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Útdráttur 
Eyjafjallajökull er megineldstöð á suðurströnd Íslands. Einkennisbergtegundin þar hefur 
verið skilgreind sem ankaramít. Það er útbasíkst, dílótt, basanít berg með miklu magni 
klínópýroxen- og ólivín díla með plagíóklas ríkum grunnmassa. Þrjú sýni voru tekin úr 
vestari hlið Eyjafjallajökuls og fengu þau heitin EY 1, EY 2 og EY 3. Handsýnin voru 
skoðuð lauslega og þunnsneiðar voru gerðar út frá þeim. Þær voru bæði rannsakaðar í 
bergsmásjá og efnagreindar í rafeindasmásjá. Í ljós kom að öll þrjú sýnin voru nokkuð 
sambærileg með plagíóklas, ólivín og pyroxen dílum. Sýnið frá EY 3 virtist þó vera með 
dekkri grunnmassa og hlutfallslega minna af dílum miðað við hin tvö sýnin. Gabbró 
hnyðlingar með plagíóklas og pyroxen kristöllum fundust í sýnum frá EY 1 og EY 2. 
Hnyðlingurinn frá EY 1 var efnagreindur í rafeindasmásjá. Efnasamsetning plagíóklas og 
pyroxen í hnyðlingnum reyndist öðruvísi en efnasamsetning annara plagíóklas og pýroxen 
díla frá sýnunum. Plagíóklasið var með lægsta anorþít innihaldið (An52.29) í hnyðlingnum í 
samanburði við plagíóklas dílana sem voru að mestu með anorþít innihaldið, An65-70. 
Pýroxeníð í hnyðlingnum var járnríkara og með minnsta magn af CaO og SiO2 miðað við 
aðra pýroxen díla. Þó að mest basískt berg úr Eyjafjallajökli sé skilgreint sem ankaramít 
kom í ljós eftir ítarlega rannsókn á þunnsneiðum og efnagreiningum að sýnin eru í raun og 
veru nokkuð þróað alkalí basalt. Þessar niðurstöður gefa þannig vísbendingu um aðeins 
aðra samsteningu bergsins en álitin hefur verið hingað til þar sem mest berg í Eyjafjöll 
hefur verið skilgreint sem ankaramít. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Abstract 
The Eyjafjallajökull volcano is considered to be the main locality for ankaramite in Iceland 
and is belived to be the index rock type of Eyjafjöll. It is an ultrabasic, porphyritic basanite 
rock type with clinopyroxene and olivine as phenocrysts and a plagioclase rich 
groundmass. Three representative samples were picked for this thesis from different 
outcrops from Stóridalur at Eyjafjallajökull volcano to study their texture and crystal 
content and the composition of the constituent phases. They were named EY 1, EY 2 and 
EY 3 and were collected in a quarry at the western flank. The hand specimen were 
observed followed by observation of thin sections in a perology microscope. The thin 
sections were then further studied in a Scanning Electron Microscopy (SEM) for 
observation of their chemical compositions. The samples turned out to be very similar and 
were porphyritic with intergranular groundmass and phenocrysts of plagioclase, olivine 
and clinopyroxene. The EY 3 sample stood out with a darker groundmass and had a greater 
ratio of groundmass relative to phenocrysts compared to the other two samples. Cluster of 
pyroxenes and plagioclase forming a coarse gabbro xenolith were found in samples EY 1 
and EY 2. The xenolith found in EY 1 was chemically analysed by the SEM. The 
composition of the xenolith was distinct compared to the phenocrysts in the sample. The 
plagioclase in the xenolith had the lowest anorthite content with An52.29 compared to the 
other plagioclase phenocrysts that were most frequently An65-70. The pyroxene in the 
xenolith was richer in iron compared to the pyroxene phenocrysts but had the least amount 
of CaO and SiO2. Despite that many mafic rocks from the Eyjafjallajökull volcano were 
clasified as ankaramite, the detailed analyses of these samples suggested that they were in 
fact relatively evolved alkali basalts. These results suggest therfore, compared to what is 
thougt, that possibly the index rock type of Eyjafjöll might not nessicarily be ankaramite. 
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1 Introduction 
The purpose of this thesis was to do a comparative analysis of three samples of ankaramite 
from the Eyjafjallajökull volcano. This volcano is considered to be the main locality for 
ankaramite in Iceland and is believed that ankaramite was the index rock type of Eyjafjöll 
(Jónsson 1998). Samples were collected from different outcrops from the Eyjafjallajökull 
volcano to study their texture, crystal content and the composition of the constituent 
phases. Other “ankaramite” localities from Eyjafjöll were recently studied by Þrúður 
Helgadóttir (2016), Bryndís Ýr Gísladóttir (2015), Viktor Þór Georgsson (2016) and 
Kjartan Björgvin Kristjánsson (2015).  

In this work, samples from the west side of the volcano near Stóridalur were studied (Fig. 
1). The samples were named EY 1, EY 2 and EY 3, based on the nearby farm, 
Eyvindarholt (Fig. 1).  Note that EY 1 and EY 2 are from the same exposure but the EY 3 
sample were collected from another layer. Thin sections were made of each sample to 
carry out detailed analysis. 

The analysis included both hand specimen and microscopic descriptions along with 
chemical analysis with SEM-EDS. The different groundmasses and phenocrysts with 
chemical zoning patterns were analyzed.  

 

Figure 1 – The studied outcrops at Eyjafjallajökull volcano showing the sampling locations. Figure 3 
below shows a larger scale of the volcano (Image taken from Google, 2017). 
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1.2 Alkaline rocks 

Alkaline rocks are named based on the fact that they have relatively high abundance of 
total alkalies (Na + K) but most commonly, they are rich in sodium (Frost & Frost, 2014). 
Alkali rocks in volume terms constitute no more than 1% of all igneous rocks exposed on 
the Earth’s surface (Gill, 2010). Alkali basalt lava plateux are alwaya smaller than the  
largest subalkali large igneous provinces (LIPs). 

The alkali rocks cover a wide spectrum of colour index from ultramafic to felsic. Due to 
the increased alkali content the rocks are commonly deficient in SiO2. The SiO2 deficiency 
may lead to the crystallization of various feldspathoids in place of feldspars and quartz is 
missing in these rocks. Mineral families like pyroxenes and amphiboles often appear in 
alkali rocks as phenocrysts. 

Basic and ultramafic alkali magmas especially K-rich ones, might transport ultramafic 
xenoliths to the surface as they ascend rapidly from the mantle. Such mantle-derived 
xenoliths give us the opportunity to study directly the mantle through which the host 
magmas have risen (Gill, 2010). 

