
 

 
 

Pressure and temperature calculations for 
magmas of the Öræfajökull volcano, Iceland 

 
 
 
 
 
 
 
 
 
 
 
 

Helga Kristín Torfadóttir 

 
 
 
 

Faculty of Earth Sciences 
University of Iceland 

2019 





 
 
 
 

Pressure and temperature calculations for 
magmas of the Öræfajökull volcano, 

Iceland  
 
 
 
 

Helga Kristín Torfadóttir 
 
 
 
 
 

60 ECTS thesis submitted in partial fulfillment of a 
Magister Scientiarum degree in Geology 

 
 
 
 
 

MS Committee 
Ármann Höskuldsson 

Alan Woodland 
Þorvaldur Þórðarson 

 
 

Master’s Examiner 
Kristján Jónasson 

 
 
 
 
 

 
 
 
 
 
 



 

 
Faculty of Earth Sciences  

School of Engineering and Natural Sciences 
University of Iceland 
Reykjavik, June 2019 

  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pressure and temperature calculations for magmas of the Öræfajökull volcano, Iceland 
Öræfajökull magmas 
60 ECTS thesis submitted in partial fulfillment of a Magister Scientiarum degree in 
Geology 
 
Copyright © 2019, Helga Kristín Torfadóttir 
All rights reserved 
 
 
Faculty of Earth Sciences 
School of Engineering and Natural Sciences 
University of Iceland 
Sturlugata 7, 
101, Reykjavik 
Iceland 
 
Telephone: 525 4000 
 
 
 
Bibliographic information: 
Helga Kristín Torfadóttir, 2019, Pressure and temperature calculations for magmas of the 
Öræfajökull volcano, Iceland, Master’s thesis, Faculty of Earth Sciences, University of 
Iceland, pp. 145. 
 
 
 
Printing: Háskóla prent 
Reykjavik, Iceland, June 2019 
 





 

Abstract 
The Öræfajökull volcano is an ice-covered stratovolcano located by the southeast coast of 
Iceland, ≥50 km from the divergent plate boundary. Öræfajökull is the highest volcano in 
Iceland with its highest peak, Hvannadalshnjúkur, rising ~2110 m above sea level. Two 
eruptions have occurred in Öræfajökull in historical time (i.e. the past 1130 years); the silicic 
Plinian eruption of 1362, (Ö1362) with a Volcanic Explosivity Index (VEI) of 6 and the 
hybrid (explosive to effusive) flank eruption in 1727, (Ö1727) with VEI of ~4. Both 
eruptions had a significant impact and the eruption in 1362 is thought to have been the largest 
explosive eruption in Europe since Mt. Vesuvius in Italy erupted in 79 AD. Although 
Öræfajökull and its eruptions have been the subject of a range of volcanological and 
petrological studies, many aspects of its activity are poorly understood, in particular, the 
nature of the plumbing system. The principal aim of this study is to estimate pressure (i.e. 
depth) of magma residence beneath the volcano along with the pre-eruption magma 
temperature using thermobarometric equations. This is achieved by analysing clinopyroxene 
in lava samples from five different eruptions at Öræfajökull volcano to obtain at what depth 
and temperature the crystals were growing from the magma as it resided within the crust. 
This information will improve our understanding of the plumbing system beneath the 
volcano. The samples were obtained from Ingólfshöfði, a basaltic, Surtseyan and peripheral 
eruption; Salthöfði, a basaltic lava flow from a parasitic vent on the volcano´s south flank; 
the recently discovered andesitic cone row from 1727; Hrafnarkambsskriða, an andesitic 
subglacial hyaloclastite and pillow lava formation and Svarthamrar, a Pleistocene basaltic 
lava flow. These units are all mildly alkalic and range in composition from alkali basalt to 
trachytic (SiO2). The 1727 cone row and Hrafnarkambsskriða showed that magma mixing 
had occurred before the eruptions and additionally contained rhyolitic glass fragments 
suggesting that older rhyolitic domes are present below the locations as remnants from an 
older caldera. 

Útdráttur 
Öræfajökull er megineldstöð þakin jökli við suðaustur strönd Íslands, rúmlega 50 km frá 
flekaskilunum. Hæsti tindur Íslands, Hvannadalshnjúkur, er hluti af Öræfajökli og er ~2110 
m yfir sjávarmáli. Tvö gos hafa átt sér stað í Öræfajökli á sögulegum tíma (síðastliðin 1130 
ár); sprengigos árið 1362 á skala VEI 6 og hraungos árið 1727 á skala VEI 4. Bæði gos höfðu 
alvarlegar afleiðingar í för með sér og er gosið frá 1362 talið stærsta sprengigos Evrópu síðan 
Vesuvius á Ítalíu gaus árið 79 e.Kr. Frekari upplýsingar og rannsóknir er ekki að finna 
varðandi önnur gos í Öræfajökli. Tilgangur verkefnisins er að reikna þrýsting og hitastig út 
frá efnasamsetningu clinopyroxene kristalla frá fimm mismunandi gosum í Öræfajökli með 
því að nota jöfnur Putirka (2008). Út frá þeim upplýsingum er hægt að fá betri skilning á því 
hvernig kvikukerfi eldstöðvarinnar er uppbyggt. Gosin fimm eru; Ingólfshöfði, basískur og 
surtseyiskur útgígur; Salthöfði, basískt hraunlag; eftirstöðvar af nýlega uppgötvuðum ísúrum 
gíg úr gígaröðinni frá 1727; Hrafnarkambsskriða, ísúrt bólstraberg og Svarthamrar, basískt 



 

hraunlag. Hraunin eru öll alkalísk með mismunandi SiO2 efnasamsetningu. Gígurinn frá 
1727 og Hrafnarkambsskriða sýna að kvikublöndun hefur átt sér stað fyrir gos, ásamt því að 
innihalda hrafntinnuflísar úr hugsanlegum súrum hraungúlum sem eru staðsettir undir 
eldstöðinni og eru líklega leifar af eldri öskju sem er þar að finna. 
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1 Introduction 
The Öræfajökull Volcano is an ice-capped stratovolcano located by the southeast coast of 
Iceland. Two eruptions have occurred in Öræfajökull in historical time (i.e. the past 1130 
years); the silicic Plinian eruption of 1362, (Ö1362) with a Volcanic Explosivity Index (VEI) 
of 6 and the hybrid (explosive to effusive) flank eruption in 1727, (Ö1727) with VEI of ~4 
(Roberts & Gudmundsson, 2015). The Öræfajökull volcanic zone (ÖVZ) is known as a flank 
zone with limited rifting activities as it is 50 km from the closest segment of the divergent 
plate boundary crossing Iceland (Jakobsson et al, 2008). It is therefore an intraplate volcano 
which indicates that the eruptions can be quite powerful and thus a threat to the community 
nearby and in Iceland.  

Öræfajökull has been dormant since its last eruption with almost no seismic activity until 
2016, when the volcano started to show signs of unrest with increasing seismic activity and 
significant inflation (Veðurstofa Íslands, 2018). Due to the recent unrest, it is likely that the 
volcano is preparing for a new eruption. Therefore, it is important to study Öræfajökull in 
detail to gain a better understanding of how the volcano behaves. 

The aim of this project is to undertake a comparative analysis of lava samples from six 
eruption formations from the Öræfajökull volcano in south east of Iceland. The lava samples 
were collected during the summer of 2018 for the purpose of studying their texture, crystal 
content, glass composition and furthermost, to estimate the pre-eruption crustal storage 
pressure and temperature for these magmas using compositions of clinopyroxenes in these 
lavas via the equations of Putirka (2008). This information will improve the understanding 
of how the plumbing system below the Öræfajökull volcano is structured and how it has 
evolved.  

Is it possible to identify the main magma conduits, storage pockets or even magma chambers 
based on these calculations? Is the same plumbing reoccupied by each eruption or does the 
exact nature of the system change from one eruption to the next? How do my results compare 
to results from others on moving magma and magma storage beneath Öræfajökull? 
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2 Geological background 
Iceland is among the most active volcanic areas on Earth and unique for its location on the 
Mid-Atlantic Ridge (MAR) between Norway and Greenland. The divergent plate boundary 
is between the Eurasian plate and the North American plate where the average spreading is 
~2 cm/year (Gudmundsson, 2000). The plate boundaries of the Mid-Atlantic ridge breaks up 
into a series of complex of rift- and transform zones as it crosses the Icelandic mantle plume 
from southwest to northeast (Jakobsson et al, 2008).The oldest rock formations in Iceland, 
found on the surface are only 14-16 million years old, although the construction of Iceland 
is thought to have started ~25 million years ago (Thordarsson & Höskuldsson, 2014). 

Iceland existence is due to the mantle plume below that supplies magma to volcanic systems. 
During Late-Pleistocene and Holocene times, 41 volcanic systems have been active whereas 
30-32 active systems are active on land (Figure 1) (Jakobsson et al, 2008). Most of these 
volcanic systems are dynamic and large swarms that have develop and evolved through time 
within the volcanic zones due to crustal spreading (Gudmundsson, 2000). Central volcanoes, 
either stratovolcanoes or collapse calderas are the largest structures of the volcanic systems. 
Stratovolcanoes that have been active during the Holocene are at least five: Öræfajökull, 
Snæfellsjökull, Eyjafjallajökull, Tindfjallajökull and Hekla (Gudmundsson, 2000). 

The mantle plume, located below Vatnajökull, is considered to have a central temperature 
150-200°C greater than the surrounding mantle and provides most of the melt that eventually 
reaches the surface during eruptions in the volcanic systems (Gudmundsson, 2000). The 
plume therefore generates the crust. The Icelandic crust has previously been considered to 
be ~10 km thick but the data obtained in the last few years have greatly improved where 
evidence of the crustal thickness has shown that it is ~20-40 km thick (Gudmundsson, 2000). 

2.1 The Öræfajökull volcanic zone 
The volcanic zones are divided into nine sections (Figure 1). The Öræfajökull volcanic zone 
(ÖVZ) is known as a flank zone with limited rifting activities as it is about 50 km away from 
the active rift zone (Jakobsson et al, 2008). As seen on Figure 1, the composition of the 
magmas varies depending on where the relevant volcanic system is located. Three rock series 
can be determined in Iceland and are compositions of tholeiitic (red brown on Figure 1), 
mildly alkalic (brown on Figure 1) and alkalic (yellow on Figure 1). The tholeiitic magmas 
are confined to the volcanic systems located within the rift-zone but the flank zones have 
mildly alkalic and alkalic compositions. Öræfajökull is therefore mildly alkalic in 
composition due to its location in relation to the active rift-zone. 
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Figure 1 – The volcanic zones are divided into nine sections; Northern Reykjanes Ridge 
(NRR), Western Volcanic Zone (WVZ), Hofsjökull Volcanic Zone (HVZ), Eastern Volcanic 
Zone (EVZ), Northern Volcanic Zone (NVZ), Tjörnes Volcanic Zone (TVZ), Snæfellsnes 
Volcanic Zone (SVZ), Öræfajökull Volcanic Zone (ÖVZ) and the South Iceland Seismic Zone 
(SISZ). The NRR, WVZ, HVZ, EVZ and NVZ are considered the main rift zones and SVZ, 
ÖVZ and the southern part of EVZ are considered as flank zones with limited rifting activity. 
The volcanic systems are shown here individually with total of 41 system. The chemical 
composition varies depending on the location of the systems. Tholeiitic magmas are seen on 
the active rift zone, transitional alkalic magmas, or mildly alkalic magmas are close to the 
rift zone and the alkalic magmas are completely off the rift zone. Öræfajökull is marked as 
number 39 with a triangle indicating that it is a central volcano and has an alkalic 
composition as it is located around 50 km off the active rift zone (Jakobsson et al, 2008). 

Regarding volume, the great bulk of Icelandic basalts are of subalkalic composition (Gill, 
2010). In two off-rift areas of Holocene activity on either side of the main rift zone, however, 
alkali basalt predominates. Snæfellsnes peninsula in western Iceland and Öræfajökull in the 
east which exhibits an alkalic to mildly alkalic compositional trend. 

More advanced fractionation products like trachyte, trachybasalt, basaltic trachyandesite and 
trachyandesite (hawaiite, mugearite, benmorite) occur in each of these areas. Öræfajökull 
has also erupted large volumes of rhyolite (Gill, 2010). Alkalic lavas are also found at the 
southern tip of the southward-propagating rift of the eastern volcanic zone (EVZ), most on 
the Vestmannaeyjar islands (Gill, 2010). Basalts north of Vestmannaeyjar, like Hekla, 
Eyjafjallajökull and Katla are mildly alkalic (Gill, 2010).  

The majority of rock formation in the volcano are hyaloclastites including silicic lavas but 
the samples needed for this research had to contain crystallized rocks and/or unaltered glass. 
The abundant occurrence of hyaloclastites therefore shows that most of the activity in 
Öræfajökull has taken place during glacial periods (Prestvik, 1979).  
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2.2 Volcanic structure 
The Öræfajökull Volcano is an ice-capped stratovolcano located by the southeast coast of 
Iceland, about 50 km from the closest segment of the divergent plate boundary crossing 
Iceland. Öræfajökull is the highest volcano in Iceland, peaking at Hvannadalshnjúkur, which 
rises to ~2110 m above sea level (Roberts & Gudmundsson, 2015). The ice-filled caldera is 
~14 km2 (~3.5 by ~5 km across) and about 540 m deep (Magnússon et al, 2012b). The caldera 
contains ~4,3 km3 of glacial ice (= water volume of ~3,9 km3). Several outlet glaciers drain 
the ice cap where the ice flows from the caldera in all directions but most to the west to 
Falljökull and southeast to Kvíárjökull (Figure 2; Roberts & Gudmundsson, 2015).  

 

Figure 2 – Topographic map of Öræfajökull showing its outlet glaciers, caldera rim and key 
geographic locations mentioned in the text (Roberts & Gudmundsson, 2015). 

 

The floor of the caldera has a relatively smooth surface except for a small depression and a 
high on the north side (Figure 3). The subglacial topography also shows an older and highly 
eroded caldera north of Hvannadalshnjúkur which is similar in size as the present main 
caldera (Magnússon et al, 2012b). 

Öræfajökull is located between and partly covering two extinct central volcanoes, 
Skaftafellsfjöll to the west and Breiðamerkurfjall to the east. They are both very eroded with 
exposed intrusions of gabbro and granophyre (Magnússon et al, 2012b).  

Horizontally stratified basalts can be seen in the lower bulk of Öræfajökul and are believed 
to have formed 10-12 million years ago in the rift zone and has then undergone isostatic 
uplift and heavy erosion by glaciers the last 3 million years (Magnússon et al, 2012b). 
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The smooth caldera floor indicates a limited volcanic activity within it since it was formed. 
A topographic mound situated beneath 400 m of ice can be seen at the water divide of Virkisá 
and Kvíá which is might be the result of a previous eruption and may likely be a possible 
location for future eruptions (Figure 3) (Magnússon et al, 2012b).  

The oldest rocks in Öræfajökull are found in the northern part with the volcanic strata 
becoming relatively younger on the volcano’s south side. Near the base of Svínafell (Figure 
2), at the southwest side of Öræfajökull, Ar-Ar dating yields an age of 0,76 Ma, which could 
represent the approximate age of the volcano (Roberts & Gudmundsson, 2015). 

 

Figure 3 – The bedrock topography of Öræfajökull where the blue areas are below sea level. 
The blue lines in the left image indicate water divides. Note the inner caldera rim within the 
main caldera and the contour lines of possible extinct calderas north west of the main 
caldera and east of the main caldera in the right image (Magnússon et al, 2012b). 

 

2.3 Previous eruptions 
Two eruptions have occurred in Öræfajökull in historical time (i.e. the past 1130 years); the 
silicic Plinian eruption of 1362, (Ö1362) with a Volcanic Explosivity Index (VEI) of 6 and 
the hybrid (explosive to effusive) flank eruption in 1727, (Ö1727) with VEI of ~4 (Roberts 
& Gudmundsson, 2015). Both eruptions had devastating effects and the eruption in 1362 is 
thought to have been the largest explosive eruption in Europe since Mt. Vesuvius in Italy 
erupted in 79 AD.  

Detailed knowledge about other eruptions in Öræfajökull is yet to be obtained. However, 
studies of tephrocronology in the Öræfi district confirm that the volcano was significantly 
active during the Holocene (Guðmundsson 1998). Five Holocene eruptions were confirmed 
with approximate ages of 9200 BP, 6500 BP, 4700 BP, 2800 BP and 1500 BP. Signs of 
jökulhlaup are present regarding the eruption 1500 BP (Guðmundsson 1998). The studies 
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showed a strong relationship between these volcanic activities and the pattern of glacier 
fluctuations (Guðmundsson 1998). 

 The 1727 eruption 

The 1727 eruption and the consequent jökulhlaup was described by reverend Jón Þorláksson 
1700-1790), who documented the event and its aftermath for over 50 years. Whilst holding 
a sermon at Sandfell, the church assembly felt the earthquakes that progressively became 
stronger on the 3rd of August 1727. Strong and damaging earthquakes continued until August 
4th followed by loud noises and jökulhlaup.  Eyewitnesses describe that the eruption did not 
take part in the main caldera but in the flanks of Öræfajökull, near Sandfell, with at least six 
or seven fire fountains, indicating a row of craters or cones (Figure 4) (Hallgrímsson, 1839).  

Jökulhlaup bursted out from Kotárjökull, Falljökull and Virkisjökull (Figure 5). Traces of 
the dark-coloured flood deposit of the jökulhaup are still present today where the main road 
of Iceland goes through (Roberts & Gudmundsson, 2015). 

For three days the province went completely dark due to tephra where almost no tephrafall 
could be seen on the fourth day. The estimated amount of tephra is thought to have been 0.25 
km3. The eruption lasted until April or May 1728 (Hallgrímsson, 1870). Fields and farms 
were destroyed and three people died in the floods including farm animals (Hallgrímsson, 
1870). It took decades for the ice blocks to melt that were distributed on the sandur in front 
of the outlet glaciers (Roberts & Gudmundsson, 2015). Evidence based on the jökulhlaup 
deposits from 1727 and 1362 imply that the floods overran the same region where the 1727 
deposits mostly covered the pre-existing 1362 deposits (Figure 5) (Roberts & Gudmundsson, 
2015). It can therefore be assumed that these two jökulhlaup were comparable in magnitude 
from Kotárjökull (Roberts & Gudmundsson, 2015). It is thought that the 1727 jökulhlaup 
peaked within three or five hours. When the jökulhlaup had decreased on August 11th the 
water was too warm to cross by horse (Hallgrímsson, 1870). Based on knowledge obtained 
at the Eyjafjallajökull eruption in 2010, equivalent high temperatures are a result of the 
meltwater interacting with advancing lava (Magnússon et al, 2012a). 

Despite the lack of information about the eruption, possibly due to how isolated the county 
was at that time, enough information is provided to conclude that the eruption was on the 
western flank of the volcano and a row of effusive craters or cones had formed. 
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Figure 4 – The recently discovered and remaining crater ramparts of the cone row that 
erupted in 1727 during the field work for this study. Note the moraine that is seen in the 
foreground (photo by Alan Woodland, 2018) 

 

Figure 5 – Extent of jökulhlaup deposits associated with the 1362 eruption and 1727 
jökulhlaup (Roberts & Gudmundsson, 2015). 
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 The 1362 eruption 

The eruption in 1362 began in mid-June and lasted until autumn. During the onset of the 
eruption, several pyroclastic density currents occurred that reached over 10 km from the 
centre of the caldera. Jökulhlaup due to melting occurred mostly to the onset of the eruption 
and possibly the first 24 hours and busted primarily from Falljökull (Roberts & 
Gudmundsson, 2015). Thick pyroclastic density current (PDC) deposits that are beige to 
white in colour, indicating its rhyolitic composition, can be seen around the volcano with an 
SiO2 content up to 73 wt% (Sharma et al, 2008). Its white tephra layers are in various 
thicknesses all over east Iceland (Figure 6). Lava layers have not been linked to the eruption 
as if it was produced, it most likely has been eroded away as the eruption occurred in the 
centre of the caldera. Despite the estimated height of the eruption column being ~30 km high 
(Sharma et al, 2008), this eruption might still be underestimated as during the fieldwork for 
this study, the thickness of the tephra layers in the flanks of the volcano, which was once 
thought to have been 0.5 m, turned out to be approximately 3 m with further observations. 

