102). Because of these =
differences, the analysis of helium isotopes in fluids can help to identify the origin of gas fluxes from the interior of o
the Earth. Thus, changes of the 3He/4He ratios during periodical measurements may indicate changes of gas fluxes EL
due to major deep crustal fectonic, magmatic or mantle processes. The input of helium, derived from the mantle or m
other deep crustal sources in many volcanic areas located in convergent plate margins (e.g. Japanese Island arc) ;
has also been found to be indicative of renewed or incipient magmatism (Sano & Wakita, 1985; Igarashi et al, O
1992). , =
L
The other gases of non-atmospheric origin such as 2ONe and 26r can-alsa be usedito trace mantle or magma 2
degassing. Often these primordial mantle components are masked by atmospheric components, and therefore, T}
e
difficult to detect. This is mainly the case in lakes, thermal springs and hydrothermal waters related to volcanic -
fivity. i
activity a
it
I
-
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= The combination of noble gas ratios SHe/4He, 2ONe/22Ne and 40Ar/30A; compared fo stable isotope ratios
of C and O will allow an appropriate discussion on the primary origin of the noble gases, the amount of
atmospheric, meteoric and hydrothermal contamination, as well as the determination of equilibrium temperatures in
LLJ a g [ & "
= the hydrothermal systems. It is expected, that the noble gases are more sensitive and precise as indicators of
=) changes of the magmatic regime (e.g. replenishment of new melts into magma reservoirs or emplacement of
LL . . - '
a; magmas from deep crustal levels to the suface] or changes of major tectonic processes (e.g. rapid extensional
L movements or crustal displacements).
L
I:::I w L L
Analytical Results and Discussion
==
= Thirteen selected water samples from Milos and Methana and fumarolic condensates from Nisyros (Table 1 and
I:‘-J " Rl 0 1 a =
= Fig. 8.3) have been analysed for their isotopic abundances and ratios of helium, neon, argon, krypton and xenon.
= The analyses were performed by R. Kipfer at the laboratory of Isotope Geology (Swiss Federal Institute of
o i . : :
= Technology, ETH Zurich) according fo procedures described by Aeschbach-Hertig et al. (1996)
NISYROS Date Temp. |3HedHe | 4He (corg) |Nelecld) [ 4HeHe [Arlccid) | Kriccig) | Xe (ccig)
w sampling | {*C)
> Kaminakia, S-slope (cond] | 10497 | 985 [5056-06 |6249E-08 | 9530508 | 0866 | 1.498E-04 |3.132E-08 | 3.937E-09
= Kaminakia, N-stope (cond)  [10M14/97 | 97.0 |7461E-06 |8.976E-08 |2.1226-08 | 4231 |2.755E-05 |5.325E-09 |6.332E-10
< Phiegathon, SE-lum. {cond) | 10/14/97 | 104.0 |7.0356-08 |1.384E-07 |4.280E-08 | 3.234 |5.320E-05 |1.030E-08 {1.186E-09
- Stefanos, W-rim (cond.) 1071497 | 997 | 75486-06 | 1.604E-07 [5.038E08 | 3.184 | 6815E-05 |1.319E-08 | 1.519E-09
J
= =
= MILOS Date Temp. | 3HeMHe 4He (cclg) MNe (co/g) 4HeHe | A (ccig) Kri{ccigy | Xe (ccig)
= sampling (=C)
<T Adamas, pubtl. bath {water) 9/20/97 354 |3.348E-06 |1.008E-07 |1.336E-07 0.755 | 1.060E-04 |4.219E-08 | 5.448E-09
oy Haros, well {waler) 2/20/97 403 |1492E-06 |4013E-08 |1398E07 | 0287 | 1.803E-04 |3.565E-08 |4.335E-09
Ag. Georgios, well (water) | 9/20/97 440 |3362E-06 |1234E-07 |1551E07 | 0795 | 1854E-04 |3.608E-08 |4.277E-09
Paleochori boach (steam) | 9/20/97 | 1080 |14676-06 {45756-08 |1624E-07 | 0282 |2.128E-04 |4.282E-08 |4.987E-09
= Kanara, therma, spring (water) | 9/20/97 445 | 4393E-06 |9.816E-07 |7.769E-08 | 12634 | 1.084E-04 |2243E-08 |2.651E-03
o Skinopi, spring {mixsseawater) | 9/20/97 375 | 1419606 | 3347608 | 1.224E-07 | 0.274 | 1855604 |3.928E08 |5.020E-09
&
= METHAHA Date Temp. [3HeMdHe | 4He (coig) |Nelced)  |4HemHe (Ar(ccigl  IKrlocig) | Xe {cc/g)
- sampling | {°C)
r_
% A, Nikolaos (mix + seawaler) | 41797 280 | 1646E-06 | 4.650E08 | 1.565E-07 | 0296 | 2.3696-06 | 5.031E08 | 6579609
Meihana bath {water) 41497 315 |2181E-06 2162E-07 | 7.597E-08 2840 [1.451E-04 |3.434E-08 | 4.768E-09
5 Methana L outra {water) 4/1/97 300 |3.1706-06 | 2020E-07 |8.626E-08 | 2342 |1.588€-04 |3.709E-08 |5.350E-09
O
E Table 1 Noble gas data from the Aegean volcanic islands: Sampling siles, fealures, absolute abundances and ratics. Ne, Ar, Kr, and Xe = tolal
concentrations; cofg = cm3 of gas at standard conditions {STP) per gram of water; sampling technigues and analytical procedures in
L) Aeschbach-Herlig et al. {1996).
