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Útdráttur 

Ankaramít er einkennisbergtegund Eyjafjallajökuls. Það er útbasískt, dílótt, basanít berg 

með miklu magni klínópýroxen- og ólivíndíla ásamt miklu magni plagioklas í grunnmassa, 

en einnig er talsvert magn af oxíðum í grunnmassa. Ankaramít bergsýni í þessari rannsókn 

eru frá Hamragarðaheiði, Hvammsnúpi, Brattaskjóli og Arnarhóli í Eyjafjöllum. Handsýni 

voru skoðuð lauslega og plagioklas kristallar voru rannsakaðir í þunnsneiðum með 

bergsmásjá og efnagreiningar framkvæmdar í rafeindasmásjá. Steindasamsetning 

grunnmassa var fundin með CIPW-norm útreikningum út frá meðalefnasamsetningu 

grunnmassa. Grunnmassasamsetning Arnarhóls er  60.5% plagioklas, 11% pýroxen, 24.9% 

ólivín og 5.8% oxíð, Hamragarðaheiði 54.5% plagioklas, 35.1% pýroxen, 3.3% ólivín og 

5.3% oxíð, Brattaskjóls 50.5% plagioklas, 33.3% pýroxen, 13.3% ólivín og 4.1% oxíð og 

Hvammsnúpi 57.5% plagioklas, 28.4% pýroxen, 8.6% ólivín og 4.4% oxíð. Öll sýni voru 

dílótt. Sýni frá Arnarhóli og Hamragarðaheiði eru mjög plagioklas dílótt, sýni frá 

Hvammsnúpi eru með mun minna af plagioklas dílum og Brattaskjól með enga slíka. 

Samkvæmt efnagreiningu á plagioklas í grunnmassa sem framkvæmd var fyrir þetta 

verkefni var anorþíthlutfall í sýni frá Brattaskjóli An73-77. Plagioklas í grunnmassa bergs frá 

Arnarhóli og Hvammsnúpi er með svipað anorþíthlutfall, á bilinu An58-72 og An41-70 á 

meðan hlutfallið er á bilinu An51-60 í bergsýnum frá Hamragarðaheiði. Anorþíthlutfall í 

plagioklas dílum í sýnum frá Arnarhóli, Hamragarðaheiði og Hvammsnúpi er An79-90, 

An79-82 og An87-94. Efnagreining var gerð á ólivíndílum í sýni frá Brattaskjóli og borið 

saman við gögn frá Kristjánssyni (2015) fyrir Hamragarðaheiði og Hvammsnúp. Þessi þrjú 

sýni voru með forsteríthlutfall á bilinu Fo85-89, Fo67-78 og Fo70-70.  

 

 

 

 

 

 

 

  



 

  



 

 
Abstract 

Eyjafjallajökull is the type locality for ankaramite in Iceland. This is an ultrabasic, 

porphyritic melanocratic basanite rock with abundant phenocrysts of clinopyroxene and 

olivine and plagioclase rich groundmass which also contains a considerable amount of 

oxides. Rock samples used in this study are from the ankaramitic outcrops in 

Hamragarðaheiði, Hvammsnúpur, Brattaskjól and Arnarhóll in Eyjafjöll. Hand specimens 

were briefly examined and plagioclase in thin sections were analysed by polarization 

microscope and SEM-EDS. Groundmass mineral assemblage according to CIPW norm 

calculation from average groundmass compositions showed Arnarhóll containing 60.5% 

plagioclase, 11% pyroxene, 24.9% olivine and 5.8% oxides, Hamragarðaheiði 54.5% 

plagioclase, 35.1% pyroxene, 3.3% olivine and 5.3% oxides. Brattaskjól contains 50.5% 

plagioclase, 33.3% pyroxene, 13.3% olivine and 4.1% oxides while Hvammsnúpur 

contains 57.5% plagioclase, 28.4% pyroxene, 8.6% olivine and 4.4% oxides. All samples 

were porphyritic. Arnarhóll and Hamragarðaheiði rock samples are rich in plagioclase 

phenocrysts, Hvammsnúpur samples have plagioclase phenocrysts in much less quantities 

and Brattaskjól sample had none. According to plagioclase chemical analysis in this study, 

anorthite content for plagioclase in the groundmass of the Brattaskjól samples is An73-77. 