Alkali rocks occur in diverse of geotectonic environments. The largest volumes are in a 
few continental rifts like the East African Rift System (EARS), but they occur in other 
settings too, both oceanic and continental but often in smaller volumes. Alkali basalts are 
also to be found in hot spot-related oceanic island such as Hawaii and Tenerife (Gill, 
2010). 

Basalts in Iceland are mostly subalkalic but in the “off-rift” areas of the Holocene activity 
alkali basalts predominate. The largest area is the Snæfellsnes peninsula in the west. Its 
eastern equivalent is the volcano Öræfajökull which is the largest active volcano in Iceland 
with transitional-alkali composition. Alkali lavas are also found at the southern tip of the 
southern part of Iceland in the Vestmannaeyjar. Basalts from volcanos marginal to this 
southern alkali basalt area like Hekla, Katla and Eyjafjallajökull are of transitional 
character (Gill, 2010 and references therein). 

Figure 2b shows a recent model of a cross-section beneath Iceland from Snæellsnes to 
Vestmannaeyjar based on Kokfelt et al (2006). These points lie at approximatley equal 
radial distances relative to the plume center beneath the Vatnajökull ice cap.  

The white area indicates the hot and radially expanding plume-head with asthenosphere 
beneath and lithosphere above. The vertical bars represent the melting columns feeding 
volcanism at Snæfellsnes, Reykjanes and Vestmannaeyjar. As Vestmannaeyjar are closer 
to the hot spot center, melting probably begins deeper there compared to Snæfellsnes. The 
different depths at which the mantle begin to melt in the adiabatically upwelling plume are 
suggested by dashed lines (Gill, 2010, Kokfelt et al 2006). This model therefore shows the 
difference between melting regimes that form alkali and subalkali rocks in the mantle. 
Beneath the Reykjanes peninsula, due to the thin lithosphere greater degree of melting do 
occur at shallow depth. The subalkali magma composition is dictated by higher degree 
melting, mainly of a depleted lherzolite source (Gill, 2010 and references). Alkali and 
transitional alkali magmas derived from larger deapths and by smaller degree of melting. 
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Figure 2 – Image (A) shows a similar map as from figure 3 with the areas of alkali and transitional 
basalts with a cross section a-b-c from Snæfellsnes to Vestmannaeyjar through Reykjanes, which is 
part of the tholeiitic series. Image (B) is a sketch cross-section of the melting region in the plume-head 
below Iceland (from Gill, 2010 based on Kokfelt et al (2006)). 
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2 Geological setting 
The three rock series of Iceland are tholeiitic, transitional alkalic and alkalic. The tholeiitic 
rock series is confined to volcanic systems in the rift zone but the flank zones are confined 
with alkalic and transitional alkalic systems. Eyjafjallajökull volcano is not part of the rift 
zone in Iceland and its rocks have therefore transitional alkalic composition (Jakobsson et 
al, 2008).  

The Eyjafjallajökull volcanic system is located in the Eastern Volcanic Zone (EVZ). It 
extends from the Vestmannaeyjar towards the northeast part of the Vatnajökull ice cap 
(Fig. 3). 

 

Figure 3 – The active volcanic zoned in Iceland showing the rift zone with red and the flank zones with 
yellow. Triangles are central volcanoes. The Eyjafjallajökull volcano is numbered as 34 in the image 
(Jakobsson et al, 2008). 

The volcanic system Eyjafjöll, or Eyjafjallajökull volcano is situated by the south coast of 
Iceland next to Katla volcano (Fig. 4).  The Eyjafjöll system is little known (Jakobsson, 
1979 and references therein). It may be compared morphologically to Hekla central 
volcano which is not far away and has been described as a volcanic stratified ridge 
(Jakobsson, 1979). Eyjafjallajökull volcano is covered by an ice cap and reaches a height 
of 1668 m above sea-level. Under the ice cap is a 2.5 km wide caldera. The volcano was 
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built up during the last two glacial periods and the last interglacial period (Jakobsson, 
1979). The last eruption of the volcano happened in 2010. 

The total volume of extruded postglacial lavas in this volcanic system is only about 0.26 
km3, but the volume of tephra is unknown. Only 0.006 km3 of the lavas are basalts, 0.24 
km3 are basaltic andesite and approximately 0.02 km3 is acidic, which comes from one lava 
layer (Jakobsson, 1979). 

During the last glacial period, considerable amount of intermediate and acidic rocks were 
deposited. It can be seen clearly at Gígjökull, an outlet glacier draining the Eyjafjallajökull 
ice cap. Ankaramite has been found at four locations along with several lava and tuff layers 
on both the south and the north side (Jakobsson, 1979).  

All the rock types appear to be porphyritic, with olivine, plagioclase and augite 
phenocrysts. The rocks tend to be more porphyritic with increasing of age (Jakobsson, 
1979). 

 

 

Figure 4 - A satellite image showing volcanoes in the south coast of Iceland. Eyjafjallajökull and Katla 
are close together despite being separate volcanic systems. Both having an ice cap on their volcanoes 
and a caldera in the center. The GPS coordinate for Eyjafjallajökull is N 63°37’24”  W 19°36’42” 
(Image taken from Google, 2017). 
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3 Methods 
3.1 Hand specimen 

Three representative hand specimen were picked from three different locations in a quarry 
at the western flank of Eyjafjöll volcano in the south coast of Iceland. The sampling places 
were named EY1, EY2 and EY3 (Fig. 1). The pictures of each sample were taken with a 
simple iPhone 6s plus camera. The close-up images were taken by an OMANO magnifying 
stereomicroscope equipped by an Optixcam digital camera at the Institute of Earth 
Sciences, University of Iceland, in order to determine overall texture and phenocryst 
content of the hand specimens. Looking through the magnifying stereomicroscope gave an 
idea of the size distribution of the phenocrysts. 

 

3.2 Microscopic analyses 

After the hand specimen observations, the next step was to study thin sections which have 
a thickness of 30 µm. A petrologic microscope was used to study the mineral constituents 
at the Institute of Earth Sciences, University of Iceland, as the hand specimen only gave a 
rough estimation. The thin sections were analysed in an Olympus BX51 polarizing 
microscope which had four objective lesnses 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. 

 

3.3 Scanning Electron Microscope (SEM) 
analyses 

SEM stands for, Scanning Electron Microscopy. A Hitachi TM3000 SEM-EDS tabletop 
machine was used at the Institute of Earth Sciences, University of Iceland, to scan the 
previously studied thin section. The machine was connected to a computer where the 
software Burker’s Esprit system was used to gather images and chemical analyses from the 
SEM.  The Hitachi TM3000 has an accelerating voltage of 5 to 15 kV, a tungsten filament 
and magnification up to 30,000x. The images from the SEM are all in gray scale where the 
lighter the colours indicate minerals with higher density (e.g.: higher Fe-content in case of 
silicate minerals). 

