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Abstract

The early eruptive phase of the 2010 eruption at the Fimmvörðuháls Pass, east of Eyjafjallajökull 
volcano, produced poorly evolved basalts with mildly alkaline affinity, and benmoreitic tephra were 
emitted during the second explosive phase from the summit vent of the volcano. In this study, textural 
features and chemical zoning preserved in olivine crystals of the early erupted basalts have been used 
to define the timescales of differentiation processes and magma ascent before the eruption. These lavas 
contain a mineral assemblage constituted by olivine (Fo70–88) and plagioclase (An57–83) in similar propor-
tions with scarce clinopyroxene and opaque oxides. Olivine occurs as euhedral or embayed crystals 
characterized by different core compositions and zoning patterns. Three main olivine populations 
have been found, namely crystals with: (1) wide Fo88 cores with normal zoning toward narrow rims 
(P1); (2) ~Fo81 cores with either no zoning or slight reverse zoning patterns toward the rims (P2); (3) 
~Fo77 cores with reverse zoning at the rims (P3). The olivine reverse zoning indicates that these poorly 
evolved magmas experienced mixing processes in addition to limited fractional crystallization at dif-
ferent levels of the plumbing system. Timescales of transfer dynamics before the eruption have been
estimated through Fe-Mg diffusion modeling on these olivine populations. The olivine-melt equilibration 
through diffusion was triggered by interaction of magmas differing in their evolutionary degree. P1 and 
P2 crystals recorded a first event of interaction in a ~22 km deep reservoir that took place about one
month before the emission of the analyzed products. Only part of P2 crystals records reverse zoning
due to interaction with more basic magma bearing P1 crystals (which consequently develop normal
zoning), suggesting fast timescales of magma mixing that prevented the complete homogenization.
A second mixing event, which is evident in the P3 olivines, occurred at shallower levels (5–6 km of
depth) ~15 days before the emplacement and can be considered the triggering mechanism leading to
the eruption at the Fimmvörðuháls Pass. Integration of our timescales with seismic data relative to the 
hypocenter migration indicate rates of magma ascent throughout the deep plumbing system of ~0.01
m/s. This study provides evidence that magmas emitted at Eyjafjallajökull volcano, and more in gen-
eral at similar other volcanic systems in ocean ridge settings, can undergo complex processes during
their storage and transport in the crust, chiefly due to the presence of a multilevel plumbing system.
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Introduction

Recent studies chiefly based on geophysical considerations 
have profoundly changed the view of a single-level, molten 
system of reservoirs distributed beneath the mid-ocean ridges 
(e.g., Dunn et al. 2000, and references therein). Mush zones 
constituted of liquid regions of variable dimensions and other 
portions characterized by various degrees of crystallization are 
thought more plausible to describe the physical configuration 
of magma storage zones beneath ocean ridges. The idea of a 
multilevel plumbing system, articulated through distinct paths 
of magma ascent, is more pronounced for important volcanic 
systems above ocean ridges characterized by central activity. 
The best examples of such kind are the Icelandic shield volca-

noes (e.g., Katla, Eyjafjallajökull, Askja, Krafla, Grimsvötn, 
Bardarbunga). Magma transfer dynamics from the source zones 
up to the surface and eruption at these volcanic systems are not 
always easily understood, and requires that chemical and physi-
cal constraints are first made for the magma reservoirs (location, 
sizes, timescales of magmatic processes, etc.).

The presence of zoning in crystals is evidence for changes of 
the chemical and/or physical conditions of the magmatic system 
such as melt composition, oxygen fugacity, temperature, pres-
sure, and volatile contents during their growth history (Wallace 
and Bergantz 2002, 2004, 2005; Ginibre et al. 2007; Streck 2008; 
Viccaro et al. 2010; Kahl et al. 2011, 2013). Furthermore, dif-
fusion chronometry applied to compositionally zoned crystals 
has proved to be valuable for understanding either the reasons 
for or the timescales that lead to such changes (e.g., Zellmer et 
al. 1999; Costa et al. 2003, 2008; Costa and Chakraborty 2004; 
Costa and Morgan 2010; Morgan et al. 2004; Morgan and Blake 
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