Arnarhóll and Hvammsnúpur groundmass contain similar ranges, An58-72 and An41-70 

respectively while the range is An51-60 in Hamragarðaheiði. Anorthite content range for 

plagioclase phenocrysts in Arnarhóll, Hamragarðaheiði and Hvammsnúpur samples is 

An79-90, An79-82 and An87-94 respectively. Olivine phenocryst chemical analysis was made 

for Brattaskjól and compared to olivine phenocryst data from Kristjánsson (2015) for 

Hamragarðaheiði and Hvammsnúpur. These three samples contained forsterite content 

range of Fo85-89, Fo67-78 and Fo70-70 respectively.  
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1 Introduction 

Worldwide interest was sparked in the Eyjafjöll volcano during and after its 2010 eruption, 

after being dormant for 187 years. Since then, several research papers and theses have been 

written about the volcano.  

 

The purpose of this thesis is to do a comparative analysis of plagioclase minerals in the 

rocks from different ankaramite outcrops in the Eyjafjöll volcano. Eyjafjöll is considered 

the type locality for ankaramite in Iceland (Jónsson, 1998).  

 

Analysis include hand specimen and microscopic descriptions as well as chemical analysis 

by SEM-EDS, both of groundmass plagioclase and phenocrysts, trying to interpret the 

magmatic processes that took place.   

 

Zoning patterns within plagioclase phenocrysts were analysed by SEM-EDS to try to 

decipher the crystallisation history of the rock. 

 

1.1 Plagioclase 

Plagioclase is one of the most important minerals on Earth. It is found in almost every type 

of rock, but its composition and abundance depends on the rock type, which makes 

plagioclase useful e.g.: in igneous rock analysis.  

Plagioclase is found in all types of igneous rocks, from felsic to mafic, both intrusive and 

extrusive, although it‘s found in biggest quantities in dacite/granodiorite, andesite/diorite 

and basalt/gabbro. Igneous plagioclase is commonly tabular, elongate along the c-axis and 

shows euhedral zoning. Tabular plagioclase forms when it grows unconstrained in a melt 

(Frost and Frost, 2014). 

It has the general chemical formula (Ca,Na)(Al,Si)3O8 and forms a solid solution series 

between sodium rich albite (Ab) and calcium rich anorthite (An). The series is broken into 

compositional ranges and the designated composition of plagioclase is determined by the 

mole percent of An and Ab. Sodium-rich plagioclase is found in felsic rocks such as 

granodiorite and granite, whereas calcium-rich plagioclase is found in mafic rocks such as 

basalt and gabbro and a mixture of the two can be found in intermediate rocks. (Gill, 

2010).  

Plagioclase can be used to understand magmatic processes, as slow CaAl-NaSi diffusion 

allows plagioclase zoning to be preserved and used to decipher igneous processes in 

modern volcanic systems (Shcherbakov, 2010). Its composition is very sensitive to 

temperature, pressure and water content in a melt. According to Bowen’s Continuous 

Reaction Series, which describes the actual temperature at which minerals crystallise, the 

highest temperature plagioclase has 100% calcium and 0% sodium. The lowest 

temperature plagioclase has only sodium (Na). First plagioclase to form might be 100% 

calcic plagioclase with no sodium but as the temperature drops, the crystal would react 
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with the melt to form a plagioclase of increasingly lower calcium content and increasingly 

higher sodium content, provided there is enough time for the reactions to take place and 

enough sodium, aluminum and silica in the melt to form each new composition. As sodium 

content increases, so does silica content. Anorthite is a high temperature, calcium rich 

plagioclase forms in primitive mafic magma. As the melt cools, a mixed sodium and 

calcium plagioclase forms, then Albite (sodium plagioclase) and eventually alkali feldspar 

(Frost and Frost, 2014).  

