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INTRODUCCIÓN

El grupo Volcanología Chile está conformado por geólogas y geólogos, quienes están
desarrollando trabajos de investigación en algunos de los volcanes activos en nuestro país.
Mediante esta iniciativa, sin fines de lucro, se busca acercar a la comunidad nacional a
través de la divulgación de contenidos científicos sobre volcanes, con el fin de incrementar
el conocimiento de la sociedad sobre este tipo de fenómenos geodinámicos. Entre
nuestros objetivos está la creación de una red de colaboradores especialistas en volcanes
a nivel nacional, entre los cuales exista un flujo constante de información académica
vanguardista, que permita mantener a la ciudadanía informada sobre los últimos avances
en volcanología.
El objetivo de este boletín es difundir y entregar a la comunidad, de todos los ámbitos, los
trabajos científicos de investigadores chilenos y extranjeros, en lo que compete a las
geociencias en el área de la volcanología en Chile.
Solicitamos a los investigadores nacionales e internacionales que se encuentran
trabajando en volcanes chilenos y que publican sus resultados en revistas indexadas
durante 2020, comunicarse con nosotros para considerarlos en la próxima edición de este
boletín. Así mismo, invitamos a estudiantes de pregrado a enviar información equivalente
respectiva a sus tesis o memorias de pregrado que se encuentren aprobadas.

Contacto:
volcanologiachile@gmail.com
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Abstract
In 2012, two large aftershocks of the MW = 8.8 Maule, Chile earthquake occurred near the
Central Chilean coast. Both events, with magnitudes MW = 6.1 and MW = 7.1 were located
about 200 km away from the volcanic/hydrothermal Nevados de Chillán (NdC) complex.
The system responded with a significant increase in seismicity to the MW = 6.1 event, and
with a reduction in seismicity following the latter, larger MW = 7.1 earthquake. To
understand the physical changes induced by both earthquakes at the NdC, we set up a
numerical wave propagation study. Our results show that these observations likely result
from dynamic changes at the NdC complex during the passage of the seismic waves. In the
case of the MW = 6.1 aftershock, the extensive stress transfer was large enough to induce
changes at the hydrothermal system, which could have later led to an increase in fluiddriven seismicity. In the case of the MW = 7.1 earthquake, the oblique arrival of seismic
waves to the main fault of the NdC due to the MW = 7.1 earthquake induced slight
compressions at the reservoir and created openings in the main fault, promoting fluid
migration, which can explain the reduction in seismicity beneath the main craters of the
volcano. Results also show that the geometry of an underlying fault system can influence
the volumetric response, suggesting that the role of local structures in earthquakevolcano interactions influence the behavior of triggered systems and should therefore not
be disregarded.
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Abstract
U-series data are combined with major and trace element constraints to construct a
detailed view of the magmatic system feeding the San Pedro-Linzor volcanic chain, aiding
the understanding of how stratovolcanoes in extremely thick arc crust evolve. Lavas from
the Quaternary San Pedro-Linzor volcanic chain (Central Andes) have (238U/230Th) ranging
from 1.015 to 1.072, with 238U excess even in the less evolved (~57 wt% SiO2) analyzed
lavas. Contrary to well-established trends between fluid mobile elements and 238U excess,
(238U/230Th)0 shows no systematic correlation with ratios indicative of fluid-driven melting
(e.g. Ba/Hf and K/La). Moreover, the inverse correlation between (238U/232Th) with the
amount of slab-derived fluid and the oxidation state of the mantle below Central Andes,
which decreases eastwards, suggests that the main control of the 238U excess is not
associated with hydration of the mantle wedge. Changes in (238U/232Th) and (230Th/232Th)0
are observed with variations in SiO2 and CaO + Al2O3 contents, and 87Sr/86Sr and Dy/Dy*
ratios of the lavas. These changes correspond to increasing (238U/232Th) with decreasing
Dy/Dy* and CaO + Al2O3 ratios, which is attributed to changes in crystallization of
mineralogical phases within magmatic chambers during differentiation. Also, 230Th ingrowth is produced during stagnation within magmatic chambers located below the San
Pedro-Linzor volcanic chain. Finally, a positive correlation between (230Th/232Th)0 and
87
Sr/86Sr indicates an important role of crustal contamination, and of new mafic inputs
during evolution of the volcanic chain with time. Our observations suggest that better
constraints of all magmatic processes are needed to fully understand the U-series
disequilibria recognized for the different volcanic structures developed within subductionrelated tectonic environments.
