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Snæfellsnes—off-axis volcanism in Western Iceland: inferences on
mantle lithology and temperature
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ABSTRACT
Volcanism in Iceland can be compositionally and spatially divided into two broad groups: tholeiitic basalts erupted from the ac-
tive rift and smaller degree, alkaline to transitional-tholeiitic basalts erupted in off-axis areas. Investigating the melt generation
processes for off-axis volcanism requires constraining parameters includingmantle source lithology, temperature, and pressure.
Here, we utilize trace elements in olivine macrocrysts and Al-in-olivine thermometry to independently constrain source lithology
and maximum crystallization temperatures from post-glacial lavas on the off-axis Snæfellsnes Peninsula. High-precision trace
element (Ni, Fe, Mn) analyses of olivine from 20 Snæfellsnes lava flows have similar concentrations to rift olivines indicat-
ing a dominantly peridotitic mantle source for both the depleted rift lavas and the enriched Snæfellsnes lavas. Al-in-olivine
geothermometry data from 17 lava flows from primitive (Fo > 85 %) olivine macrocrysts show consistent maximum crystalliza-
tion temperatures of ~1300 °C for Snæfellsnes, lower than the rift zone but higher than MORB.

KEYWORDS: Olivine; Al-in-Olivine Geothermometry; Trace Elements; Peridotite.

1 INTRODUCTION
Iceland is the archetype of a ridge-centered hotspot. Plate
boundary rifting, enhanced by the added heat flux of a mantle
plume, generates large volumes of depleted (low La/Sm, high
εNd) tholeiitic melt along the active rifts [Jakobsson 1972].
Away from the axial rift zones are off-axis or flank zones (Fig-
ure 1), where melts are enriched (high La/Sm, low εNd) and
of smaller volume [e.g. Thirlwall et al. 2004; Sigmarsson and
Steinthórsson 2007; Sigmarsson et al. 2008; Peate et al. 2010].
The contrasting isotopic and trace element compositions be-
tween the axial and off-axis melts raise questions regarding
the lithology of the enriched mantle component (i.e. pyroxen-
ite vs. enriched peridotite) and whether it varies across Ice-
land. These questions are compounded by poorly understood
off-axis melt generation mechanisms [e.g. Sigurdsson 1970;
Walters et al. 2013; Jordan et al. 2022].
The Snæfellsnes Peninsula is ideal for investigating the na-
ture of the enriched mantle component. Snæfellsnes is the
most distant flank zone from the current inferred plume posi-
tion beneath Vatnajökull glacier (Figure 1; Wolfe et al. 1997)
and any actively rifting or propagating rift zones, and there
is minimal crustal extension [Sigurdsson 1970; Walters et al.
2013]. The thicker lithosphere beneath Snæfellsnes leads to
lower degrees of melting, which preferentially samples the
enriched mantle component [e.g. Hards et al. 1995; Kokfelt
et al. 2006; Peate et al. 2010]. Using independent methods of
constraining mantle lithology and temperature is an essential
step in constraining off-axis melt generation mechanisms in
Iceland. This study uses trace element compositions of prim-
itive olivine macrocrysts and spinel inclusions (Al-in-olivine
thermometry: Wan et al. 2008) in primitive (> 8 % MgO) post-
glacial (< 12 kyr) transitional to alkaline basalts on the Snæfell-
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snes Peninsula (Figure 2), to investigate mantle source lithol-
ogy [Sobolev et al. 2007; Herzberg 2011] and maximum crys-
tallization temperatures using the Al-in-olivine method (TAl;
Matthews et al. 2016; Spice et al. 2016).

2 SAMPLE PREPARATION AND ANALYTICAL METHODS
Whole rocks were crushed and sieved, and olivine macro-
crysts were hand-picked from the 0.5-1 mm fraction, mounted
in epoxy, and polished. Mineral compositions were analyzed
on a JEOL JXA-8230 Electron Probe Microanalyzer (EPMA) in
the Department of Earth and Environmental Sciences, Univer-
sity of Iowa. The energy dispersive spectrometer (EDS) was
used to initially screen the olivines to target high forsteritic
(Fo > 85 %) olivine, as the focus of the study is to infer source
lithology and relative concentrations of minor elements can be
influenced by co-crystallization of other phases in less primi-
tive melts with lower Fo % olivines. The EPMA settings for
the trace element analysis were 200 nA at 20 keV for olivine
and 20 nA at 20 keV for spinel. The Al-in-olivine analy-
ses required long dwell times to ensure detection limits low
enough (~10-12 ppm) to accurately quantify Al2O3 in olivine
to maximize reduction of thermometry uncertainties. Full de-
tails of methodology are included in Supplementary Material
1. The complete analytical settings, standard reproducibility
estimates, and error propagation for the datasets are provided
in the Supplementary Material 2.

3 RESULTS
This study selected 17 post-glacial lava flows to represent
the compositional range in terms of incompatible element
ratios for Snæfellsnes (Figure 2) as well as spatial coverage
along the peninsula (Figure 1). Post-glacial lavas contain
olivine macrocrysts with a range of Fo contents. Primitive
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Figure 1: Overview tectonic map of Iceland from Burney et al. [2020]. Black dotted circles indicate central volcanoes. Currently
the NVZ and EVZ are the most active volcanic zones accommodating most of the extension. NVZ–Northern Volcanic Zone,
EVZ–Eastern Volcanic Zone, WVZ–Western Volcanic Zone, SIVZ–South Iceland Volcanic Zone. Snæfellsnes magmatism is
arranged in three volcanic systems, each outlined by the dotted lines (Snæfellsjökull, Lysusgarð, Ljósufjöll: e.g. Jakobsson et al.
2008). Colored sections (blue and green) are post-glacial (<12 kyr) lavas. Stars mark the post-glacial flow locations sampled for
this study. Neogene basalt lavas are composed of primarily tholeiitic lavas erupted from the now extinct Hunafloi-Snæfellsnes
rift [e.g. Walters et al. 2013]. Plio-Pleistocene and post-glacial lavas are predominantly transitional to alkaline basalts [e.g.
Jakobsson 1972; Jakobsson et al. 2008]. Adapted from Burney et al. [2020].