Normal zoning in plagioclase indicates that the mineral is more calcic in the core and sodic 

towards the rims, which is the pattern one would expect to form during cooling of an 

igneous melt. Reverse zoning occurs when the core is more sodic than the rim, 

representing a low temperature composition of the mineral in the core to a rim with a 

higher temperature composition . This can be caused by an increase in magma temperature, 

or increases in pressure. Igneous plagioclase may also show oscillatory zoning, alternating 

between normal and reverse zoning. Oscillatory zoning usually occurs due to growth of a 

crystal within convection currents in a magma chamber as the circulation causes quasi-

regular changes in temperature and pressure (Imperial, 2013).   

Crystallisation history can also be estimated by looking at the texture of the rock in 

microscope. It is common that volcanic rocks go through two stages of cooling:  slow 

cooling to grow a few large crystals, followed by rapid cooling to grow many smaller 

crystals. As crystals that form in the magma chamber at high temperatures are later erupted 

from the volcano, the magma undergoes fast cooling, developing smaller groundmass 

minerals. This could result in a porphyritic texture, a texture with two or more distinct 

sizes of grains (Nelson, 2015). This process can also result in glass forming within the 

groundmass, especially in cooler, more felsic lavas. 

More mafic rocks will contain plagioclase that is more calcic whereas felsic rocks will be 

sodic. In the case of diorite and dacites, anorthite content is less than An50 whereas in 

gabbro and basalts, it is more calcic, with anorthite content higher than An50. It is therefore 

possible to distinguish between the two on the basis of plagioclase composition. Mafic 

plutonic rocks are further subdivided depending on their proportion of plagioclase, 

orthopyroxene, clinopyroxene, olivine and hornblende. Gabbro, in its strictest form, is a 

rock that consists of augite and calcic plagioclase. Troctolite and norite are both considered 

gabbro. Troctolite is an olivine and calcic plagioclase rich rock and norite contains 

orthopyroxene and calcic plagioclase (Frost and Frost, 2014).  
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1.2 Ankaramite 

Ankaramite is an ultrabasic, porphyritic melanocratic basanite rock with abundant 

phenocrysts of clinopyroxene and olivine and plagioclase rich groundmass, but also 

contains a considerable amount of oxides. It is considered the pyroxene-rich alkaline 

equivalent of picrite (Gill, 2010). They may form as cumulates during high temperature 

clinopyroxene crystallisation and might also evolve by partial melting of pyroxene-rich 

mantle wehrlite. Alkaline parental magmas generally originate by melting of mantle rocks 

at smaller degrees of partial melting or greater depth than sub-alkaline magmas (Imperial, 

2013). These rocks were first defined by Lacroix (1916), in their type locality of 

Ankaramy, at Ampasindava, Madagascar (Le Maitre et al, 1989). 

Ultrabasic rocks are those that consists almost entirely of ferromagnesian minerals and 

possess no free quartz and contain less than 45% silica. Ferromagnesian minerals include 

silicate minerals in which cations of iron and magnesium form essential chemical 

components, including olivines, pyroxenes, amphiboles and mica.  