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Abstract
Human societies have always inhabited volcanic zones, but only recently scientists and
decision-makers have turned the attention to volcanic risk prevention and reduction.
Despite a growing consensus about the importance of engaging with nearby populations,
in practice there is little dialogue with them regarding volcanic threats and opportunities.
We study the experiences, impacts and concerns of an indigenous community, inhabiting
in-between two major volcanic systems (Carrán Los Venados and Puyehue-Cordón Caulle),
regarding past and recent eruptions. Results show a longstanding cultural and economic
interrelationship between people and volcanoes, representing both benefits and barriers
to development; existing local/traditional knowledge is necessary but not sufficient to
meet people’s needs for adequate understanding and forecasting; despite community
interest on volcanic science and risk reduction, important communication and trust gaps
with experts persist. Our findings suggest the importance for scientists to establish
collaborative and participatory relationships with local communities and decision-makers,
with the goal of not only reducing negative volcanic impacts and uncertainty, but also
taking advantage of the potential of volcanic environments to boost local sustainable
livelihoods.
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Abstract
Volcán Antuco (37°24′ S, 71°22′W; 2979 m asl) is the 13th ranked high threat volcano in
Chile with 27 recorded historical eruptions, mostly (~96%) with volcanic explosivity indices
(VEI) of ~1–2. An older eruptive record has been reconstructed from sections exposed on
the western flank and is intimately related to a well-documented catastrophic sector
collapse at ~7.2 cal ka BP. However, very little is known about Antuco's post-collapse
eruptive history in other sectors, especially on the eastern flanks where prevalent
westerly winds favor optimal eastward tephra transport and deposition. Our study reveals
a more complete record of activity that has already been indicated from previous work
with at least 23 tephra-forming explosive eruptions, most of them within the last c. 7.2 ka,
including 4 events that have generated pyroclastic density currents that have widely
inundated the lower eastern flanks. Tephra from these eruptive events are typically
composed of scoria, free crystals and lithics, with occasional pumice. The composition of
juvenile fragments varies between basalt and trachyandesite (50.2–62.2 wt% SiO2) and
show phenocrysts of plagioclase, olivine and pyroxene. Our results show that most of the
eruptions of Antuco (c. 79%) are Strombolian to violent Strombolian. These eruptions
have an estimated longer repose times (c. 200 year) and are likely higher in magnitude
than those registered during historical times. This study also shows that the composition,
style and magnitude may change from one eruptive episode to the next. This eruptive
variability seems in complete accord with recent findings from other centers in the
Southern Volcanic Zone exhibiting similar temporal eruptive diversity and ultimately, has
significant implications with respect to hazard assessment.
Corresponding author: jorge_eduardorm@hotmail.com
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Abstract
The relationship between subduction in convergent margins, crustal structures and
magmatism is crucial to understand processes such as the type and frequency of volcanic
activity in these areas. Although it is well known that the release of fluids by the
subducting slab is the main cause of the arc volcanism in areas like the Central and
Southern Andes, details such as the timing and pathways of magma ascent and storage
are still not well understood. A key factor that needs to be better studied in the Southern
Volcanic Zone of the Andes of Chile is the role of large tectonic features in fluid transport
and magma ascent processes, such as the Liquiñe-Ofqui Fault Zone, a N-S strike-slip
crustal structure parallel to the main volcanic arc. In this study, we focus on Osorno
volcano, a stratovolcano composed mainly by products of basaltic to basaltic-andesite
composition with minor dacites and with historical Hawaiian-Strombolian eruptions.
Through the measurement of magnetotellurics and the use of 3-D modeling tools and
petrologic constraints, two magmatic reservoirs have been inferred, which suggest a
complex magmatic system with reservoirs of different depths and compositions. The
shallowest magmatic reservoir (4–8 km) has a dacitic composition, while the deepest one
(7–15 km), has an andesitic composition instead. The shallow reservoir is located 2 km to
the E of the volcano and the deepest one is located 10 km to the E. Considering that the
Liquiñe-Ofqui Fault Zone is located 20 km to the E of the volcano, we suggest that
eruptions of Osorno volcano are associated with the ascent of deep crustal basaltic
magma enhanced by this master fault, re-activating the inferred reservoirs and the
volcano.