olivines (Fo > 88 %) were found in all but two flows, Vatnafell
and Rauðukúla, which have maximum values of Fo 84.6 and
86.7 %, respectively.
Multiple spinel inclusions are common in individual
olivines. Some olivines contain recrystallized melt inclusions
with microlites or spinels. In general, the olivines exhibit small
Fe-rich overgrowth/diffusion rims and have no obvious inter-
nal zoning with respect to major elements. Analyses were
conducted in the macrocryst cores, away from the diffusion
rims.
Evolved olivines (Fo < 85 %) generally have lower Cr
(~150 ppm) and Ni (~1350 ppm; Figure 3) contents, and higher
Mn (~2000 ppm) contents, while more primitive olivines (Fo
> 85 %) have higher Cr (~500 ppm), Ni (~2350 ppm; Figure 3),

and Mn (~1200 ppm) contents. However, variations in Ca con-
centrations between primitive and evolved populations is less
clear, with most of the values between 1800 and 2300 ppm.
Aluminum-in-olivine crystallization temperatures (TAl)
were calculated using the updated calibration provided in
Coogan et al. [2014]. The compositional parameters for the
spinel calibration datasets are outlined in Wan et al. [2008]
and Coogan et al. [2014]. Spinels outside of these composi-
tional limits were not included in thermometry calculations
(see Supplementary Material for details).
With few exceptions, each olivine and spinel pair were an-
alyzed three times. Olivine-spinel pairs with an Al2O3 ratio
(i.e. Al2O3 olivine/Al2O3 spinel) that exceeded the sample
average 95 % CI were excluded from final thermometry cal-
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Figure 2: Published range of whole rock REE compositions for the Northern, Western, and Eastern Volcanic Zones (NVZ, WVZ,
EVZ; red field), and the off-axis Snæfellsnes Volcanic Zone (SVZ; blue field) (data sources: Breddam et al. 2000; Chauvel and
Hémond 2000; Kempton et al. 2000; Skovgaard et al. 2001; Smit 2001; Stracke et al. 2003; Kokfelt et al. 2006; Brandon et al.
2007; Martin and Sigmarsson 2007; Nielsen et al. 2007; Debaille et al. 2009; Peate et al. 2009; Peate et al. 2010; Koornneef
et al. 2012; Shorttle et al. 2013; Sims et al. 2013; Maruszczak 2018). The ‘plus’ symbols indicate the samples selected for olivine
trace element and thermometry analysis in this paper. Samples were selected to cover the compositional and spatial range of
post-glacial SVZ basalts.

culations. Coogan et al. [2014] reported the accuracy of the
Al-in-olivine thermometer as ± 20-22 °C, therefore, any of the
calculated errors < 20 °C have been set at 20 °C to reflect
the inherent uncertainty in the thermometer. A total of 139
olivine-spinel pairs were analyzed from 17 flows, and calcu-
lated TAl temperatures, ranging from 1182-1351 °C, are pro-
vided in the Supplementary Material 2, and their variation
with host olivine Fo % is presented in Figure 5. The highest
TAl crystallization temperatures (> 1310 °C) are found in three
flows (Rauðhálsahraun, Staðarhraun, Helgastadir) in eastern
Ljósufjöll (Figure 1), with the maximum TAl of 1351 ± 20 °C
found in the Helgastadir flow.

4 DISCUSSION

4.1 Mantle lithology

Uniquely constraining the lithology of the enriched mantle be-
neath Snæfellsnes is difficult because whole rock compositions
can be affected by melting conditions (i.e. degree and depth of
melting, mantle temperature, melt-rock reactions; e.g. Short-

tle and Maclennan 2011; Lambart 2017; Brown et al. 2020),
and there is substantial variability in the isotopic signature of
subducted and recycled materials [e.g. Thirlwall et al. 2004;
Kokfelt et al. 2006; Sobolev et al. 2007].
It has been argued that the minor element compositions
of primitive high-Fo olivine macrocrysts can be used to in-
fer the presence of olivine-free, pyroxenite lithologies in the
mantle source of basalts [Sobolev et al. 2005; 2007]. These
models determined that pyroxenite-derived melts are charac-
teristically enriched in Ni but depleted in Ca and Mn, while
primary melts sourced from predominantly peridotite would
show the inverse [Sobolev et al. 2007]. This suggests that the
composition of primitive olivines can be potentially used to in-
fer mantle source lithology. However, there are caveats to this
approach as studies have shown that mineral-melt partition-
ing for Ni and Mn are also strongly temperature and pressure
dependent [e.g. Matzen et al. 2017]. Furthermore, Ni in partic-
ular is influenced by crustal processes (e.g. magma recharge
and mixing) that can lead to overestimates of the proportion
of pyroxenite-derived melts [Gleeson and Gibson 2019].
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Figure 3: [A] Fo% vs. Ni ppm. [B] Fo% vs. Fe/Mn. The gray field represents data fromHawaii [Sobolev et al. 2007; Lynn et al. 2017].
The red field represents data from the Eastern Volcanic Zone (EVZ; Spice et al. 2016; Nikkola et al. 2019; Rasmussen et al. 2020),
the Northern Volcanic Zone (NVZ; Sobolev et al. 2007; Matthews et al. 2016; Spice et al. 2016; Nikkola et al. 2019; Rasmussen
et al. 2020), and the Western Volcanic Zone (WVZ; Sobolev et al. 2007; Neave et al. 2018; Nikkola et al. 2019; Rasmussen et al.
2020). Published data for Snæfellsnes basalts are from Sobolev et al. [2007], Nikkola et al. [2019], and Rasmussen et al. [2020].
The dashed lines Fe/Mn = 60 and 70 are the lower and upper bounds for olivines crystallizing from peridotite [Herzberg 2011].
The variation in some of the samples for the South Iceland Volcanic Zone are eruptions of different ages [Nikkola et al. 2019;
Rasmussen et al. 2020].
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Figure 4: Xpx-Ni vs. 187Os/188Os. The solid line represents the best fit line for NVZ, WVZ, EVZ and SIVZ after Sobolev et al. [2008].
Sobolev et al. [2008] argued that the best-fit line is amixing line between the depleted/primitivemantle and recycled crust mantle
components (Xpx-Ni = 10.54 × NiO/(MgO/FeO) – 0.4368). Xpx-Ni = 0 and 187Os/188Os = 0.126 represent the peridotite endmember,
and Xpx-Ni = 1 and 187Os/188Os = 0.155 represent the pyroxenite endmember. Errors for the data are equal to or less than the size
of the symbol unless otherwise indicated. Os isotope data for the samples of this study are from Smit [2001].

Fo % vs. Ni (Figure 3A) shows the difference between
Hawaiian olivines from Koolau, an archetype for pyroxenite-
sourced melts [Sobolev et al. 2007; Lynn et al. 2017], and
Icelandic olivines [Sobolev et al. 2007; Matthews et al. 2016;
Spice et al. 2016; Neave et al. 2018; Nikkola et al. 2019; Ras-
mussen et al. 2020]. There is some overlap between the two
fields, yet Icelandic olivines have consistently lower Ni con-
centrations than Hawaiian olivines, apart from olivines from
the South Iceland Volcanic Zone (SIVZ), as noted by Ras-
mussen et al. [2020]. Gleeson and Gibson [2019] showed that
magma recharge and mixing processes can produce olivines
with higher Ni contents at lower Fo that can fall within the
Hawaii pyroxenite-melt dominated field. However, this shift
is not seen in the Ni concentrations of Snæfellsnes olivines that
fully overlap with olivines from the tholeiitic primary rift zones
(Northern and Western Volcanic Zones; NVZ and WVZ) and
indicate peridotitic mantle sources in both settings.
Fe and Mn exhibit different partitioning behavior in man-
tle minerals, meaning Fe/Mn ratios are sensitive to, and frac-
tionated by, differences in source modal mineralogy. Davis
et al. [2013] found KDMn-Fe is < 1 in olivine and > 1 in
clinopyroxene, orthopyroxene, and garnet, which means that
olivines crystallizing from a melt derived from a peridotite
source will have a relatively low Fe/Mn ratio (~60-70: blue