Alkaline rocks are igneous rocks containing a relatively high concentration of the alkali 

(e.g.: lithium, sodium, potassium and rubidium) and alkaline earth metals (e.g.: 

magnesium, calcium, strontium and barium). Both silica-saturated and silica-

undersaturated varieties exist, expressed in the presence of alkali feldspars and 

feldspathoids respectively. Alkali ferromagnesian minerals are usually present and their 

identity depends on the composition of the rock. Alkaline rocks  span the composition 

range from mafic to felsic and may be intrusive or extrusive. Alkali basalt is a fine-grained, 

dark-coloured volcanic rock characterized by phenocrysts of olivine, titanium-rich augite, 

plagioclase and iron oxides. For similar SiO2 concentrations, alkali basalts have higher 

content of Na2O and K2O than other basalt types such as tholeiites. They are also 

characterized by the presence of nepheline (Ne) in their normative compositions (CIPW 

norms). Alkali basalts are typically found on updomed and rifted continental crust, and on 

oceanic islands such as Hawaii and Ascension Island (Allaby, 2013). 
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2 Geological setting 

Iceland (Figure 1) is in geological terms a very young country, mostly made of basaltic 

rock of igneous origin less than 20 million years old and young sediments. The island 

started forming around 44-26 million years ago but oldest rock formation in Iceland is 16 

million years old and found in the Westfjords. Older rocks are found under sea. It lies on 

the divergent plate boundary between the North American and the Eurasian plates and is 

one of only two places on Earth where an oceanic spreading centre rises above sea level 

(Þórðarson and Höskuldsson, 2002). The Iceland basalt plateau rises more than 3000 m 

above surrounding sea floor and covers about 350,000 km
2
 including the terrestrial 

103,000 km
2
 of Iceland. It is one of the most active sub-areal volcanic regions on Earth, 

with magma output rates of more than 5 km
3
 per century (Þórðarson and Höskuldsson, 

2008). Magma production occurs within the active rift zone and is believed to be 

influenced by the combination of rifting and hot spot activity (Þórðarson and Höskuldsson, 

2002). 

 
Figure 1: Volcanism and tectonics in Iceland. Reykjanes Ridge (RR); Reykjanes Volcanic Belt 

(RVB); West Volcanic Zone (WVZ); Mid-Iceland Belt (MIB); South Iceland Seismic Zone (SISZ); 

East Volcanic Zone (EVZ); North Volcanic Zone (NVZ); TFZ, Tjörnes Fracture Zone (NVZ) 

(Þórðarson, 2012). 
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Eyjafjallajökull is a 1666 m high glacier covered volcano (Keiding and Sigmarsson, 2012)  

located in southern Iceland where the Eastern Volcanic Zone (EVZ) and the South Iceland 

Seismic Zone (SISZ) meet (Einarsson, 2008). It is considered either a shield volcano 

(Þórðarson and Höskuldsson, 2002) or a stratovolcano (Keiding and Sigmarsson, 2012). 

The top summit is either a small, ice-filled caldera or a large top crater, with an opening to 

the north through which Gígjökull valley glacier crawls down (Strachan, 2001). The 

glacier covers approximately 80 km
2
 during measurements made in 1990 (Björnsson, 

2009) and is the thickest on the eastern rim of the caldera / crater, 260 meters thick 

(Strachan, 2001). 

Most of the volcano was built up during late period of the last ice age but volcanism has 

been infrequent after the end of the ice age (Larsen et al, 2013). It is a central volcano in a 

transitional alkalic system and characterized by quiescence compared to other active 

volcanoes in Iceland (Keiding and Sigmarsson, 2012). In the transitional alkalic series, the 

basalts are characterized by high content of Fe and Ti and lack of low calcium pyroxenes 

(Jakobsson et al, 2008). In the Eyjafjöll system, macrophenocrysts of augite are abundant 

(Steinþórsson, 1964). 

According to magnetostratigraphic studies made by Kristjánsson  (1988), volcanism started 

in Eyjafjöll over 780,000 years ago. The base of the volcano stores record of the last 

geomagnetic polar reversal (Jónsson, 1998), an event that is believed to have occurred 

780,000 years ago when the geomagnetic polarity went from reverse to normal (NASA, 

2011). It is however unknown how long before the reversal the volcano started forming 

(Jónsson, 1998).  