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Abstract
The Miocene Oxaya Formation, exposed along the western Andean slope in northern
Chile, represents one of the largest ignimbrite provinces on earth. In this study, magnetic
fabric data were acquired from a ~ 1-km-long core drilled vertically through a single
cooling unit of the Oxaya Formation the ca.22 Ma Cardones ignimbrite. Samples for
magnetic analysis were obtained every 20 m from the fine-grained matrix of the core.
Detailed measurements of the variation in bulk magnetic properties, including natural
remanent magnetization (NRM), susceptibility, and anisotropy of magnetic susceptibility
(AMS), were used to monitor changes in magnetic mineralogy as well as changes in the
strength and orientation of the magnetic fabric throughout the flow. AMS ellipsoid
orientation and shape reflect rapid deposition from a concentrated granular fluidized flow
and constrain both the location of the source caldera for this catastrophic eruption and
processes of transport and deposition in this large-volume ignimbrite. After utilizing the
magnetic remanence to correct for rotation about the core axis, well-grouped and
imbricated petrofabric orientations reveal a well-defined SW (247°) transport direction
down a proto-Western Andean slope indicating syn- or post-welding flow and confirming
the deformed Lauca caldera as the likely source of the eruption. Systematic variations in
fabric shape (T) and intensity (P) with depth reveal a predominately oblate fabric toward
the top and base of the flow and predominately prolate fabrics in the center. These
vertical changes in fabric reveal that this massive, apparently homogeneous, deposit has a
systematic layering. This layering reflects depth-dependent temperature variations,
temporal changes in the flow boundary zone during deposition and post-depositional
processes.
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Abstract
The reconstruction of the structural history of inflating silicic systems is challenging
because their faulting record encompasses tectonic and inflation-driven deformation, and
separating the two can rarely be accomplished. Here, we present and utilize a statistical
methodology to differentiate tectonic from inflation-driven deformation in the Laguna del
Maule (LdM), a post-glacial rhyolitic volcanic field (Southern Volcanic Zone, Chile, latitude
36° S). LdM is cut by the Troncoso fault, a major normal fault that strikes NE and dips to
the NW. The Troncoso hanging wall contains abundant, young (< 23 ka) NE-striking normal
faults, whereas the footwall is largely unfaulted, with few NNW-striking faults. Activity
within the shallow (<8 km) LdM reservoir has caused two inflation events, both centered
in different areas of the footwall: 1) a geodetic-based (InSAR) inflation, acting since 2007;
and 2) a shoreline-based inflation, evidenced by warping of a 9.4 ka high-stand shoreline.
To separate tectonic and inflation-driven faults in the Troncoso hanging wall, we perform
a statistical analysis of fault orientation to compare them to the elongation direction
predicted by tectonics. The orientation of normal faults is consistent with NW-SE tectonic
elongation recorded outside the inflating area. To evaluate if either inflation event has
reactivated these tectonic faults, we perform a statistical analysis of orientation-andheave (horizontal offset on a fault): we calculate the maximum elongation direction (the
accumulated horizontal offset) and compare it to elongation predicted by tectonics,
shoreline-based inflation and geodetic-based inflation. The maximum elongation direction
is sub-parallel to elongation predicted by shoreline-based inflation and is statistically
different from tectonic elongation. We interpret a first stage of tectonic extension (>19–
9.4 ka) where normal faults are developed on the Troncoso hanging wall. During
shoreline-based inflation (<9.4 ka), faults on the hanging wall are reactivated, suppressing
uplift; the largely unfaulted footwall uplifts instead. The differential uplift is
accommodated by slip on the Troncoso fault. The current, geodetic based uplift, nucleates
few faults with large offsets, and potentially reactivates the Troncoso fault. From the
structural history, we suggest that the structural architecture is associated with surface
volcanism: deformation of the Troncoso hanging wall appears to facilitate repeated, small
volume, post-glacial rhyodacitic and andesitic eruptions, whereas the largely unfaulted
Troncoso footwall seems to favor rhyolite accumulation and eruption during the late
Holocene.
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Abstract
This work presents the first chemical and isotopic (δ13C-CO2, δ13C-CH4, 3He, 4He, 20Ne,
40Ar, 36Ar, δ18O, and δD) data for fluid discharges from Guallatiri volcano, a remote and
massive stratovolcano, which is considered as the second most active volcano of the
Central Volcanic Zone (CVZ) in northern Chile. Fumarolic gases had outlet temperatures of
between 80.2 and 265 °C, and showed a significant magmatic fluid contribution marked by
the occurrence of SO2, HCl, and HF that are partially scrubbed by a hydrothermal aquifer.
