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ABSTRACT
Volcanism in Iceland is primarily basaltic, though the concentration of rhyolitic
magma is higher than expected. This study examines one process of producing
these rhyolites. It is hypothesized that Torfajökull rhyolites were formed by the
migration of tholeiitic fissure basalts passing through the Icelandic crust and
melting silica-rich rock. To test this hypothesis, a suite of rhyolite samples from
Torfajökull’s Hraftinnuhraun eruption (900 C.E.) were examined. Each hand
sample’s petrography was described and photographed, then thin sections were
prepared of each sample. Thin sections were analyzed using polarizing light
microscopy. Then, a subset of samples were observed at high magnification by
SEM. Using backscatter imaging, the samples were mapped with major element
compositions. This subset was also observed by EPMA and analyzed for mineral
compositions. The data show that the samples have mixed mineralogy with
phases that are consistent with basalts surrounded by phases consistent with
rhyolites. Multiple populations of plagioclase of varying compositions are present,
ranging from An22 (anorthite) – An48 – An87. Olivine crystal are out of
equilibrium and have diffusion rims of lower Forsterite composition than the rest
of the grain. The crystals are set in a glass with a silica rich composition (74% wt
SiO2). These data support the hypothesized magma mixing.

Introduction

Methods

EPMA RESULTS

Petrographic Methods:
Hand samples were described and photographed (Figure 3A & 3B). Petrographic thin sections were
prepared for each sample. Thin sections were examined using polarizing light microscopy and
photographed.
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Figure 3: A) Hand sample (HRN-61) showing typical textures and mineralogy of the Hraftinnuhraun
samples. B) Rock chips used to create thin section for each sample.

A

B

Figure 8: A) Ternary diagram showing plagioclase compositions in sample DM-61 (Ab - Albite, An Anorthite, Or - Orthoclase). B) Ternary diagram of showing pyroxene compositions in sample DM-61
(En - Enstatite, Wo -Wollastonite, Fe – Ferrosilite).

CONCLUSIONS AND FUTURE WORK

Petrographic & SEM Results

Figure 1: Simplified geologic map of Iceland showing the
spatial distribution of volcanism (by age), glacial ice,
Studying these rocks will provide valuable
insight into how silicic magmas are formed, historic volcanic eruptions, and the Torfajökull volcanic
center (image from Icelandic Institute of Natural History,
transported, and stored in the crust.
2022).

Background
The Torfajökull volcanic center is located
within Iceland’s Southern Transgressive
Zone. At this location, the Icelandic crust
is significantly thicker than usual
(McGarvie, 1984). Given the increased
crustal thickness, ascending basaltic
magmas may encounter an increased
abundance of silica-rich rocks. Thus, the
crustal thickness may be a contributing
factor to Torfajökull’s high abundance of
rhyolitic eruptions (approx. 80% rhyolite;
Gunnarsson et al., 1998).

CONCLUSIONS:
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Samples contain mixed populations of major mineral phases, which supports the hypothesized
magma mixing:

Olivine

• Plagioclase grains range from An22 (rhyolitic) – An48 (intermediate) - An87 (basaltic). The ternary
diagram shows some K-bearing crystals are present.
• Olivine grains are out of equilibrium: interior composition is richer in Mg at Fo80, whereas the
boundaries have a diffusion rim of Fo69-Fo70.
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Figure 4: A) Image of DePauw’s SEM (BBIC). B) Image of LSU’s EPMA facility

To test this hypothesis, this project
examines a suite of rhyolite samples from
Torfajökull’s Hraftinnuhraun eruption (900
C.E.) (Fig. 2) for petrographic and
geochemical evidence of basalt/rhyolite
magma interactions.

A suite of rhyolitic lava samples were
collected from the 900 C.E.
Hrafntinnuhraun eruption (Fig. 2). This
rhyolitic eruption is located near the
intersection between the western edge of
the Torfajokull caldera rim and a series of
northeast-southwest trending Veidivotn
fissures (basaltic). Thus, these samples
are ideal to test the aforementioned
hypothesis.
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To identify textural/chemical evidence of magma mixing, a subset of samples were observed at high
magnification using DePauw’s Scanning Electron Microscope (SEM). Mineral compositions were
determined using Louisiana State University’s (LSU) EPMA facility (Dept. of Geology and Geophysics).

Although Icelandic volcanism is
volumetrically dominated by mafic
materials, there are a few volcanic centers
that have produced rhyolitic (silica-rich)
eruptions. This study focuses on the
formation of rhyolite eruptions found at
the Torfajökull volcanic center (Fig. 1).
Hypothesis: It is hypothesized that
Torfajökull rhyolites were formed by the
migration of tholeiitic fissure basalts
passing through the Icelandic crust and
melting silica-rich rock.

Figure 7: A) EPMA image showing forsterite (Fo) composition of xenocrystic olivine. Anorthite (An)
compositions of plagioclase crystals are also shown. Olivine xenocryst compositions are consistent
with crystals formed in basaltic magmas (high-Mg). The high-Ca plagioclase compositions are also
consistent with basaltic magmas. B) EPMA image of plagioclase and pyroxene crystals. Two
populations of plagioclase crystals are observed (An87-71 and An22). Pyroxene phenocrysts are augitic.

Scanning Electron Microscropy (SEM) & Electron Probe Micro Analysis (EPMA) Methods:

DePauw’s SNE-4500M SEM & Bruker XFlash 630 EDS
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• Pyroxenes are Ca-rich and predominantly associated within regions of other minerals at
equilibrium in basaltic melt (eg. Fe-Ti oxides).
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Figure 5: A) Glomerocryst of plagioclase and augite. B) Sieved plagioclase grain in a mixed
groundmass. The plagioclase interior deterioration suggests it was not in equilibrium with the melt.

• Glass composition is silica rich: 74% SiO2 by weight.
FUTURE WORK:
The following investigation may be conducted to further research this project.
• Analyze other samples of this project by SEM and EPMA.

Augite

Fe-Ti
Oxides

• Collect and analyze new samples.
• Investigate evidence of magma mixing in basalts.
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Figure 2: Simplified map of the Torfajökull volcanic center
showing Holocene, post-glacial lavas. The Hraftinnuhruan
eruption is located along the western edge of the
Torfajökull caldera (yellow box) (CITATION).

Figure 6: SEM backscatter imaging map showing augite, Ca-rich plagioclase, and Fe-Ti oxides. The
augite crystal has a Ca-rich plagioclase inclusion.

Acknowledgements:
This project acknowledges Dipson Pradhan, DePauw Buehler Biomedical Imaging
Center (BBIC), DePauw Dept. of Geosciences, and the people of Iceland.
References:
Icelandic Insitute of Natural History, 2022, https://en.ni.is/resources/publications/maps/geological-maps