The sections had been coated with a fine sheet of carbon before analyses to make the 
surface conductive. For chemical analyses in the thesis, data were collected for 100 
seconds and the accelerating voltage was 10 kV. To quantify the analyses the “normative 
weight percentage” for each measured element was used in a calibration excel spreadsheet. 
This spreadsheet bases on multiple analyses of well-known mineral and glass standards 
and was developed by Níels Óskarsson and Enikő Bali. 
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4 Results 
4.1 Hand specimen 

4.1.1 EY 1 

The sample from the EY 1 location was porphyritic and phanerocrystalline with a light 
grey, coarse grained groundmass and with abundant plagioclase phenocrysts (Fig. 5). The 
plagioclase phenocrysts were elongated and euhedral and were in most cases aligned all 
with their long axis in the same direction. Other phenocrysts besides plagioclase were 
olivine and augite clinopyroxene (Fig. 6 A, C, D). They were subhedral and anhedral. The 
size distribution of the phenocrysts is shown in Table 1. 

The plagioclase in the groundmass had a needle-like shape and made the groundmass look 
heterogeneous (Fig. 6 B). The sample was only slightly vesicular where the noticeable 
vesicles were around 1 mm across. The handspecimen had a red-brown weathering coating 
where the sample had been exposed to the atmosphere. 

The overall composition of the hand specimen:  60% groundmass and 40% phenocrysts. 

The overall phenocryst composition: 70% palgioclase, 20% augite and 10% olivine. 

 

Table 1 – The size distribution of the phenocrysts in the EY 1 sample. 

Phenocrysts Minimum Average Maximum 
Olivine <0.5 mm 0.2-0.3 cm 0.6 cm 

Plagiocalse <0.5 mm 0.2-0.4 cm 0.8 cm 
Augite <0.5 mm 0.2-0.3 cm 0.6 cm 
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Figure 5 – Hand specimen sample of EY 1. Light grey groundmass with phenocrysts of plagioclase 
(white), augite (black) and olivine (green). 

 

Figure 6 – Stereomicroscopic images of hand specimen from the EY 1 location. (A) Heterogeneous 
groundmass with plagioclase (white) and augite (black) phenocrysts. (B) Phenocrysts of plagioclase, 
augite and olivine (green/brown). Note the needle-like shape of the plagioclase. (C) An anhedral olivine 
phenocryst. (D) An olivine phenocryst with opaque inclusions. 
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4.1.2 EY 2 

The sample was very similar as EY 1 and was also phanerocrystalline (Fig. 7). The main 
difference was that EY 2 had a greater amount of olivine phenocrysts than EY 1. The 
phenocrysts of plagioclase was mostly euhedral, the augite was subhedral and the olivine 
was anhedral (Fig. 8). Some of the augite phenocrysts had been altered and had a blueish 
colour (Fig. 8 A). The size distribution of the phenocrysts is shown in Table 2.  

The groundmass was coarse grained and had a light grey colour (Fig 8. B, C). It contained 
darker and lighter grains that were groundmass minerals of augite and plagioclase along 
with opaque minerals. There were no noticeable vesicles in the sample. The hand specimen 
also had a red-brown weathering coating where the sample had been exposed to the 
atmosphere (Fig. 8 A, B, C.) 

The overall composition of the hand specimen: 70% groundmass and 30% phenocrysts. 

The overall phenocryst composition: 50% plagioclase, 30% augite and 20% olivine. 

 

Table 2  - The size distribution of the phenocrysts in the EY 2 sample. 

Phenocrysts Minimum Average Maximum 
Olivine <0.5 mm 0.2-0.3 cm 0.7 cm 
Plagioclase <0.5 mm 0.3 cm 0.7 cm 
Augite <0.5 mm 0.2-0.4 cm 1 cm 

 

 

Figure 7 – Hand specimen sample of EY 2. Very similar to EY 1 sample with phenocrysts of 
plagioclase, augite and olivine. 
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Figure 8 - Stereomicroscopic images of hand specimen from the EY 2 location. (A) A subhedral augite 
phenocryst with plagioclase (white) inclusions. (B) Heterogeneous groundmass with plagioclase (white) 
and olivine (brownish) phenocrysts. (C) Groundmass with the noticeable weathering coating. (D) An 
olivine phenocryst with opaque and plagioclase inclusions. 

 

4.1.3 EY 3 

This sample was different from EY 1 and EY 2 but was still phanerocrystalline (Fig. 9). 
The texture was less porphyritic and more aphanitic compared to the previous two samples. 
The most abundant phenocrysts in the sample were plagioclase and olivine (Fig 10). The 
plagioclase were euhedral and elongated, some were also subhedral and anhedral (Fig 10 
B). The augite and the olivine phenocrysts were anhedral and subhedral. The olivne 
phenocrysts were also very dark in this sample. The size distribution of the phenocrysts is 
shown in Table 3. 

The groundmass was dark grey and fine-grained and was more homogeneous than the 
other two samples (Fig. 10). Although it was fine grained it was very noticeable under the 
stereomicroscope that the groundmass mostly consisted of plagioclase along with augite or 
opaque minerals. The augite crystals in the groundmass were smaller than 1 mm. There 
were almost no vesicles but those that were noticeable were smaller than 1 mm across. 

The overall composition of the hand specimen: 80% groundmass and 10% phenocrysts. 

The overall phenocryst composition: 50 % plagioclase, 30% olivine and 20% augite. 
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Table 3 - The size distribution of the phenocrysts in the EY 3 sample. 

Phenocrysts Minimum Average Maximum 
Olivine <0.5 mm 0.4 cm 0.7 cm 
Plagioclase <0.5 mm 0.5 cm 0.4 cm 
Augite <0.5 mm 0.2 cm 1 cm 

 

 

Figure 9 – Hand specimen sample of EY 3. Note the much darker groundmass and fewer phenocrysts 
compared to EY 1 and EY 2.  
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Figure 10 - Stereomicroscopic images of hand specimen from the EY 3 location. (A) An olivine 
phenocryst in fine grained groundmass. (B) A plagioclase phenocryst with intergrowth of olivine 
(brownish). (C) Olivine (brown), plagioclase (white) and augite (black) phenocrysts. (D) Darker and 
less heterogeneous groundmas compared to EY 1 and EY 2. 

 

4.2 Thin sections 

4.2.1 EY 1 

The texture of the rock is porphyritic with intergranular groundmass (Fig. 11). The 
gorundmass is composed of fine crystals of needle-like plagioclase that were mostly 
euhedral and also zoned. It also contained subhedral, rounded olivines with various 
interference colours. The groundmass also contained pyroxene. By looking at the thin 
secton with the one polarizer, the colourless minerals are olivines and the brownish 
minerals are pyroxenes (Fig. 11 A). The amount of opaque minerals in the groundmass was 
also significant.  