Before the eruption in 1362 the glacier was known as Knappafellsjökull, but the name was 
changed after the devastating consequences from the eruption. The lowlands around the 
volcano hosted fertile grazing lands which supported around 40 farms in the area where the 
district had its previous name Litla hérað. That too was changed into Öræfasveit after the 
eruption (Roberts & Gudmundsson, 2015). 

 

 

Figure 6 – Isopac map showing thicknesses of the tephra layer from the eruption in 1362 
(Höskuldsson & Larsen, 2013, after Thorarinsson 1958).  
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3 Samples & methods 
Lava samples from six different locations around Öræfajökull were gathered during the 
summer of 2018 (Figure 7). They were all collected by using a simple geological hammer 
and safety glasses.  

 

 
Figure 7 – Map showing six sample locations around Öræfajökull. Each location has been 
assigned a colour that is then used in the graphs presented in the result chapters. Two 
colours are assigned to the samples from the second sample location at Ingólfshöfði, which 
are petrographically different, one fully crystallized (pink) and the other glassy (purple). 
The map is redrafted using GIS data from Landmælingar Íslands (2019). 
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3.1 Sample locations 
Samples for this project were collected south of the volcano, by the root of the volcano and 
up in the flanks (Figure 7). These locations were selected because (i) they provide excellent 
outcrops of mafic lava formations associated with the activity at Öræfajökull volcano, (ii) 
they very are accessible and (iii) their increasing distance from the summit crater, which may 
help with assessing the influence of the central volcano on shallow part of the plumbing 
system.  Eruptions away from the main edifice are more likely to have been able to avoid 
the shallow crustal magma chamber that is anticipated to be beneath the volcano 
(Gudmundsson, 2006). However, eruptions on the flanks or foothill of the volcano are likely 
to have entered and erupted from such a shallow chamber/storage zone or magma pockets 
within it (Gudmundsson, 2006).   

Thin sections were made of samples from each location, both with the thickness of 30 µm 
and 60 µm to carry out detailed petrographic description and analysis, including hand 
specimen and microscopic descriptions along with chemical analysis with a microprobe and 
laser ablation. Phenocrysts, inclusions, xenoliths and areas of glass were analysed and 
plotted up in various graphs. 

Appendix A and B show a more detailed description of the hand specimen and the thin 
sections from each location. 

 Ingólfshöfði 

The first location is the promontory Ingólfshöfði, a former island constructed in a shallow 
submarine eruption ~20 km south of Öræfajökull volcano featuring both Surtseyan and 
effusive (lava producing) phases, where the former produced the basal pyroclastic sequence 
and the latter the capping lava flows. Ingólfshöfði is now linked to the mainland by the 
Skeiðarársandur flood plain. The subaerial sequence at Ingólfshöfði features ~50 m thick 
lavas that are columnar jointed and expose spectacular cross-sections through radially 
jointed lava pathways (Figure 8A). The sequence rests on tuffaceous hyaloclastite.  

Two sample locations were chosen at Ingólfshöfði. One is on the north east side of the 
promontory, at a location named Höfðavík (e. Promontory inlet). The other is on the 
southwest side, at location named Votaberg (e. Wet Rock) (Figures 7 & 8). 

The samples collected at Höfðavík represent holocrystalline lava, whereas at Votaberg, two 
rock types were sampled namely, holocrystalline core and glassy selvages from the same 
lava lobe. This lobe rest directly on lapilli tuff formed in the Surtseyan phase of the eruption. 
The height of the section is roughly around 50 m as seen in figure 8C. 

The holocrystalline lava samples from both location at Ingólfshöfði (Figure 9) are almost 
identical and are porphyritic and phanerocrystalline with a light grey, heterogeneous and 
coarse-grained groundmass with abundant phenocrysts of plagioclase, clinopyroxene and 
olivine. The glassy selvage from Votaberg features, to large extent, a cryptocrystalline 
(tachylitic) groundmass, although the outermost millimetre is typified by translucent and 
brown sideromelane groundmass (Figure 10). The phenocrysts are plagioclase, pyroxene and 
olivine as in the previous sample 
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Figure 8 – Images from Ingólfshöfði. (A) A Höfðavík sample locality on the north east side. 
Note the radially jointed internal pathway in the right end of the lobe along with the finer 
grained/glassy margins (darker). (B) The Votaberg sample location on the south west side. 
Note the composite nature of the lava and the bedded lapilli tuff sequence at its base. (C) On 
top of Ingólfshöfði facing east, looking over the subaerial composite pahoehoe lava 
succession. Height of the section is roughly 50 m (photos by Helga Kritsín Torfadóttir, 
2018). 
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Figure 9 – The fully crystallized samples is representative for both the first and the second 
location at Ingólfshöfði. (A) Porphyritic hand specimen with phenocrysts of plagioclase 
(white), pyroxene (black) and olivine (brown). The overall composition of the hand specimen 
is roughly 60-70 modal% of groundmass, 25-38 modal% of phenocrysts and 2-5 
modal%vesicles. (B) Photomicrograph of the hand specimen with phenocrysts of 
plagioclase (white), pyroxene (grey), olivine (yellow) and oxides (black). Note the 
abundance of plagioclase 

 

 

 

Figure 10 – The fine-grained and glassy sample from the Votaberg location. (A) Porphyritic 
hand specimen with clearly visible plagioclase (white) and olivine (brown) macrocrysts plus 
not easily detected pyroxene (black) macrocryst as they are obscured by the dark 
groundmass. The overall composition of the hand specimen is roughly 45 modal% of 
groundmass, 40 modal% of phenocrysts and 15 modal% vesicles. (B) Photomicrograph of 
the hand specimen with phenocrysts showing plagioclase (white) and pyroxene (grey). Note 
the tachylitic groundmass that grades into sideromelane (brown) glass towards the lower 
left corner.  

2 cm 2 cm 0.5 mm

2 cm 2 cm 0.5 mm

2 cm 2 cm 0.5 mm

2 cm 2 cm 0.5 mm
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 Salthöfði 

The third location is the lava at Salthöfði and is at the south foothills of Öræfajökull volcano 
and most likely sourced from a parasitic vent on the south flank (Figures 7 & 11).  Prestvik 
(1979), had concluded that the same lava layer could be seen above the farm Hof as in 
Salthöfði but with further comparison of samples from both location it was concluded that 
the morphology and textures of the samples and the structure of the lava layers are too 
different to be produced by the same eruption. The lava layer is close to the farm 
Fagurhólsmýri and is about 30-40 metres above sea-level. The highest point of the lava layer 
is ~66 m. 

The Salthöfði lava (Figures 11 & 12) is porphyritic and phanerocrystalline with a light grey, 
coarse-grained groundmass with abundant macrocrysts of plagioclase, clinopyroxene and 
olivine. This lava is rather similar to the lavas from Ingólfshöfði, except the abundance of 
pyroxene megacrysts that are up to 2 cm in diameter. The phenocrysts are ~50 modal% of 
the samples versus ~40 modal% phenocrysts at Ingólfshöfði.  

 

Figure 11 – Image from the Salthöfði lava with Öræfajökull in the background. The view is 
to the north (Photograph by the author, 2018). 
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Figure 12 – The sample from the Salthöfði lava layer. (A) Porphyritic hand specimen with 
macrocrysts of plagioclase (white), olivine (brown) and pyroxene (black) including 
megacrysts of pyroxene exhibiting poikilitic growth. The overall composition of the hand 
specimen is roughly 50 modal% of groundmass, 50 modal% of phenocrysts and <1 modal% 
vesicles. (B) Photomicrograph of the hand specimen with phenocrysts of plagioclase (white), 
pyroxene (grey), olivine (yellow) and oxides (black).  

 

 

 1727 eruption 

The fourth sample location is the remnants of the cone row from the latest Öræfajökull 
eruption in 1727 (Figures 4 & 15). It is located in the western flank of the volcano close to 
Falljökull outlet glacier at approximately 900 m above sea level (Figures 4 & 15).  This cone 
tephra sequence was recently identified and thus has not yet been studied. Most of the cones 
have been eroded away as the glacier is right against the remaining cone. Both rock samples 
with crystals and glassy scoria samples were sampled from the cones (Figure 13). This 
research is therefore the first research to discuss data based on the most recent eruption in 
Öræfajökull. 

The samples from the 1727 cone row are porphyritic with <5 modal% of small light coloured 
macrocryst of plagioclase that are resting in a cryptocrystalline (tachylitic) and flow foliated 
groundmass (Figure 13). The clastogenic lava samples contains 20-40 modal% of vesicles 
and 5-10 modal% of macrocryst of plagioclase and pyroxene. Examination under the 
microscope reveals that the lava contains groundmass-size lath-shaped plagioclase. Light 
brown glassy fragments (Figure 14), 0.5-1.5 cm in diameter, are present in abundance (~10 
modal%) and commonly of the same size as the phenocrysts. 

1 cm 2 mm
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Figure 13 – The sample from the 1727 cone row. (A) Glassy and aphanitic hand specimen 
with phenocrysts of plagioclase (white). The ocerall composition of the handspecimen is 
roughly 90-95 modal% of groundmass, 5-10 modal% of phenocrysts. Vesicles are 20-40 
modal%. (B) Photomicrograph of the hand specimen with phenocrysts of plagioclase (white) 
and pyroxene (grey). Note the vesicular groundmass.  

 

Figure 14 – Brown glass fragment present in the samples from the 1727 cone. 

2 cm2 cm 1 mm

Gígarnir
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Figure 15 – Images of the remaining crater ramparts on the cone row that erupted in 1727. 
(A) Scientists enthusiastically examining a hand sample. View to the west. (B) The view to 
the southwest at top of the crater rampart. (C) The remains of the craterrampart that 
hithereto as been mistaken to be a moraine (Photographs by the author, 2018). 

 

 Hrafnarkambsskriða 

The fifth sample location is a hyaloclastite and pillow lava formation formed in a subglacial 
eruption on the southeast flanks of the volcano (Figure 7). The cliff is called 
Hrafnarkambsskriða and is above the farm Hnappavellir (Figure 17). Samples of the pillow 
lava were collected from the talus right below the cliff as well as directly from the pillow 
lava lobes.  
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Figure 16 – The sample from Hrafnarkambsskriða. (A) Glassy and cryptocrystalline hand 
specimen with a heterogeneous glass fragment. The overall composition of the hand 
specimene is 95 modal% of groundmass and 5 modal% of phenocrysts. (B) 
Photomicrograph of the hand specimen with one of the glass fragments showing a laminated 
texture with phenocrysts of pyroxene (green) and plagioclase (grey).  

 

The samples from the pillow lavas in the Hrafnarkambsskriða cliff have a dark grey, glassy 
and a cryptocrystalline groundmass with very few macrocrysts (Figure 16). A characteristic 
feature is the presence of xenolithic glass fragments, similar to those present in the 1727 
eruption products. The macrocrysts present are plagioclase, pyroxene and olivine. 

 

Figure 17 – Images from Hrafnarkambsskriða. (A) The scree of pillow lava in the 
Hrafnarkambsskriða. (B) Pillow lava in Hrafnarkambsskriða (Photgraphs by the author, 
2018). 

 

 

2 cm 1 mm
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 Svarthamrar 

The sixth and last location is at the east foothills of the volcano (Figures 7 & 19). It is a lava 
flow named Svarthamrar located next to Kvíárjökull moraine. The location of the source 
vents for this eruption is unknown but the lava is thought to have advanced down the present 
path of the Kvíárjökull outlet glacier. The samples collected from the lava had notable 
abundance of macrocrysts. 

The samples are cryptocrystalline and have a dark grey and a fine-grained groundmass. 
Phenocrysts of plagioclase, olivine and pyroxene are present in the samples (Figure 18).  

 

Figure 18 – The sample from Svarthamrar. (A) Cryptocrystalline hand specimen with 
plagioclase phenocrysts (white). The overall composition of the hand specimen is roughly 
78 modal% groundmass, 20 modal% phenocrysts and 2 modal% vesicles. (B) 
Photomicrograph of the hand specimen with phenocrysts of pyroxene (green) and 
plagioclase (grey).  

 

 

Figure 19 – Images form Svarthamrar. (A) The Svarthamar lava layer. (B) Sheeps taking 
cover from the weather by the Svarthamrar lava layer. Note the large moraine of Kvíárjökull 
in the back (Photrographs by the author, 2018). 

2 cm1 cm 1 mm
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3.2 Methods 

 Hand specimen 

Lava samples from six different locations around Öræfajökull were gathered during the 
summer of 2018. They were all collected by using a simple geological hammer and safety 
glasses. The next step was to dry the samples in an oven overnight at the temperature of 80-
90°C to get rid of moss and mould that had formed on the wet samples.  

Photos of each hand specimen were taken with a ruler for a scale with a simple iPhone 6s 
Plus camera. Photomicrographs of phenocrysts and the groundmass were taken of each hand 
specimen. The close-up images were taken through an Olympus SZ61 stereo microscope 
with an Olympus SC50 camera and processed in OLYMPUS Stream Image Analysis 
Software at the Institute of Earth Sciences, University of Iceland, in order to determine 
overall texture and phenocryst content of the hand specimens.  

Areas of the hand specimens were then closely looked at to determine what would be made 
into thin sections which were then sawed into small pieces with a saw. Several thin sections 
were then made and polished from each location, both with the thickness of 30 microns and 
60 microns. 

 Microscopic analyses 

The thin sections were observed with a petrologic microscope to study the mineral 
constituents at the Institute of Earth Sciences, University of Iceland, as the hand specimen 
only gave a rough estimation and mineral proportion. The texture of the phenocrysts and 
their size distribution were observed along with the texture of the groundmasses and vesicles. 
The thin sections were analysed in an Olympus BX51 polarizing microscope which had four 
objective lenses with, 2x, 4x, 10x and 20x magnification. An Olympus UC30 camera was 
connected to the microscope and to a computer which took clear photomicrographs with 
both transmitted and reflected light.  

The thin sections were also photographed in total with a very high-resolution Keyence VHX-
S660E digital microscope multi scan at the Geoscience department, Goethe University in 
Frankfurt, Germany. Images both showed the true colour of the thin sections and also with 
a polarized light. However, the polarized light does not give the true interference colours of 
each mineral as the petrological microscope does.  

 Microprobe analysis  

After the thin sections were cleaned and carbon coated for a better conductivity, major 
elements were analysed with a microprobe. Clinopyroxene, plagioclase, olivine, Fe-Ti 
oxides and glass were analysed with a JEOL JXA-8900 Superprobe at the Geoscience 
department, Goethe University in Frankfurt, Germany. Data points were collected at 15 kV 
and 20 nA with a 3 µm spot diameter for minerals and glass along with additional analysis 
with a 30 µm spot diameter for glass to give a better accuracy. Measurements were 
performed in wavelength-dispersive mode with counting times of 20-40 seconds on the peak 
and 15-40 seconds on background, depending on the element.  
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The main focus was to analyse clinopyroxenes, especially cores and rims. Other minerals 
that were measured were plagioclase, olivine, Fe-Ti oxides and various inclusions along with 
glass if that was present to see the chemical composition of the magmas. Data points from 
cores and rims of the phenocrysts were taken in most cases weather they were chemically 
zoned or not and in some cases profiles throughout a phenocryst if they showed a very 
distinct zonation. Results from the microprobe were plotted up in various Excel spreadsheet 
diagrams such as a TAS-diagram from Kayla Iacovino using coordinates from Le Maitre et 
al (2002). 

Plagioclase endmember components were calculated from the microprobe analyses on the 
basis of 8 oxygens per formula unit using the following cation proportions:  

!"
(!"$%"$&)

∙ 100 for anorthite, %"
(!"$%"$&)

∙ 100 for albite and &
(!"$%"$&)

∙ 100 for orthoclase. 

Pyroxene endmember components were calculated from the microprobe analyses on the 
basis of 6 oxygens per formula unit using the following cation proportions:  

!"
(+,$-.$!")

∙ 100 for wollastonite, -.
(+,$-.$!")

∙ 100 for enstatite and +,
(+,$-.$!")

∙ 100 for 
ferroslite. 

Backscattered images were produced in grayscale where the lighter the tone, the higher 
density. Chemically zoned phenocrysts were therefore easy to detect with a different gradient 
of grey. Standards used for the chemical analysis are listed in table 1. 

Table 1 – Standards for the chemical analysis 

Element Standard name Wt. (%) Back Pksk Gain 

Al2O3 0-Al2O3 99,99 40 40 (sec) 

K2O 0-KTiOPO4 23,8 30 15 (sec) 

Na2O 0-NaAlSi3O8 11,8 20 20 (sec) 

TiO2 0-KTiOPO4 40,33 40 20 (sec) 

MnO 0-MnTiO3 46,83 30 30 (sec) 

SiO2 0-CaSiO3 51,95 40 40 (sec) 

CaO 0-CaSiO3 47,7 30 15 (sec) 

MgO 0-Mg2SiO4 50,4 40 40 (sec) 

Cr2O3 0-Cr2O3PH 99,99 40 20 (sec) 

FeO 0-Fe2SiO4 70,51 30 15 (sec) 

P2O5 0-KTiOPO4 35,87 30 15 (sec) 

NiO 0-NiO 99,9 30 15 (sec) 
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 Calculations of magma storage pressure and temperature 

Clinopyroxene analysis from the microprobe were used to calculate pressure and 
temperature using equations 32 a and 32 d from Keith Putirka, 2008. Iterative calculations 
were carried out where the temperature and pressure became more accurate with several 
calculations. 

Core and rim compositions were used in these calculations along with clinopyroxene 
inclusions, xenoliths and clinopyroxene in the groundmass if present. The reason for 
measuring the difference between the cores and the rims of the clinopyroxenes could most 
likely tell how a certain clinopyroxene had behaved in the crust. The core composition would 
tell where the crystal started to grow and the rim composition would tell whether the crystal 
had moved to a shallower depth with the ascending magma or grown in total at the pressure. 

The total data points from 20 thin sections measured by the microprobe were 1127 points.  

Due to the large data set and due to the fact that not all of it was used for this study, the 
chemical compositions will not be listed in the appendix as it will be used for further 
research. 

The errors are ±3.1 kbar for pressure and ±58°C for temperature. The pressure data was then 
converted into depths by multiplying the kbar with 3 to get depths in kilometres based on 
the density of the crust in Iceland. The errors for depth then transfer into ±9.3 km dept.  

Although the error is high, the clinopyroxenes measured are similar in composition which 
indicates that the errors between clinopyroxene crystals and locations should be minimized. 
The systematics related to the clinopyroxene composition such as Al content and Mg# should 
be similar for all the samples. 

T(K) = 23455$6778(9:";)

<4.4$3<.<>?@A
BCDE$45.2>?FG

BCDEH5.26>?IJ
BCD$?KL

BCDH?MN
BCDH?O

BCDE$5.326PQR>"ST
BCDEU

V     (32 d) 

 

P(kbar) = 3205 + 0.384T(K) − 518lnT(K) − 5.62 fX-.
hijk + 83.2>X%"

hijE + 68.2>Xlmno
hij E +

2.52ln fXpQ(qr)
hij k − 51.1>Xlmno

hij Es + 34.8>XtR+u
hij Es    (32 a) 

 

Equation 32a depends only upon the composition of clinopyroxene where precision has been 
improved of the Nims (1995) model but it preserves the systematic errors with respect to 
hydrous experiments (Putirka, 2008). Another equation, 32b, removes these systematic 
errors but at the cost of requiring an estimate of the water content of the liquid in equilibrium 
with the clinopyroxene. Equation 32b would not work in general for this study as not all 
sample locations contain glass. To estimate the plumbing system below each sample 
location, different textures of clinopyroxenes were chosen where the assumption was that 
they had not necessarily been in equilibrium with the melt that carried them to the surface 
assuming that they originated from different parts in the crust. Volatile content was not taken 
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into consideration for these studies where equation 32a was thought to be a better fit for the 
research. 

In equation 32d, the Jd-DiHd exchange thermometers (Putirka et al, 1996, 2003) reproduce 
temperature to ±52-60°C. Global calibrations using experiments conducted at P<70 kbar 
reduce these uncertainties by ~10-20°C (Putirka, 2008). 

The temperature was converted from Kelvin to Celsius and the pressure in kbar was 
converted into depths by multiplying the kbar value by 3 based on assumed density (g/cm3). 
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4 Results 

4.1 Mineral chemistry 
The description of the hand specimen and the thin sections are listed in Appendix A and B. 
Note that the modal% is different depending on the hand specimen or the thin sections. 