dotted lines on Figure 3B). Conversely, the compatibility of
Mn in residual pyroxenite will produce melts that crystal-
lize olivines with higher Fe/Mn ratios (i.e. Hawaiian basalts
> ~70; Figure 3B; Sobolev et al. 2005; 2007; Herzberg 2011;
Matzen et al. 2017. Additionally, Fe/Mn is generally insensitive
to clinopyroxene fractionation [Herzberg 2011], and fractional
crystallization trends should show relatively invariant Fe/Mn
as Fo decreases [e.g. Rasmussen et al. 2020]. The Snæfellsnes
olivines of this study all have Fe/Mn < 70, and plot on a hor-
izontal trend on Figure 3B coincident with the olivine data
from the main rift zones (NVZ, WVZ), again consistent with
a predominantly peridotite mantle source. Rasmussen et al.
[2020] included data from six Snæfellsnes flows in their sur-
vey of olivine minor element compositions from rift and flank
zone settings. They concluded that samples with a clear signal
for a more pyroxenitic mantle source were only found in the
SIVZ, and that the data on the Snæfellsnes flows indicated a
predominantly peridotitic source. They tested the idea from
Gómez-Ulla et al. [2017] that the peridotitic ‘signature’ in the
Snæfellsnes samples might have been imposed through re-
equilibration of deep-sourced melts with dunite channels in
the lithosphere, but ruled this out based on the comparable
Ca/Al in olivines from Snæfellsnes and the SIVZ.
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Figure 5: Fo % vs. Al-in-ol maximum crystallization temperatures (°C). Each point represents the temperature from a single
olivine-spinel pair. The solid and dotted lines represent the cooling trends of olivine crystallizing from melts derived from a
garnet peridotite (KR4003; Walter 1998) and an enriched peridotite (KG1; Kogiso et al. 1998). Both trends assume olivine as
the only crystallizing phase and were calculated using Petrolog3 [Danyushevsky and Plechov 2011] after Matthews et al. [2016]
(Figure 5 therein). Rift data are from Matthews et al. [2016] and Spice et al. [2016]. Snæfellsnes Volcanic Zone data from Burney
et al. [2020] and van der Meer et al. [2021]. MORB data from Coogan et al. [2014].

Mantle sources containing recycled oceanic crust should
have elevated 187Os/188Os values compared to typical de-
pleted MORB mantle (DMM) as a result of the time-integrated
high Re/Os of basaltic crust. Therefore, Sobolev et al. [2008]
argued that there should be a positive correlation between
187Os/188Os and the estimated proportion of pyroxenite-
derived melt (Xpx-Ni) calculated from olivine minor elements
(Xpx-Ni = 10.54 × NiO/(MgO/FeO) – 0.4368; Sobolev et al.
2007). Sobolev et al. [2008] showed that a suite of Icelandic
rift-zone lavas (NVZ, WVZ, EVZ) plotted on a linear trend
(Figure 4) that was modeled as mixing between melts from
a depleted mantle source (187Os/188Os = 0.125; Xpx-Ni = 0)

and a recycled ocean crust component (187Os/188Os = 0.140 to
0.155; Xpx-Ni = 1). Many of the post-glacial lava samples from
Snæfellsnes chosen for this study (labeled YS98-) came from
the Ph.D. thesis collection of Smit [2001], who had measured
their whole rock 187Os/188Os. We calculated Xpx-Ni values
for these samples, and these data are plotted on Figure 4.
The Snæfellsnes lavas and the rift zone (NVZ, WVZ) sam-
ples have the same range in calculated Xpx-Ni values, 0.17-
0.34, and the same maximum 187Os/188Os values of 0.135
(Figure 4). Most of the Snæfellsnes samples have lower
187Os/188Os than the rift zone samples ranging down to 0.124,
but this is still within the range for DMM (0.123 to 0.126;
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Shirey andWalker 1998). If melt from a recycled oceanic crust
component was a meaningful contributor to the renewed vol-
canism on Snæfellsnes, then these samples would be expected
to have higher 187Os/188Os than the rift zone lavas, at simi-
lar or higher values than Skridufell in the EVZ. Instead, both
the olivine trace and major element compositions, and the un-
radiogenic Os isotope compositions of the Snæfellsnes sam-
ples are consistent with melting of a predominantly peridotite
source and show no evidence of a distinct recycled oceanic
crust component.
It is unclear as to whether the composition of modeled py-
roxenite [Sobolev et al. 2005; 2007] is derived from intact recy-
cled crust or a multi-step reaction resulting in an olivine-free
pyroxenite. The Sobolev et al. [2007] model is designed to dif-
ferentiate between a peridotite and an olivine-free pyroxenite.
Herzberg et al. [2014] noted that when adding a Si-rich melt
derived from recycled eclogite to a peridotite, ~40 % is the
critical threshold to produce a nearly olivine-free pyroxenite.
Several studies [e.g. Herzberg et al. 2016; Neave et al. 2018;
Rasmussen et al. 2020] argued that the olivine compositions of
the rift zone lavas (NVZ andWVZ) are inconsistent with melt-
ing of an olivine-free mantle lithology, indicating a primarily
peridotite source. Sobolev et al. [2007] suggested that the Ice-
land rift zones might contain up to 10 % recycled oceanic crust,
but this was much less than in pyroxenite-dominated mantle
sources like that for Koolau in Hawaii. Similarly, various man-
tle melting models for the Iceland rift zones [e.g. Shorttle et al.
2014; Brown et al. 2020] have argued for 4-8 % pyroxenite
in the mantle source. Lambart [2017] inferred ~10 % recy-
cled crust in the Icelandic model from melting models, but
argued that the enriched component in the basalts was con-
tributed through melting of olivine-bearing hybrid lithologies
formed by solid-state reaction between recycled oceanic crust
and peridotite. A similar conclusion can be reached for the
Snæfellsnes lavas, as the compositions of the olivine macro-
crysts show substantial overlap with those from the NVZ and
WVZ, indicative of a predominantly peridotite mantle source.
These conclusions are supported by Shorttle and Maclennan
[2011], who found that the whole rock compositions of lavas
in Iceland broadly can be attributed to a compositionally het-
erogeneous but primarily peridotite mantle.