The plagioclase phenocrysts are more abundant than in EY 2 and also more anhedral. 
Almost all the plagioclase phenocrysts were zoned, some with oscillatory zonation (Fig. 11 
E). Some anhedral plagioclases had opaque inclusions (Fig. 11 C). Pyroxenes are not 
abundant phenocryst phases, most of them are anhedral with a good 90° cleavage and 
chemical zoning (Fig. 11 D). The olivine phenocrysts were mostly subhedral and anhedral 
with a very noticeable chemical zonation. Phenocrysts varied in size between 0.2 mm - 
1.75 mm. There are only two noticeable vesicles present in the thin section and were the 
same size as the olivine phenocrysts. This thin section contained a cluster of pyroxenes and 
plagioclase forming a coarse gabbro xenolith (Fig. 12) 

 



15 

Overall composition of the thin section: 80% groundmass and 20% phenocrysts. 

Overall phenocryst composition: 70% plagioclase, 20% olivine and 10% pyroxene. 

 

Figure 11 – Photomicrographs of thinsection EY 1. (A) Groundmass composed dominantly of 
fine crystals of needle-like plagioclase and opaque minerals with one polarizer along with fine 
grains of olivine and pyroxene. (B) A strongly zoned olivine phenocryst, picture taken with 
crossed polars. (C) An anhedral plagioclase with opaque inclusions and a subhedral one showing 
strong zonation. Picture was taken with corssed polars (D)  Phenocrysts of plagioclase which are 
the gray and white phenocrysts with polysinthetic twinning, olivine which is yellow and pyroxene 
which is brown with a good 90° cleavage. Picture taken with corssed polars. (E) Oscillatory 
zoning in a plagioclase phenocryst with opaque inclusions. Picture taken with corssed polars. 

E 
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Figure 12 – Photomicrocraphs of the gabbro xenolith from EY 1. (A) Image with crossed polarizers. 
The minerals with second order intererence colour are pyroxenes and the grey and white are 
plagioclase including the phenocryst in the upper left corner. (B) Image with one polarizer. Brownish 
pleocrosim visible in the pyroxenes. 
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4.2.2 EY 2 

The texture of the rock is also porphyritic with intergranular groundmass (Fig. 13). The 
groundmass was very fine grained with needles of plagioclase and subhedral rounded 
olivine crystals. The amount of opaque minerals in the groundmass was significant and 
they had the same size as the olivine crystals in the groundmass. The opaque minerals were 
not further distinguished by the microscope. There was also fine grained clinopyroxene in 
the groundmass. The size of the crystals in the groundmass varied form very fine grained 
(0.13 mm) and microcrystalline up to almost the same size as the smallest phenocrysts (0.3 
mm). The grains in the groundmass were mostly subhedral and anhedral. 

The phenocrysts were plagioclase, olivine and clinopyroxe (Fig. 13). Their size distribution 
was from 0.38 – 2.6 mm. The plagioclase phenocrysts were mostly subhedral but some 
were anhedral and euhedral. Most of the plagioclase were strongly zoned and had 
polysinthetic twinning. There were very few pyroxenes but they were also strongly zoned 
and some of them with very good cleavage (Fig. 13 A, B). The pyroxene had a brownish 
colour with slight pleochroism with one polarizer which made it easy to distinguish them 
from olivine phenocrysts if the cleavage was not present. 

The olivine phenocrysts were the largest along with the plagioclase phenocrysts and were 
very similar to the olivine in EY 1. They were are mostly subhedral and anhedral showing 
strong chemical zonation (Fig. 13 D).  

This thin section also contained clusters of anhedral pyroxene and plagioclase crystals, 
forming xenoliths (Fig 13 B, C). One xenolith is clearly a gabbro (Fig. 13 C). A smaller 
cluster of plagioclase and pyroxene was surrounding the xenolith. The plagioclase was not 
needle-like as in the groundmass but very rounded and similar in shape as the olivine but 
smaller. The pyroxenes were brown and beige with one polarizer and had a good cleavage.  

Overall composition of the thin section: 70-80% groundmass and 20-30% phenocrysts. 

Overall phenocryst composition: 70% plagioclase, 20% olivine and 10% pyroxene. 
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Figure 13 - Photomicrographs of thin section EY 2 with crossed polarizers. (A) A plagioclase 
intergrowth in a clinopyroxene phenocryst. Note the strong zonation of the pyroxene. (B) Pyroxene 
intergrowth involving three pyroxene crystals with zonation. (C) Pyroxene-rich xenolith with 
plagioclase. (D) Olivine phenocryst with zonation. Note the opaque inclusions in the olivine. 

 

4.2.3 EY 3 

The texture of the rock is also porphyritic with intergranular groundmass (Fig 14). This 
thin section however was very different from the other two, as was observed in the hand 
specimen. The groundmass was much darker and had a greater ratio relative to 
phenocrysts, with only approximatley 5-10% phenocrysts in the whole sample. 

The groundmass was heterogeneous, where darker and lighter patches were intermingling 
(Fig. 14 A). This colour difference in the groundmass is the result of grain size difference 
(Fig. 15). The groundmass minerals varied from 0.05 mm - 0.2 mm. Amongst the opaque 
minerals there were also plagioclase needles and olivine in the groundmass. There were 
more vesicles in this groundmass compared to the EY 1 and EY 2. Since the groundmass 
was heterogeneous, it also showed that the grains varied in size and were aligned 
differently depending on where in the groundmass they were observed. 

The largest phenocrysts were anhedral and subhedral olivine crystals. They had variable 
grain sizes (0.4 mm – 2.75 mm). They also had a very strong zonation (Fig. 14 C). The 
pyroxenes were anhedral and with a good 90° cleavage and in some case with partially 
melted rims. Plagioclase phenocrysts were mostly anhedral and strongly zoned and most of 
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them twinned. Both olivine and plagioclase phenocrysts had some opaque inclusions. 
There were also oxides as phenocrysts but they were not further distinguished. 

Overall composition of the thin section:  85% groundmass, 10% phenocrysts and 5% 
vesicles. 

Overall phenocryst composition: 40% plagioclase, 30% olivine, 20% pyroxene and 10% 
oxides. 

 

 

Figure 14 - Photomicrographs of thin section EY 3. (A) Groundmass showing patchy texture, probably 
due to different grain sizes in the darker and brighter patches. (B) A plagiclase phenocryst (1st order 
gray) with opaque inclusions and a pyroxene phenocryst (2nd order orange) with good cleavage. (C) A 
zoned olivine phenocryst. (D) Groundmass with vesicles. 
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Figure 15 – A SEM image of the EY 3 sample. Note the heterogeneous groundmass. The black patches 
are vesicles and dark gray needle-like minerals are plagioclases. 