As seen in the thin sections and based on the hand specimen, the fully crystallized samples 
from both of the Ingólfshöfði locations are almost identical where the macrocrysts modal% 
is 50-55 and the groundmass modal% is 45-35 along with vesicles that are 5-10 modal%. 
Where the distribution of macrocrysts are 60-65 modal% of plagioclase, 15-25 modal% of 
pyroxene, 10 modal% of olivine and 5 modal% of opaque minerals. 

The thin sections from the glassy sample from Ingólfshöfði 2 contained 70 modal% of 
groundmass, 20 modal% of macrocrysts and 10 modal% of vesicles. With 80 modal% 
plagioclase, 15 modal% pyroxene and 5 modal% olivine. 

The thin sections from Salthöfði contained 70 modal% macrocrysts, 30 modal% groundmass 
and <1 modal% vesicles. With 65 modal% plagioclase, 16 modal% pyroxene, 14 modal% 
olivine and 5 modal% opaque minerals.  

The thin sections from the 1727 cone row contain 78 modal% of groundmass, 20-30 modal% 
vesicles and 2 modal% of macrocrysts. With 79 modal% of plagioclase, 20 modal% of 
pyroxene and 1 modal% of opaque mineral. 

The thin sections from Hrafnarkambsskriða contain 95 modal% of groundmass and 5 
modal% phenocrysts. With 50 modal% of opaque minerals, 45 modal%  of plagioclase and 
5 modal% of pyroxene or olivine. 

Thin sections from Svarthamrar contain 90 modal% of groundmass and 10 modal% of 
phenocrysts. With 45 modal% of plagioclase, 40 modal% of pyroxene and 15 modal% of 
olivine.  
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 Glass compositions 

Out of all the sample locations, only two contained surface quenched glass, Ingólfshöfði 2 
and the 1727 cone row. Xenolith glass fragments were however also found in samples from 
the 1727 cone row and in Hrafnarkambsskriða and melt inclusions were found in olivine 
macrocrysts from Salthöfði. Glass compositions are plotted up into a TAS diagram (Figure 
20). 

 

 

Figure 20 – TAS diagram showing glass compositions with total alkali content (Na2O and 
K2O) on the Y-axis and SiO2 content on the X-axis. The only locations that contained glass 
were Ingólfshöfði, the 1727 cone row and fragments in Hrafnarkambsskriða. Melt inclusions 
were found in two olivine phenocryst from Salthöfði where one olivine contained melt 
inclusions with SiO2 content of 55 and 65 and the other with SiO2 contnent of 75. Rhyolitic 
glass fragments were also found in the 1727 cone row samples. The glass compositions 
reflect the composition of the magma during the eruption and show that they are alkalic to 
mildly alkalic in composition. 
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Ingólfshöfði 
As two different sample types were obtained at the Ingólfshöfði 2 location, glassy and fully 
crystallized, the glassy sample contained less groundmass minerals and a tachylitic 
groundmass that grades into sideromelane (Figure 10). The sideromelane glass contained in 
some areas microlites of elongated plagioclase. 

The glass compositions from Ingólfshöfði range from 47.2 to 50.4 SiO2 wt%. They all fall 
above or at the Kuno-line on the TAS diagram, which separates alkaline compositions from 
tholeiitic composition. The glass from Ingólfshöfði therefore clearly indicates alkali to 
trachy-basalt composition. 

Glass inclusions within a clinopyroxene showed a similar result as the host magma with 47-
49 SiO2 wt%. The clinopyroxene hosting the melt inclusion has a Mg# of 0.75. 

 

 

Figure 21 – A backscattered image from the glassy sample from Ingólfshöfði 2 showing glass 
with microlites of plagioclase, pyroxene and Fe-Ti oxides. 
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Figure 22 – A backscattered image from the glassy sample from Ingólfshöfði 2 showing 
phenocrysts of plagioclase and clinopyroxene. Melt inclusions present in the clinopyroxene 
were measured and 47-49 SiO2 wt%. 

 

Salthöfði 
Four melt inclusions were analysed within two olivine macrocrrysts, one euhedral and one 
resorbed (Figure 23). 

Despite being almost fully crystallized, some melt could be yielded out from the samples 
from Salthöfði.  

The two melt compositions of the different inclusions in the olivine in figure 23A has 55.72 
and 64.2 SiO2 wt%. The forsterite composition of the host olivine in is Fo49-51. These 
inclusions indicate a basaltic trachyte/hawaiite to a more dacitic trachyte/benmorite in 
composition. 

The other olivine (Figure 23B), which is significantly zoned, had a single melt inclusion 
where two data points were measured and gave 74.9 SiO2 wt%, same for both of them. The 
melt inclusion therefore is rhyolitic in composition. The forsterite content of the host olivine 
is Fo48-69 with a core composition of Fo69 and a rim composition of Fo48. 

The melt inclusions are alkalic in composition except for the ones that contain the rhyolitic 
composition. 

Ingólfshöfði 2 glassy
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Figure 23 – Backscattered images from the microprobe showing the two different olivines 
from Salthöfði hosting melt inclusions of a basaltic trachyte, dacitic trachyte and rhyolitic 
in composition. 

 

Since the olivine in figure 23A is quite close to fayalite in composition, these melt inclusions 
represent pristine melt compositions.  

The melt inclusion in the olivine from figure 23B is close to the core which has a higher 
forsterite content than the rim. That might suggest that this melt inclusion have experienced 
post-entrapment crystallization of the host, which has fractionated the composition to 
rhyolite. If this olivine crystallized from a mafic magma, then this post-entrapment 
crystallization is significant. 

These inclusions either represent melt inclusions in crystals that were accidently 
incorporated in the Salthöfði magma or that these melt inclusions have been significantly 
altered via post-entrapment crystallization of their host. 

They however do not say anything of use about the original melt composition of the magma 
that produced the Salthöfði lava flow. The petrographical similarity of Ingólfshöfði and 
Salthöfði suggests that Salthöfði is also an alkali basalt. 

If Salthöfði is truly of basaltic composition, then neither of these inclusions are likely to 
represent the melt inclusion composition in the magma body that produced the Salthöfði 
lava. The either represent melt inclusions in crystals that were accidently incorporated in the 
Salthöfði magma or melt inclusions that have been significantly altered/modified via post-
entrapment crystallization of their host. In either case, they do not say anything of use about 
the original melt composition of the magma that produced the Salthöfði lava flow. If 
modified by post-entrapment crystallization it may be possible to restore the melt inclusions 
to their original composition, but that takes more work. 
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1727 cone row 
 

Glass from scoria (Figure 64 & 80B in Appendix B) and from glass fragments within the 
rock samples (Figure 14) were measured from the 1727 cone row. They plot within the 
alkalic domain of the diagram and well above the Kuno-line in the TAS diagram in case of 
the intermediate composition but straddles the line in terms of the composition of the glass 
fragments. The groundmass glass from the intermediate scoria ranges between 56.9-58.3 
SiO2 wt% and therefore classified as a trachyandesite/mugearite. However, the glass 
fragments (= obsidian, Figure 14 & 24) have a much higher SiO2, ranging from 74.2 to 76.2 
SiO2 wt%, revealing a rhyolitic composition. That suggests that an obsidian layer is most 
likely to be found below the cone that were carried along with the magma in the eruption. It 
also indicates that the obsidian layer had once been at the surface since it is glass that has 
cooled down relatively quickly. The glass fragment has round outlines and, in some cases, 
partially re-melted as seen in figure 14 and 65C in Appendix B 

 

Figure 24 – A backscattered image from the microprobe showing the rhyolitic glass 
fragments within the samples from the 1727 cone row. Note the difference in the texture 
compared to the groundmass. 
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Hrafnarkambsskriða 
The difference between the two different xenolith glasses from the 1727 cone row and 
Hrafnarkambsskriða, is that the ones found in Hrafnarkambsskriða contained crystals but the 
ones in the samples from the 1727 cone row didn’t. Another difference is their shape and 
texture. The fragments from Hrafnarkambsskriða have sharp boundaries where it appears 
that the fragments didn’t undergo significant resorption but the glass fragments in the cone 
row are quite rounded with significant resorption as seen on figure 24.  

The angular glass fragments from the Hrafnarkambsskriða pillow lava (Figure 16 & 25) gave 
a similar result as the glass fragments from the cone row but with a slightly wider range. The 
compositions straddle the Kuno line in the TAS diagram. These glass fragment define two 
compositional groups; one in the range of 62.4-67.4 SiO2 wt% (= trachyte) and another 
ranging from 73.5-83.7 SiO2 wt% (= rhyolite) which indicates a trachyte to rhyolitic 
composition. Note that these two groups are present within the same fragment, suggesting 
that they are compositionally zoned. Two of three fragments that were analysed featured 
both compositional groups (Figure 82 in Appendix B).  This suggests that there is also an 
obsidian layer below the pillow lava cliff as under the cone row where fragments were 
carried with the magma to the surface. Whether it is the same obsidian layer remains 
unknown.  

 

 

Figure 25 – A backscattered image from the microprobe showing the rhyolitic glass 
fragments within the samples from Hrafnarkambsskriða. Note the difference in the texture 
compared to the groundmass. The crystals within the glass are plagioclase. 
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Figure 26 – A backscattered image from the microprobe showing the fine-grained 
groundmass outside of the glass fragments in Hrafnarkambsskriða with plagioclase (dark 
grey), clinopyroxene (grey) and Iron-Titanium oxides (light grey). Note the shape of the 
Iron-Titanum oxide as it didn’t manage to grow into its shape. The black spots are most 
likely holes in the sample. 
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 Pyroxene compositions 

 

Figure 27 – Pyroxene ternary diagrams for all sample locations 

1727 cone row
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Figure 28 – A close up area of the distribution of the chemical composition in the pyroxene 
ternary plot from figure 27. Same colours apply for each location including same shapes for 
the data points. 

 

Ingólfshöfði 
Due to the petrographical and compositional similarities in the Ingólfshöfði 1 and 2 
locations, Ingólfshöfði is from now on treated as a single eruption. 

The enstatite content ranges from En38-48 for both locations with an average enstatite content 
of En43. The core compositions are mostly En42-44 but one showed a core composition with 
En48. 

The enstatite rim composition gave a range of En40-45. The clinopyroxene with the core 
composition of En48 has a rim composition of En41 an can be seen on figure 36B. 

The pyroxenes in Ingólfshöfði can be distinguished as diopside and magnesium rich augites, 
which are both clinopyroxene. 

 

Salthöfði 
The average enstatite content for pyroxene in Salthöfði is En44. The core compositional range 
of enstatite is En43-48 and for the rims, En41-47. The megacrysts are quite uniform with a range 
of En46-47 and En43. He pyroxenes in Salthöfði can be distinguished as diopside and 
magnesium rich augites, which are both clinopyroxene. 
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1727 cone row 
 

Enstatite content for the 1727 cone row varied significantly with an enstatite content of En22-

44. The rims that were measured had an enstatite content of En23-24 and the cores with a range 
of En22-28. The xenoliths present in the sample have an enstatite range of En38-43. 

Compared to the previous locations, the pyroxenes from the cone row are slightly more iron 
rich augites where the pyroxenes within the xenolith fragments show a slightly more 
primitive compositions with a similar range to the basaltic locations. 

 

Hrafnarkambsskriða 
 

The pyroxenes in the Hrafnarkambsskriða sample are quite uniform from core to rim a do 
not show a significant zonation. The enstatite range is En28-42. The ones that show a slight 
zonation contain rims that are richer in Mg. For the zoned pyroxenes the core composition 
is En22-23 with a rim of En24 and with a core of En33 and a rim of En35. 

The pyroxenes within the rhyolitic glass fragments have an enstatite range of En30-31 and are 
quite uniform throughout the crystals. 

The pyroxenes are in general slightly more iron rich augites, similarly to the 1727 cone row. 

 

Svarthamrar 
 

The average enstatite content for the clinopyroxenes from Svarthamrar is En45. They are 
quite uniform in composition and do not show significant zonation. The core composition 
contains an enstatite range of En44-48 and the rims give a range of En41-47. 

The pyroxenes can be distinguished as magnesium rich augites. 

They show a resemblance in composition to the other basaltic locations, Ingólfshöfði and 
Salthöfði where the cores are slightly more Mg-rich in composition.  
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Figure 29 shows Al composition plotted against Mg# from clinopyroxene compositions. 
This gives an idea of how the magmas behaved that contained the clinopyroxenes. Magmas 
that contain clinopyroxenes with a higher Mg# suggest that they are more primitive and the 
magmas that have clinopyroxenes with a high Al-content suggest a deeper source.  

It seems that the trends in the graph do not imply that the clinopyroxene compositions are 
following a simple liquid line of decent and are therefore controlled by fractional 
crystallization alone. It appears that the clinopyroxenes that do not follow the trend 
incorporate crystals from other sources such as the clinopyroxenes in Hrafnarkambsskriða 
and from the 1727 cone row. It may suggest that magma mixing has taken part in these two 
eruptions. 

By comparing the locations, it is noticeable that the clinopyroxenes from Ingólfshöfði and 
Svarthamrar are the most primitive and originate from the deepest source amongst the 
locations. A few clinopyroxenes in the cone row also show a high Mg# and a high Al-
content. The rest of the clinopyroxene measurements from the cone row have a lower Mg# 
and a lower Al-composition and indicate individual clinopyroxene phenocrysts with in the 
magma erupted by the 1727 cone row. It is also noticeable that Hrafnarkambsskriða and the 
cone row show a distinct magma mixing in their trends. 

 

 

Figure 29 – Mg# and Al-composition in clinopyroxenes that show the most primitive magmas 
and the evolved magmas out of the five eruptions. Higher Mg# implies crystallization from 
a more Mg-rich (i.e. mafic and more primitive) magmas and a higher Al concentration 
indicate higher crystallization pressure. 
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Figure 30 shows Al composition plotted against Ti composition in clinopyroxenes, 
indicating a two-pronged positive correlation between Al and Ti where magma mixing is 
noticeable between these two evolutionary trends.  

It is likely indicating that Fe-Ti oxides are taking up the Ti in the melt in most of the locations 
except for the 1727 cone row and Hrafnarkambsskiða.  

The scattered data from the 1727 cone row and Hrafnarkambsskriða suggest magma mixing, 
as seen in the previous graph (Figure 29). It is possible that iron-titanium oxides are being 
resorbed back into the melt where clinopyroxene take it up. The graph also suggest magma 
mixing in Salthöfði and Ingólfshöfði. 

 

Figure 30 – Ti and Al compositions in clinopyroxenes that shows a correlation between the 
two element. 
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 Plagioclase compositions 

 
Figure 31 – Plagioclase Ternary diagrams showing the An content of individual placioclase 
macrocrysts in the Öræfajökull formations included in this study. Circles indicate data 
points within the crystal, box sign indicates a rim composition and triangles are from 
xenoliths. For the 1727 cone row the triangles are from crystallized xenolith fragments but 
from Hrafnarkambsskriða the triangles are from pyroxenes within rhyolitic glass fragments. 
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Figure 32 – A close up area of the distribution of the chemical composition in the plagioclase 
ternary plot from figure 31. Same colours apply for each location including same shapes for 
the data points. 

Ingólfshöfði 
Plagioclase from the Ingólfshöfði 1 location (Figure 32) show a primitive to a rather evolved 
composition with an average anorthite content of An66 and a range between An62-78. The 
plagioclases are therefore labradorite and bytownite.  

Ingólfshöfði 2 showed a similar result (pink and purple in figure 32) where pink markings 
are from the fully crystallized samples and purple markings are from the glassy samples. 

The average anorthite content is An68 with a range of An42-79. The plagioclase in the glassy 
lava selvage have an average anorthite content of An72 with a range of An59-86. 

The plagioclases are therefore labradorite and bytownite with some rim composition within 
the andesine composition. 

As anticipated, the plagioclase macrocryst compositions in the lava samples from the two 
locations at Ingólfshöfði overlap but the glassy samples show a slightly more primitive 
composition. The rim components within the crystallized samples that have An42 and An49 
and a core composition of An72-78 show that they started to grow amongst the other 
plagioclase phenocrysts but later on developed their rim with the remaining magma that was 
more fractionated where less Ca was left in the melt (Figure 33) 

Based on the plagioclase compositions it shows that Ingólfshöfði is basaltic in composition, 
as seen on the TAS diagram (Figure 20). 
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Figure 33 – (A) Compositional profile from the rim to the core of a plagioclase magrocryst 
from the holocrystalline sample from Votaberg locality at Ingólfshöfði. The total number of, 
data points is 13 and they are spaced at 29 µm. Note how the anorthite content lowers 
towards the rim, indicating that the magma is fractionating. Note that the profile starts in 
the rim and ends in the centre of the core. (B) A backscattered image from the microprobe 
of the plagioclase from Ingólfshöfði 2 where the profile was made through.. Note the contrast 
between the chemically zoned areas and how it compares to the graph above. The bright 
specs in the plagioclase are due to repolishing of the thin section. The groundmass 
surrounding the plagioclase macrocrysts is composed of plagioclse (dark grey), Fe-Ti oxides 
(white) and pyroxene (light grey). 
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Salthöfði 
Plagioclase macrocrysts from Salthöfði lava layer (green in Figure 32) show a similar range 
in composition as the plagioclase macrocrysts in the lavas at Ingólfshöfði. The average 
anorthite content is An73 with a wide range of An27-84. The core compositions are mostly 
bytownite to labradorite but the rims are more albite rich with labradorite, andesine and 
oligoclase compositions. Similar to Ingólfshöfði, the cores show a fairly primitive 
composition with anorthite content around An80 and that most of the rims started to develop 
with the remaining magma that was more fractionated where less Ca was left in the melt. 

Based on the plagioclase compositions it shows that Salthöfði is basaltic in composition as 
seen in one inclusion in the TAS diagram (Figure 20). 

 

1727 cone row 
Plagioclase from the 1727 cone row (red in Figure 32) show an andesine composition with 
an average anorthite content of An37 and a range of An31-50 which shows andesine and 
labradorite compositions. Plagioclase within xenolith fragments show a slightly Ca-rich 
composition with an average anorthite content of An54 and a range of An50-63. Although the 
plagioclases in the xenoliths exhibit higher An-content than the macrocrysts in the 1727 
products, they are not as Ca-rich as the ones in the lavas at Ingólfshöfði and Salthöfði. 

The plagioclase compositions in the 1727 eruption products is consistent with andesitic 
magma composition as seen in the TAS diagram (Figure 20). 

 

 

Figure 34 – Backscattered image of one of the xenoliths in the 1727 cone row sampels. 
Plagioclase (dark grey) and pyroxenes (light grey) are marked with riangles in the ternary 
diagrams (Figure 28 & 32). The white minerals are Fe-Ti oxides. 

cpx

Fe-Ti oxide

plag
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Hrafnarkambsskriða 
Plagioclase from Hrafnarkambsskriða pillow lava (dark red in Figure 23) also show an 
andesine composition with an average anorthite content of An44 and a range of An36-48 which 
makes them all andesine. Plagioclase within the felsic glass fragments are more evolved with 
an average anorthite content of An22 with a range of An21-23 and a higher orthoclase 
composition which makes them all oligoclase. 

Based on the plagioclase composition, Hrafnarkambsskriða is andesitic with rhyolitic glass 
fragments as seen on the TAS diagram (Figure 20). 

Svarthamrar 
Plagioclase from Svarthamrar lava layer (orange in Figure 23) show a fairly primitive 
composition with an average anorthite content An81 with a range of An72-86. Inclusions within 
phenocrysts also showed the same compositions. 

Based on the plagioclase composition, Svarthamrar lava layer is alkali basalt. 

 

 Olivine compositions 
The composition of the olivine phenocrysts varies a lot in forsterite content. As indicated in 
the petrographic descriptions in Appendix A and B, the 1727 cone row did not contain any 
olivine. Figure 42 shows the forsterite content of all the data points measured within the 
olivines from all location. Note that the amount of measurements depends on the abundance 
of macrocrysts at a certain location. Figures 35, 37, 38 & 40 contain measurements 
specifically from the cores and the rims. Figure 42, showing all the locations therefore has 
more measurements involved. 

 

Ingólfshöfði 
The wide range in forsterite content (Figures 35 & 42) for all the Ingólfshöfði samples show 
that olivine has both the lowest and almost the highest values of forsterite content (Figures 
35 & 42). The core compositions from Ingólfshöfði 1 have a forsterite content between Fo64-

82 and the rim compositions have a wide forsterite content between Fo24-78. 