4.2 Al-in-Olivine thermometry

An independent constraint on the mantle temperature beneath
Snæfellsnes benefits melting models and refines hypotheses
regarding mechanisms for the renewed Quaternary magma-
tism (e.g. is the off-axis mantle appreciably cooler than the
rift?). The Al-in-olivine thermometer (TAl; Wan et al. 2008;
Coogan et al. 2014) provides the most robust estimate of crys-
tallization temperatures for primitive basaltic magmas because
it does not require independent knowledge of melt composi-
tions and relies just on the temperature dependence of Al par-
titioning between olivine and spinel. Furthermore, diffusion
of Al in olivine is very slow, which means that it is robust
to secondary processes. An earlier study by van der Meer et
al. [2021] presented TAl data for five Snæfellsnes basalts: two
from the Snæfellsjökull system (TAl 1169-1309 °C) and three
from the western Ljósufjöll system (TAl 1174-1317 °C). Our

study provides TAl results on a larger number of samples, that
also include samples from the eastern part of the Ljósufjöll
system, closest to the active rift of the WVZ. The range of
TAl values for western Ljósufjöll and Snæfellsjökull systems
(TAl 1182-1310 °C) is similar to that found by van der Meer
et al. [2021] (Figure 5). In the eastern part of the Ljósufjöll
system, two closely spaced flows (Staðarhraun and Helgas-
tadir) contained olivine-spinel pairs that included the highest
TAl crystallization temperatures found so far in Snæfellsnes
basalts (TAl 1341-1351 °C; Figure 5).
Most of the observed variation in olivine crystallization tem-
peratures can be explained by the cooling during progressive
fractional crystallization, as is shown in Figure 5, where olivine
forsterite content serves as a proxy for magmatic evolution.
The curves show the expected decrease in temperature dur-
ing olivine-only crystallization from melts derived from de-
pleted and enriched peridotite mantle. Additional scatter can
also result from diffusive re-equilibration, which affects the
forsterite value but not TAl, and mixing between heteroge-
neous primary melts [e.g. Matthews et al. 2016; Matthews et
al. 2021]. These effects can be minimized by selecting the
maximum TAl values found in the most primitive olivines. It
is generally assumed that olivine crystals with Fo ~91 are in
equilibrium with mantle olivine and represent the first crys-
tals formed from primary mantle melts [e.g. Matthews et al.
2016]. For western Ljósufjöll, the highest TAl values (1300-
1310 °C) are found in Fo ~90.7 olivines from Berserkjahraun
(Kothraunskúla). The highest TAl values (1341-1351 °C) from
eastern Ljósufjöll come from the Staðarhraun and Helgastadir
flows in Fo ~90.3 olivines. In both cases, the high forsterite
contents (Fo > 90) largely eliminate the need to make any cor-
rections for the effects of fractional crystallization, diffusion,
and/or melt mixing.
Quantitative translation of maximum crystallization tem-
peratures (TAl) in Fo 91 olivines (= primary crystallization
temperature; Matthews et al. 2016) to mantle potential tem-
perature is a complex procedure with numerous assumptions
[see Matthews et al. 2016; Matthews et al. 2021]. However,
it is possible to make valid qualitative assessments, because
Matthews et al. [2016] showed that there is a good correla-
tion on a global scale between primary crystallization temper-
ature estimates and calculated mantle potential temperature.
Matthews et al. [2016] estimated primary crystallization tem-
peratures of 1280 ± 20 °C for MORB and 1383 ± 22 °C for
the Iceland rift zones. The primary crystallization tempera-
ture estimates for western and eastern Ljósufjöll lie between
these two endmembers, and indicate that the mantle beneath
Snæfellsnes is cooler than the active rift zones, but higher than
mid-ocean ridge mantle (Figure 5). In detail, the higher tem-
peratures found in eastern Ljósufjöll might relate to their loca-
tion on the flank of the active melt generation zone related to
plate separation in the WVZ [e.g. Siebach 2020; Jordan et al.
2022].

5 SUMMARY
Olivine minor element compositions from transitional-alkaline
Snæfellsnes basalts show no evidence for involvement of
olivine-free pyroxenite lithologies and overlap completely
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with olivine compositions from the tholeiitic rift lavas in the
Northern and Western Volcanic Zones. This implies that the
mantle source for Snæfellsnes basalts is predominantly a vari-
ably fertile, enriched peridotite source. The maximum crys-
tallization temperatures (TAl) derived from Al-in-olivine anal-
yses in primitive (Fo 90-91) olivines for Snæfellsnes basalts are
lower than found in the main rift zone, but higher than those
found at mid-ocean ridges. These elevated temperatures in-
dicate that melt generation models for off-axis volcanism in
Snæfellsnes should not assume ‘normal’ mantle temperatures.

AUTHOR CONTRIBUTIONS
This work is part of Jacob Siebach’s doctoral dissertation.
David Peate was Jacob’s Ph.D. advisor. L. Kenneth Horkley
provided his expertise refining procedures and methods for
high precision trace element analysis on the Electron Probe
Microanalyzer.

ACKNOWLEDGEMENTS
We thank Gary Michelfelder, Simon Matthews, Michael Gar-
cia, Jennifer Thines, and anonymous reviewers for their com-
ments on this manuscript. This work was supported by the
National Science Foundation Award #1550415. Additional
travel support was provided by the University of Iowa: Center
for Global & Regional Environmental Research.

DATA AVAILABILITY
The data presented in this paper are available and included
as a supplementary file.

COPYRIGHT NOTICE
© The Author(s) 2026. This article is distributed un-
der the terms of the Creative Commons Attribution 4.0
International License, which permits unrestricted use,
distribution, and reproduction in any medium, provided you
give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate
if changes were made.

REFERENCES
Brandon, A. D., D. W. Graham, T. Waight, and B. Gau-
tason (2007). “186Os and 187Os enrichments and high-
3He/4He sources in the Earth’s mantle: Evidence from Ice-
landic picrites”. Geochimica et Cosmochimica Acta 71(18),
pages 4570–4591. doi: 10.1016/j.gca.2007.07.015.
Breddam, K., M. D. Kurz, and M. Storey (2000). “Mapping
out the conduit of the Iceland mantle plume with helium
isotopes”. Earth and Planetary Science Letters 176(1),
pages 45–55. doi: 10.1016/s0012-821x(99)00313-1.
Brown, E. L., K. D. Petersen, and C. E. Lesher (2020). “Markov
chain Monte Carlo inversion of mantle temperature and
source composition, with application to Reykjanes Penin-
sula, Iceland”. Earth and Planetary Science Letters 532,
page 116007. doi: 10.1016/j.epsl.2019.116007.
Burney, D., D.W. Peate, M. S. Riishuus, and I. A. Ukstins (2020).
“Reconstructing the plumbing system of an off-rift primitive
alkaline tuya (Vatnafell, Iceland) using geothermobarometry
and CSDs”. Journal of Volcanology and Geothermal Re-