 

4.3 SEM results 

The three thin sections were analysed in the SEM with EDS. The data points are from 
different parts of each thin section’s groundmass and phenocrysts. Data points from cores 
and rims of the phenocrysts were taken if they were clearly chemically zoned especially 
from the olivine and plagioclase phenocrysts.  

Analyses were carried out in 10 olivine phenocrysts from both their cores and rims and an 
olivine part of a xenolith, 10 plagioclases with most data points from both their cores and 
some including rims along with a plagioclase part of a xenolith, 9 pyroxene phenocrysts 
and 1 spinel inclusion in an olivine. 18 areas of groundmass were analysed. In total 58 
analyses were preformed and the chemical compositions of each data point are listed in the 
appendix along with figures showing analysed areas. The figures may have different 
darkness and saturations which is only because of adjustments of brightness and contrast in 
the SEM-EDS program. 

 

4.3.1 Olivine 

The most frequent composition of the olivine cores was Fo75-80 (Fig. 16). The olivine rims 
were in most cases more fayalite-rich (Fig. 17) than the cores. Olivine rim compositions 
vary between Fo64.29 and Fo80.95, with most common compositions at Fo65-70. The olivine 
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phenocrysts in sample EY 1 where richer in manganese (Mn) compared to those in the 
other two samples. However, as Mn is a minor element, which cannot be precisely 
analysed by SEM-EDS, this difference is probably not significant. “Olivine 1” from the 
EY 2 sample had core composition of Fo81.02 and the rim is Fo80.95, suggesting no 
significant zoning. As seen in Figure 17, the phenocryst is clearly zoned but the data point 
taken from the rim might be too far from the chemically zoned outermost rim which was 
too thin to measure the distinct zonation. The core and the rim showing Fo60-65 in Figure 16 
is not the same phenocrysts but both measurements were carried out in different olivines 
from EY 2.  

 

Figure 16 – Fosterite content of the olivine phenocrysts. Total 18 data points with cores and rims from 
10 different olivine phenocrysts. 3 olivines from EY 1, 4 olivines from EY 2 and 3 olivines from EY 3. 
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Figure 17 – A SEM image of a chemically zoned olivine phenocryst from EY 2 called “Olivine 3”. The 
core is Fo70.22 and the rim is Fo64.29 and shows that the rim is more fayalite-rich. 

 

 

Figure 18 – A SEM image of  the EY 2 sample showing “Olivine 1” where the core is Fo81.02 and the 
rim is Fo80.95. The phenocryst above is a pyroxene. 
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Figure 19 – A SEM image of the EY 3 sample showing two euhedral olivine phenocrysts. The top one is 
called “Olivine 2” with core composition of Fo78.44 and rim composition of Fo78.28. The bottom one is 
called “Olivine 3” with core composition of Fo78.43 and rim composition of Fo73.83. Note the very 
finegrained groundmass relative to those in EY 1 and EY 2. 

 

4.3.2 Plagioclase 

Plagioclase core compositions were most frequently An65-70. The rims varied below and 
above that composition (Fig. 20), which is no surprise since plagioclases commonly have a 
so-called oscillatory zonation where chemical zones repeat at regular distance (Fig. 11 E) 
(Imperial, 2017). The plagioclase phenocrysts of the three samples can be classified as 
labradorite and bytownite (Fig. 21). The cores are distributed over both compositional 
ranges but the rims mostly fall in the labradorite area. The EY 1 sample had the lowest 
aluminum content for plagioclase but highest in iron. 
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Figure 20 – Anorthite content of the plagioclase phenocrysts. Total 11 data points from cores and rims. 
4 plagioclases from EY 1, 2 plagioclases from EY 2 and 2 plagioclases from EY 3 were analysed. Note 
that two rim data points were taken from “Plagioclase 2” from EY 1 and in some cases only a core 
data point was taken. The plagioclase with the lowest anorthite content (An52.29) came from the 
xenolith in EY 1. 

 

Figure 21 – The ternary classification diagram for the plagioclase. The cores are distributed over both 
labradorite and bytownite field but the rims mostly fall in the labradorite area. Note that some 
symbols may overlap. A purple ring indicating the EY 2 rim is An72 and is underneath the symbols 
around that number. Note that the red symbol with increased Or-component in the labradorite area is 
from the xenolith from EY 1. 
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Figure 22 – A SEM image of an elongated plagioclase phenocryst from EY 1 called “Plagioclase 2”. 
Two rim data points were taken and one core data point. The rims were An62.17 and An66.16, they are 
the green symbols in the ternary classification diagram. The core was An78.22 and is a red symbol in 
bytownite. 

 

4.3.3 Pyroxene 

The pyroxene phenocrysts can be distinguished as diopside and augite which are both 
clinopyroxenes. Total 10 data points from 9 pyroxene phenocrysts were analysed, only 1 
rim point was taken. The pyroxene phenocrysts did mostly not show any chemical zonation 
(Fig. 24). In EY 1 cores of the pyroxenes where slightly richer in iron compared to the 
other samples and they are classified as augite based on the ternary diagram (Fig. 23). 
Pyroxenes have other interesting major elements which can be quite variable. The 
composition of TiO2 was similar in EY 1 and EY 2 but slightly higher in EY 3, but overall 
it showed a narrow range in all three samples between 1.15-1.97 wt%. The Al2O3 content 
was the lowest in EY 1 but showed a larger range in all three samples between 2.51-5.83 
wt% (Appendix, Tables 10-12). 
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Figure 23 - The ternary classification diagram for the pyroxene phenocryst with corners of enstatite, 
wollastonite and ferrosilite. Total 10 data points of 9 pyroxenes. Only one rim was taken from a clearly 
chemically zoned phenocryst from EY 2. Note that the blue symbol furthest down in the augite area is 
from the xenolith from EY 1. 

 

Figure 24 – A SEM image of a pyroxene phenocryst (light gray) intergrowth with plagioclase (dark 
gray) from EY 1 called “Pyroxene 3”. It is one of the blue symbols in the augite area in the ternary 
classification diagram. 
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4.3.4 Groundmass 

All the groundmass data points were plotted up into a TAS diagram (Fig. 25), which is 
classification scheme for volcanic rocks based on their bulk chemical composition. In this 
diagram SiO2 content is plotted as a function of potassium-oxide plus sodium-oxide 
contents. All compositions are listed in the appendix. Since the sample from EY 3 was 
different from the other two in both the hand specimen and in microscope, it was expected 
that their composition would also be different. Surprisingly, all samples fall within the 
same area in the TAS diagram. One point from EY 1 did however land far from the others 
and had relatively low SiO2 content with only 48 wt% and higher alkalies. The other points 
had a range between 51.18-54.45 SiO2 wt% and K2O+Na2O of 5.89-8.11 wt%. 

 

 

Figure 25 – A TAS diagram for the groundmass. Note that all the points are above the alkaline line. 
The points are total 18 and may have overlapped.  