Figures 36 show a profile, estimated by the positions of the data points, through a chemically 
zoned olivine macrocryst where the rims have a forsterite content between Fo26-33 and a 
uniform core composition of Fo82. As seen in figure 42, for all the sample locations, the rim 
content is the lowest forsterite content of the measured olivines and the core composition is 
among the olivines with the highest forsterite content. The core composition suggests a 
growth from a basaltic magma with MgO content around 7 wt% and the rim composition 
implies growth from melt at the high silica end of the intermediate magma spectrum. It is 
therefore possible that the late stage growth of the olivine rim into highly evolved interstadial 
melt occurred during the late stages of lava crystallization. Another possibility is that the 
particular olivine is a xenocryst that has been involved in magma rising prior to being 
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included in the Ingólfshöfði magma. In that case, that magma has seen some evolved bodies 
on its way to the surface. 

 

 

Figure 35 – Forsterite content in cores and rims from the Ingólfshöfði 1 location. 
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Figure 36 – (A) A profile through a chemically zoned olivine phenocryst from Ingólfshöfði 
1. Note the large drop in forsterite content in the rims compared to the core. The chemically 
zoned pyroxene has a core composition of En48 and rim composition of En41. (B) shows a 
backscattered image from the microprobe from Ingólfshöfði 1 showing a plagioclase on the 
left (dark grey), the chemically zoned olivine in the middle and a chemically zoned 
clinopyroxene on the right. Same applies to the groundmass minerals that also include specs 
of Fe-Ti oxides (white). Note the distinct contrast between the core and the rim of the 
clinopyroxene and the olivine.  
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Samples from the Ingólfshöfði 2 location gave a similar range to the Ingólfshöfði 2 location 
(Figures 37 & 42), all though with fewer measurements. The core composition for the fully 
crystallized samples have a forsterite content between Fo70-76 and rims with forsterite content 
between Fo42-53. Only one olivine was measured from the glassy sample with perspective to 
core and rim where the core is Fo71 and the rim is Fo60. 

 

Figure 37 – Forsterite content in cores and rims from the Ingólfshöfði 2 location. 

 

Salthöfði 
 

Cores and rims from Salthöfði overlap slightly where the core compostions have a forsterite 
content ranging between Fo60-81 and the rim composition have an average forsterite content 
between Fo45-60 with one measurement of Fo78 (Figure 38). 

 

Figure 38 – Forsterite content in cores and rims from the Salthöfði  location. 
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Hrafnarkambsskriða 
Measurements performed on olivines from Hrafnarkambsskriða were too small to measure 
the relation to core and rim and did not show a noticeable chemical zonation on the 
backscattered images. They have a forsterite content range of Fo46-53 (Figure 42). They show 
a similar anhedral texture (Figure 39) where it is noticeable that the crystals did not fully 
develop their shapes or even that a slight resorption occurred. The olivine in figure 39A has 
a forsterite content of Fo51-52, the one in figure 39B has a forsterite content of Fo46-48 and the 
one in figure 39C has a forsterite content of Fo52-53. It shows that the forsterite content is 
quite consistent to the crystals and perhaps they didn’t have a chance to develop zoned rims 
as they couldn’t fully grow due to a possible sudden cooling of the magma. As lighter colours 
on the backscattered images indicates higher density it is noticeable that these olivines have 
a higher density compared to other ones from the other locations (Figures 36 & 41). As they 
have a relatively low forsterite content, they are richer in iron which explains their lighter 
colour in the images. 

 

 

Figure 39 – The measured olivines from Hrafnarkambsskriða. Note how anhedral they are 
in shape where it shows that the crystals didn’t fully develop their shape. 
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Svarthamrar 
 

Allthough not a lot of olivines were measured (Figures 40 & 42), two different textures of 
olivine were noticable in Svarthamrar. 

The fist type are macrocrysts (Figures 41A&B) with a rounded and subhedral shape with a 
slight chemical zonation visible by the rims, that could however not be measured as it is too 
close to the edge of the crystals. The macrocryst in figure 41A has a forsterite content of 
Fo76-77 where the core is Fo77. The two macrocrysts that are grown together in figure 41B has 
a consistent forsterite content of Fo76, for both of them and therefore their cores. Other 
similar macrocryst had also a consistent forsterite content of Fo74 and a forsterite content of 
Fo84-86 where the core is Fo86 and the rim is Fo84.  

The other olives showed a lot of similarities as the ones in Hrafnarkambsskriða with an 
anhedral shape where the olivines apparently didn’t fully grow into their shape. The olivine 
on figure 41C has a forsterite content of Fo52-59 and the one in figure 41D has a forsterite 
content of Fo59-65 where the rim is Fo59 and the core is Fo64. 

It seems like these two types of olivines are not from the same source as the larger 
macrocrysts has a higher forsterite content and are therefore more primitive than the anhedral 
smaller olivines. 

 

 

Figure 40 – Forsterite content in cores and rims from the Svarthamrar 2 location. 
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Figure 41 – Olivine macrocrysts from Svarthamrar. A and B show the larger and more 
uniform olivines with a forsterite content ranging from Fo76-86 where the change within 
the crystal is not significant. C & D shows similar olivines as seen in Hrafnarkambsskriða 
where the forsterite content is significantly lower with a range of Fo52-65. 

 

Figure 42 – The forsterite content of all the data points measured within the olivines from 
all location. Note that the amount of measurements depends on the abundance of 
macrocrysts at a certain location. 
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4.2 Pressure and temperature calculations 
Individual crystals of the clinopyroxenes may provide different pressure and temperature 
results. The core of the pyroxene macrocrysts are likely to give pressure and temperature 
conditions where the magma resided for some time in the crust and zoning from core to rim 
indicate a change in environment for the certain clinopyroxene. Continuous compositional 
changes may reflect crystallization under continually changing conditions as one may expect 
when magma rising slowly form one depth to another.  

Cores indicate the onset of crystallization at a depth within the crust that continued as the 
magma ascended to the surface. Rims and groundmass are likely to indicate conditions right 
before eruption as the magma is ascending towards the surface.  

Xenolith fragments give conditions under which the magma body they used to belong to 
crystallized and may have formed at the walls of either a conduit or a magma storage wall.  

The data from the pressure and temperature calculations are all listed in Appendix C for each 
location. 

 

 Ingólfshöfði 

As mentioned before, based on the identical chemical composition data from Ingólfshöfði 1 
and the two sample types from Ingólfshöfði 2, Ingólfshöfði is treated as a single eruption. 
The samples overlap in respect of both temperature and pressure (depth).  

Single data points were often measured within a clinopyroxene where the chemical 
composition was fairly homogeneous but the ones that are slightly chemically zoned showed 
different result from core to rim. Almost half of the core to rim data showed that the cores 
developed deeper in the crust than their rims, the other half of the data showed the opposite, 
meaning that the core developed shallower in the crust and their rims deeper like those 
clinopyroxenes had “sunken” in the eruption.  

In that case, the clinopyroxenes did not show significant zonation and are homogeneous in 
composition from core to rim. They show that the core formed at ~1.5 kbar which indicates 
~4-5 km in depth but their rims formed at ~2-2.5 kbar which indicates ~7-8 km in depth. 
One clinopyroxene showed similar behaviour but with ~3.5 kbar pressure for the rims and 
~0 kbar for the core. That indicates that the core had developed close to the surface and the 
rims at 10 km depth. 

It is not likely that the crystals sunk on their way with the ascending magma. Parameters that 
are not part of the equation used for the calculations might play a role in explaining this 
reversed phenomenon such as water content or volatile content.  

Other clinopyroxenes gave a wide pressure range of 1.8-5 kbar for the cores and 0-3 kbars 
for the rims where the core had developed under greater pressure than the rim. These 
clinopyroxene were either slightly zoned or fairly homogeneous in composition.  
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The clinopyroxene containing the melt inclusions (Figure 22), shows a pressure range in 
~0.70-1.61 kbars translates into ~2-5 km depth. Due to the little vitiation in chemical 
composition between the melt and the inclusion, the melt occurring at this depth range is in 
equilibrium with the melt at the surface. 

The xenolith glomerocryst (Figure 72F in Appendix B), originates from 6.3 kbar, indicating 
19 km depth where the rim compositions give a pressure range in 0-0.9 kbar, indicating 0-3 
km depth. It suggests that the glomerocryst is originating from the crustal-mantle boundary 
and continued to crystallise its rims at a shallower location in the crust. The glomerocryst 
also showed the maximum temperature value of ~1213°C. 

Clinopyroxenes in the groundmass gave a pressure around 0 kbar suggesting that they 
crystallized at or near the surface. They also gave the lowest temperature value of ~1103°C. 

The difference in the minimum and maximum temperature is therefore around ~110°C 
where the average temperature from the eruption is around ~1139°C. 

 

Figure 43 – Temperature and depth based on the samples from Ingólfshöfði 1 (blue) and 
Ingólfshöfði 2 (glassy samples are purple and fully crystallized samples are pink). The 
samples are overlapping and showing a wide range in both temperature and depths. 

 

 

 

Errors:
Pressure: ±3.1 kbar (±9.3 km depth)
Temperature: ±58°C
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 Salthöfði 

As the samples from Salthöfði are similar to the samples from Ingólfshöfði, both 
petrographically and chemically, they also show some similarities in pressure and 
temperature calculations but also significant differences.  

Some of the Salthöfði clinopyroxenes showed the similar core to rim relationship where the 
core indicated a shallower source than the rims. For those cases the core showed; a core from 
~0.9 kbar (i.e. ~3 km) with a ~2.2 kbar rim (i.e. ~6.5 km), a core from ~1.2 kbar (i.e. ~3.6 
km) with a 1.4 kbar rim (i.e. ~4.3 km) and a core with a 2 kbar (i.e. ~6 km) with a ~3.5 kbar 
rim (i.e. ~10.5 km). They are all quite homogeneous in composition and do not show 
chemical zonations. 

Other clinopyroxenes showed a core originating from a deeper source than their rims with a 
range of ~1.9-4.4 kbar indicating a depth range of ~6-13 km.  

The ones that are zoned showed a variation. One macrocryst showed a core from ~2.7 kbar 
(i.e. ~8 km depth) with rims developing at ~1 kbar (~3 km depth) or by the surface. Their 
variation in enstatite content is En46 for the cores and En42 for the rims. Other macrocrysts 
showed cores from ~2.2 kbar (i.e ~6.7 km) and rims from ~0.3-2 kbar (i.e. ~1-6 km). Their 
enstatite content showed cores with En45-46 and rims with En42-44. 

The megacrysts all originate from ~2.7-3.2 kbar indicating depths of ~8-9.5 km depth. Some 
of the megacryst rims show that they formed at ~1.2-1.5 kbar, indicating depths of ~3.6-4.4 
km. 

The clinopyroxene in the groundmass gave a pressure of 0 kbar indicating that they 
crystallized at or close to the surface, they also showed the minimum temperature of 
~1102°C. 

The maximum temperature is ~1193°C at ~3.7 kbar (i.e. ~11 km depth). 

The difference in the temperatures is ~91°C and shows a wide range in temperatures similar 
to Ingólfshöfði. The average temperature is ~1145°C. 

What makes Salthöfði different from Ingólfshöfði is the concentrations of depths at different 
sections in the crust. The megacrysts (Figure 61 & 62 in Appendix A) are all concentrated 
at ~8-9 km depth in the crust with some rim development happening around ~4 km depth 
(triangles in figure 44). Another concentration can be seen at around ~2-4 km depth where 
a lot of core development occurs along with rim development of the megacrysts.  

Just like in Ingólfshöfði, some clinopyroxene phenocryst show a “reversed” growth, 
meaning the core developed shallower in the crust and the rim at a deeper source. These 
types of rims can be seen at various depths but mostly around ~5-6 km depth.  

This suggests that a more complex plumbing system is present below the source of the 
Salthöfði lava with possible some pockets of magma distributed at different depths. 
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Figure 44 – Temperature and depth distribution for Salthöfði clinopyroxenes give a wide 
distribution in both depth and temperature. The dark green triangles are the megacrysts 
where their cores are from ~8 km depth and their rims from ~4 km depth. 

 1727 cone row 

The samples from the cone row are very fine-grained which lead to the lack of clinopyroxene 
analysed compared to Ingólfshöfði and Salthöfði.  

Significant zoning is not present in the clinopyroxenes from the cone row. The maximum 
depth of a core compositions is ~0.7 kbar which is ~2.2 km depth. Other core compositions 
gave 0 kbar suggesting crystallization at or close to the surface.  

The xenolithic fragments however all showed a pressure of ~2.5 kbar (i.e. ~7.5 km depth). 
Some anhedral clinopyroxene in the groundmass that are grown together also showed that 
they originated from ~2.2-2.5 kbar (i.e. ~6.4-7.7 km) while other grains in the cluster showed 
~0-0.5 kbar (i.e. ~0-1.7 km). They show a variation in enstatite content where the deeper 
ones are En39-41 and the shallower ones are En40-48. 

The minimum temperature measured is ~1042°C by the surface which, is relevant for 
andesitic magmas. The maximum temperature is ~1128°C at ~2.4 kbar (i.e. ~7 km depth).  

The difference in temperature is therefore ~89°C and the average temperature is ~1086°C. 

As the xenoliths, which are slightly more primitive than the host magma, as seen in the 
plagioclase and pyroxene graphs (triangles in Figures 28 & 32), are concentrated at ~7-8 km 
depth. Other measurements yielded depths around ~0-2 km and ~5-6 km. 

Errors:
Pressure: ±3.1 kbar (±9.3 km depth)
Temperature: ±58°C
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Figure 45 – Temperature and depth measurements for clinopyroxene from the 1727 cone 
row. The xenoliths are marked with a triangle and are located at ~7-8 km depth. 

 

 Hrafnarkambsskriða 

Despite the fine-grained texture, several clinopyroxenes could be measured including those 
within the obsidian glass fragments. 

Similar to the previous locations, clinopyroxenes showed cores with a shallower 
measurement than the rims. Only two were measured where the core showed ~0 kbar and 
the rim with ~2.8 kbar (i.e. ~8.2 km). The other one showed the core with a 2.4 kbar (i.e. ~ 
7 km) and the rim with 2.7 kbar (i.e. ~8 km). They do not show a significant zonation and 
are quite homogeneous in compositions. 

Other clinopyroxenes showed core measurements from 0-1.1 kbar (i.e. 0-3.4 km) and rim 
measurements from 0 kbar, indicating that they crystallized at the surface.  

Clinopyroxenes in the groundmass gave a wide pressure range of 0.2-5 kbar (~0.5-15 km) 
and are the ones seen on figure 39C. 

The clinopyroxenes within the obsidian glass fragments either showed a lot of measurements 
at 0 kbars or at ~1.1-1.7 kbar (~3.3-5.2 km depth). They are marked with triangles in figure 
46. 

Errors:
Pressure: ±3.1 kbar (±9.3 km depth)
Temperature: ±58°C
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The minimum temperatures are by the surface but also at significant depth. The lowest 
temperature value is ~1076°C at ~7 km depth followed by the highest temperature value at 
~8 km depth with ~1167°C. The temperature values around the maximum temperature can 
also be seen at ~8 km dept and around ~10 km depth.  

As seen on the figure 46, there is no certain linear trend that shows a correlation between 
temperature and depth as seen in the previous locations. This suggest that some magma 
mixing might have occurred where hotter magma had been introduced to the system at ~7-8 
km depth and stirred up a cooler and more evolved magma, which might therefore explain 
the andesitic composition. 

The clinopyroxenes within the obsidian fragments show that they crystallized both near the 
surface and also at ~3-5 km depth. That suggests that the obsidian layer, which once was at 
the surface, as it is pure glass, is quite shallow in the crust and contains clinopyroxenes both 
from its original surface and from ~3-5 km depth. The clinopyroxenes within the glass that 
shows that they crystallized by the surface most likely did crystallized by what was once a 
surface. The clinopyroxenes within the glass have an average temperature of ~1093°C. 

Another concertation of data points can be seen at ~9-10 km and where different 
temperatures can also be seen on the graph which might also suggest magma mixing. The 
deepest measured clinopyroxene is at ~15 km depth. 

 

 

Figure 46 – Temperature and depth distribution for Hrafnarkambsskriða. The andesitic 
samples show a fairly short range in temperature. Note that no particular linear trend is 
present as seen in the other samples, suggesting magma mixing between magmas with 
different temperatures. 

Errors:
Pressure: ±3.1 kbar (±9.3 km depth)
Temperature: ±58°C
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 Svarthamrar 

The samples from Svarthamrar lava layer are also fine grained with not many clinopyroxenes 
compared to the coarse samples. 

Clinopyroxene macrocrysts showed that the cores originated from 3.7-4.3 kbar (i.e. 11-13 
km) and their rims from 0-1.1 kbar (i.e ~3.4 km). 

A wide range of temperature was yielded with the minimum temperature ~1106°C at the 
surface and maximum temperature ~1200°C at the deepest measurements around ~13 km 
depth (Figure 47). The temperature difference is therefore ~94°C with an average 
temperature of 1156°C. The temperatures are relevant to basaltic magmas. A very distinct 
concentration of measurements is located at ~11-12 km depth where the majority of 
clinopyroxene core measurements are concentrated.  

A wide gap in data can be seen between ~3.5-8 km depth and between ~1.5-3.5 km.  

 

Figure 47 – Temperature and depth distribution for the basaltic Svarthamrar lava layer. 
Note the concentration of data points at around ~10-11 km depth. 

Errors:
Pressure: ±3.1 kbar (±9.3 km depth)
Temperature: ±58°C
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Figure 48 – Temperature and depth measurements for all samples. Note that the same 
colours of dots apply for the locations as seen in the individual graphs. Not that the 1727 
cone row (red) and Hrafnarkambsskriða (dark red) show a wide variety in temperature at 
the same depths, suggesting magma mixing with magmas of different temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

Errors:
Pressure: ±3.1 kbar (±9.3 km depth)
Temperature: ±58°C
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5 Discussions 
The samples from the five different eruptions share similarities and are at the same time very 
different from one and other. The samples are all alkalic in composition, which confirms 
Öræfajökull’s mildly alkalic composition based on its off-rift location and show a wide 
variety in SiO2 content, indicating that Öræfajökull is complex volcanic system. Although 
the focus was on the clinopyroxenes, a rough estimation of pockets and conduits can be 
concluded for each location. The volume of each pocket can however not be estimated. A 
relative location of each pocket and conduit should be kept in mind due to the errors for 
pressure and therefore depth. As mentioned before, the errors for pressure are ±3.1 kbar and 
±58°C for temperature based on the equations from Putirka (2008). The errors for depth are 
therefore ±9.3 km. Although it might seem as a lot of an error, the relative distribution of 
pockets and conduit is fundamental and gives the idea how the magma is behaving and 
whether it is stopping at certain areas in the crust, rather than at what exact depth.  

5.1 Ingólfshöfði 
As two locations were chosen from Ingólfshöfði, they were treated separately to begin with 
as seen in the descriptions of the samples in Appendix A & B. By further comparing identical 
chemical compositions, textures and overlapping pressure and temperature data, 
Ingólfshöfði was then treated as a single eruption. Chemical compositions crystals and glass 
show that Ingólfshöfði is an alkali basalt. Range in pyroxene compositions show a fairly 
homogeneous composition with core compositions often richer in Mg and rims richer in Fe, 
or the other way around. 

With further observations with temperature and pressure calculations rims and cores were 
compared within the same grain to see its journey through the crust. Cores often showed a 
deeper source than their rims, indicating that a certain phenocryst started to grow from its 
centre somewhere in the crust and later on developed its rim at a shallower source as it 
travelled up in the crust with the ascending magma. However, as mentioned before, a lot of 
clinopyroxenes showed the opposite, like they had almost “sunken” during or before the 
eruption. Due to the pressure, it is most unlikely that the clinopyroxenes could have sunken 
a great distance in the crust, although it is possible up to some distance as magma 
withdrawals during lower effusion rates. 

It is therefore most likely that the eruption had taken place during a long period of time, like 
Surtsey eruption in Iceland 1963-1967 for example, where the eruption lasted for 4 years. 
During a long eruption, pulses of magma and different effusion rates occur which might 
explain the strange core to rim relationship and the possible magma mixing. 

As the focus for this research was to look at clinopyroxenes by using equations 32d and 32a 
from Putirka (2008), the absence of H2O content of the melt gives an uncertainty of the 
calculations.  