The helium isotope ratios (< 3.2) were relatively low compared to those of other active
volcanoes in CVZ, possibly due to contamination of the magmatic source by 4He-rich crust
and/or crustal fluid addition to the hydrothermal reservoir. Geothermometry in the H2OCO2-CO-H2-CH4 system suggests equilibrium temperatures of up to 320 °C attained in a
vapor phase at redox conditions intermediate between those typical of hydrothermal and
magmatic environments. Thermal springs located 12 km northwest of the volcano’s
summit had outlet temperatures of up to 50.1 °C, neutral to slightly basic pH, and a
sodium bicarbonate composition, typical of distal fluid discharges in volcanic systems.
Cold springs at the base of the volcanic edifice, showing a calcium sulfate composition,
were likely produced by interaction of shallow meteoric water with CO2- andH2S-rich
gases. A geochemical conceptual model was constructed to graphically represent these
results, which can be used as an indication for future geochemical monitoring and volcanic
hazard assessment.
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Abstract
A detailed study on the mineralogy and chemistry of fumarolic deposits with a focus on
metals and metalloids is presented. Two active volcanoes in northern Chile, Guallatiri and
Lastarria, are characterised by vigorous and persistent fumarolic activity and the
formation of zoned fumarolic deposits. Twelve minerals were identified in the studied
deposits by X-ray diffraction: anhydrite, barite, gypsum, rhomboclase, orpiment, pyrite,
galena, cristobalite, quartz, magnetite, sassolite, and native sulphur. Chemical analyses
revealed the presence of 30 chemical elements, including metals and metalloids such as
As, Hg, Pb, Sb, Te, and Tl. Backscattered-electron imaging revealed four types of rock
textures in the fumarolic deposits: i) massive and poorly vesiculated, ii) highly vesiculated,
iii) clastic-like, and iv) flow-like. Micro-chemical analyses showed the presence of cinnabar
nataliyamalikite and unidentified mineral assemblages of As S, Te S, Pb S, Hg S, Tl
I, and Tl-I-Pb compositions. Based on colour, outlet gas temperature, mineralogy, and
chemistry, four distinct zones of fumarolic deposits are identified. (1) Grey zone: sulphide
and silicate dominant with minor native elements, high concentrations of Pb and As, and a
clastic-like texture (gas outlet temperature > 265 °C). (2) Red zone: sulphide and silicate
dominant with minor oxides and native elements, small As, Pb, Tl, I, and Te minerals, and
predominance of a flow-like texture (200–280 °C). (3) Yellow-orange zone: dominated by
native sulphur and minor borates and sulphur with small As-, Sb-, Hg-, and I-containing
minerals, massive and vesiculated texture (80–200 °C). (4) Yellow-white zone: formed by
native sulphur, minor borates and As-rich zones, usually displaying a vesiculated texture
(<100 °C).
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Abstract
The Planchón-Peteroa Volcanic Complex (PPVC) is located in the Central Andes, ArgentinaChile. Even though this active volcanic system is considered one of the most dangerous
volcanoes in the region, with more than twenty modest (VEI < 4) Holocene eruptions,
knowledge of its subsurface structures, internal processes, dynamics, and their relation, is
still limited.
Seismic interferometry (SI) is a high-resolution technique based on analyses of the
interference of the propagation seismic energy at one or many stations. SI can be used to
characterize the subsurface properties of a target area. In particular, previous SI studies
performed in the area of the PPVC describe specific ranges of depth; therefore, more
information is required for a thorough description of the subsurface features in the area
and for a better understanding of the PPVC dynamics.
We apply SI based on autocorrelations of selected regional and teleseismic events to
image the subsurface structures below stations located in Argentina and Chile during
2012. The selection of the events is performed according to their location, magnitude,
angle of incidence of P-wave seismic energy, and signal-to-noise ratio in the records. For
each station, we extract time windows and we process them using two ranges of
frequency, which are sensitive to different depth ranges.
This work describes depths and zones previously not analyzed in the area using SI
methods. The results not only complement the available geological, geochemical, and
geophysical information, but present new information for depths between 10 and ~750
km depth, increasing the general knowledge of the subsurface features in the PPVC.
Finally, we also propose a model for the subsurface down to the Moho, which indicates
the crustal structure and the likely distribution of magma bodies in depth.
