Gas geochemistry of fumaroles from Irruputuncu volcano,
northern Chile.
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Abstract. Irruputuncu is a composite stratovolcano (5165
m.a.s.l.) located in the Central Andean Volcanic Zone
(CAVZ), on the border between Chile and Bolivia (20º45’S
– 68º34’W). The volcano has two nested craters, being the
southernmost the active (~300 m diameter), which
presently shows a persistent fumarolic activity. The source
of fluids present in the volcano is mainly magmatic
(high concentrations of SO2 and N2) with a restricted
hydrothermal
component.
The
origin of
water
is predominantly “andesitic water” with low contributions
from meteoric water. This volcanic system is dominated by
vapor phase in a highly oxidant environment (deep
temperatures between 491 and 781ºC), although there is a
poorly developed hydrothermal system, dominated by two
phases (vapor + liquid), and where the fluids are in
equilibrium with the liquid at ∼340ºC.
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observed in December 1989 and November 1995 (BGVN
1990; 1997). Thermal activity has been observed in the
NW flank of volcano, where a single hot spring is present
(Riso Patrón 1924; Hauser 1997).

gases,

1 Introduction and Geological Setting
Located in central portion of the Central Andean Volcanic
Zone (CAVZ), Irruputuncu (20º45’S – 68º34’W) (Fig. 1) is
a composite stratovolcano (5165 m.a.s.l.) located in the
SW part of a volcanic chain oriented NE-SW (de Silva and
Francis 1991). The main edifice is built in the SW side of
an amphitheatre of pre-Holocene collapsed volcano, and
have two nested craters, being the southernmost the active
(~300 m diameter), which presently shows a persistent
fumarolic activity (González-Ferrán 1995). This volcano is
constituted mainly by short and coarse andesitic to dacitic
lava flows, dacitic lava domes, andesitic pyroclastic flows
and dacitic block-and-ash flows deposits (de Silva and
Francis 1991; Wörner et al 2000). The youngest unit, a
block-and-ash flow deposit on the southwestern flank, has
been dated in 1570±90 years BP (Stern et al 2007). In the
active crater are present extensive sulphur deposits, where
have been recognized pahoehoe-type sulphur flows poorly
developed (Aguilera 2010). Irruputuncu is built above an
underlying basement constituted by the Ujina and Pastillos
ignimbrites
(Upper
Miocene
and
Pleistocene,
respectively), formed mainly by welded dacitic tuffs and
cineritic deposits (Vergara 1978; Vergara and Thomas
1984). The historical activity is characterized by the
emission of a permanent gas column (~200 m above
crater). However, phreatomagmatic explosions were

Figure 1. Location map of the study zone.

2 Results
The outlet temperatures of the fumaroles are between 83.4
and 202ºC. Water vapor ranged from 96.05 to 97.95 % vol.
The composition of dry gas fraction is characterized by
CO2 as more abundant specie (up to 886,467 µmol/mol),
presence of high contents of acid gases like SO2 (up to
169,569 µmol/mol), HCl (up to 13,529 µmol/mol) and HF
(up to 1,832 µmol/mol). Other important species
correspond to N2 (up to 106,603 µmol/mol), H2S (up to
52,120 µmol/mol) and H2 (up to 13,959 µmol/mol). Low
content species correspond to O2 (up to 325 µmol/mol),
CO (up to 141 µmol/mol), CH4 (up to 102 µmol/mol), Ar
(up to 84 µmol/mol), S (up to 11 µmol/mol) and He (up to
10 µmol/mol). The concentrations of light hydrocarbons (∑
C2-C7) range from 0.02 to 0.62 µmol/mol. The content of
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δ13C-CO2 varies between -7.23 and -6.53 ‰ V-PDB. The
isotopic water composition range for δD between -44.1 and
-35.1 ‰ V-SMOW, while fro δ18Ο from 6.8 to 10.4 ‰ VSMOW. Helium isotopes composition expressed as R/Ra
present values up to 7.27.

3 Discussion
The fumarolic discharges of the Irruputuncu volcano can
be considered as the result of a mixing process between
two end-members related to a magmatic source and at
variable degrees, with a hydrothermal component,
especially at the periphery of the crater (Fig. 2).
The magmatic
source is
represented by
the
high concentrations of SO2 and N2 (Fig. 3), the last related
to sediments released from subducting slab, as well as the
R/Ra ratio (value close to the mantle in subduction zones 8
R/Ra). Hydrothermal input is represented mainly by the
presence of H2S and CH4 (Fig. 2), which contents are
increased in the low temperature discharges.

Figure 3. Ar-N2/100-He*10 ternary diagram for Irruputuncu
fumaroles. Air and Air Saturated Waters (ASW) compositions
and convergent plate boundaries (“andesite”) field (Giggenbach,
1996) are also reported.

According to the isotopic data (δ18O and δD) the origin of
water is a result of mixing between “andesitic water” and
meteoric water, the last related to local precipitation, being
the “andesitic water” the dominant end member (Fig. 4).
The isotopic values of δ13C-CO2 indicate that the main
source of carbon is sediment released from subducting slab
with scarce input from MORB source, in concordance with
high contents N2.

Figure 4. δ18O-δD diagram for condensates from Irruputuncu
fumaroles. The “andesitic water” field (Taran et al., 1989;
Giggenbach, 1992), the Local Meteoric Water Line (Chaffaut et
al., 1998) and the calculated composition of the local
precipitation are also shown.

Figure 2.
fumaroles.

According to geothermometric calculations, Irruputuncu
volcano is a vapor-dominated system where the fluids are
released from highly oxidant magmatic environment and
are buffered by SO2/H2S magmatic buffer at temperatures
that range between 491 and 781 ° C (Fig. 5). A limited two
phases zone is probably restricted to a poorly developed
hydrothermal system, where vapor is separated from a
boiling aquifer (liquid phase). In this case, the fluids are in
equilibrium with the boiling liquid at temperatures of
∼340º C (Fig. 6).

SO2-Ar*10-H2S ternary diagram for Irruputuncu
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