search 399, page 106914. doi: 10.1016/j.jvolgeores.
2020.106914.
Chauvel, C. and C. Hémond (2000). “Melting of a complete
section of recycled oceanic crust: Trace element and Pb iso-
topic evidence from Iceland”. Geochemistry, Geophysics,
Geosystems 1(2), page 1001. doi: 10.1029/1999gc000002.
Coogan, L., A. Saunders, and R. Wilson (2014). “Aluminum-
in-olivine thermometry of primitive basalts: Evidence of an
anomalously hot mantle source for large igneous provinces”.
Chemical Geology 368, pages 1–10. doi: 10 . 1016 / j .
chemgeo.2014.01.004.
Danyushevsky, L. V. and P. Plechov (2011). “Petrolog3: In-
tegrated software for modeling crystallization processes:
PETROLOG3”. Geochemistry, Geophysics, Geosystems
12(7), Q07021. doi: 10.1029/2011gc003516.
Davis, F. A., M. Humayun, M. M. Hirschmann, and R. S.
Cooper (2013). “Experimentally determined mineral/melt
partitioning of first-row transition elements (FRTE) during
partial melting of peridotite at 3GPa”. Geochimica et Cos-
mochimica Acta 104, pages 232–260. doi: 10.1016/j.
gca.2012.11.009.
Debaille, V., R. G. Trønnes, A. D. Brandon, T. E. Waight,
D. W. Graham, and C.-T. A. Lee (2009). “Primitive off-
rift basalts from Iceland and Jan Mayen: Os-isotopic evi-
dence for a mantle source containing enriched subcontinen-
tal lithosphere”. Geochimica et Cosmochimica Acta 73(11),
pages 3423–3449. doi: 10.1016/j.gca.2009.03.002.
Gleeson, M. L. and S. A. Gibson (2019). “Crustal controls on
apparent mantle pyroxenite signals in ocean-island basalts”.
Geology 47(4), pages 321–324. doi: 10.1130/g45759.1.
Gómez-Ulla, A., O. Sigmarsson, and G. H. Gudfinnsson (2017).
“Trace element systematics of olivine from historical erup-
tions of Lanzarote, Canary Islands: Constraints on man-
tle source and melting mode”. Chemical Geology 449,
pages 99–111. doi: 10.1016/j.chemgeo.2016.11.021.
Hards, V. L., P. D. Kempton, and R. N. Thompson (1995). “The
heterogeneous Iceland plume: new insights from the alka-
line basalts of the Snaefell volcanic centre”. Journal of the
Geological Society 152(6), pages 1003–1009. doi: 10.1144/
gsl.jgs.1995.152.01.21.
Herzberg, C. (2011). “Identification of Source Lithology in the
Hawaiian and Canary Islands: Implications for Origins”.
Journal of Petrology 52(1), pages 113–146. doi: 10.1093/
petrology/egq075.
Herzberg, C., R. Cabral, M. Jackson, C. Vidito, J. Day, and E.
Hauri (2014). “Phantom Archean crust in Mangaia hotspot
lavas and the meaning of heterogeneous mantle”. Earth
and Planetary Science Letters 396, pages 97–106. doi: 10.
1016/j.epsl.2014.03.065.
Herzberg, C., C. Vidito, and N. A. Starkey (2016).
“Nickel–cobalt contents of olivine record origins of mantle
peridotite and related rocks”. American Mineralogist
101(9), pages 1952–1966. doi: 10.2138/am-2016-5538.
Jakobsson, S. P. (1972). “Chemistry and distribution pattern
of recent basaltic rocks in Iceland”. Lithos 5(4), pages 365–
386. doi: 10.1016/0024-4937(72)90090-4.

Presses universitaires de �rasbourg Page 594

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.gca.2007.07.015
https://doi.org/10.1016/j.gca.2007.07.015
https://doi.org/10.1016/j.gca.2007.07.015
https://doi.org/10.1016/j.gca.2007.07.015
https://doi.org/10.1016/s0012-821x(99)00313-1
https://doi.org/10.1016/s0012-821x(99)00313-1
https://doi.org/10.1016/s0012-821x(99)00313-1
https://doi.org/10.1016/s0012-821x(99)00313-1
https://doi.org/10.1016/j.epsl.2019.116007
https://doi.org/10.1016/j.epsl.2019.116007
https://doi.org/10.1016/j.epsl.2019.116007
https://doi.org/10.1016/j.epsl.2019.116007
https://doi.org/10.1016/j.epsl.2019.116007
https://doi.org/10.1016/j.jvolgeores.2020.106914
https://doi.org/10.1016/j.jvolgeores.2020.106914
https://doi.org/10.1016/j.jvolgeores.2020.106914
https://doi.org/10.1016/j.jvolgeores.2020.106914
https://doi.org/10.1016/j.jvolgeores.2020.106914
https://doi.org/10.1029/1999gc000002
https://doi.org/10.1029/1999gc000002
https://doi.org/10.1029/1999gc000002
https://doi.org/10.1029/1999gc000002
https://doi.org/10.1016/j.chemgeo.2014.01.004
https://doi.org/10.1016/j.chemgeo.2014.01.004
https://doi.org/10.1016/j.chemgeo.2014.01.004
https://doi.org/10.1016/j.chemgeo.2014.01.004
https://doi.org/10.1016/j.chemgeo.2014.01.004
https://doi.org/10.1029/2011gc003516
https://doi.org/10.1029/2011gc003516
https://doi.org/10.1029/2011gc003516
https://doi.org/10.1029/2011gc003516
https://doi.org/10.1016/j.gca.2012.11.009
https://doi.org/10.1016/j.gca.2012.11.009
https://doi.org/10.1016/j.gca.2012.11.009
https://doi.org/10.1016/j.gca.2012.11.009
https://doi.org/10.1016/j.gca.2012.11.009
https://doi.org/10.1016/j.gca.2009.03.002
https://doi.org/10.1016/j.gca.2009.03.002
https://doi.org/10.1016/j.gca.2009.03.002
https://doi.org/10.1016/j.gca.2009.03.002
https://doi.org/10.1016/j.gca.2009.03.002
https://doi.org/10.1130/g45759.1
https://doi.org/10.1130/g45759.1
https://doi.org/10.1130/g45759.1
https://doi.org/10.1016/j.chemgeo.2016.11.021
https://doi.org/10.1016/j.chemgeo.2016.11.021
https://doi.org/10.1016/j.chemgeo.2016.11.021
https://doi.org/10.1016/j.chemgeo.2016.11.021
https://doi.org/10.1144/gsl.jgs.1995.152.01.21
https://doi.org/10.1144/gsl.jgs.1995.152.01.21
https://doi.org/10.1144/gsl.jgs.1995.152.01.21
https://doi.org/10.1144/gsl.jgs.1995.152.01.21
https://doi.org/10.1144/gsl.jgs.1995.152.01.21
https://doi.org/10.1093/petrology/egq075
https://doi.org/10.1093/petrology/egq075
https://doi.org/10.1093/petrology/egq075
https://doi.org/10.1093/petrology/egq075
https://doi.org/10.1016/j.epsl.2014.03.065
https://doi.org/10.1016/j.epsl.2014.03.065
https://doi.org/10.1016/j.epsl.2014.03.065
https://doi.org/10.1016/j.epsl.2014.03.065
https://doi.org/10.2138/am-2016-5538
https://doi.org/10.2138/am-2016-5538
https://doi.org/10.2138/am-2016-5538
https://doi.org/10.1016/0024-4937(72)90090-4
https://doi.org/10.1016/0024-4937(72)90090-4
https://doi.org/10.1016/0024-4937(72)90090-4