Ll
-
= The observed SHe/4He and #He/Ne ratios range from 1.419 x 10 10 7.5 x 100 and from 0.274 to 12.634,
respectively. The Nisyros condensates fit into the array of the Japanese island arc samples which mark a mixing line
z between atmospheric SHe/4He ratio of 1.4 x 10 and mantle derived helium with @ maximum ratio of approx. 10
- x 10°0. This also applies for some waters from Milos and for the gas sample from Nea Kameni (Santorini), although,
= with much lower SHe/4He ratios. These latter ratios as well as those from the Methana thermal springs represent a
L mixing with radiogenic 4He due tfo crustal contamination during ascent of primordial SHe through the crust. The
e . : :
3 steam sample and the spring/sea water mixtures from Milos and Methana have almost the normal SHe/4He
o composition of air. The SHe/4He ratios reflect well the high amount of manile derived primordial 3He in the Nisyros
o
-
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condensates as well as in some geothermal waters from Milos. Also, in Methana, SHe is deteciable. These results ©
suggest that for the island of Nisyros, mantle-derived helium may be related to degassing of magmas, probably =
located at great crustal depth close to the mantle/crust boundary (Fig. 8.3). <
Im
=
o 1010° e | , i
L ~ 7 Japenese island arc 0 Fig. 8.3: Correlation o
i _ =~ ey © £ | between 3He/4He and =
= = - s il
L i = 4He/Ne ratios in the =
8106 |- o o | volcanic islands of =
2 < FS . E Nisyros, Santorini, Milos =
5 / ® ¢ 8 | and Methana. Hatched -
/ S ® | and stippled lines are o
610% "r % mixing lines between p
3 » B Ik subduction-type He (Sano o
i _auetpragiogeniO ST - —o s oo ot @ | & Wakita, 1985) and >
] edueiZL - ===~ * atmospheric He and 0
ot L T O PK ; =
4-10°® |} . LR reduction due to =
gg;' X Methana radiogenic He. Ne = fofal <
b x % 2 Eli neon concenfration. 2
)+ isiros
: e b 20Ne = 0.905 x Ne. "1‘31
210°€ | Analytical errors smaller
é 2 than symbol size. Data m
P trom Santorini (Nagao et ;
o 2 4 6 8 10 12 14 16 al, 1991). NK = Nea X
‘He/Ne Kameni, PK = Palaia T
Kameni. =
=
J=
The Ne and Ar isotopic ratios are close to the atmospheric values, indicating very small addition of primordial =
rm
gases other that SHe. Kr and Xe are entirely of atmospheric origin and may be used to infer the temperature at the w
last equilibrium with air, for the reason that the solubility of the heavy noble gases in water strongly depends on the .
temperature. The Xe concentrations indicate equilibrium temperatures higher than 40°C. A detailed analysis of the O
noble gas abundances is in preparation. 2
=
Conclusions and Recommendations =
The high SHe/4He ratios of the Nisyros gases, sampled in October 1997 after the long period of sirong =
earthquake activity, overlap entirely with the helium isotopic ratios measured in the high temperature fumaroles af O
=
Vulcano island (Acelian island arc) during the magmatic/volcanic crisis in 1988 and 1989 (Tedesco et al., 1995).
4.
During this period, the temporal variations of the SHE/':‘HE ratios, the total contents of He, CO9 and SOy showed =
the same general trend, indicating an influx of the gases from a replenished magma reservoir at shallow depth. =
For this reason, the gas emanations within the Nisyros caldera, in particular the concentrations of CO9, SO», k7
CHy4, Ho, and HsS as well as the 3?‘1»9/’4He ratios should be measured periodically, at least every three months. In
case of reocurrance of strong earthquake activity, the fumaroles and thermal waters of Nisyros island should be
- Imi
monitored. The Caldera has fo be closed for public, it the gas concentrations increase and isofopic ratio changes -
are observed; even at invariable fumarolic temperatures. There will be a potential risk for gas and hydrothermal g
explosions all over the caldera areq, similar fo the explosive events in 1873. O
Imi
=
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