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Abstract
Small steam-driven volcanic explosions are common at volcanoes worldwide but are rarely
documented or monitored; therefore, these events still put residents and tourists at risk
every year. Steam-driven explosions also occur frequently (once every 2–5 years on
average) at Lascar volcano, Chile, where they are often spontaneous and lack any
identifiable precursor activity. Here, for the first time at Lascar, we describe the processes
culminating in such a sudden volcanic explosion that occurred on 30 October 2015, which
was thoroughly monitored by cameras, a seismic network, and gas and temperature
sensors.
Prior to the eruption, we retrospectively identified unrest manifesting as a gradual
increase in the number of long-period (LP) seismic events in 2014, indicating an enhanced
level of activity at the volcano. Additionally, sulfur dioxide (SO2) flux and thermal
anomalies were detected before the eruption. Then, our weather station reported a
precipitation event, followed by an increase in steaming and a sudden volcanic explosion
at Lascar. The multidisciplinary data exhibited short-term variations associated with the
explosion, including (1) an abrupt eruption onset that was seismically identified in the 1–
10 Hz frequency band, (2) the detection of a 1.7 km high white-gray eruption column in
camera images, and (3) a pronounced spike in SO2 emission rates reaching 55 kg s−1 during
the main pulse of the eruption as measured by a mini-differential optical absorption
spectroscopy (DOAS) scanner. Continuous carbon dioxide (CO2) and temperature
measurements conducted at a fumarole on the southern rim of the Lascar crater revealed
a pronounced change in the trend of the relationship between the CO2 mixing ratio and
the gas outlet temperature; we speculate that this change was associated with the prior
precipitation event. An increased thermal anomaly inside the active crater as observed in
Sentinel-2 images and drone overflights performed after the steam-driven explosion
revealed the presence of a ∼50 m long fracture truncating the floor of the active crater,
which coincides well with the location of the thermal anomaly. This study presents the
chronology of events culminating in a steam-driven explosion but also demonstrates that
phreatic explosions are difficult to predict, even if the volcano is thoroughly monitored;
these findings emphasize why ascending to the summits of Lascar and similar volcanoes is
hazardous, particularly after considerable precipitation.
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Abstract
Lascar (5592 m a.s.l.) and Lastarria (5697 m a.s.l.) are Chilean active stratovolcanoes
located in the Central Volcanic Zone (CVZ; 16°S to 28°S) that have developed on top of a
71 km thick continental crust. Independently of the similarities in their Plinian/Vulcanian
eruptive styles, their complex magmatic feeding structures and the origins of their
magmatic fluids still necessitate constraints in order to improve the reliability of
geochemical monitoring. Here we investigate the petrography, bulk-rock chemistry, and
mineral chemistry in products from the 1986–1993 explosive eruptive cycle at Lascar and
from several Holocene eruptive sequences at Lastarria. These data are integrated with
measurements of the noble gas isotopes in fluid inclusions (Fis) of minerals from the same
products as well as in fumarole gases. The geochemistry of minerals and rocks shows that
the studied products belong to high-K–calc-alkaline series typical of subduction-related
settings, and provide evidence of differentiation, mixing, and crustal assimilation that are
higher at Lastarria. The contribution of slab sediments and fluids to magma genesis in the
wedge is limited, suggesting a homogeneous mantle beneath CVZ. The deepest
crystallization processes occurred at variable levels of the plumbing systems according to
the lithostatic equivalent depths estimated with mineral equilibrium geobarometers at
Lascar (15–29 km) and Lastarria (~20–40 km). The 40Ar/36Ar and 4He/20Ne ratios in Fis and
fumarole gases indicate the presence of some degree of air contamination in the fluids
from both volcanoes. The 3He/4He values at Lascar (6.9–7.3 Ra) are relatively
homogeneous and comparable to those of fumaroles, suggesting a main zone of magma
crystallization and degassing. In contrast, the 3He/4He values at Lastarria (5.31–8.01 Ra)
vary over a wide range, suggesting various magma storage levels and providing evidence
of crustal contamination, as indicated by the rock chemistry. We argue that mantle
beneath the two volcanoes has a MORB-like signature of 3He/4He, while local crustal
contamination explains the lower ratios measured at Lascar.