VOLC

V

NIC

V

9(2): 587–596. https://doi.org/10.30909/vol/ccol9499

Jakobsson, S. P., K. Jónasson, and I. A. Sigurðsson (2008).
“The three igneous rock series of Iceland”. Jökull 58(1),
pages 117–138. doi: 10.33799/jokull2008.58.117.
Jordan, M., S. Pilet, and M. Brenna (2022). “Off-rift Axis Chan-
nelized Melt and Lithospheric Metasomatism along Mid-
ocean Ridges—A Case Study from Iceland on the Limits of
Melt Channelling”. Journal of Petrology 63(7), egac052. doi:
10.1093/petrology/egac052.
Kempton, P., J. Fitton, A. Saunders, G. Nowell, R. Taylor, B.
Hardarson, and G. Pearson (2000). “The Iceland plume in
space and time: a Sr–Nd–Pb–Hf study of the North Atlantic
rifted margin”. Earth and Planetary Science Letters 177(3-
4), pages 255–271. doi: 10.1016/s0012-821x(00)00047-9.
Kogiso, T., K. Hirose, and E. Takahashi (1998). “Melting exper-
iments on homogeneous mixtures of peridotite and basalt:
application to the genesis of ocean island basalts”. Earth
and Planetary Science Letters 162(1-4), pages 45–61. doi:
10.1016/s0012-821x(98)00156-3.
Kokfelt, T. F., K. Hoernle, F. Hauff, J. Fiebig, R. Werner, and
D. Garbe-Schonber (2006). “Combined Trace Element and
Pb-Nd-Sr-O Isotope Evidence for Recycled Oceanic Crust
(Upper and Lower) in the Iceland Mantle Plume”. Jour-
nal of Petrology 47(9), pages 1705–1749. doi: 10.1093/
petrology/egl025.
Koornneef, J. M., A. Stracke, B. Bourdon, M. A. Meier, K. P.
Jochum, B. Stoll, and K. Grönvold (2012). “Melting of
a Two-component Source beneath Iceland”. Journal of
Petrology 53(1), pages 127–157. doi: 10.1093/petrology/
egr059.
Lambart, S. (2017). “No direct contribution of recycled crust
in Icelandic basalts”. Geochemical Perspectives Letters,
pages 7–12. doi: 10.7185/geochemlet.1728.
Lynn, K. J., T. Shea, and M. O. Garcia (2017). “Nickel variabil-
ity in Hawaiian olivine: Evaluating the relative contributions
from mantle and crustal processes”. American Mineralo-
gist 102(3), pages 507–518. doi: 10.2138/am-2017-5763.
Martin, E. and O. Sigmarsson (2007). “Crustal thermal state
and origin of silicic magma in Iceland: the case of Torfa-
jökull, Ljósufjöll and Snæfellsjökull volcanoes”. Contribu-
tions to Mineralogy and Petrology 153(5), pages 593–605.
doi: 10.1007/s00410-006-0165-5.
Maruszczak, A. (2018). “Geochemical variations in off-axis al-
kaline glasses – Snaefellsnes Peninsula, Iceland”. M.Sc. The-
sis. University of Iowa. doi: 10.17077/etd.7zqdp7ln.
Matthews, S., O. Shorttle, and J. Maclennan (2016). “The
temperature of the Icelandic mantle from olivine-spinel
aluminum exchange thermometry”. Geochemistry, Geo-
physics, Geosystems 17(11), pages 4725–4752. doi: 10 .
1002/2016gc006497.
Matthews, S., K. Wong, O. Shorttle, M. Edmonds, and J.
Maclennan (2021). “Do Olivine Crystallization Tempera-
tures Faithfully Record Mantle Temperature Variability?”
Geochemistry, Geophysics, Geosystems 22(4). doi: 10 .
1029/2020gc009157.
Matzen, A. K., B. J. Wood, M. B. Baker, and E. M. Stolper
(2017). “The roles of pyroxenite and peridotite in the man-
tle sources of oceanic basalts”. Nature Geoscience 10(7),
pages 530–535. doi: 10.1038/ngeo2968.

Neave, D. A., O. Shorttle, M. Oeser, S. Weyer, and K.
Kobayashi (2018). “Mantle-derived trace element variability
in olivines and their melt inclusions”. Earth and Planetary
Science Letters 483, pages 90–104. doi: 10.1016/j.epsl.
2017.12.014.
Nielsen, S. G., M. Rehkämper, A. D. Brandon, M. D. Norman,
S. Turner, and S. Y. O’Reilly (2007). “Thallium isotopes in
Iceland and Azores lavas — Implications for the role of al-
tered crust and mantle geochemistry”. Earth and Planetary
Science Letters 264(1-2), pages 332–345. doi: 10.1016/j.
epsl.2007.10.008.
Nikkola, P., G. H. Guðfinnsson, E. Bali, O. T. Rämö, T. Fuss-
winkel, and T. Thordarson (2019). “Signature of deep man-
tle melting in South Iceland olivine”. Contributions to Min-
eralogy and Petrology 174(5). doi: 10.1007/s00410-019-
1580-8.
Peate, D. W., K. Breddam, J. A. Baker, M. D. Kurz, A. K.
Barker, T. Prestvik, N. Grassineau, and A. C. Skovgaard
(2010). “Compositional Characteristics and Spatial Distri-
bution of Enriched Icelandic Mantle Components”. Jour-
nal of Petrology 51(7), pages 1447–1475. doi: 10.1093/
petrology/egq025.
Peate, D. W., J. A. Baker, S. P. Jakobsson, T. E. Waight, A. J. R.
Kent, N. V. Grassineau, and A. C. Skovgaard (2009). “His-
toric magmatism on the Reykjanes Peninsula, Iceland: a
snap-shot of melt generation at a ridge segment”. Contribu-
tions to Mineralogy and Petrology 157(3), pages 359–382.
doi: 10.1007/s00410-008-0339-4.
Rasmussen, M., S. Halldórsson, S. Gibson, and G. Guðfinnsson
(2020). “Olivine chemistry reveals compositional source het-
erogeneities within a tilted mantle plume beneath Iceland”.
Earth and Planetary Science Letters 531, page 116008. doi:
10.1016/j.epsl.2019.116008.
Shirey, S. B. and R. J. Walker (1998). “The Re-Os isotope
system in cosmochemistry and high-temperature geochem-
istry”. Annual Review of Earth and Planetary Sciences
26(1), pages 423–500. doi: 10.1146/annurev.earth.26.
1.423.
Shorttle, O. and J. Maclennan (2011). “Compositional trends of
Icelandic basalts: Implications for short-length scale litho-
logical heterogeneity in mantle plumes”. Geochemistry,
Geophysics, Geosystems 12(11), Q11008. doi: 10 . 1029 /
2011gc003748.
Shorttle, O., J. Maclennan, and S. Lambart (2014). “Quantifying
lithological variability in the mantle”. Earth and Planetary
Science Letters 395, pages 24–40. doi: 10.1016/j.epsl.
2014.03.040.
Shorttle, O., J. Maclennan, and A. M. Piotrowski (2013). “Geo-
chemical provincialism in the Iceland plume”. Geochimica
et Cosmochimica Acta 122, pages 363–397. doi: 10.1016/
j.gca.2013.08.032.
Siebach, J. (2020). “Off-axis volcanism Snæfellsnes Peninsula,
Iceland – constraining source lithology, melt generation,
and magma plumbing”. Ph.D. Thesis. University of Iowa.
doi: 10.17077/etd.005661.
Sigmarsson, O., J. Maclennan, and M. Carpentier (2008). “Geo-
chemistry of igneous rocks in Iceland: a review”. Jökull
58(1), pages 139–160. doi: 10.33799/jokull2008.58.139.

