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± 14 aBP) explosive eruption of Tutupaca volcano (southern Peru)
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Abstract
Magma recharge into a differentiated reservoir is one of the main triggering mechanisms for explosive eruptions. Here we
describe the petrology of the eruptive products of the last explosive eruption of Tutupaca volcano (southern Peru) in order to
constrain the pre-eruptive physical conditions (P-T-XH2O) of the Tutupaca dacitic reservoir. We demonstrate that prior to the
paroxysm, magma in the Tutupaca dacitic reservoir was at low temperature and high viscosity (735 ± 23 °C), with a mineral
assemblage of plagioclase, low-Al amphibole, biotite, titanite, and Fe-Ti oxides, located at 8.8 ± 1.6 km depth (233 ± 43 MPa).
The phenocrysts of the Tutupaca dacites show frequent disequilibrium textures such as reverse zonation, resorption zones, and
overgrowth rims. These disequilibrium textures suggest a heating process induced by the recharge of a hotter magma into the
dacitic reservoir. As a result, high-Al amphibole and relatively high-Ca plagioclase phenocryst rims and microlites were formed
and record high temperatures from just before the eruption (840 ± 45 °C). Based on these data, we propose that the recent eruption
of Tutupaca was triggered by the recharge of a hotter magma into a highly crystallized dacitic magma reservoir. As a result, the
resident dacitic magma was reheated and remobilized by a self-mixing process. These magmatic processes induced an enhanced
phase of dome growth that provoked destabilization of the NE flank, producing a debris avalanche and its accompanying
pyroclastic density currents.
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Introduction

Constraining pre-eruptive magmatic processes is a key step
toward understanding the triggering mechanisms of explosive
eruptions. Several processes have been invoked as triggers of

such events, including as follows: (1) recharge of a differenti-
ated reservoir by primitive magmas followed by magma
mixing (e.g. Pinatubo 1991; Pallister et al. 1992); (2) self-
mixing between magmas with the same composition but dif-
ferent temperatures and volatile contents (e.g. Soufriere Hills,
Montserrat 1995, Couch et al. 2001; Tungurahua 2006,
Samaniego et al. 2011; Ubinas 2006, Rivera et al. 2014); (3)
the occurrence of large regional earthquakes (e.g. Puyehue-
Cordon Caulle 1960, Lara et al. 2004); and (4) the existence of
a volatile-saturated magma reservoir (e.g. Galeras 1990, Stix
et al. 1997; Chaitén 2008, Castro and Dingwell 2009; Calbuco
2015, Castruccio et al. 2016).

Tutupaca volcano, located in the southern part of the
Peruvian volcanic arc (Central Volcanic Zone of the Andes),
comprises a dacitic dome complex of Holocene age, which
experienced a large explosive eruption in historical times (218
± 14 aBP; Samaniego et al. 2015). This eruption was charac-
terized by a sector collapse of the NE flank of the volcano,
with the subsequent generation of a debris avalanche and a
large sequence of pyroclastic density currents (Samaniego
et al. 2015; Valderrama et al. 2016). The association between
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