By increasing pressure from core to rim might have something to do with the H2O content 
of the melt which is not part of the parameterization of the barometer. Based on other 
equations from Putirka (2008), equations 30 and 31, a positive correlation is between the 
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H2O content in the melt and pressure. In addition, it is possible that the cores of some 
clinopyroxenes crystallized in melt that had relatively low H2O content, due to degassing, 
followed by a growth of the rims from melt with more H2O by either mixing of more 
fractionated compositions or fresh magma from a greater depth as the effusion rate of the 
eruption varied. 

It is therefore possible that these clinopyroxenes that has developed this core to rim 
relationship stuck to the walls of the conduit while the effusion rate was lower and later 
developed their rims with fresh magma rising in the conduit as the effusion rate picked up 
again and took the crystals with them. 

Based on these assumption about the core to rim relationship and the wide variety of depth 
measurements with no concentration of data points at a certain depth, I have concluded that 
the plumbing system below Ingólfshöfði is a single conduit where magma is feed from a 
magma reservoir at a greater depth than ~20 km deep in the crust (Figure 49). Looking at 
the Al and Mg# graph in figure 29, the aligned dots also suggest a long conduit as Al is quite 
pressure depended.  

These assumptions also made it easier to determine between a possible magma pocket and a 
conduit for the other locations where this core to rim relationship occurs. 

Due to the distance of Ingólfshöfði from the main caldera of Öræfajökull, Ingólfshöfði is a 
parasitic or satellite, meaning it is part of the volcanic system but never enters a magma 
chamber. They only share the original source of the magma from a deeper magma reservoir. 
The chemical compositions from Ingólfshöfði also confirm its relationship to the volcano, 
despite its distance. 
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Figure 49 – A schematic image of the plumbing system below Ingólfshöfði, based on the 
pressure and temperature calculations and chemical compositions of glass and crystals. 
Note that the errors of depth are present and a relative perspective is had in mind. 

5.2 Salthöfði 
Based on the concentration of data points for the clinopyroxene megacrysts, particularly 
their cores, at ~8-9 km depth, I concluded that a pocket of magma must be present there for 
them to grow as large and individual phenocrysts. Another concentration of clinopyroxene 
cores and the megacryst rims occur at ~1,6-4,4 km depth. I therefore concluded that a pocket 
could also be present there (Figure 50). The fact that it is ~3 km in height might be 
questionable but could also serve as a main magma chamber for the volcano at that time. 

Shallow data points reaching down to ~1 km depth and less were concluded as a conduit 
along with the gap between the two pockets as clinopyroxenes with a core occurring at a 
shallower depth than its rim is seen at depths between the two pockets as seen in 
Ingólfshöfði. This can also be seen below the deeper pocket where the deepest value is ~13 
km depth and is therefore also concluded to be a conduit. 

The evolved melt inclusions within the olivine phenocrysts (Figure 23), however, remains a 
mystery but could indicate that the olivines had been in a more evolved melt during a 
previous eruption. 
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Figure 50 – A schematic image of the plumbing system below the source of the Salthöfði 
lava flow, based on the pressure and temperature calculations and chemical compositions 
of glass and crystals. Pockets and conduits were concluded based on the concentration of 
data occuring at these depths along with the abundance of core analysis occuring at the 
same depths. Note that the errors of depth are present and a relative perspective is had in 
mind. 

 

5.3 1727 cone row 
The magma from the 1727 eruption is andesitic in composition but xenoliths of a slightly 
more primitive composition can be seen throughout the samples. These xenoliths, that are a 
bit more basaltic, contain both plagioclase and clinopyroxene and show that hey originate 
from ~7-8 km depth (Figure 45). To make a schematic assumption of the plumbing system 
below the cone row is a bit more challenging due to the lack of data. Figure 51 shows a 
possible assumption of how the plumbing system might look like.  

Since the 1727 is the most recent eruption, the pockets and conduits might still be active and 
are likely to take part in the next eruption. Comparing current seismic data might be useful 
to further conclude where in the curst the magma is moving.  

Xenoliths are not necessarily more likely to originate from a wall of a pocket rather than 
from a conduit but based on the concentration of data around 7-8 km depth, the wide range 
in temperature and the difference in compositions occurring at that depth, magma mixing 
most likely took place and for that reason it must have taken place in a pocket. 
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The lack of olivine in the melt also suggest that the silicic magma that got mixed most likely 
resorbed the olivines as they are not present in highly silicic magmas.  

More data could easily perfect this model of the plumbing system. It may well be that the 
assumptions of pocket and conduits could be the other way around. As I have interpreted 
both ways, I do find that Figure 51 represents the most likely plumbing system below the 
1727 cone row. 

As seen on figure 14, rounded glass fragments are present in the samples. They have a 
rhyolitic composition as seen in the TAS diagram (Figure 20). Due to their round shape and 
uneven surfaces they most likely partially melted and slightly contributed part of SiO2 to the 
magma during the eruption as they were picked up with the ascending magma. However, 
since they are present as glass fragments, they are not the reason for the andesitic 
composition in total.  

A lot of light-coloured domes are present around the flanks of Öræfajökull and remnants of 
an old caldera is most likely present below. Rhyolitic glass fragments are also seen in the 
Hrafnarkambsskriða pillow lava (Figure 16). As seen on the map (Figure 7) these two 
locations are both up in the flanks of the volcano where the older caldera is suspected to be 
below. Since the fragments are pure glass they were once on the surface which indicates that 
they are most likely not located very deep in the crust. The difference from the glass 
fragments from the cone row and from Hrafnarkambsskriða is that the glass from the cone 
row did not contain any crystals and could therefore not be measured like the clinopyroxenes 
in the Hrafnarkambsskriða glass fragments. Some of the glass fragments (Figure 24 & 65 in 
Appendix A) in the 1727 cone row might also be pumice from an older rhyolitic eruption. 
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Figure 51 – A schematic image of the plumbing system below the 1727 cone row, based on 
the pressure and temperature calculations and chemical compositions of glass and crystals. 
The lack of data made it more challenging to assume the plumbing system below the cone 
row. Note that the errors of depth are present and a relative perspective is had in mind. 

5.4 Hrafnarkambsskriða 
Like the cone row from 1727, the Hrafnarkambsskriða pillow lava cliff is andesitic in 
composition. The wide range of temperatures at ~7-10 km depth suggests that hotter and 
therefore more primitive magma is introduced to the system causing magma mixing. 

By looking at the shape of the crystals, most of them have a resorbed texture and have often 
not developed their final shape like the Iron-Titanium oxides in figure 26. It suggests that 
magma mixing occurred quite rapidly and that the rapid cooling of the overlying glacier 
played a role. Another suggestion of rapid cooling is by looking at Figure 30, showing Al 
composition plotted against Ti composition in clinopyroxenes. It suggests that a lot of 
titanium is still left in the melt as the Iron-Titanium oxides didn’t manage to fully use up 
most of the titanium. 

Based on the concentrated data at ~9-10 km depth, I concluded that a pocket is located at 
that depth range where hotter magma was introduced to the system (Figure 52). Cores 
showing a shallower source than their rims are present at ~7-8 km, indicating a conduit based 
on the assumption from Ingólfshöfði and the previous locations. 
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Another similarity with the cone row from 1727, as mentioned before, are the obsidian glass 
fragments. However, these ones had clinopyroxene and plagioclase within them that could 
be measured. The clinopyroxenes within the glass fragments showed two types of 
concentration of pressure data. They gave a range of ~3-5 km depth and a wide range that 
crystallized at the surface. Since the obsidian fragments are pure glass, they were at what 
was once, a surface. It is therefore most likely that the clinopyroxenes in the glass that 
showed the surface value, crystallized at the surface but also contained clinopyroxenes from 
~3-5 km depth. The obsidian layer is therefore most likely close to today’s surface as seen 
on Figure 52.  

Clinopyroxenes that are not within the obsidian glass fragments also show similar depth 
ranges at ~3-6 km depth suggesting that they are from the same source as the ones in the 
glass. I therefore suggest that a pocket of magma is present at the depth range between ~3-6 
km depth.  

That also suggests that the considered pocket located at ~3-5 km depth contains silicic and 
evolved magma for it to produce the rhyolitic glass at the surface and therefore it is most 
likely that magma mixing took part in that particular pocket for the eruption of 
Hrafnarkambsskriða, which might as well have triggered the eruption. 

No data points were measured between ~3-0.5 km depth which is indicated by question mark 
in Figure 52. 

As mentioned before, rhyolitic domes from an older caldera are most likely present below 
present-day lava formations which contributes the rhyolitic glass fragments seen in the cone 
row and Hrafnarkambsskriða as they are by the flanks of the volcano. 

The main difference of the glass fragments from the two locations, despite containing 
crystals or not, is their shape and texture. From Hrafnarkambsskriða, they are very angular 
with sharp boundaries, meaning that they didn’t get a chance to partially melt and contribute 
SiO2 into the magma. Since Hrafnarkambsskriða is composed of pillow lava and 
hyaloclastites and is right against the flanks of the volcano, the eruption must have taken 
place subglacially. For that reason, the magma carrying the rhyolitic glass fragments cooled 
down very quickly at the surface, so the glass fragments didn’t get a chance to partially melt.  
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Figure 52 – A schematic image of the plumbing system below Hrafnarkambsskriða, based 
on the pressure and temperature calculations and chemical compositions of glass and 
crystals. Note that the errors of depth are present and a relative perspective is had in mind. 
Note that a rhyolitic glass layer is below the Hrafnarkambsskriða similarly to 1727 cone 
row.  

 

5.5 Svarthamrar 
Just as in the other fine-grained sample locations, the lack of data leaves gaps in 
interpretations of the plumbing system below the source of the Svarthamrar lava layer, hence 
the dotted lines and the question marks (Figure 53).  

The majority of the clinopyroxenes measured show a distinct concentration of data points 
around ~11-12 km depth. These data points are all from core compositions. I therefore 
concluded that a pocket of basaltic magma is present at these depths due to the high 
temperatures and chemical compositions. 

Cores showing a shallower composition that their rims are present at depths from ~8-10 km 
such as in Ingólfshöfði and previous locations, indicating a conduit. 

No data is present from ~8 km until ~3 km where a rough estimation of a pocket is present. 
The different textures of olivines might also originate from these different pockets (Figure 
41). 
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No evidence of magma mixing can be seen from the temperatures nor the chemical 
compositions. The location of the vent for this particular eruption is unknown as remnants 
of the lava flow can only be seen close to the Kvíárjökull.  

 

 

Figure 53 – A schematic image of the plumbing system below the source of the Svarthamrar 
lava layer, based on the pressure and temperature calculations and chemical compositions 
of glass and crystals. Note that the lack of data points leaves gaps in the interpretations. 
However, the majority of the pressure and temperature data show a very distinct 
concentration around ~11-12 km dept. 
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5.6 All locations 
These schematic images are based on the pressure and temperature calculations, chemical 
compositions of melt and crystals and also by the different textures of clinopyroxenes 
occurred at a certain depth by each location, weather it is a core, rim,  xenolith, a megacryst 
or as part of the groundmass. My interpenetrations along with the lack of data at some 
locations give uncertainties at some depths.  

The highest uncertainty is that the width of each pocket is unknown. The top part and the 
low part of each pocket is the only possible assumption that can construct a possible pocket 
but the width of it and volume is unknown. 

Based on the large data set from Ingólfshöfði that showed a wide range in depths with no 
concentration of data at a certain depth and a pyroxenite xenolith originating from ~19 km 
depth, it was easy to conclude that the plumbing system below Ingólfshöfði is a large 
conduit. The abundance of clinopyroxenes with a core composition showing a shallower 
depth than its rim also helped with determining for the other location where to draw the line 
between a possible magma pocket and a conduit.  

By comparing the chemical composition of Salthöfði lava layer and Ingólfshöfði, it is 
interesting to see how similar they are. By looking at the map in figure 7, they are about 9 
km away from each other. However, the location of the source of the Salthöfði eruption is 
unknown. The texture of the rocks and their chemical compositions suggest that they are 
related. By looking at the pressure and temperature graphs and the schematic figures above 
it shows that the magma is stopping in the crust to form megacrysts in Salthöfði. The magma 
reservoir that fed the eruption in Ingólfshöfði might therefore also have fed the magma into 
Salthöfði’s complex system. It would be interesting to see whether these two eruptions are 
close in age to further conclude that. 

By looking at the map in Figure 7, Hrafnarkambsskriða and the Svarthamrar lava layer are 
quite close together, although the location of the source of Svarthamrar is unknown. By 
comparing the two figures of the assumed pockets and conduits here above (Figure 52 & 53) 
they both show a pocket at ~10-11 km depth. I suggest that this is the same pocket that the 
two locations are sharing. This might also further support the idea of magma mixing in 
Hrafnarkambsskriða as the pocket at ~10-11 km depth is basaltic in Svarthamrar and if they 
are sharing this particular pocket then basaltic magma interrupted the pocket at the ~3-5 km 
depth in Hrafnarkambsskriða, which would be the one containing more evolved and silicic 
magma. The time difference between these eruptions is however unknown but would be 
interesting to see how close in time these eruptions occurred. 

The texture of the crystals in Hrafnarkambsskriða suggests that the magma mixing occurred 
quite rapidly. As mentioned before, these two locations contain rhyolitic glass that probably 
originate from an older caldera below the locations. It is therefore interesting to see how the 
effect the glacier had on Hrafnarkambsskriða by the rapid cooling of the minerals developing 
and due to the fact that the glass fragments are quite angular. 
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6 Conclusion 
Chemical composition for crystals and magma is a powerful tool to understand volcanoes. 

These assumptions and models of magma pockets could be perfected with additional data 
and by using other thermobarometers to minimize errors. Thermobarometers that include 
olivine and liquid compositions could be taken into consideration but could have only been 
used for Ingólfshöfði in this case as that is the only location sharing both liquid compositions 
and olivine. The 1727 cone row contained glass but no olivine and the samples from 
Hrafnarkambsskriða shared glass fragments with no olivine in them.  

The focus on this research was to mainly look at clinopyroxenes as it was also concluded in 
the beginning that they should not necessarily have been in equilibrium with the melt. The 
reason why was to see whether they originate from different parts of the crust as the acending 
magma was thought as their transport mechanism although some of the clinopyroxenes of 
course might have originated in the melt of the ongoing eruptions for each location.  

These analyses also required that each location was treated the same to see the relative 
changes. It might be interesting to add other equations into the models for future studies and 
to add other eruptions with clinopyroxenes from Öræfajökull. To even perfect these models 
of pockets and conduits and for estimating future eruptions, dating these events is necessary.  

By various assumptions, each location is derived from two pockets of magma except for 
Ingólfshöfði where a single conduit controlled the eruption since Ingólfshöfði is parasitic or 
satellite to Öræfajökull 

It is clear that the chemical compositions and the dynamics of the eruptions get more 
complex the closer to the volcano the eruptions are. 

Hrafnarkambsskriða and the 1727 cone row are both andesitic due to magma mixing where 
the mixing is more homogeneous in the cone row than in Hrafnarkambsskriða. They both 
share obsidian glass fragments in their matrix due to the possible underlying older caldera 
where rhyolitic domes have aligned. Their main difference is that Hrafnarkambsskriða was 
formed subglaciallywhere textures of the minerals and glass fragment indicate rapid cooling. 

As mentioned before, the eruption in 1727 is the most recent one and is the only location out 
of all five that has a certain date. Öræfajökull has been dormant since its last eruption with 
almost no seismic activity until 2016. In the last two years the seismic activity has increased, 
and the volcano has shown significant inflation. It is therefore important to take this study 
into consideration regarding depths of seismic activity to further conclude where magma is 
moving. 

Since the cone from 1727 had not yet been studied until now, further research needs to be 
done to gain a better understanding of how the volcano behaved during the most recent 
eruption. While being the first ones to sample from the cone, Ármann Höskuldsson 
suggested that the remaining cone should be named Flosi as it remains unnamed. 

Based on the location of the last cone in the cone row (Figures 4 & 15) and the fact that the 
jökulhlaup went down Kotárjökull  (Roberts & Gudmundsson, 2015), including the 
documented literature that seven fire fountains were seen during the eruption, I have made 
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an assumption of the possible location and length of the cone row in total as the majority of 
it has been eroded away by glaciers (Figures 4, 15 & 54).  

 

Figure 54 – A possible location and length of the cone row from the eruption in 1727 based 
on the location of the remaining cone of the cone row and the fact that the jökulhlaup went 
down Kotárjökull as seen in Figure 5. 

It is obvious that Öræfajökull is a complex volcano with various alkalic compositions where 
magma stops in the crust to either mix with other magmas or to fractionate. The gradient of 
the crust might play a role in the behaviour of the magma as a lot of depth for most of the 
locations show concentration of data at ~2 km depth, ~7-8 km depth and 9-10 km depth. 

It is important to continue to study Öræfajökull and to combine various data to gain a better 
understanding how this off-rift and complex volcano behaves as it is most likely preparing 
for its next eruption 
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Appendix A 
The following descriptions are based on the hand specimens from each location 

 

Ingólfshöfði 1 

The samples from the first location at Ingólfshöfði (Figure 55) are porphyritic and 
phanerocrystalline with a light grey, heterogeneous and coarse-grained groundmass with 
abundant phenocrysts of plagioclase, clinopyroxene and olivine (Figure 56).  

The groundmass is heterogeneous with grains of plagioclase needles that give the 
groundmass its distinct light grey colour. The samples are slightly vesicular where the 
noticeable vesicles are on average 1 mm in diameter and the largest ones 5 mm in diameter. 
They are evenly distributed throughout the sample. 

The most abundant and the largest phenocryst is plagioclase (Figure 56). They are mostly 
anhedral or subhedral with a rounded or broken shape. Some of the smaller plagioclase 
phenocrysts are elongated and euhedral with a needle-like shape and sharp edges. Most of 
the plagioclase phenocrysts have noticeable opaque inclusions and some have red oxidized 
inclusions.  

The second most abundant phenocryst is pyroxene. They are dark green and almost black 
with an elongated shape. Some are euhedral with sharp edges with a very visible cleavage 
in one direction. The smaller pyroxene phenocrysts are anhedral and subhedral with rounded 
edges and are often grown together with other phenocrysts. Some have inclusions of 
groundmass. The pyroxenes are unevenly distributed in some areas of the sample.  

The third phenocryst is olivine which is the least abundant phenocryst. They are not easy to 
see in the sample and can look quite similar as the pyroxene phenocrysts as they are dark 
green but slightly brown. They are subhedral and anhedral with some sharp edges.   

The plagioclase and the pyroxene phenocrysts are often seen grown together with the olivine 
phenocrysts forming gabbroic xenoliths. All phenocrysts are evenly distributed throughout 
the sample except for the pyroxenes. 

 

The overall composition of the hand specimen: 60% groundmass, 38% phenocrysts & 2% 
vesicles 

The overall phenocryst composition: 65% plagioclase, 30% pyroxene and 5% olivine 
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Table 2 – The size distribution of the phenocrysts in the hand specimen from the first 
location at Ingólfshöfði. 

Phenocryst Minimum Average Maximum 

Plagioclase <0.5 mm 3-7 mm    1.5 cm 

Pyroxene <1 mm 2-4 mm     8 mm 

Olivine <1 mm 1 mm 4 mm 

 

 

Figure 55 – Hand specimen from Ingólfshöfði 1. Note the abundance of plagioclase 
phenocrysts (white). 
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Figure 56 – Stereomicroscopic image of a hand specimen from the Ingólfshöfði 1 location. 
(A) An anhedral plagioclase phenocryst with opaque inclusions. The scale bar shows 200 
µm. (B) An anhedral olivine phenocryst. The scale bar shows 500 µm. (C) Phenocrysts of 
plagioclase (white), olivine (green/brown) and pyroxene (black). Note the light grey 
heterogeneous groundmass. The scale bar shows 2 mm. (D) A euhedral pyroxene phenocryst 
with sharp edges. The scale bar shows 500 µm. (E) Elongated pyroxene phenocrysts (black) 
and a subhedral olivine (brown). The scale bar shows 2 mm. (F) Elongated plagioclase 
phenocrysts (white) with opaque inclusions and anhedral pyroxene phenocrysts (black). 

 
 

Ingólfshöfði 1
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Ingólfshöfði 2 

Sample 1 – Rock 

The rock samples from the second location at Ingólfshöfði (Figure 57) are close to identical 
to the previous sample with a porphyritic and phanerocrystalline texture and a light grey and 
coarse-grained groundmass with abundant phenocrysts of plagioclase, clinopyroxene and 
olivine (Figure 58). 