Presses universitaires de �rasbourg Page 595

https://doi.org/10.30909/vol/ccol9499
https://doi.org/10.33799/jokull2008.58.117
https://doi.org/10.33799/jokull2008.58.117
https://doi.org/10.1093/petrology/egac052
https://doi.org/10.1093/petrology/egac052
https://doi.org/10.1093/petrology/egac052
https://doi.org/10.1093/petrology/egac052
https://doi.org/10.1093/petrology/egac052
https://doi.org/10.1016/s0012-821x(00)00047-9
https://doi.org/10.1016/s0012-821x(00)00047-9
https://doi.org/10.1016/s0012-821x(00)00047-9
https://doi.org/10.1016/s0012-821x(00)00047-9
https://doi.org/10.1016/s0012-821x(98)00156-3
https://doi.org/10.1016/s0012-821x(98)00156-3
https://doi.org/10.1016/s0012-821x(98)00156-3
https://doi.org/10.1016/s0012-821x(98)00156-3
https://doi.org/10.1093/petrology/egl025
https://doi.org/10.1093/petrology/egl025
https://doi.org/10.1093/petrology/egl025
https://doi.org/10.1093/petrology/egl025
https://doi.org/10.1093/petrology/egl025
https://doi.org/10.1093/petrology/egr059
https://doi.org/10.1093/petrology/egr059
https://doi.org/10.1093/petrology/egr059
https://doi.org/10.1093/petrology/egr059
https://doi.org/10.7185/geochemlet.1728
https://doi.org/10.7185/geochemlet.1728
https://doi.org/10.7185/geochemlet.1728
https://doi.org/10.2138/am-2017-5763
https://doi.org/10.2138/am-2017-5763
https://doi.org/10.2138/am-2017-5763
https://doi.org/10.2138/am-2017-5763
https://doi.org/10.1007/s00410-006-0165-5
https://doi.org/10.1007/s00410-006-0165-5
https://doi.org/10.1007/s00410-006-0165-5
https://doi.org/10.1007/s00410-006-0165-5
https://doi.org/10.17077/etd.7zqdp7ln
https://doi.org/10.1002/2016gc006497
https://doi.org/10.1002/2016gc006497
https://doi.org/10.1002/2016gc006497
https://doi.org/10.1002/2016gc006497
https://doi.org/10.1002/2016gc006497
https://doi.org/10.1029/2020gc009157
https://doi.org/10.1029/2020gc009157
https://doi.org/10.1029/2020gc009157
https://doi.org/10.1029/2020gc009157
https://doi.org/10.1038/ngeo2968
https://doi.org/10.1038/ngeo2968
https://doi.org/10.1038/ngeo2968
https://doi.org/10.1016/j.epsl.2017.12.014
https://doi.org/10.1016/j.epsl.2017.12.014
https://doi.org/10.1016/j.epsl.2017.12.014
https://doi.org/10.1016/j.epsl.2017.12.014
https://doi.org/10.1016/j.epsl.2007.10.008
https://doi.org/10.1016/j.epsl.2007.10.008
https://doi.org/10.1016/j.epsl.2007.10.008
https://doi.org/10.1016/j.epsl.2007.10.008
https://doi.org/10.1016/j.epsl.2007.10.008
https://doi.org/10.1007/s00410-019-1580-8
https://doi.org/10.1007/s00410-019-1580-8
https://doi.org/10.1007/s00410-019-1580-8
https://doi.org/10.1007/s00410-019-1580-8
https://doi.org/10.1093/petrology/egq025
https://doi.org/10.1093/petrology/egq025
https://doi.org/10.1093/petrology/egq025
https://doi.org/10.1093/petrology/egq025
https://doi.org/10.1007/s00410-008-0339-4
https://doi.org/10.1007/s00410-008-0339-4
https://doi.org/10.1007/s00410-008-0339-4
https://doi.org/10.1007/s00410-008-0339-4
https://doi.org/10.1016/j.epsl.2019.116008
https://doi.org/10.1016/j.epsl.2019.116008
https://doi.org/10.1016/j.epsl.2019.116008
https://doi.org/10.1146/annurev.earth.26.1.423
https://doi.org/10.1146/annurev.earth.26.1.423
https://doi.org/10.1146/annurev.earth.26.1.423
https://doi.org/10.1146/annurev.earth.26.1.423
https://doi.org/10.1146/annurev.earth.26.1.423
https://doi.org/10.1029/2011gc003748
https://doi.org/10.1029/2011gc003748
https://doi.org/10.1029/2011gc003748
https://doi.org/10.1029/2011gc003748
https://doi.org/10.1029/2011gc003748
https://doi.org/10.1016/j.epsl.2014.03.040
https://doi.org/10.1016/j.epsl.2014.03.040
https://doi.org/10.1016/j.epsl.2014.03.040
https://doi.org/10.1016/j.epsl.2014.03.040
https://doi.org/10.1016/j.gca.2013.08.032
https://doi.org/10.1016/j.gca.2013.08.032
https://doi.org/10.1016/j.gca.2013.08.032
https://doi.org/10.1016/j.gca.2013.08.032
https://doi.org/10.17077/etd.005661
https://doi.org/10.33799/jokull2008.58.139
https://doi.org/10.33799/jokull2008.58.139
https://doi.org/10.33799/jokull2008.58.139