The Eyjafjallajökull volcanic system is over 27 km long with east-west direction and 

includes the glacier and the underlying mountains. On the eastern rim, the volcanic fissures 

disappear under the western edge of Mýrdalsjökull (Jakobsson, 1979). The limit between 

the Eyjafjallajökull and Katla systems are not fully known, but it has been considered in 

the past that there may be some link between the two systems, as they have often erupted 

around the same time (Larsen et al, 2013).  

The base of Eyjafjöll is for the most part a hyaloclastite tuff móberg formation of Upper 

Pleistocene age (Þórðarson and Höskuldsson, 2002), built up by repeated volcanic 

eruptions underneath a glacier. The volcano is also rich in pillow breccia as well as tillite 

layers from past glacial periods and the top covered by Holocene lavas (Jónsson, 1998).  

There have been around 20 post-glacial eruptions in Eyjafjallajökull (Jakobsson, 1979) but 

only four eruptions after the settlement of Iceland, including 920, 1612 (or 1613), 1821-

1823 and 2010 eruptions. All pre-2010 eruptions erupted at similar times as Katla volcano 

(Larsen et al, 2013). 

Much research has been done on the volcano since the Fimmvörðuháls and Eyjafjallajökull 

summit eruption in 2010, helping us understanding the complexity of the magma plumbing 

system within the volcano (Keiding and Sigmarsson, 2010).  

Three main eruptive styles have occurred within the Eyjafjallajökull volcanic system in 

post ice age times; (1) Summit eruptions from the crater or caldera of Eyjafjallajökull, 

erupting felsic lava and pyroclastics in explosive eruptions, causing jökulhlaups and 

flooding of glacier rivers (Larsen, 1999), (2) explosive eruptions outside summit crater or 
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caldera, partially or completely under glacier, possibly with basalt andesitic magma 

(Larsen et al, 2013) and (3) effusive eruptions from volcanic fissures outside glacier 

covered area with basalt-andesitic or basaltic magma (Jakobsson, 1979).   

The Fimmvörðuháls eruption in 2010 started on March 20 as a fissure eruption and lasted 

until April 12. The two fissures produced an aa lava flow field of plagioclase and olivine 

phyric basalt. The summit eruption of Eyjafjallajökull started on April 14 the same year 

and produced a phreatomagmatic eruption at the beginning due to the subglacial location 

of the caldera or crater. The eruption changed from being phreatomagmatic to purely 

magmatic after less than a week and continued until May 22 (Keiding and Sigmarsson, 

2012).  

Figure 2: Geologic map of the western Eyjafjöll (Jónsson, 1998). Ankaramites are labelled as 

green. Rock outcrops covered in this thesis are labelled by the red circles. 

Eyjafjöll is the type locality in Iceland for ankaramitic rocks (Figure 2). First description 

of the ankaramite was written by Sigurður Steinþórsson in 1964 and was further studied 

and area mapped in detail by Jón Jónsson in 1998. Ankaramite outcrops in Eyjafjöll 

include Hamragarðaheiði, Fimmvörðuháls, Hvammsnúpur, Brattaskjól and Arnarhóll. 

They appear both as intrusions and lavas. Last ankaramitic eruption occurred on the eastern 

edge of Fimmvörðuháls.  
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2.1 Localities 

Areas covered in this study include the Hamragarðaheiði quarry in Seljalandsheiði, Pöstin 

at the base of Mt. Hvammsnúpur near the farm Hvammur, Brattaskjól near Moldnúpur and 

Arnarhóll by Holtsós tidal lagoon (Figure 2 and 3). Names are according to Jónsson´s 

(1998) geologic map.  

The ankaramites at sea level generally form special, more resistant features that stick out in 

the landscape. Some of these rock outcrops are isolated from other rocks and seem to have 

withstood erosion by the sea when sea level was higher. The Hamragarðaheiði rocks have 

not experienced the same type of erosive forces as Arnarhóll, Pöst and Brattaskjól, as they 

are located on top of the old sea cliffs.  

 

Table 1: Locations of  rock samples used in this study. 