The groundmass is light grey with visible plagioclase grains along with darker minerals and 
oxidised red inclusions making the groundmass heterogeneous. A few vesicles can be seen 
unevenly distributed throughout the sample and in various shapes. The phenocrysts present 
in the sample are plagioclase, pyroxene and olivine (Figure 58). 

Although the plagioclase blends in with the light groundmass, it is the most abundant and 
the largest phenocryst of the samples. They are mostly rounded with an anhedral and 
subhedral shape and with faded edges but a few are quite euhedral with an elongated needle-
like shape. Most of them have inclusions and intergrowth of microcryst. They vary a lot in 
sizes and are evenly distributed throughout the sample.  

The second most abundant phenocryst is pyroxene. They are almost in the same amount as 
plagioclase and stand out with their dark green colour against the light groundmass. Some 
are very euhedral and elongated but most of them are subhedral and anhedral with rounded 
edges. Some contain inclusions of plagioclase and olivine in them. They are also evenly 
distributed through the sample. 

The third type of phenocryst is olivine. They are dark green and some even more yellow 
toned. They are not only the least abundant but also the smallest phenocrysts. Their shape is 
quite round and mostly subhedral. They are often seen as inclusions in the other phenocrysts. 

The phenocrysts are often seen grown together forming gabbro xenoliths. 

 

The overall composition of the hand specimen: 70% groundmass, 25% phenocrysts & 5% 
vesicles 

The overall phenocryst composition: 50% plagioclase, 45% pyroxene and 5% olivine 
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Table 3 – The size distribution of the phenocrysts in the fully crystallized hand specimen 
from the second location at Ingólfshöfði. 

Phenocryst Minimum Average Maximum 

Plagioclase < 1 mm  4-5 mm 8 mm 

Pyroxene < 1 mm  2-4 mm      1 cm 

Olivine < 1 mm  2 mm  4 mm 

 

 

 

Figure 57 – The fully crystallized hand specimen from the second location at Ingólfshöfði. 
Note the abundance of plagioclase phenocrysts and their variation in sizes (white). 

 

2 cm 2 cm



96 

 

Figure 58 – Stereomicroscopic image of the fully crystallized hand specimen from the second 
location at Ingólfshöfði. (A) Subhedral phenocrysts of olivine (light brown) and pyroxene 
(dark green). The scale bar shows 2 mm. (B) An anhedral plagioclase phenocryst (white) 
with an olivine inclusion. The scale bar shows 2 mm. (C) An anhedral olivine phenocryst. 
The scale bar shows 500 µm. (D) The heterogeneous and light groundmass with phenocrysts 
of pyroxene (dark green) an olivine (light brown). The scale bar shows 2 mm (E) Elongated 
and euhedral pyroxene phenocrysts (dark green). Note how well the plagioclase (white) 
blends in to the light groundmass. The scale bar shows 2 mm. (F) The distribution of 
phenocrysts and their variation in sizes. The scale bar shows 2 mm.  
Note how the plagioclase phenpcrysts blend in with the light grey groundmass. 

Ingólfshöfði 2 - berg
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Ingólfshöfði 2 

Sample 2 – Glass 

The glass samples from the second location at Ingólfshöfði (Figure 59) have a dark and a 
glassy groundmass which is less crystallized than the groundmass of the previous two 
samples. The groundmass is therefore more homogeneous (Figure 60). 

A few vesicles are present that are no larger than 1 mm in diameter and are evenly distributed 
throughout the sample. The sample has still a lot of phenocrysts and is overall porphyritic 
and phanerocrystalline. The phenocrysts are plagioclase, pyroxene and olivine as in the 
previous sample.  

The most abundant phenocryst is plagioclase. The majority is rounded and anhedral to 
subhedral in shape with faded edges. The few ones that are euhedral are elongated and of a 
smaller size than the rounded ones. Most of them contain opaque inclusions and red oxidised 
inclusions. Olivine inclusions are also common within the plagioclase. They are evenly 
distributed throughout the sample. 

The second most abundant phenocryst is pyroxene. They dark green and almost black and 
are challenging to distinguish against the dark and glassy groundmass (Figure 60). It might 
therefore give up a false estimation of the overall proportion of the phenocryst composition. 
The ones that are easy to see are anhedral and in most cases grown together with the other 
phenocrysts.  

The third type of phenocryst is olivine. They are smaller than the other phenocrysts and are 
in most cases grown together with the other phenocrysts forming gabbro xenoliths. They are 
euhedral, subhedral and anhedral in shape and have a yellow tint to their green colour.  

 

The overall composition of the hand specimen: 45% groundmass, 40% phenocrysts & 15% 
vesicles 

The overall phenocryst composition: 75% plagioclase, 20% pyroxene and 5% olivine 
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Table 4 – The size distribution of the phenocrysts in the glassy hand specimen from the 
second location at Ingólfshöfði. 

Phenocryst Minimum Average Maximum 

Plagioclase < 2 mm   5 mm 1.5 cm 

Pyroxene < 2 mm   3-5 
mm 

 8 mm 

Olivine < 0.5 mm  1.5 mm  2 mm 

 

 

 

Figure 59 – The glassy hand specimen from the second location at Ingólfshöfði. Not the dark 
groundmass compared to the previous samples. 

2 cm 2 cm
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Figure 60 – Stereomicroscopic image of the glassy hand specimen from the second location 
at Ingólfshöfði. (A) A euhedral olivine phenocryst with opaque inclusions. The scale bar 
shows 200 µm. (B) Pyroxene phenocrysts (dark green) and clusters of plagioclases (white). 
The scale bar shows 1 mm (C) Subhedral plagioclase phenocrysts (white). Note the dark 
groundmass. The scale bar shows 1 mm. (D) A pyroxene phenocryst with good cleavage. 
The scale bar shows 500 µm. (E) Anhedral phenocrysts of plagioclase (white) and pyroxenes 
(dark green). The scale bar shows 500 µm. (F) A large and rounded plagioclase phenocryst 
with inclusions of olivine and opaque minerals. Note the plagioclase on its left side has it 
too. The scale bar shows 2 mm. 

 

Ingólfshöfði 2 - gler
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Salthöfði 

The samples from Salthöfði (Figure 61) are porphyritic and phanerocrystalline with a light 
grey, heterogeneous and coarse-grained groundmass with abundant phenocrysts of 
plagioclase, clinopyroxene and olivine (Figure 62). They are quite similar to the crystallized 
samples from Ingólfshöfði, except the abundance of megacrysts of clinopyroxene and 
relatively larger phenocrysts and groundmass minerals in general (Figure 61 & 62). No 
vesicles are visible in the samples. 

The groundmass is composed of microcrysts of anhedral plagioclase and subhedral pyroxene 
and altered olivine. The abundance of plagioclase gives the groundmass its light grey colour.  

The most abundant phenocryst is plagioclase. They are mostly rounded and anhedral in 
shape and are often grown together with other phenocrysts.  

Pyroxene phenocrysts are the second most abundant and are almost equally as abundant as 
plagioclase. They vary from euhedral to anhedral in shape. The megacrysts also vary in shape 
but can be seen as euhedral and elongated with sharp edges or fragmented with clusters of 
other phenocrysts grown with them (Figure 61B). 

Olivine is the least abundant phenocryst and also the smallest. They are often seen altered 
with a red colour to them. The ones that are not altered are green and could be mistaken in 
some cases to be pyroxene. They often have opaque inclusions and are often grown together 
with other phenocrysts. Olivine is more abundant in the groundmass rather than as a 
phenocryst. 

 

The overall composition of the hand specimen: 50% groundmass, 50% phenocrysts & <1% 
vesicles 

The overall phenocryst composition: 50% plagioclase, 45% pyroxene and 5% olivine 
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Table 5 – The size distribution of the phenocrysts in the hand specimen from Salthöfði. 

Phenocryst Minimum Average Maximum 

Plagioclase < 2 mm 4-7 mm 1.3 cm 

Pyroxene < 2 mm 2-5 mm 2.5 cm 

Olivine < 0.5 mm 0.5 mm 2 mm 

 

 

 

 

Figure 61 – Hand specimen from Salthöfði. Note the megacrysts of clinopyroxene (black) 
are up to 2.5 cm in diameter. In (B), the pyroxene megacryst on the left was made into a thin 
section (Figure 77) where an olivine (red/brown) is grown together with the pyroxene 
megacryst along with smaller plagioclase needles (white). 

 

 

1 cm
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Figure 62 – Stereomicroscopic image of hand specimen from Salthöfði. (A) An elongated 
pyroxene megacryst. The scalebar shows 2 mm. (B) Plagioclase (white), pyroxene (black) 
and olivine (green) grown together. The scale bar shows 1 mm. (C) The coarse-grained 
groundmass with phenocrysts of plagioclase (white), pyroxene (black) and altered olivine 
(brown/red). The scalebar shows 2 mm. (D) A euhedral pyroxene megacryst. The scale bar 
shows 2 mm. (E) Another euhedral pyroxene megacryst with the orientation perpendicular 
to the previous one showing a hexagonal shape. The scalebar shows 1 mm. (F) Olivine 
phenocryst (grown/red) and a pyroxene (black) phenocryst with plagioclase inclusion. The 
scalebar shows 0.5 cm. 

 



103 

The cone row from 1727 

The samples from the cone row, up in the western flanks of Öræfajökull are glassy and 
aphanitic (Figure 63 & 65). They are quite vesicular and have very few phenocrysts. The 
groundmass minerals cannot be further detected with the naked eye but microcrysts of 
elongated plagioclase can be seen. The smallest vesicles are microscopical but they vary in 
size and shape up to 1.5 cm in diameter. In some areas, the vesicles are quite elongated and 
form a laminated structure. Some of the laminated vesicle bands flow around the phenocrysts 
(Figure 65E). Secondary minerals have filled up the vesicles in some of the rocks. The 
phenocrysts that are present are plagioclase, pyroxene and olivine. 

Plagioclase is the most abundant phenocryst. They are mostly rounded and anhedral with 
inclusions of either olivine or opaque mineral. As microcrysts, they are elongated and 
euhedral with sharp edges and a more needle-like shape. The abundance of plagioclase 
proportion varies between samples. 

Pyroxene is the second most abundant phenocryst but is challenging to detect by the black 
and glassy matrix. Their size distribution is similar to plagioclase. They are in most cases 
quite rounded and anhedral in shape. They are often grown together with plagioclase and 
olivine forming gabbro xenoliths. 

No olivine was present in the sample but fragments of glass with similar colours to olivine 
were abundant (Figure 65C). 

 

The overall composition of the hand specimen: 90-95% groundmass, 5-10% phenocrysts. 

Vesicle proportion is different from each sample ranging from 20-40% 

 

The overall phenocryst composition: 80% plagioclase and 20% pyroxene 
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Table 6 – The size distribution of the phenocrysts in the hand specimen from the cone.  

Phenocryst Minimum Average Maximum 

Plagioclase < 0.5 mm 3-4 mm 1 cm 

Pyroxene < 0.5 mm 3-4 mm 1 cm 

Olivine < 0.5 mm 1-1.5 
mm 

4 mm 

 

 

Figure 63 – Sampels from the cone row formed in the eruption in 1727. (A) A crystallized 
rock with a glassy texture and phenocrysts of plagioclase (white) and pyroxene (black). (B) 
Glassy rocks with almost no phenocrysts and high vesicularity. 

 

Figure 64 – Glassy scoria from the cone row (the scale bar shows 2 mm). 

2 cm2 cm

Gígarnir



105 

 
 

 

Figure 65 – Stereomicroscopic image of hand specimen from the cone row. (A) The 
aphanitic groundmass with a few plagioclase phenocrysts (withe). The scalebar shows 1 
mm. (B) A highly vesicular sample with glassy texture. The scale bar shows 2 mm. (C) A 
brownish glass fragment. The scalebar shows 1 mm. (D) Euhedral and anhedral plagioclase 
phenocrysts and microcryst. The scale bar shows 5 mm. Note the glassy groundmass. (E) A 
vesicular area of a sample showing the phenocrysts from (D) where bands of vesicles show 
a laminated structure around the phenocrysts. (F) A pyroxene phenocryst (black) with an 
elongated plagioclase microcryst (white). 

Gígarnir
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Hrafnarkambsskriða 

The samples are pillow lavas from the cliff Hrafnarkambsskriða. They have a dark grey, 
glassy and an aphanitic groundmass with very few phenocrysts (Figure 66). No vesicles are 
present in the samples but what gives them a unique look is the presence of xenolith glass 
fragments. The fragments are heterogeneous with both light and dark colours. They were 
first thought to be xenoliths of pyroxene or plagioclase phenocrysts but with a closer study 
they were concluded to be pure glass that are around 2 cm in diameter. 

The phenocrysts present are plagioclase, pyroxene and olivine (Figure 67). 

The most common phenocryst is plagioclase. They are both elongated and euhedral to a 
rounded anhedral shape. They can also be seen within the glass fragments as microcrysts. 

Pyroxene and olivine are almost in equal amount with olivine being slightly more abundant. 
They are of smaller sizes than the plagioclase phenocrysts.  

The olivine phenocrysts are anhedral and are light green with noticeable opaque inclusions. 

 

The overall composition of the hand specimen: 95% groundmass, 5% phenocrysts 

 

The overall phenocryst composition: 85% plagioclase, 10% olivine and 5% pyroxene 
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Table 7 – The size distribution of the phenocrysts in the hand specimen from 
Hrafnarkambsskriða. 

Phenocryst Minimum Average Maximum 

Plagioclase < 0.5 mm   3-4 mm  5 mm 

Pyroxene < 0.5 mm 2-3 mm 5.5 mm 

Olivine < 0.5 mm    1 mm 1.5 mm 

 

 

Figure 66 – Images of rocks from Hrafnarkambsskriða. A, B and C shows the glass 
fragments that are up to 2 cm in diameter and are heterogeneous with white and black 
colours.  The glass fragment in B was made into a thin section and can be seen in Figure 
82A. Plagioclase phenocrysts are visable in D. 

  

2 cm
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Figure 67 – Stereomicroscopic image of hand specimen from Hrafnarkambsskriða. (A) A 
subhedral pyroxene phenocrysts. Note the fine-grained groundmass. The scale bar shows 
0.5 mm. (B) An anhedral olivine with inclusions. The scalebar shows 0.2 mm. (C) An 
elongated and euhedral plagioclase phenocryst. The scalebar shows 1 mm. (D) A fragment 
of a glass xenolith with plagioclase microcrysts within it. Note its glassy texture. The 
scalebar shows 1 mm. (E) Another glass fragment that is slightly smaller and have a rounder 
shape. The scalebar shows 1 mm. (F) An olivine phenocryst with opaque inglusions. The 
scalebar showa 0.5 mm. 
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Svarthamrar 

The samples from the lava layer Svarthamrar are aphanitic and have a dark grey and a fine-
grained groundmass (Figure 68 & 69). Phenocrysts of plagioclase, olivine and pyroxene can 
be seen along with xenoliths containing clusters of the phenocrysts. The sample is slightly 
vesicular and the crystals are all evenly distributed throughout the samples. 

The most common phenocryst is plagioclase. Their shape and size distributions are similar 
to the plagioclase from Hrafnarkambsskriða. They are both euhedral and elongated or round 
an anhedral in shape. They can be seen grown together with the other phenocrysts forming 
gabbro xenoliths. 

The second most abundant phenocryst is olivine. They are anhedral and are light green with 
noticeable opaque inclusions and of a smaller size than the plagioclase.  

The least abundant phenocryst is pyroxene. They are elongated and subhedral in shape and 
blend in very well with the dark groundmass. 

 

The overall composition of the hand specimen: 78% groundmass, 20% phenocrysts & 2% 
vesicles 

 

The overall phenocryst composition: 85% plagioclase, 10% olivine and 5% pyroxene 
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Table 8 – The size distribution of the phenocrysts in the hand specimen from Svarthamrar. 

Phenocryst Minimum Average Maximum 

Plagioclase < 0.5 mm   4-5 mm     9 mm 

Pyroxene < 0.5 mm   1-3 mm 5 mm 

Olivine < 0.5 mm    4 mm 6 mm 

 

 

 

 

Figure 68 – Images from the Svarthamrar lava layer. Note the abundance of plagioclase 
(white). 

2 cm1 cm
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Figure 69 – Stereomicroscopic image of hand specimen from Svarthamrar. (A) The fine-
grained groundmass with phenocrysts of plagioclase (white) and an olivine (green) grown 
together with one plagioclase. The scalebar shows 2 mm. (B) The same cluster from figure 
A but with higher magnification. The scalebar shows 0.5 mm. (C) An anhedral olivine 
phenocryst with inclusions. The scalebar shows 0.5 mm. (D) A gabbro xenolith after the 
sample had been sawed, containing pyroxene (black), olivine (green) and plagioclase 
(white). The scalebar shows 0.2 mm. (E) Another gabbro containing pyroxene (black), 
olivine (green) and plagioclase (white). The scalebar shows 0.2 mm. (F) The groundmass 
with plagioclase phenocrysts (white) The scalebar shows 2 mm. 
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Appendix B 
The following descriptions are microscopic descriptions based on the thin sections from each 
location 

 

Ingólfshöfði 1 

The texture of the rock is holocrystalline and porphyritic with a coarse-grained, intergranular 
groundmass and phenocrysts of plagioclase, pyroxene and olivine (Figure 70 & 71). The 
groundmass is composed of fine crystals of zoned and elongated plagioclase that are 
subhedral to euhedral in shape and equigranular. Other crystals that are part of the 
groundmass are olivine and pyroxenes which are less abundant than the plagioclase and are 
hard to distinguish between with the crossed polarizer as they show similar interference 
colours. With the one polarizer they are easy to distinguish between, where the brown grains 
in the groundmass are pyroxenes and the colourless grains are olivines. The olivines and the 
pyroxenes in the groundmass are round and subhedral. Opaque minerals are also abundant 
in the groundmass and are in similar size as the other minerals but cannot be further 
distinguished in the microscope. As these three mineral species are present from phenocrysts 
to groundmass minerals, they form a continuous range in grain size which indicates a seriate 
texture of the samples. The groundmass is also quite vesicular where the vesicles are similar 
in size as the average phenocrysts. The minerals in the groundmass and the vesicles are all 
evenly distributed throughout the sample. 

The plagioclase phenocrysts are the most abundant phenocryst and are also the largest ones. 
They are quite zoned with oscillatory zonation and show a very distinct albite twinning in 
most cases. They contain opaque inclusions and some inclusions are groundmass minerals 
of grains of olivine and pyroxene.  

The ones that are elongated have sharp boundaries and are quite broken with a subhedral 
shape. Some are grown together with other plagioclase phenocrysts and others are grown 
with olivine and pyroxene forming gabbroic xenoliths.  

Pyroxene is the second most abundant phenocryst. They are in general slightly smaller than 
the plagioclase phenocrysts and are also seen as anhedral microcrysts. They show a brownish 
colour without the one polarizer. Four different textures of pyroxenes can be distinguished; 
The ones that are subhedral and anhedral and show a good cleavage either in one direction 
or with a 90° angle, depending of the orientation of the crystal. They are often elongated. 
Secondly are the once that have significantly zoned rims. They are in general the largest 
types of pyroxene phenocrysts. The third ones have no cleavage and are very rounded with 
an anhedral shape, they almost look like olivine phenocrysts. The fourth type are the 
pyroxenes that are part of xenoliths and have grown together with other pyroxenes and other 
phenocrysts. 

Olivine is the least abundant phenocryst. They are mostly rounded with a subhedral and 
anhedral shape and have a lot of cracks in them and are similar in size as the pyroxene 
phenocrysts. They show a lot of interference colours and are mostly zoned by the rims. Their 
edges are mostly sharp but a few have grainy and faded edges. Some contain opaque 



113 

inclusions. They can also be seen as anhedral microcryst that are almost the same size as the 
olivines in the groundmass but slightly larger. They are colourless with the one polarizer. 

The phenocrysts are all evenly distributed through the sample except the few gabbro 
xenoliths with intergrowth of all the phenocrysts. 