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Abstract
UV cameras have been used for over a decade in order to remotely sense SO2 emission
rates from active volcanoes, and to thereby enhance our understanding of processes
related to active and passive degassing. Whilst SO2 column density retrievals can be more
accurate/sophisticated using alternative techniques (e.g., Differential Optical Absorption
Spectrometer (DOAS), Correlation Spectrometer (COSPEC)), due to their higher spectral
resolutions, UVcameras provide the advantage of high time-resolution emission rates, a
much greater spatial resolution, and the ability to simultaneously retrieve plume speeds.
Nevertheless, the relatively high costs have limited their uptake to a limited number of
research groups and volcanic observatories across the planet. One recent intervention in
this regard has been the introduction of the PiCam UV camera, which has considerably
lowered instrumental cost. Here we present the first data obtained with the PiCam system
from seven persistently degassing volcanoes in northern Chile, demonstrating robust field
operation in challenging conditions and over an extended period of time, hence adding
credence to the potential of these units for more widespread dissemination to the
international volcanic gas measurement community. Small and weak plumes, as well as
strongly degassing plumes were measured at distances ranging 0.6 ±10.8 km from the
sources, resulting in a wide range of SO2 emission rates, varying from 3.8 ± 1.8 to 361 ±
31.6 td-1. Our acquired data are discussed with reference to previously reported emission
rates from other ground-based remotely sensed techniques at the same volcanoes, in
particular considering: resolution of single plume emissions in multi-plume volcanoes,
light dilution, plume geometry, seasonal effects, and the applied plume speed
measurement methodology. The main internal/external factors that influence
positive/negative PiCam measurements include camera shake, light dilution, and the
performance of the OpenCV and control points post processing methods. A simple
reprocessing method is presented in order to correct the camera shake. Finally, volcanoes
were separated into two distinct groups: low and moderate SO2 emission rates systems.
These groups correlate positively with their volcanological characteristics, especially with
the fluid compositions from fumaroles.
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Abstract
Formation of secondary sulfate minerals during the reaction between volcanic gases and
rocks modulates the composition and flux of gaseous emanations. We report on the subsurface formation of anhydrous alum (MI MIII (XVIO4)2 with MI = -NH4+, Na+, K+;
MIII=Al3+, Fe3+ and XVI = S6+, Mo6+) in the 330 _C fumaroles of the Lascar volcano
(Chile). The alum occurs as a few millimeters thick crust that grew internally by two-way
diffusion of reaction gases and diffusive influx of rock cations within the crust. The average
growth rate is estimated at ca. 0.3 lm/day, based on the 19-year-long activity of the
degassing fracture hosting the crust. The growth rate is controlled by the slow migration
of the rock cations and decreases towards crust rim. The crust selectively concentrates Tl,
V and Te (thousands of lg/g) and to a lesser extent Mo (hundreds of lg/g). The uptake of
gaseous Tl, V and Mo is due to the possibility for these elements to enter the MI, MIII and
XVI sites of alum, respectively. The process of Te uptake must be related to the
incorporation of Tl and V with which Te tightly correlates. Extensive substitution of Tl, V
and Te occurs at the surface of the crust where the supply of rock cations is the lowest.
Such surface enrichment does not occur for Mo, because Mo substitutes for S, another
element from the gas. These findings suggest that the surface of mature alum crust has a
high adsorption capacity for those gaseous metals able to compensate for the lack of rockderived cations. Based on the composition of gases escaping from the fracture hosting the
crust, it is estimated that the partition coefficients of Tl (3.3 _ 107), V (1.1 _ 107) and Te
(0.6 _ 107) between crust surface and gases are two to four orders of magnitude higher
than for other volatile metals and metalloids. It follows that gases equilibrating with
anhydrous alums lose between 77 and 95% of their initial Tl content, but less than 1% of
Pb. Given the Tl emission rate of Lascar volcano (5 g/day), between 17 and 104 g of toxic
Tl would deposit every day if all Lascar gases were to equilibrate with anhydrous alums.
This study suggests that anhydrous alums significantly immobilize Tl, V and Te in the
ground of quiescent volcanoes, reducing the atmospheric emissions of these three
elements.
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Abstract
This work presents chemical and isotopic (δ13C-CO2, δ13C-CH4, 3He, 4He, 20Ne, 40Ar,
36Ar, δ18O and δD) data of fluid discharges from Colpitas-Taapaca volcanic-hydrothermal
system, located close to the Taapaca Volcanic Complex, with the aim to investigate the
physical-chemical conditions of the fluid source and to provide a preliminary evaluation of
the geothermic potential of the study area. Colpitas thermal springs (to 56 °C) and part of
the cold springs (≤18°C) from this area have a Na+-Cl- composition and Total Dissolved
Solids (TDS) values (from 6,059 to 19,118 mg/L). Putre springs also show a Na +-Cl composition, TDS values up to 7,887 mg/L, and outlet temperatures from 21 to 31 °C.