 

4.3.5 The xenolith from EY 1 

The xenolith in the EY 1 sample contains both pyroxene and plagioclase minerals and can 
be classified as gabbro (Fig. 12 & 26). The composition of the xenolith is distinct 
compared to the phenocrysts in the sample. Note that there is a photomicrograph of another 
xenolith from the EY 2 sample in the thin section description as Figure 13 C. The pyroxene 
in the xenolith was richer in iron compared to the pyroxene phenocrysts but had the least 
amount of CaO and SiO2. It is the blue symbol in the ternary diagram that is furthest down 
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in the augite area (Fig. 23). The pyroxene in the xenolith had both lower Al2O3 content and 
TiO2 content compared to the pyroxene phenocrysts.  

The plagioclase in the xenolith had the lowest anorthite content with An52.29 compared to 
the other plagioclase phenocrysts (Fig. 20). It was also richer in K2O which gave it a higher 
amount in the orthoclase endmember. It is the red symbol furthers up in the symbols on the 
plagioclase ternary diagram (Fig. 21). 

 

 

Figure 26 – A SEM image of the xenolith from EY 1. The phenocryst in the upper left corner is 
plagioclase. The light grey minerals in the xenolith are pyroxene and the darker grey minerlas in the 
xenolith are plagioclase. Note that this is the same xenolith as in Figure 12. 
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5 Discussions 
The three samples composed of the same minerals in different proportions; plagioclase, 
olivine, pyroxene and opaque minerals. Since EY 1 and EY 2 were collected at different 
parts from the same outcrop (Fig. 1), there was no surprise that these samples were similar 
both in chemical composition and texture. The distinct difference was observed in EY 3 
that was from another outcrop (Fig. 1). This sample had an uneven colour difference in the 
groundmass which was the result of grain size difference which could indicate that some 
magma mixing had been going on when EY 3 was formed.  
We can compare plagioclase phenocrysts from this study to the plagioclase analysis that 
Helgadóttir (2016) collected from other “ankaramite” localities of Eyjafjöll. The EY 
plagioclases phenocrysts show a resemblance to the composition of the groundmass 
minerals in the antkaramite from Brattaskjól.  

Most phenocrysts from the other ankaramite localities (Hamragarðaheiði, Arnarhóll and 
Hvammsnúpur) have anorthite content between An79-94, with the most common 
compositions of An80-90 from all localities where plagioclase phenocrysts had been 
observed. These overlap with the results of this study, however, the plagioclase from the 
EY samples most frequently had a composition of An65-70, which is lower compared to 
other localities.  

There were also oscillatory zonation present in some plagioclase phenocrysts that 
Helgadóttir (2016) analysed which could also be seen in some plagioclase phenocrysts in 
the EY samples (Fig. 11 E). This zoning can be responsible for the observation in the 
chemical composition as Figure 20 shows in the SEM results of the anorthite content of the 
plagioclase phenocrysts. The composition of the rims varied below and above An65-70. 
Having different variation of rims indicate normal or reversed sense to the change in 
composition. It usually occurs due to growth of a crystal within convection currents in a 
magma chamber caused by changes in pressure and temperature (Imperial, 2017). 

Comparing pyroxene phenocrysts from this study to the pyroxene analysis that Gísladóttir 
(2015) carried out from the Hamragarðarheiði ankaramite quarry, the data collected looked 
similar. All pyroxenes have high MgO contents. Pyroxene compositions in 
Hamragarðaheiði distributed more over the augite field of the ternary classification 
diagram, whereas the pyroxenes studied here are diopsides and augites. Hamragaðraheiði 
pyroxene phenocrysts had a similar FeO content with a range between 5.82-10.18 wt% 
compared with the EY samples (6.20-10.62 wt%). The TiO2 content from the 
Hamragarðaheiði pyroxene phenocrysts had a slightly lower content ranging from 0.94-
1.69 wt% whereas in the EY samples, TiO2 ranging from 1.23-1.97 wt%. The Al2O3 
content from Hamragarðaheiði ranged from 2.47-5.74 wt% which is similar to the Al2O3 
content observed in the EY samples with the range 2.51-5.83 wt%. 

What really stood out was the discovery of gabbro xenoliths in EY 1 and EY 2, but no 
xenolith was found in the EY 3 thin section. That does not mean that they are not present 
in the lava flow represented by EY 3 since a thin section only covers a small area of a hand 
specimen. The chemical composition in the plagioclase and pyroxene analysed in the 
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gabbro xenolith was very distinct compared to the phenocryst compositions. Where the 
anorthite content was the lowest of the plagioclases with An52.29 and with the highest 
orthoclase content. The pyroxene in the xenolith had the highest content of ferrosilite (Fs) 
with 21.94 wt% (Fig. 21 & 23) 

Gísladóttir (2015) has described and analysed pyroxenes in a gabbro xenolith from 
Hamragarðaheiði and Helgadóttir (2016) did a chemical analysis on the plagioclase present 
in the same xenolith. The plagioclase in the EY 1 gabbro xenolith had higher SiO2 content 
(with 55.96 wt%) whereas the core of the plagioclase from the Hamragarðarheiði xenolith 
had a wide range in SiO2 between 51.54-53.23 wt%. The plagioclase in the EY 1 xenolith 
also had a higher FeO and K2O content but a lower CaO content compared to those 
observed in the Hamragarðaheiði xenolith. The Na2O content in plagioclase from the 
Hamragarðaheiði xenolith ranged from 3.83-4.54 wt% whereas the plagioclase in the EY 1 
xenolith had content of 4.45 wt%. 

The clinopyroxene in the xenolith form EY 1 had Al2O3 content of 2.72 wt%, FeO content 
of 13.95% and TiO2 content of 1.15 wt%. Pyroxene from the gabbro xenolith from 
Hamragarðaheiði had Al2O3 content with a range between 2.87-3.73 wt%, FeO content 
with a range between 9.05-9.61 wt% and TiO2 with a range between 1.24-1.57 wt%. 
Pyroxene in the EY 1 xenolith therfore had much higher FeO content. 

The compositions analyses here are also somewhat similar to those observed in a troctolite 
xenolith by Georgsson (2016). The pyroxenes in the troctolite had Al2O3 content with a 
range between 1.94-6.32 wt%. The FeO content from the troctolite pyroxenes (7.14-9.10 
wt%) is also lower than in the gabbro xenolith in EY 1. The TiO2 content from the 
troctolite pyroxenes had a range between 1.22-1.91 wt%. 

Further possibilities for studies from the Eyjafjallajökull volcano is to have a close look at 
the xenoliths present in the lava layers and to do a comparative analysis of the xenoliths 
from different outcrops. It would even be interesting to have a comparative analysis from 
other alkali basalts or transitional alkali basalt outcrops with xenoliths present there, such 
as from Snæfellsnes or Öræfajökull. 