Snæfellsnes—off-axis volcanism Siebach et al. 2026

Sigmarsson, O. and S. Steinthórsson (2007). “Origin of Ice-
landic basalts: A review of their petrology and geochem-
istry”. Journal of Geodynamics 43(1), pages 87–100. doi:
10.1016/j.jog.2006.09.016.
Sigurdsson, H. (1970). “Structural origin and plate tectonics
of the snaefellsnes volcanic zone, Western Iceland”. Earth
and Planetary Science Letters 10(1), pages 129–135. doi:
10.1016/0012-821x(70)90074-9.
Sims, K. W., J. Maclennan, J. Blichert-Toft, E. M. Mervine, J.
Blusztajn, and K. Grönvold (2013). “Short length scale man-
tle heterogeneity beneath Iceland probed by glacial mod-
ulation of melting”. Earth and Planetary Science Letters
379, pages 146–157. doi: 10.1016/j.epsl.2013.07.027.
Skovgaard, A. C., M. Storey, J. Baker, J. Blusztajn, and S. R.
Hart (2001). “Osmium–oxygen isotopic evidence for a recy-
cled and strongly depleted component in the Iceland man-
tle plume”. Earth and Planetary Science Letters 194(1-2),
pages 259–275. doi: 10.1016/s0012-821x(01)00549-0.
Smit, Y. (2001). “The Snæfellsnes Transect: A geochemical
cross-section through the Iceland plume”. Unpublished
Thesis. The Open University.
Sobolev, A. V., A. W. Hofmann, G. Brügmann, V. G. Batanova,
and D. V. Kuzmin (2008). “A Quantitative Link Be-
tween Recycling and Osmium Isotopes”. Science 321(5888),
pages 536–536. doi: 10.1126/science.1158452.
Sobolev, A. V., A. W. Hofmann, D. V. Kuzmin, G. M. Yaxley,
N. T. Arndt, S.-L. Chung, L. V. Danyushevsky, T. Elliott,
F. A. Frey, M. O. Garcia, A. A. Gurenko, V. S. Kamenetsky,
A. C. Kerr, N. A. Krivolutskaya, V. V. Matvienkov, I. K. Niko-
gosian, A. Rocholl, I. A. Sigurdsson, N. M. Sushchevskaya,
and M. Teklay (2007). “The Amount of Recycled Crust
in Sources of Mantle-Derived Melts”. Science 316(5823),
pages 412–417. doi: 10.1126/science.1138113.
Sobolev, A. V., A. W. Hofmann, S. V. Sobolev, and I. K. Niko-
gosian (2005). “An olivine-free mantle source of Hawai-
ian shield basalts”. Nature 434(7033), pages 590–597. doi:
10.1038/nature03411.

Spice, H. E., J. G. Fitton, and L. A. Kirstein (2016). “Tempera-
ture fluctuation of the Iceland mantle plume through time”.
Geochemistry, Geophysics, Geosystems 17(2), pages 243–
254. doi: 10.1002/2015gc006059.
Stracke, A., A. Zindler, V. J. M. Salters, D. McKenzie, J.
Blichert-Toft, F. Albarède, and K. Grönvold (2003). “The-
istareykir revisited”. Geochemistry, Geophysics, Geosys-
tems 4(2), page 8507. doi: 10.1029/2001gc000201.
Thirlwall, M., M. Gee, R. Taylor, and B. Murton (2004). “Man-
tle components in Iceland and adjacent ridges investigated
using double-spike Pb isotope ratios”. Geochimica et Cos-
mochimica Acta 68(2), pages 361–386. doi: 10 . 1016 /
s0016-7037(03)00424-1.
Van der Meer, Q. H. A., E. Bali, G. H. Guðfinnsson, M. Kahl,
and M. B. Rasmussen (2021). “Warm and Slightly Reduced
Mantle Under the Off-Rift Snæfellsnes Volcanic Zone, Ice-
land”. Journal of Petrology 62(12), egab057. doi: 10.1093/
petrology/egab057.
Walter, M. J. (1998). “Melting of Garnet Peridotite and the
Origin of Komatiite and Depleted Lithosphere”. Journal of
Petrology 39(1), pages 29–60. doi: 10.1093/petroj/39.1.
29.
Walters, R., S. Jones, and J. Maclennan (2013). “Renewed melt-
ing at the abandoned Húnafloí Rift, northern Iceland, caused
by plume pulsing”. Earth and Planetary Science Letters
377-378, pages 227–238. doi: 10.1016/j.epsl.2013.06.
040.
Wan, Z., L. A. Coogan, and D. Canil (2008). “Experimental
calibration of aluminum partitioning between olivine and
spinel as a geothermometer”. American Mineralogist 93(7),
pages 1142–1147. doi: 10.2138/am.2008.2758.
Wolfe, C. J., I. Th. Bjarnason, J. C. VanDecar, and S. C.
Solomon (1997). “Seismic structure of the Iceland mantle
plume”. Nature 385(6613), pages 245–247. doi: 10.1038/
385245a0.

Presses universitaires de �rasbourg Page 596

https://doi.org/10.1016/j.jog.2006.09.016
https://doi.org/10.1016/j.jog.2006.09.016
https://doi.org/10.1016/j.jog.2006.09.016
https://doi.org/10.1016/j.jog.2006.09.016
https://doi.org/10.1016/0012-821x(70)90074-9
https://doi.org/10.1016/0012-821x(70)90074-9
https://doi.org/10.1016/0012-821x(70)90074-9
https://doi.org/10.1016/j.epsl.2013.07.027
https://doi.org/10.1016/j.epsl.2013.07.027
https://doi.org/10.1016/j.epsl.2013.07.027
https://doi.org/10.1016/j.epsl.2013.07.027
https://doi.org/10.1016/s0012-821x(01)00549-0
https://doi.org/10.1016/s0012-821x(01)00549-0
https://doi.org/10.1016/s0012-821x(01)00549-0
https://doi.org/10.1016/s0012-821x(01)00549-0
https://doi.org/10.1126/science.1158452
https://doi.org/10.1126/science.1158452
https://doi.org/10.1126/science.1158452
https://doi.org/10.1126/science.1138113
https://doi.org/10.1126/science.1138113
https://doi.org/10.1126/science.1138113
https://doi.org/10.1038/nature03411
https://doi.org/10.1038/nature03411
https://doi.org/10.1038/nature03411
https://doi.org/10.1002/2015gc006059
https://doi.org/10.1002/2015gc006059
https://doi.org/10.1002/2015gc006059
https://doi.org/10.1029/2001gc000201
https://doi.org/10.1029/2001gc000201
https://doi.org/10.1029/2001gc000201
https://doi.org/10.1016/s0016-7037(03)00424-1
https://doi.org/10.1016/s0016-7037(03)00424-1
https://doi.org/10.1016/s0016-7037(03)00424-1
https://doi.org/10.1016/s0016-7037(03)00424-1
https://doi.org/10.1016/s0016-7037(03)00424-1
https://doi.org/10.1093/petrology/egab057
https://doi.org/10.1093/petrology/egab057
https://doi.org/10.1093/petrology/egab057
https://doi.org/10.1093/petrology/egab057
https://doi.org/10.1093/petrology/egab057
https://doi.org/10.1093/petroj/39.1.29
https://doi.org/10.1093/petroj/39.1.29
https://doi.org/10.1093/petroj/39.1.29
https://doi.org/10.1093/petroj/39.1.29
https://doi.org/10.1016/j.epsl.2013.06.040
https://doi.org/10.1016/j.epsl.2013.06.040
https://doi.org/10.1016/j.epsl.2013.06.040
https://doi.org/10.1016/j.epsl.2013.06.040
https://doi.org/10.1016/j.epsl.2013.06.040
https://doi.org/10.2138/am.2008.2758
https://doi.org/10.2138/am.2008.2758
https://doi.org/10.2138/am.2008.2758
https://doi.org/10.2138/am.2008.2758
https://doi.org/10.1038/385245a0
https://doi.org/10.1038/385245a0
https://doi.org/10.1038/385245a0
https://doi.org/10.1038/385245a0

	Introduction
	Sample preparation and analytical methods
	Results
	Discussion
	Mantle lithology
	Al-in-Olivine thermometry

	Summary