Colpitas cold springs, with a Ca2+-SO42- composition and relatively low TDS values
(≤1,350 mg/L), are likely produced by interaction of shallow water with uprising H2S- rich
hydrothermal gases. This process is likely also controlling the chemistry of Jurase thermal
springs, which have the highest outlet temperatures of the study area (up to 68 °C), a
Ca2+-SO42- composition and TDS values ≤2,355 mg/L. Eventually, Las Cuevas springs have
temperatures up to 36 °C, a Na+-HCO3- composition and low TDS values (≤1,067 mg/L),
typical features of springs related to a shallow aquifer. The δ18O-H2O and δD-H2O values
indicate that all waters have a dominant meteoric origin. Enrichments in 18O and D shown
by Colpitas and Putre thermal waters are likely due to steam loss and water- rock
interaction, masking a possible direct steam contribution from magmatic degassing. Gas
emissions from Colpitas bubbling pools are dominated by CO2, with significant
concentrations of CH4, H2S and H2. The Rc/Ra values (up to 2.04) of Colpitas gases
indicate a significant contribution of magmatic to mantle He, whereas the high CO2/ 3He
ratios, combined with d 13C-CO2 values ranging from -7.66 to -5.63 ‰ vs. PDB, imply a
dominant crustal CO2 source, mostly involving limestone. Estimated temperatures based
on the composition of waters and gases from Colpitas are up to 215 °C. Higher
temperatures (240 °C) are estimated for Putre thermal waters, although these waters, as
well as those from Jurase and Las Cuevas, are too immature for a reliable application of
geothermometric techniques. Based on the theoretical reservoir temperature and the
measured Cl total output, the thermal energy released from Colpitas thermal area is
estimated at up to 13.9 Mw. Such results suggest the occurrence of a promising heat
source, possibly related to Taapaca volcanic complex, and encourage the development of
future research based on combined geophysical and geochemical approaches, in order to
provide a reliable evaluation of the geothermal potential of the whole area.
Keywords: Colpitas-Taapaca geothermal system,
hydrothermal system, Geothermal potential.
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Abstract
The Planchón Peteroa Volcanic Complex (PPVC) is located on the border of Chile and Argentina,
and is one of the most active volcanic systems in the Andes. Holocene activity has included
magma-water interaction with an evolving series of crater lakes, mainly sourced from Peteroa
volcano. This study examines data from the 2018/19 eruption, together with the volcanic history
of the PPVC, to elucidate the complex interplay between magmatic activity and summit water and
ice. From February 2016 to mid-2019, three seismic swarms occurred in the PPVC, preceding the
explosive eruption from September 2018 to April 2019. The activity originated from a small vent
nested within the easternmost crater, the most active portion of the complex (Peteroa). The
explosions interacted with a crater lake, producing ash plumes up to 2 km above the crater and
building a small tephra cone. To investigate the eruption mechanisms, we performed remote
sensing analysis of plume dispersal, thermal anomalies and ground deformation, and
characterized the volcanic products, including grain size, componentry, morphology, internal
textures, composition and mineralogy. Our results suggest that the precursory seismicity
beginning in 2016 was related to the intrusion of a new magma batch that reached the surface
during the 2018/19 eruption. The eruption was also preceded by thermal anomalies, geomorphic
changes and increased hydrothermal activity at the surface, though without any ground
deformation recognized through radar interferometry (InSAR). The eruption initially produced
predominantly recycled ash (phreatic activity), then evolved to increasing proportions of juvenile
magma (phreatomagmatic) by April 2019. The juvenile clasts had a trachyandesite composition
(~59 wt% SiO2), with vesicular and dense scoria containing plagioclase and pyroxene. The ash
surfaces show external quenching cracks and step fractures consistent with phreatomagmatic
fragmentation within the active crater lake. Textural characteristics also point to a slowly
ascending batch of magma that was relatively viscous by the time it interacted with water in the
crater lake. Notably, these juvenile particles are distinctive from the pre-2018 products. Ash
erupted from 2010/11 did not contain recognizable juvenile material, and is inferred to have been
a mainly phreatic eruption. Our findings suggest that the interplay between phreatic and
phreatomagmatic eruptions fed by small magma batches intruding at shallow levels characterize
much of the eruptive behavior of the PPVC during the last three decades. Multi-parametric
assessment is a powerful tool to discriminate between phreatic and phreatomagmatic eruptions.