Locality Longitude Latitude 

Arnarhóll N 63°32.911‘ W 19°45.352‘  

Hamragarðaheiði N 63°36.634‘ W 19°55.225‘ 

Brattaskjól N 63°33.993‘ W 19°47.160‘ 

Hvammsnúpur N 63°34.458‘ W 19°52.615‘ 

 

 

 
Figure 3: Map of Eyjafjallajökull volcano and localities used in this study (Map source: Google 

Maps, 2016).  
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Hamragarðaheiði  

Several studies have been made from the Hamragarðaheiði rocks, including theses written 

by Kjartansson (2015) and Gísladóttir (2015). New samples from Hamragarðaheiði were 

collected 2015 from the quarry which was extensively exposed by mining operations 

during the construction of the Landeyjarhöfn ferry port. Chemical composition of 

pyroxenes have already been studied from the same samples by Bryndís Ý. Gísladóttir in 

2015. The quarry sits above the old Seljaland sea cliffs, surrounded by basalts, interglacial- 

and postglacial lavas (Jónsson, 1998).  

Arnarhóll 

The locality is between the ring road and Holtsós tidal lagoon and is at sea level. It appears 

to be more resistant rock than that of its surroundings, as it forms an iconic hill in the 

landscape, surrounded by sandur deposits (Jónsson, 1998). It appears the mineralogy has 

not been previously studied in detail, although some description of the locality has been 

made by Jónsson (1998). The ankaramite in Arnarhóll is thought to be intrusive 

(Jakobsson, 1979). 

Brattaskjól 
The locality forms a small ankaramite lava field outcrop on top of glacier sediments, 

surrounded by basalt (Jónsson, 1998). It‘s located just east of Moldnúpur farm. The 

locality appears not to have been studied in detail before. The rock sample was a large 

piece of rock from the cliff face, some of which was significantly weathered, but fresh 

sample from inside the rock was used for thin sections.  

Hvammsnúpur 

The ankaramite forms series of distinct, slightly rounded hills Hvammsnúpur in the 

otherwise flat sandur deposits by the base of Mt. Hvammsnúpur. The outcrop is thought to 

be intrusive (Jakobsson, 1979) and the surrounding mountains are part of the Eyjafjöll 

móberg formation (Jónsson, 1998). The locality has been studied somewhat in the past. A 

thorough description of the Hvammsnúpur ankaramite was made by Sigurður Steinþórsson 

in 1964, including microscopic analysis. A study of the same locality was also done by 

Kjartan B. Kristjánsson in 2015, including EDS analysis by SEM. One of his thin sections, 

HM01 which is used in this study, was originally collected in the granular, sparsely 

porphyritic zone of Pöst in Hvammsnúpur in 2015. The second sample, HV01, was 

collected by myself in the granular, subophitic, porphyritic zone in Pöst (Figure 4) in early 

2016. In the 1964 literature by Steinþórsson, the locality is named after the nearby farm 

whereas the more recent 1998 publication by Jónsson corrects that the locality should in 

fact be named Hvammsnúpur, after the steep mountain where the ankaramite is located. 

This is the name that will be used in this thesis.  
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Figure 4: Geologic map of the ankaramite locality in Hvammsnúpur (Steinþórsson, 1964). 

  



29 

3 Methods 

3.1 Hand specimen 

Hand specimens for this thesis were collected from three different ankaramite localities 

across the Eyjafjöll volcano: Hvammsnúpur, Brattaskjól and Arnarhóll.  Rocks previosuly 

collected from Hamragarðaheiði were also used. Photographs were taken of the samples 

with a Sony NEX-5 digital camera and close up images were taken with 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 color. 