 

The overall composition of the thin sections: 50% phenocrysts, 45% groundmass & 5% 
vesicles 

The overall phenocryst composition: 60% plagioclase, 25% pyroxene, 10% olivine & 5% 
opaque minerals 
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Figure 70 – Photomicrographs with crossed polarizers of thin sections from Ingólfshöfði 1 
samples. (A) The groundmass is dominantly composed of fine crystals of needle-like 
plagioclase and opaque minerals. The vesicle and the microcrysts are slightly larger than 
the groundmass minerals. Note the gabbro xenolith (blue, pink and orange) with pyroxene 
phenocrysts along with opaque minerals They grey phenocryst is plagioclase. (B) A 
plagioclase phenocrysts (grey) showing oscillatory zonation. (C) Phenocrysts of a zoned 
olivine (green), plagioclase (white) and a zoned pyroxene (purple) with a good cleavage in 
one direction (D) A zoned pyroxene phenocryst (E) An elongated plagioclase phenocryst 
(grey) with inclusions, next to it is a xenolith with pyroxenes (orange/purple). (F) A very 
zoned olivine phenocryst with cracks 

Ingólfshöfði 1



115 

 
  

Figure 71 – Photomicrographs with true colours (A) and polarizer (B) of the Ingólfshöfði 1 
sample. (A) Shows the true colour of the thin section with crystals of plagioclase 
(colourless), pyroxene (green/brown), olivine (yellow/brown) and opaque minerals (black). 
Note that the phenocrysts have a lot of inclusions and that the groundmass is quite coarse-
grained. (B) Shows a polarized image. The interference colours are not true to a thin section 
with the thickness of 30 µm and does not show the right interference colour of each mineral. 
The elongated phenocrysts are plagioclase, the rounded phenocrysts are olivine and the 
rounded phenocrysts with cleavage in one direction are pyroxenes. Note the few vesicles 
visible in the left corner. 
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Ingólfshöfði 2 

 

Sample 1 – fully crystallized:  

The texture of the rock is holocrystalline and porphyritic with intergranular groundmass and 
phenocrysts of plagioclase, pyroxene and olivine that are all evenly distributed (Figure 72 & 
73). The groundmass is quite vesicular and is composed of fine crystals of zoned and 
elongated plagioclase that are subhedral to euhedral in shape and equigranular. Anhedral and 
rounded pyroxene and olivine crystals are also part of the groundmass but not as abundant 
as plagioclase. Each mineral type in the groundmass is equigranular and coarse-grained with 
evenly distributed minerals throughout the sample. In some areas of the sample the 
groundmass is microcrystalline. The sample therefore has a seriate texture as the previous 
sample. The sample looks almost identical to the Ingólfshöfði 1 sample but slightly more 
vesicular. The groundmass also contains a significant amount of opaque minerals that are 
similar in size as microcrysts.  

The most abundant and largest phenocrysts are plagioclase that are in various shapes and 
sizes and are therefore quite inequigranular. They are in most cases elongated, subhedral and 
very broken. They have both oscillatory zonation and albite twinning with opaque inclusions 
or inclusions of groundmass minerals.  

The pyroxene is the second most abundant phenocryst. They are quite anhedral and broken 
with grainy edges. With their irregular shape they can be similar to the olivine phenocrysts 
with the crossed polarizer but are noticeable beige and brown with one polarizer and can be 
distinguished from the colourless olivines. Pyroxenes can be seen with at least two different 
textures; either with a good cleavage and slightly elongated or as a part of xenoliths with 
either a few other pyroxenes or with plagioclase and olivine. In some cases, they are zoned 
from the centre and contain opaque inclusions. One significantly large pyroxene is a 
pyroxenite glomerocryst and contains a lot of inclusions and cracks (Figure 72F). In general, 
the pyroxene phenocrysts are the smallest ones except for the glomerocryst.  

The olivine phenocrysts are in various sizes and are quite inequigranular and subhedral. They 
are the third most abundant phenocryst and also the smallest. Most of them have zoned rims 
and have a lot of cracks in them. A few xenoliths can be seen in the sample that contains 
mostly large olivine phenocrysts with smaller plagioclase and pyroxene phenocrysts around 
them.  

 

The overall composition of the thin sections: 55% groundmass, 35% phenocrysts & 10% 
vesicles 

The overall phenocryst composition: 65% plagioclase, 15% pyroxene, 10% olivine & 10% 
opaque minerals 
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Figure 72 – Photomicrographs with crossed polarizers of thin sections from Ingólfshöfði 2 
rock samples. (A) A euhedral olivine phenocryst with zoned rims. (B) An anhedral olivine 
(green) with smaller plagioclase needles (white). (C) A zoned and elongated plagioclase 
(grey) phenocryst with albite twinning and an intergrowth of pyroxene (brown). (D) A 
xenolith with pyroxenes (dark orange) next to a large pyroxene phenocryst (yellow). Note 
the good cleavage. (E) A xenolith with pyroxene (blue, purple, grey and orange) and 
plagioclase (white) (F) A broken pyroxene glomerocryst with opaque inclusions and 
intergrowths of plagioclase (grey), olivine (blue) and opaque minerals (black). Note the scale 
is 4-10 times larger than the other pictures 

Ingólfshöfði 2 - berg

Ingólfshöfði 2 - berg
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Figure 73 – Photomicrographs with true colours (A) and polarizer (B) of the Ingólfshöfði 2 
rock samples.  (A) Shows the true colour of the thin section with crystals of plagioclase 
(colourless), pyroxene (green/brown), olivine (yellow/brown) and opaque minerals (black). 
Note that the phenocrysts have a lot of inclusions and that the groundmass is quite coarse 
grained. (B) Shows a polarized image. The interference colours are not true to a thin section 
with the thickness of 30 µm and does not show the right interference colour of each mineral. 
The elongated phenocrysts are plagioclase, the rounded phenocrysts are olivine and the 
rounded phenocrysts with cleavage in one direction are pyroxenes. Note the few vesicles 
visible. 
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Sample 2 – glassy:  

The second sample form the Ingólfshöfði 2 location is from the same lava layer except with 
a glassier texture (Figure 74 & 75). The sample is porphyritic and has more groundmass 
relative to crystals. The groundmass is glassy and darker with less groundmass minerals and 
with an intergranular and hyptocrystalline texture. The phenocrysts are plagioclase, 
pyroxene and olivine. The sample is quite vesicular with round vesicles that are the same 
size as the microcrysts. The groundmass is black with both the one polarizer and the crossed 
polarizer. Opaque minerals in the groundmass could therefore not be detected. The pyroxene 
and olivine groundmass minerals are not easy to distinguish between but the plagioclase 
needles are the most abundant mineral. A significant amount of microcrysts in the 
groundmass makes it easy to detect the difference between olivine and pyroxene. As 
mentioned before, the pyroxenes are beige and brown with a one polarizer. The crystals are 
all evenly distributed in the sample.  

The most abundant and largest phenocryst is plagioclase. They are mostly anhedral and 
elongated and some with a subhedral shape. They have oscillatory zonation and the 
elongated ones have albite twinning. They are quite broken with sharp edges and have a lot 
of cracks. Opaque inclusions are common in the plagioclase and in some cases intergrowth 
of the groundmass minerals. 

The pyroxene phenocrysts are round with an anhedral to subhedral shape. A few are 
completely euhedral (Figure 74). A good cleavage is seen in most of the phenocrysts either 
in one direction or with a 90° depending on their orientation in the sample. They are in 
various sizes but are in general smaller than the average plagioclase phenocrysts but the 
largest crystal of the microcrysts. They both contain opaque inclusions and intergrowth of 
the groundmass minerals. Similar gabbroic xenoliths can be seen as in the previous sample 
where the pyroxenes are either forming a cluster of other pyroxenes or with the other 
phenocrysts. Other textures of the pyroxenes are also zoned ones that are in most cases 
broken. The ones that are not zoned and have a good cleavage in one direction, usually 
euhedral to subhedral in shape. 

The olivine phenocrysts are the least abundant. They are in most cases anhedral with zoned 
rims and a lot of cracks. Their size is similar to the pyroxene phenocrysts and are also quite 
large as microcrysts. They both contain opaque inclusions and intergrowth of the 
groundmass minerals. 

 

The overall composition of the thin sections: 70% groundmass, 20% phenocrysts & 10% 
vesicles 

The overall phenocryst composition: 80% plagioclase, 15% pyroxene & 5% olivine. 
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Figure 74 – Photomicrographs with crossed polarizers of thin sections from Ingólfshöfði 2 
glass samples. (A) The samples have a dark groundmass. Note the vesicle (grey) and the size 
of the phenocrysts compared to the groundmass minerals, showing pyroxene (orange) and 
plagioclase (white). (B) A plagioclase phenocryst with oscillatory zonation and albite 
twinning. (C) A small olivine phenocryst almost the same size as the microcrysts. (D) A 
euhedral pyroxene phenocryst (orange) with twinning and a good cleavage in one direction. 
(E) Euhedral and subhedral pyroxene phenocrysts with opaque inclusions and good 
cleavage, surrounded by larger plagioclase phenocrysts with albite twinning (white/grey). 
(F) A very broken pyroxene phenocryst with zoned rims and good cleavage. 
 

Ingólfshöfði 2 - gler
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Figure 75 – Photomicrographs with true colours (A) and polarizer (B) of the Ingólfshöfði 2 
glass samples.  (A) Shows the true colour of the thin section with crystals of plagioclase 
(colourless) and pyroxene (green/brown).  Note that the phenocrysts have a lot of inclusions 
and that the groundmass is less coarse grained than the other two samples from Ingólfshöfði. 
The brown colour to the sample in the bottom of figure (A) is pure glass. (B) Shows a 
polarized image. The interference colours are not true to a thin section with the thickness of 
30 µm and does not show the right interference colour of each mineral. The elongated 
phenocrysts are plagioclase, the rounded phenocrysts with cleavage in one direction are 
pyroxenes. Note the few vesicles visible 
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Salthöfði 

The sample is very porphyritic with an extremely coarse and almost fully crystallized 
groundmass with a holocrystalline and intergranular texture (Figure 76, 77 & 78). The 
sample is very inequigranular with very large phenocrysts. The sample almost looks like it 
is a gabbro under the microscope. The phenocrysts are plagioclase, pyroxene and olivine. It 
is quite similar to the samples from the two Ingólfshöfði location except more crystalized 
and this sample contains megacrysts of pyroxene and in some cases olivine that are up to 2 
cm in diameter (Figure 77). The sample therefore shows a seriate texture with the wide range 
of sizedistribution of each mineral specie. The megacrysts tend to have faded edges and 
contain inclusions of groundmass and intergrowths with elongated plagioclase phenocrysts. 
The sample is less than 1% vesicular. A lot of opaque minerals can be seen in the groundmass 
that are the same size as the microcrysts. Elongated plagioclase is dominant in the 
groundmass with a euhedral and subhedral shape. The pyroxene and olivine in the 
groundmass are rounded and subhedral. The size of the groundmass minerals is of the same 
size as the microcrysts in the Ingólfshöfði locations. They are all evenly distributed in the 
sample. 

The most abundant and the largest phenocryst is plagioclase. In most cases they are 
elongated and subhedral with broken edges. The largest ones are part of glomerocrysts with 
many large plagioclase phenocrysts. Some groundmass is part of the glomerocrysts between 
the phenocrysts. The plagioclase phenocrysts are mostly elongated with both oscillatory 
zonation and albite twinning. They have a lot of opaque inclusions and broken surfaces with 
intergrowth of groundmass minerals in some phenocrysts. 

Pyroxene phenocrysts are the second most abundant phenocrysts and are usually smaller 
than the plagioclase. The largest pyroxenes are megacrysts and the ones that form 
glomerocrysts of almost only pyroxene phenocrysts. The most common size are the ones 
that are microcrysts. They are quite broken and anhedral with good cleavage either in one 
direction or in 90°. Five different types of textures can be distinguished among the 
pyroxenes. The ones that are megacrysts, the ones part of glomerocrysts, the ones with good 
cleavage, the ones with no cleavage, almost looking like olivines and finally, pyroxenes that 
are zoned. 

The olivine phenocrysts are almost equally as abundant as the pyroxenes. The larger ones 
are euhedral or subhedral but the smaller ones are anhedral. They can also be seen as 
megacrysts but not as abundant as the pyroxene megacrysts. They are all mostly broken with 
zoned rims. They can be seen as part of a glomerocryst with pyroxene forming gabbroic 
xenoliths. A few have intergrowth of groundmass as seen in the plagioclase.  

 

The overall composition of the thin sections: 70% phenocrysts, 30% groundmass & <1% 
vesicles 

The overall phenocryst composition: 65% plagioclase, 16% pyroxene, 14% olivine & 5% 
opaque minerals. 
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Figure 76 – Photomicrographs with crossed polarizer of thin sections from Salthöfði. (A) A 
glomerocryst containing pyroxene phenocrysts (brown and blue). (B) A large and euhedral 
olivine phenocryst with zoned rims and cracks. (C) A corner of a olivine megacryst (pink) 
witrh a large inclusion of groundmass (D) A pyroxene phenocryst with good cleavage and 
inclusions of plagioclase (blue) and a rounded and broken olivine phenocryst with zoned 
rims. (E) A pyroxene glomerocryst (blue and orange) growing together with plagioclase 
phenocrysts (grey), almost looking like it is a photomicrograph of gabbro. (F) Another 
glomerocryst with only pyroxenes (blue, red and orange) along with a rounded olivine 
phenocryst in the corner (pink) and plagioclase (grey). 
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Figure 77 – Photomicrographs with true colours (A) and polarizer (B) of a Salthöfði sample. 
(A) Shows the true colour of the thin section with crystals of plagioclase (colourless), 
pyroxene (green/brown), olivine (yellow/brown) and opaque minerals (black). Not the scale 
of the image as his sample has megacrysts of pyroxene and olivine. This also shows how 
coarse-grained the groundmass is. (B) Shows a polarized image. The interference colours 
are not true to a thin section with the thickness of 30 µm and does not show the right 
interference colour of each mineral. The elongated phenocrysts are plagioclase, the rounded 
phenocrysts are olivine and pyroxene, the pyroxene have a cleavage in one direction that is 
slightly visible in the image. 
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Figure 78 – Photomicrograph with true colours from a Salthöfði sample without megacrysts. 
Showing crystals of plagioclase (colourless), pyroxene (green/brown), olivine 
(yellow/brown) and opaque minerals (black). Note the coarse-grained groundmass and that 
the same scale is on the picture as the previous picture of the megacrysts. 
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The cone row from 1727 

The samples form the cone row are quite aphanitic with a cryptocrystalline texture with few 
to almost no phenocrysts (Figure 79 & 80). The texture of the groundmass is glassy, so 
opaque minerals cannot be further distinguished in the microscope. The samples are quite 
vesicular with both rounded and unevenly distributed vesicles along with elongated vesicles 
that form a laminated structure. Due to the glassy texture of the groundmass, almost no 
groundmass mineral can be detected through the microscope but fine-grained plagioclases 
needles can be detected. Fragments of xenoliths can be seen with similar texture but more 
crystallized with visible plagioclase and pyroxene crystals.  

The visible phenocrysts are plagioclase and pyroxene which can also be seen as mictocrysts 
in the groundmass. In one area of a thin section an opaque mineral could be seen which is of 
the same size as the phenocrysts. It is subhedral to almost euhedral with sharp edges but 
cannot be further distinguished in the microscope. 

The most common phenocryst is plagioclase. They are mostly elongated and euhedral and 
some with a square shape due to the orientation of the crystal in the thin section. Others are 
rounded and subhedral with faded edges. They show both albite twinning and oscillatory 
zonation. 

The pyroxene phenocrysts are a bit larger and have a subhedral to anhedral shape with faded 
edges. It is more common to see them part of a xenolith where the pyroxenes are smaller 
than individual phenocrysts. 

 

The overall composition of the thin sections: 78% groundmass, 20% vesicles & 2% 
phenocrysts 

The overall phenocryst composition: 89% plagioclase, 20% pyroxene & 1% opaque mineral 

 

Thin sections of the scoria from the cones were also looked into. They are highly vesicular 
and glassy with a holohyaline texture. Some microlites of plagioclase can though be 
distinguished in the glass. The vesicles are both rounded and elongated of various sizes 
(Figure 80B). 
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Figure 79 – Photomicrographs with crossed polarizer of thin sections from the cone row 
from 1727. (A) Very dark and glassy groundmass with elongated vesicles showing a 
laminated structure. Note the small microcrysts of plagioclase (white). (B) A xenolith with 
pyroxene (yellow) a plagioclase (white). (C) A square-shaped plagioclase phenocryst with 
albite twinning. Note the large vesicle next to it. (D) An anhedral pyroxene phenocryst (grey) 
with a plagioclase phenocryst text to it (white). 

 

 

Gígarnir
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Figure 80 – Photomicrographs with true colours (B) and polarizer (A) from the 1727 cone 
row. (A) Shows the thin section of a rock with a polarizer. Note the dark and glassy 
groundmass. A plagioclase phenocryst can be seen with a square-like shape and a pyroxene 
phenocryst (green/grey) on the left side in the middle of the image. (B) Shows the true colour 
of a scoria grain from the cone row. The brown colour is pure glass but if looked closely, 
some needles of plagioclase microlites can be seen. Note the various shapes and sizes of the 
vesicles. 
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Hrafnarkambsskriða 

The samples are from a cliff of pillow lavas and hyaloclastites. The thin sections were made 
from the pillow lava which has a very glassy texture and is quite aphanitic with a 
cryptocrystalline texture and with hyptocrystalline glass fragments. The samples are dark 
grey to almost black in colour with some needles of felsic glass that was first thought to be 
plagioclase and pyroxene phenocrysts based on the hand specimens (Figure 81 & 82). 

The groundmass is composed of mainly elongated plagioclase needles and opaque minerals 
that make up the majority but grains of either olivine or pyroxene is also part of the 
groundmass but too small to define. 

The groundmass minerals are unevenly distributed with patches where plagioclase is 
unevenly concentrated making it heterogeneous (Figure 81D). Slightly larger crystals can be 
seen in the groundmass as microcrysts of pyroxene and plagioclase. The pyroxene 
microcrysts have opaque inclusions in them. No vesicles are visible in the sample (Figure 
82). 

There are not many phenocrysts but the ones that are present are only plagioclase. Other 
minerals are just the size of microcrysts. Note that olivine phenocrysts were seen in the hand 
specimen and that the thin sections only show a fracture of the whole sample. The plagioclase 
phenocrysts are subhedral to anhedral with a quenched texture by the rims and inclusions of 
groundmass and opaque minerals. They show albite twinning an oscillatory zonation. Some 
xenoliths with plagioclase and pyroxene can be seen with the minerals being the same size 
as the microcrysts 

 

The overall composition of the thin sections: 95% groundmass & 5% phenocrysts 

The overall mineral composition: 50% opaque minerals, 45% plagioclase & 5% pyroxene 
or olivine 

 

The pieces of felsic glass fragments have a different texture and contain phenocrysts within 
them (Figure 82). The groundmass is more fine-grained and the boundaries are quite faded. 
They have phenocrysts of plagioclase and pyroxene within them. All though being much 
lighter in colour to almost white, it contains a significant amount of opaque minerals too 
(Figure 82B). 

The plagioclase phenocrysts within the felsic glass are larger than the plagioclase 
phenocrysts outside them. It also contains pyroxene phenocrysts which is not present outside 
them. The phenocrysts are subhedral with inclusions in them. The plagioclase has albite 
twinning. 

The opaque minerals in the groundmass show a laminated structure to the glass (Figure 82B). 
With one polarizer, the glass is light brown in colour. 
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The overall composition of the felsic glass fragments: 85% groundmass & 15% phenocrysts 

 

The overall mineral composition of the felsic glass fragments: 80% plagioclase, 15% 
pyroxene & 5 % opaque minerals 

 

 

Figure 81 – Photomicrographs with crossed polarizer of thin sections from 
Hrafnarkambsskriða. (A) A glass fragment containing plagioclase phenocrysts (grey). Note 
the difference in the texture. (B) The groundmass containing microcrysts of pyroxene 
(orange) and plagioclase (grey). (C) Small xenoliths in the groundmass containing pyroxene 
(orange) and plagioclase (white). (D) Areas where the groundmass is heterogeneous with 
plagioclase minerals unevenly distributed through the sample. 
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Figure 82 – Photomicrographs with true colours (B) and polarizer (A) of the 
Hrafnarkambsskriða samples. (A) Shows a polarized image. The interference colours are 
not true to a thin section with the thickness of 30 µm and does not show the right interference 
colour of each mineral. The elongated phenocrysts are plagioclase and the grey fragment is 
glass containing minerals of pyroxene and plagioclase forming xenoliths within it. (B) Shows 
the true colours of the thin section where the light patch is a glass fragment with laminated 
structure from opaque minerals. Some phenocrysts of plagioclase (light grey) can be seen 
along with pyroxene phenocryst (green). Note the difference of the groundmass of the pillow 
lava compared to the glass.  
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Svarthamar 

The samples from the Svarthamar lava layer next to the outlet glacier Kvíárjökull is dark 
grey and fine-grained with a aphanitic texture (Figure 83 & 84). The groundmass is 
composed of elongated plagioclase needles and opaque minerals. Some grains of either 
pyroxene or olivine can also be seen but cannot be further distinguished between in the 
microscope. The plagioclase is of various sizes and can also be seen as larger microcrysts. 
The orientation of the elongated plagioclase phases the same way and show a somehow a 
parallel and laminated structure (Figure 83D). The opaque minerals in the groundmass are 
rounded and anhedral. The samples have a few vesicles of various shapes and sizes and are 
often in similar size as the phenocrysts. 