Although only two xenoliths were found in these studies an one of them analysed by the 
SEM, it showed quite a distinct composition compared to those observed on the 
phenocrysts. This might give us significant information on the composition of the 
lithosphere where it came from. Studying xenoliths will probably give us an interesting 
idea of how the crust is built up below the southern part of Iceland. 

The groundmass of the EY samples have the lowest MgO and TiO2 content among all 
“ankaramite” localities and the highest alkali content (Na2O and K2O) (Fig. 27-30). 
Kristjánsson (2015) did analysis on the groundmass of ankaramites from Seljalandsheiði 
(SH), Hvammsmúli (HM) and the 2010 basalt from Fimmvörðuháls (FM). They are 
marked with a triangle symbol on Figures 27-30. The Al2O3 contents in these groundmass 
from all localities overlap.  

These graphs show us that the EY samples are more evolved compared to any other 
samples and that the HM samples are relatively primitive with the highest MgO- and low 
in TiO2- and alkali-content (Fig. 28). This therfore indicates that the HM samples are most 
likely ankaramite, whereas other localities should probably be classified as basalt. The 
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samples from Kristjánsson (2015) all fall below the alkaline-subalkaline curve in a TAS 
diagram since their alkali content is relatively low. 

 

 

Figure 27 -  Comparison of groundmass compositions from the EY samples to those from other 
localities in Eyjafjöll. Comparative data are from Kristjánsson (2015). Al2O3 content as a function of 
MgO. 

 

 

Figure 28 - Comparison of groundmass compositions from the EY samples to those from other 
localities in Eyjafjöll. Comparative data are from Kristjánsson (2015). TiO2 content as a function of 
MgO. 
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Figure 29 - Comparison of groundmass compositions from the EY samples to those from other 
localities in Eyjafjöll. Comparative data are from Kristjánsson (2015). Na2O content as a function of 
MgO. 

 

 

Figure 30 - Comparison of groundmass compositions from the EY samples to those from other 
localities in Eyjafjöll. Comparative data are from Kristjánsson (2015). K2O content as a function of 
MgO. 
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6 Conclusions 
Both the hand specimen and the thin sections from EY 1 and EY 2 looked almost identical. 
In EY 3, the texture was more aphanitic compared to the previous two samples. The 
uneven groundmass in EY 3 could indicate that some magma mixing had been going on 
when EY 3 was formed. Having finer grain size in the groundmass, it may indicate that the 
lava layer from EY 3 had cooled down faster than the other lava layer that EY 1 and EY 2 
were from.  

Many mafic rocks from the Eyjafjallajökull volcano were clasified as ankaramite. Detailed 
analyses of EY 1, EY 2 and EY 3 samples suggest that these samples are in fact alkali 
basalts. 

The most frequent olivine core composition was Fo75-80 with rims that were in most cases 
more fayalite rich. The plagioclase phenocrysts from the samples are classified as 
labradorite and bytownite and the pyroxenes are classified as diopside and augite. The 
groundmas varied in composition from phonotephrite and basaltic trachy-andesite which 
are both above the alkaline-subalkaline division curve in the TAS diagram. 

The xenoliths from both EY 1 and EY 2 were gabbros and tells us that they came from the 
crust. 

There would be no surprise that other rocks from the Eyjafjallajökull volcano that are 
classified as ankaramite would turn out to be in fact alkali basalt due to the high 
plagioclase content in many of them. 
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Appendix A 
Tables 4-6 showing olivine compositions from the EY samples. 

EY 1 Olivine 1 Olivine 2 Olivine 3 
 Core Rim Core Rim Core Rim 
SiO2 38.56 38.23 37.71 36.53 37.35 36.50 
FeO 19.35 26.73 22.36 27.87 24.41 30.39 
MnO 0 0.76 0.75 0.69 0 0 
MgO 42.10 34.28 39.18 34.91 38.24 33.12 

 
Fo 79.51 68.96 75.13 68.54 73.64 66.02 
Fa 20.50 30.16 24.05 30.69 26.37 33.99 
 

EY 2 Olivine 1 Olivine 2 Olivine 3 Olivine 4 
 Core Rim Core Core Rim Core 
SiO2 38.96 38.98 35.41 36.85 36.34 38.00 
FeO 17.98 18.04 32.14 27.20 29.81 22.86 
MnO 0 0 0 0 0 0 
MgO 43.06 42.99 32.45 35.96 33.85 39.12 

 
Fo 81.02 80.95 64.29 70.22 64.29 75.29 
Fa 18.99 19.06 35.72 29.79 35.72 24.71 
 

EY 3 Olivine 1 Olivine 2 Olivine 3 
 Core Rim Core Rim Core Rim 
SiO2 37.86 37.79 38.40 38.45 38.33 37.96 
FeO 23.03 23.15 20.26 20.38 20.29 24.03 
MnO 0 0 0 0 0 0 
MgO 39.12 39.06 41.35 41.18 41.38 38.02 

 
Fo 75.81 75.06 78.44 78.28 78.43 73.83 
Fa 24.83 24.95 21.56 21.73 21.57 26.18 
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Appendix B 
Tables 7-9 showing plagioclase compositions from the EY samples. 

EY 1 Plagioclase 1 Plagioclase 2 Plagioclase 3 Plagioclase 
 Core Core Rim 1 Rim 2 Core Xenolith 
SiO2 43.55 49.16 52.82 48.59 51.82 55.96 
Al2O3 27.87 31.86 28.27 29.02 29.87 25.63 
FeO 0.92 0 0.43 4.56 0 0.99 
MgO 0.20 0.19 0.58 0.20 0.19 0.19 
CaO 25.28 17.27 13.39 13.75 14.00 11.06 
Na2O 2.18 2.58 4.50 3.89 4.16 4.45 
K2O 0 0.11 0 0 0 1.72 

 
An 86.28 78.22 62.17 66.16 65.00 52.29 
Ab 13.27 21.20 37.83 33.84 35.00 38.04 
Or 0 0.58 0 0 0 9.68 
 

EY 2 Plagioclase 1 Plagioclase 2 
 Core Rim Core 
SiO2 50.82 50.21 47.72 
Al2O3 30.11 31.02 32.13 
FeO 0.32 0 0 
MgO 0.19 0.31 0.19 
CaO 14.94 15.23 17.67 
Na2O 3.62 3.31 2.30 
K2O 0 0 0 

 
An 69.54 71.74 80.95 
Ab 30.45 28.25 19.08 
Or 0 0 0 
 

EY 3 Plagioclase 1 Plagioclase 2 
 Core Core 
SiO2 51.20 50.52 
Al2O3 30.60 30.49 
FeO 0 0 
MgO 0.19 0.36 
CaO 15.72 15.09 
Na2O 3.42 3.62 
K2O 0 0 

 
An 71.77 69.74 
Ab 28.23 30.26 
Or 0 0 
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Appendix C 
Tables 10-12 showing pyroxene compositions from the EY samples. 