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Abstract
Volcanic debris avalanches are extremely destructive phenomena, with the potential to
travel many kilometers from their source region, either as rockslides or as mass flows.
Given that they may even be triggered at inactive volcanoes, their hazard is often
underestimated. Understanding the dynamics of such mass movements is essential for
evaluating and mitigating hazards. A number of case studies have been carried out around
the world, but there is still a need for further studies of flow-dominated avalanches, which
remain poorly constrained. These studies would have high educational value, providing
striking examples to teach decision makers and at-risk populations about the hazard.
In this study, we investigate the 7500 cal. year B.P. Lastarria debris avalanche. It is a 7 kmlong deposit, with exceptional preservation of both the flow structures and the collapse
scar. Detailed fieldwork, morphometric mapping of over 600 surface features, and
numerical modelling was carried out to constrain the avalanche's trigger and flow
parameters. Numerical models and field scaling relationships are in good agreement,
suggesting maximum velocities of 210 to 270 km h−1, negligible basal friction, low
cohesion (50 kPa) and an intermediate friction coefficient. Structures are dominantly
oriented parallel to transport direction, suggesting minimal influence from a smooth
paleotopography. Lastarria provides an example of a shallow flank failure, initiated along
stratigraphic planes, that allowed low strength pyroclastic strata to disaggregate rapidly
and then quickly accelerate to flow as a granular material at high velocity beyond the base
of the volcano. Overall, Lastarria provides excellent constraints on granular avalanche
initiation and flow, which are valuable for hazard assessments and for the study of less
well-preserved flow deposits elsewhere. The question of which precursory signs may warn
of such a flank failure remains open, and is important to address in future studies.
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Abstract
The 2015 MW 8.3 Illapel earthquake was followed in a timeframe of weeks to months by
very different responses from Nevados de Chillán, Copahue, and Villarrica volcanoes, all
located more than 580 km from the rupture zone. Here we show how Nevados de Chillán
and Copahue started new eruptive phases, and Villarrica entered in a period of relative
calm. Using seismic, geodetic, and geochemical observations, in combination with
numerical wave propagation simulations, we also show that the geometry of the fault
system controlled the impact of the earthquake on each volcano. We argue that the
sensitivity of a volcano towards an earthquake depends on both its critical state before
the mainshock and the geometry of its fault system. This is a case where the same
earthquake generates very different responses at the same time, at large distances,
rendering volcanoes as very sensitive systems.
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Summary
Andean-type magmatism and the term ‘andesite’ are often used as the norm for the
results of subduction of oceanic lithosphere under a continent, and the typical rock
formed. Although the Andes chain occupies the whole western margin of South America,
the most comprehensively studied rocks occur in the present-day Chilean territory and are
the focus of this paper. Andean magmatism in this region developed from the RhaetianHettangian boundary (ca. 200 Ma) to the present and represents the activity of a longlived continental magmatic arc. This paper discusses Pre-Pleistocene volcanic, plutonic,
and volcano-sedimentary rocks related to the arc that cover most of the continental
mass of Chile (between the Pacific coast and the High Andes) between the latitudes of
18° and 50°S. They comprise most of the range of sub-alkaline igneous rocks, from gabbro
to monzogranite and from basalt to rhyolite, but are dominated by the tonalitegranodiorite and andesite example members. Variations in the petrographic
characteristics, major and trace element composition and isotopic signature of the
igneous rocks can be correlated to changes in the physical parameters of the
subduction zone, such as dip angle of the subducting slab, convergence rate and angle of
convergence. Early Andean magmatic products (Jurassic to Early Cretaceous) are
found along the Coastal Cordillera in the westernmost part of the Andes. The rock
record of the subsequent stages (Late Cretaceous, Paleocene–Early Eocene, Middle
Eocene–Oligocene, Miocene) is progressively shifted to the east, reflecting migration of
the magmatic front towards the continent. Tectonic segmentation of the convergent
margin, as attested by the magmatic record, may have occurred throughout the Andean
life span but it is particularly evident from the Eocene onwards, where the evolution of
the northern part of the Chilean Andes (north of 27°S latitude) is very different to that of
the southern segment (south of 27°S latitude).
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