The phenocrysts are plagioclase, pyroxene and olivine. They can also be seen as grown 
together but mostly as microcrysts in size (Figure (83B). 

The plagioclase phenocrysts are the most abundant. They are mostly elongated and subhedral 
with a lot of inclusions in them. They have albite twinning and oscillatory zonation and often 
form clusters with another plagioclase (Figure 83C).  

The pyroxene phenocrysts are the largest phenocryst and are almost equally as abundant as 
the plagioclase. They are mostly subhedral and can be seen grown together with other 
pyroxene phenocrysts (Figure 84B).   

The olivine phenocrysts are smaller in size than the other two phenocrysts. They are rounded 
and subhedral in shape. 

 

The overall composition of the thin sections: 90% groundmass & 10% phenocrysts 

 

The overall phenocryst composition: 45% plagioclase, 40% pyroxene & 5% olivine 
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Figure 83 – Photomicrographs with crossed polarizer of thin sections from Svarthamar. (A) 
A subhedral olivine phenocryst (orange) along with microcrysts of plagioclase (grey). (B) 
Two pyroxene phenocrysts that have grown together (pink) with several inclusions of 
groundmass minerals. A smaller pyroxene phenocryst (blue) can be seen in the corner. Note 
the noticeable cleavage. (C) A subhedral plagioclase phenocryst with opaque inclusions, 
albite twinning and oscillatory zonation. (D) Areas where the groundmass is heterogeneous 
with plagioclase minerals uneavenly distributed through the sample almost forming a 
laminated texture. Note the orientation of the plagioclase microcrysts (white). 
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Figure 84 – Photomicrographs with true colours (B) and polarizer (A) of the Svarthamar 
samples. (A) Shows a polarized image. The interference colours are not true to a thin section 
with the thickness of 30 µm and does not show the right interference colour of each mineral. 
The yellow phenocryst is the plagioclase from figure 83C and the pink phenocrysts are the 
pyroxenes from figure 38B. (B) Shows the true colours of the thin section where the 
colourless phenocrysts are plagioclase and the light green phenocrysts are pyroxene. Note 
the elongated vesicle on the bottom left area of the image. 
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Appendix C 
Pressure and temperature calculations from chemical compositions of the clinopyroxenes 
based on equations 32a and 32d (Putirka, 2008). Note that one clinopyroxene crystal is 
separated by thicker lines in the tables. 

 

Ingólfshöfði (all samples) 

Sample name – spot 
- point Type Temperature (K) Temperature (°C) Pressure (kbar) Depth (km) 

I230AA_sp1_p75 Glomerocryst - rim 1382.39 1109.4 0.0 surface 

I230AA_sp1_p76 Glomerocryst - rim 1377.89 1104.9 0.0 surface 

I230AA_sp1_p78 Glomerocryst 1482.62 1209.6 6.3 18.9 

I230AA_sp1_p79 Glomerocryst 1482.57 1209.6 5.8 17.3 

I230AA_sp1_p83 Glomerocryst - rim 1400.86 1127.9 1.0 3.0 

I230AA_sp3_p102 Glomerocryst 1486.48 1213.5 6.1 18.3 

I230AA_sp3_p104 Glomerocryst 1479.04 1206.0 5.6 16.9 

I230AA_sp4_p105 Rim – not zoned 1413.68 1140.7 2.8 8.5 

I230AA_sp4_p107 Core – not zoned 1415.11 1142.1 2.5 7.5 

I230AA_sp4_p109 Core – not zoned 1397.63 1124.6 1.5 4.6 

I230AA_sp5_p114 Core 1411.93 1138.9 1.9 5.6 

I230AA_sp6_p118 Xenolith 1413.17 1140.2 2.5 7.6 

I230AA_sp7_p123 Core 1404.07 1131.1 2.2 6.6 

I260B_sp1_p133 Core – not zoned 1400.00 1127.0 1.6 4.7 

I260B_sp1_p134 Core – not zoned 1396.92 1123.9 1.0 3.1 

I260B_sp2_p140 Rim – not zoned 1416.63 1143.6 2.4 7.2 

I260B_sp2_p141 Core – not zoned 1420.89 1147.9 1.5 4.4 

I260B_sp2_p146 Core 1400.65 1127.7 1.6 4.7 

I260B_sp3_p149 Core – not zoned 1402.33 1129.3 2.6 7.8 

I260B_sp4_p152 Rim – not zoned 1386.44 1113.4 0.0 surface 

I260B_sp4_p154 Core – not zoned 1399.50 1126.5 1.1 3.3 

I260B_sp5_p156 Rim – not zoned 1393.30 1120.3 0.0 surface 
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I260B_sp5_p159 Core – not zoned 1384.97 1112.0 0.8 2.4 

I260B_sp5_p173 Core – not zoned 1395.58 1122.6 1.6 4.8 

I130A_sp1_p56 Core 1403.80 1130.8 1.4 4.2 

I130A_sp1_p59 Rim 1412.09 1139.1 2.5 7.4 

I130A_sp1_p64 Core 1409.04 1136.0 2.3 6.9 

I130A_sp1_p66 Core 1397.43 1124.4 1.6 4.8 

I130A_sp1_p71 Groundmass 1380.265381 1107.3 0.0 surface 

I130A_sp2_p76 Rim 1417.5 1144.5 2.7 8.2 

I130A_sp2_p79 Core 1405.0 1132.0 1.9 5.6 

I130A_sp3_p101  1393.38 1120.4 1.1 3.3 

I130A_sp4_p110 Core - zoned 1463.16 1190.2 3.9 11.8 

I130A_sp4_p112 Rim - zoned 1408.89 1135.9 2.6 7.8 

I160A_sp1_p85 Core – not zoned 1397.82 1124.8 0.4 1.3 

I160A_sp1_p88 Rim – not zoned 1409.05 1136.1 2.2 6.7 

I160A_sp2_p92 Rim – not zoned 1416.87 1143.9 0.6 1.9 

I160A_sp2_p95 Core – not zoned 1407.95 1134.9 2.2 6.5 

I160A_sp2_p100  1418.34 1145.3 3.1 9.3 

I160A_sp2_p101  1431.07 1158.1 3.2 9.5 

I160A_sp3_p106 Core – not zoned 1440.53 1167.5 3.9 11.6 

I160A_sp3_p108 Rim – not zoned 1412.31 1139.3 3.0 9.0 

I160A_sp3_p111 Core 1412.682 1139.7 2.7 8.1 

I160A_sp3_p115 Core 1410.481 1137.5 1.9 5.7 

I160A_sp4_p131 Core 1416.08 1143.1 2.5 7.4 

I160A_sp4_p134  1381.98 1109.0 0.0 surface 

I160A_sp5_p140  1411.61 1138.6 1.5 4.6 

Line 1 I230A_sp1_cpx Core 1426.28 1153.3 2.6 7.8 

Line 23 
I230A_sp1_cpx Rim 1423.4 1150.4 3.4 10.2 

I260A_sp2_p78 Core 1392.72 1119.7 1.9 5.6 

I260A_sp2_p88 Rim (same as spot 1) 1408.21 1135.2 1.3 4.0 
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Line 1 I230A_sp3_cpx Core 1477.88 1204.9 5.2 15.5 

Line 16 
I230A_sp3_cpx 

Outermost rim - 
zoned 1379.08 1106.1 0.0 surface 

I260A_sp3_p105  1376.21 1103.2 0.0 surface 

I260A_sp3_p106 Inner rim - zoned 1379.56 1106.6 0.0 surface 

I260A_sp3_p107 Innermost rim - 
zoned 1403.57 1130.6 1.7 5.0 

Line 1 I230A_sp5_cpx Core 1377.48 1104.5 0.0 0.1 

Line 9 I230A_sp5_cpx Rim 1443.09 1170.1 3.5 10.5 

I260A_sp8_p165 Core 1417.90 1144.9 2.5 7.6 

I260A_sp8_p170 core 1402.52 1129.5 1.9 5.6 

I230b_sp1_p178 Rim – not zoned 1403.70 1130.7 0.6 1.9 

I230b_sp1_p181 Core - not zoned 1410.91 1137.9 1.9 5.7 

I230b_sp1_p184 Rim - Separate grain 1427.28 1154.3 3.2 9.7 

I230b_sp2_p191 Rim - not zoned 1405.65 1132.6 2.0 6.1 

I230b_sp2_p194 Core - not zoned 1406.25 1133.2 2.8 8.5 

Line 1 
I230b_sp3_cpx1 Rim - not zoned 1418.87 1145.9 2.1 6.2 

Line 14 
I230b_sp3_cpx1 Core - not zoned 1406.27 1133.3 1.8 5.5 

Line 1 
I230b_sp3_cpx2 Core - not zoned 1411.94 1138.9 2.4 7.2 

Line 18 
I230b_sp3_cpx2 Rim - not zoned 1410.01 1137.0 2.2 6.7 

I230b_sp3_p248  1415.71 1142.7 3.2 9.5 



138 

 

Salthöfði 

Sample name Type Temperature (K) Temperature (°C) Pressure (kbar) Depth (km) 

Line 1 S30A_sp1_Cpx  Cpx 1435.0 1162.0 4.3 12.9 

Line 12 
S30A_sp1_Cpx  Cpx 1434.4 1161.4 4.4 13.3 

S30A_sp2_p158  Cpx (Rim) 1386.6 1113.6 0.0 Surface 

S30A_sp2_p159  Cpx (Rim) 1417.4 1144.4 0.5 1.5 

S30A_sp2_p160  Cpx (Core) 1383.5 1110.5 0.7 2.2 

S30A_sp2_p161  Cpx (Core) 1374.8 1101.8 0.3 0.9 

S30A_sp2_p162  Cpx (Core) 1388.7 1115.7 0.5 1.6 

S30A_sp2_p163  Cpx (Rim) 1396.5 1123.5 0.1 0.3 

Line 1 
S30A_sp3_Cpx1  Cpx 1389.0 1116.0 0. 0 Surface 

Line 6 
S30A_sp3_Cpx1  Cpx 1439.9 1166.9 2.8 8.4 

Line 12 
S30A_sp3_Cpx1  Cpx 1412.4 1139.4 1.1 3.3 

S30A_sp3_p181 Cpx 1400.8 1127.8 0.3 0.9 

S30A_sp3_p183  Cpx 1439.0 1166.0 2.2 6.7 

S30A_sp3_p184  Cpx 1442.1 1169.1 2.5 7.6 

S30A_sp3_p186  Cpx 1446.4 1173.4 3.1 9.2 

Line 4 S30S_sp4_Cpx  Cpx (Core) 1419.5 1146.5 1.9 5.7 

Line 6 S30S_sp4_Cpx  Cpx 1431.9 1158.9 1.8 5.5 

Line 13 
S30S_sp4_Cpx  Cpx 1406.4 1133.4 0.0 Surface 

S30A_sp4_p202  Cpx (Rim2) 1427.8 1154.8 2.4 7.3 

S30A_sp4_p203  Cpx (Rim2) 1439.5 1166.5 2.6 7.8 

Line 1 S30A_sp5_Cpx  Cpx (Rim) 1379.2 1106.2 0.0 Surface 

Line 9 S30A_sp5_Cpx  Cpx (Core) 1431.2 1158.2 1.3 3.9 

Line 17 
S30A_sp5_Cpx  Cpx 1390.8 1117.8 0.0 Surface 

Line 1 S60B_sp1_Cpx  Cpx 1442.7 1169.7 2.9 8.6 
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Line 15 
S60B_sp1_Cpx  Cpx 1449.5 1176.5 2.9 8.8 

S60B_sp2_p31  Cpx 1448.1 1175.1 2.9 8.7 

Line 1 S60B_sp2_Cpx  Cpx 1404.4 1131.4 0.9 2.8 

Line 24 
S60B_sp2_Cpx  Cpx 1418.0 1145.0 2.1 6.4 

S60B_sp4_p63  Cpx 1409.0 1136.0 2.0 5.9 

S60B_sp5_p70  Cpx 1401.2 1128.2 0.8 2.4 

S60B_sp5_p71  Cpx 1432.1 1159.1 2.9 8.8 

S30b_sp1_p43  Cpx (Rim) 1407.8 1134.8 1.5 4.4 

S30b_sp1_p47  Cpx (Core) 1415.2 1142.2 2.7 8.2 

S30b_sp1_p48  Cpx (Rim) 1403.6 1130.6 1.2 3.6 

S30b_sp1_p52  Cpx (Core) 1421.0 1148.0 3.2 9.5 

S30b_sp3_p65  Cpx 1463.7 1190.7 3.7 11.2 

S30b_sp3_p70  Cpx 1460.4 1187.4 3.3 9.9 

S30b_sp3_p72  Cpx (Core) 1465.5 1192.5 3.8 11.3 

S30b_sp4_p77  Cpx (Rim) 1388.2 1115.2 0.0 Surface 

Line 1 
S30b_sp4_Cpx1  Cpx (Core) 1432.1 1159.1 1.9 5.6 

Line 11 
S30b_sp4_Cpx1  Cpx (Rim) 1391.4 1118.4 0.0 Surface 

Line 1 
S30b_sp4_Cpx2  Cpx (Core) 1436.8 1163.8 2.9 8.7 

Line 10 
S30b_sp4_Cpx2  Cpx 1429.7 1156.7 1.6 4.9 

Line 11 
S30b_sp4_Cpx2  Cpx (Rim) 1389.8 1116.8 0.0 Surface 

S30b_sp4_p127  Cpx (Core) 1393.9 1120.9 1.2 3.6 

S30b_sp4_p132  Cpx 1420.7 1147.7 1.4 4.3 

S30b_sp4_p134  Cpx (Rim) 1383.8 1110.8 0.0 Surface 

S60a_sp1_p135  Cpx (Rim) 1421.5 1148.5 3.5 10.5 

S60a_sp1_p143 Cpx (Core) 1426.0 1153.0 2.0 5.9 

S60a_sp2_p153 Cpx (Core) 1434.7 1161.7 2.2 6.6 

S60a_sp2_p154 Cpx 1425.3 1152.3 2.3 6.9 
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S60a_sp2_p155 Cpx (Rim) 1424.4 1151.4 2.0 5.9 

S60a_sp3_p161 Cpx 1395.4 1122.4 0.4 1.1 

S60a_sp3_p164 Cpx (Core) 1435.0 1162.0 2.3 6.8 

S60a_sp3_p174 Cpx (Rim) 1390.3 1117.3 0.0 Surface 

S60a_sp3_p176 Cpx (Core) 1405.8 1132.8 1.3 3.8 
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1727 cone row 

 

 

 

 

 

 

 

 

 

 

 

 

Sample name Type Temperature (K) Temperature (°C) Pressure (kbar) Depth (km) 

G30A_sp1_p3  Core - not zoned 1322.3 1049.3 0.7 2.2 

G30A_sp1_p4  Core - not zoned 1318.3 1045.3 0.0 surface 

G30A_sp1_p5    1314.5 1041.5 0.0 surface 

G30B_sp1_p36  Xenolith 1389.9 1116.9 2.6 7.7 

G30B_sp2_p43  Xenolith 1401.4 1128.4 2.4 7.2 

G60a_sp2_p9  Rim - not zoned 1320.1 1047.1 0.0 surface 

G60a_sp2_p11  Core - not zoned 1331.0 1058.0 0.0 surface 

G60a_sp2_p14  Rim - not zoned 1344.5 1071.5 0.0 surface 

G60a_sp3_p30  Separate grain 1381.4 1108.4 2.6 7.7 

G60a_sp3_p31  Separate grain 1393.1 1120.1 0.0 surface 

G60a_sp3_p32  Separate grain 1367.8 1094.8 2.1 6.4 

G60a_sp3_p33  Separate grain 1368.7 1095.7 0.5 1.6 

G60a_sp3_p35  Small grain 1375.5 1102.5 0.0 surface 

G60a_sp3_p36  Small grain 1384.8 1111.8 1.7 5.0 
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Hrafnarkambsskriða 

 

Sample name – Spot- 
Point Type Temperature (K) Temperature (°C) Pressure (kbar) Depth (km) 

Line 1 H60A_sp1_cpx  Rim - not zoned 1377.2 1104.2 0.0 Surface 

Line 4 H60A_sp1_cpx  Core - not zoned 1383.2 1110.2 0.1 0.2 

Line 10 
H60A_sp1_cpx  Rim - not zoned 1440.3 1167.3 2.7 8.2 

H60A_sp2_p22  Rim - not zoned 1360.7 1087.7 0.0 Surface 

H60A_sp2_p23  Core - not zoned 1360.3 1087.3 0.0 Surface 

H60A_sp2_p24  Core - not zoned 1361.0 1088.0 0.0 Surface 

H60A_sp3_p46    1369.2 1096.2 0.0 Surface 

H60A_sp3_p55  Groundmass  1402.6 1129.6 3.3 9.8 

H60B_sp2_p157    1375.3 1102.3 1.7 5.2 

H60B_sp2_p160  Rim - not zoned 1371.0 1098.0 1.3 3.8 

H60B_sp3_p162  Core - not zoned 1365.3 1092.3 1.1 3.3 

H60B_sp3_p163  Rim - not zoned 1359.9 1086.9 0.0 Surface 

H60B_sp4_p172  Individual grain 1377.0 1104.0 3.2 9.5 

H60B_sp4_p173  Individual grain 1367.0 1094.0 3.5 10.6 

H60B_sp4_p177  Core - not zoned 1349.2 1076.2 2.4 7.1 

H60B_sp4_p178  Rim - not zoned 1366.3 1093.3 2.7 8.0 

H30A_sp1_p177  
Groundmass - 

individual grain 1385.6 1112.6 1.4 4.1 

H30A_sp1_p178  
Groundmass - 

individual grain 1377.4 1104.4 5.0 15.0 

H30A_sp3_p188  
Groundmass - 

individual grain 1377.1 1104.1 0.2 0.5 

H30A_sp3_p189  
Groundmass - 

individual grain 1390.7 1117.7 2.1 6.4 

H30A_sp3_p190  
Groundmass - 

individual grain 1386.0 1113.0 3.0 9.1 

H30A_sp3_p191  
Groundmass - 

individual grain 1380.2 1107.2 1.8 5.4 
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Svarthamrar  

(note that the sample names start with K as the lava layer is next to Kvíárjökull) 

 

 

 

Sample name – Spot - 
Point Type Temperature (K) Temperature (°C) Pressure (kbar) Depth (km) 

K60A_sp1_p23  Rim - Not zoned 1421.2 1148.2 1.1 3.4 

K60A_sp1_p26  Core - Not zoned 1432.9 1159.9 3.8 11.4 

K60A_sp3_p46  Core - Not zoned 1454.7 1181.7 3.9 11.8 

K60A_sp3_p52  
Outermost rim - Not 

zoned 1379.6 1106.6 0.0 Surface 

K60A_sp3_p53  Rim - Not zoned 1450.6 1177.6 2.7 8.2 

K60A_sp3_p56  Core - Not zoned 1436.0 1163.0 2.6 7.8 

K30A_sp2_p7  Rim - Not zoned 1452.2 1179.2 3.2 9.5 

K30A_sp2_p9  Core - Not zoned 1466.2 1193.2 4.0 11.9 

K30A_sp2_p15  Core - zoned 1473.1 1200.1 4.3 13.0 

K30A_sp2_p16  Rim - zoned 1383.9 1110.9 0.0 Surface 

K30A_sp2_p17   Core - zoned 1459.9 1186.9 3.7 11.1 

K30A_sp2_p18  Rim - zoned 1382.6 1109.6 0.5 1.6 

K30A_sp5_p34  Small grain 1403.6 1130.6 3.7 11.0 

K30A_sp5_p35  Small grain 1404.8 1131.8 3.8 11.3 