EY 1 Pyroxene 1 Pyroxene 2 Pyroxene 3 Pyroxene 
 Core Core Core Xenolith 
SiO2 49.70 49.92 51.02 48.62 
TiO2 1.50 1.44 1.23 1.15 
Al2O3 3.53 5.35 2.51 2.72 
FeO 9.01 6.20 10.62 13.95 
MnO 0 0 0 0 
MgO 15.39 15.40 14.45 13.73 
CaO 20.17 21.51 19.86 19.63 
Na2O 0.71 0.17 0.32 0.19 
K2O 0 0 0 0 

 
Wo 41.50 45.02 41.17 39.56 
En 44.03 44.85 41.66 38.50 
Fs 14.47 10.13 17.18 21.94 
 

EY 2 Pyroxene 1 Pyroxene 2 Pyroxene 3 Pyroxene 4 
 Core Rim Core Core Core 
SiO2 49.76 50.11 49.41 50.13 50.38 
TiO2 1.30 1.25 1.42 1.45 1.41 
Al2O3 5.22 5.19 5.83 3.17 3.20 
FeO 6.63 6.97 6.57 9.70 9.27 
MnO 0 0 0 0 0 
MgO 15.07 15.50 14.94 14.47 14.80 
CaO 22.86 20.55 21.46 20.66 20.59 
Na2O 0.17 0.45 0.38 0.43 0.39 
K2O 0 0 0 0 0 

 
Wo 45.54 43.21 45.29 42.71 42.53 
En 43.86 45.36 43.88 41.63 42.53 
Fs 10.79 11.43 10.82 15.66 14.94 
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EY 3 Pyroxene 1 
 Core 
SiO2 49.18 
TiO2 1.97 
Al2O3 4.12 
FeO 8.78 
MnO 0 
MgO 14.41 
CaO 21.38 
Na2O 0.18 
K2O 0 

 
Wo 44.28 
En 41.52 
Fs 14.19 
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Appendix D 
Tables 13-18 showing groundmass compositions and one spinel composition from the EY 
samples. 

EY 1 Groundmmass 1 Groundmass 2 Groundmass 3 
SiO2 51.63 48.20 52.08 
TiO2 3.10 3.30 3.14 
Al2O3 15.72 14.70 16.11 
FeO 10.84 11.54 10.67 
MnO 0.04 0.04 0.04 
MgO 3.53 4.75 3.36 
CaO 8.89 9.17 8.27 
Na2O 4.80 6.84 5.00 
K2O 1.09 1.27 1.29 
P2O5 0.35 0.22 0.04 
 

 

 

 

 

 

 

 

 

EY 3 Area 2 Area 5 
 Groundmass 4 Groundmass 5 Groundmass 6 Groundmass 7 
SiO2 52.36 52.75 52.99 52.80 
TiO2 2.98 2.83 2.77 2.75 
Al2O3 15.56 15.30 16.73 15.91 
FeO 10.83 10.92 9.57 11.01 
MnO 0.04 0.04 0.04 0.04 
MgO 3.28 3.17 2.86 3.45 
CaO 8.07 7.79 8.07 7.64 
Na2O 5.41 5.61 5.36 5.08 
K2O 1.00 1.06 1.22 1.28 
P2O5 0.48 0.54 0.04 0.04 
 

 

EY 2 Groundmass 1 Groundmass 2 Groundmass 3 
SiO2 51.18 52.01 54.45 
TiO2 3.25 2.88 2.84 
Al2O3 16.43 17.28 17.29 
FeO 11.32 9.72 10.38 
MnO 0.04 0.04 0.04 
MgO 3.17 2.77 0.20 
CaO 8.32 9.29 8.31 
Na2O 4.94 4.83 5.09 
K2O 1.14 1.15 1.36 
P2O5 0.22 0.04 0.04 
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EY 3 Area 6 Area 7 
 Groundmass 8 Groundmass 9 Groundmass 10 Groundmass 11 
SiO2 53.22 52.19 53.14 53.04 
TiO2 2.38 2.84 2.67 2.49 
Al2O3 16.30 15.79 16.20 16.33 
FeO 10.29 10.95 9.97 10.14 
MnO 0.04 0.04 0.04 0.04 
MgO 3.05 3.21 3.02 3.20 
CaO 7.83 8.31 7.81 8.13 
Na2O 5.30 5.12 5.41 5.07 
K2O 1.29 1.20 1.31 1.22 
P2O5 0.30 0.36 0.43 0.35 
 

EY 3 Area 1 Area 8 
 Groundmass 1 Groundmass 2 Groundmass 3 Groundmass 12 
SiO2 52.73 53.05 52.78 52.87 
TiO2 2.93 2.56 2.85 2.76 
Al2O3 15.83 16.83 16.15 16.13 
FeO 10.74 9.88 10.49 10.23 
MnO 0.04 0.04 0.04 0.04 
MgO 3.12 2.75 2.92 2.83 
CaO 7.89 7.92 7.86 7.83 
Na2O 5.05 5.33 5.14 5.35 
K2O 1.30 1.32 1.42 1.49 
P2O5 0.37 0.32 0.36 0.47 
 

EY 1 Spinel 
TiO2 4.13 
Al2O3 14.68 
FeO 49.17 
MnO 0 
MgO 7.79 
Cr2O3 24.24 
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Appendix E 

 

Figure 31 – Photomicrograph of thin section EY 1 of an anhedral olivine phenocryst. 

 

Figure 32 – Photomicrograph of thin section EY 3. A big and anhedral olivine phenocryst with opaque 
inclusions. Note the plagioclase needles in the groundmass along with vesicles. 
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Figure 33 – Photomicrograph of thin section EY 1 showing an anhedral plagioclase phenocryst with 
twinning and opaque inclusions. 

 

Figure 34 - Photomicrograph of thin section EY 2. A glomerophyric cluster of pyroxene phenocrysts 
with good cleavage. Plagioclase phenocrysts around. 
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Figure 35 – Photomicrograph of thin section EY 2. Plagioclase phenocryst with oscillatory zonation. 

 

Figure 36 – A SEM image of a chemically zoned olivine phenocryst from EY 3 called “Olivine 1”. 
plagioclase needles. The black patches are vesicles and dark gray needle-like minerals are plagioclases. 
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Figure 37 – A SEM image of a chemically zoned olivine phenocryst called “Olivine 2” with a spinel 
inclusions from EY 1. 

 

Figure 38 – A SEM image of the spinel inclusion from EY 1 (chemical composition listed in Appendix 
D). 