3.2 Microscopic analysis 

Petrological microscopes are essential tools for studying the mineral composition of rocks, 

as hand specimen inspection can only give a rough estimate. For microscopic analysis, thin 

sections of 30 µm thickness were used and analyzed in an Olympus BX51 polarizing 

microscope for determining phenocryst and groundmass minerals, their overall distribution 

as well as groundmass texture. The texture is determined by the relationship of the rock-

forming processes that occurred as the minerals were crystallizing. These depend on both 

grain size and the geometric relationship between phases (Mackenzie et al, 1982). The 

microscope is located at the Institute of Earth Sciences, University of Iceland.  

The microscope is equipped with objective lenses of 2x, 4x, 10x and 20x magnification as 

well as an Olympus UC30 camera with the ability to take photomicrographs with both 

transmitted and reflected light. These images are used across this thesis. 

Some previously made thin sections were used for the Hamragarðaheiði rock analysis as 

well as one previously made thin section from Hvammsnúpur. Three new thin sections 

were made for this study from three different ankaramite localities: Hvammsnúpur, 

Brattaskjól and Arnarhóll.  

3.3 SEM analysis 

For the SEM (Scanning Electron Microscopy) analysis, a Hitachi TM3000 SEM-EDS 

tabletop machine was used, along with Bruker‘s Esprit system for Windows at the Institute 

of Earth Sciences, University of Iceland. The TM3000 has an accelerating voltage of 5 or 

15 kV tungsten filament, with 15x to 30,000x magnification and 30 nm resolution. It is a 

specialized SEM that uses mainly backscattered electrons to image the specimen 

(University of Oklahoma, no date). Chemical composition was obtained by Energy 

Dispersive Spectrometry (EDS) in the SEM, returning an EDS Spectrum of elements with 

element peaks that depends on the composition of the mineral in question (Swapp, 2010). 

Thin sections were carbon coated prior to analysis to make them conductive and points 

were chosen within plagioclase phenocrysts and groundmass for EDS analysis. In the 

SEM, grayscale brightness correlates with mean atomic number: in plagioclase, brighter 

shades indicate higher anorthite content. For the quantification of the SEM-EDS data, an 

Excel spreadsheet developed by Níels Óskarsson and Enikő Bali was used. This calibration 

spread sheet was developed by multiple analyses of various natural and synthetic 
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standards. The normative weight percentage for each element from the SEM-EDS was 

used and the weight percentage of its oxides calculated. Once the oxide weight percentages 

were determined, an Excel spreadsheet for Feldspar analyses was used to calculate the 

Anorthite (An) – Albite (Ab) – Orthoclase (Or) content.   

 

  



31 

4 Results 

4.1 Hand specimen 

Arnarhóll sample (Figure 5a and 6)  is the most abundant in phenocrysts, slightly 

resembling plutonic rock rather than volcanic. It mostly contains pyroxene phenocrysts, 

many of which formed euhedral crystals and measured 4-6 mm in diameter, some larger, 

up to 1cm. No apparent vesicles are in the sample and it‘s fully crystalline.  

Hamragarðaheiði (Figure 5b and 7) was distinctly lighter than all other samples. It is 

exceptionally rich in pyroxene and plagioclase phenocrysts but is quite heterogeneous, 

with different xenoliths including troctolite and gabbro, as well as what might be an 

exceptionally large olivine xenocryst that measured 21.4 x 20.63 mm (Gísladóttir, 2015).   

The Brattaskjól rock sample (Figure 5c and 8) has extremely fine grained groundmass 

whose mineral components could not be determined with a stereomicroscope. It is very 

rich in large pyroxenes as well as clusters of large pyroxenes that may be xenoliths. The 

rock is also rich in olivine phenocrysts but seems to be void of plagioclase phenocrysts. 

The sample from Hvammsnúpur (Figure 5d and 9) has very dark, fine grained groundmass 

and rich in pyroxene and olivine phenocrysts, plagioclase to a lesser extent.  

 

Figure 5: Stereomicroscopic images of hand specimens from (A) Arnarhóll, (B) Hamragarðaheiði, 

(C) Brattaskjól and (D) Hvammsnúpur. Black minerals in each sample are pyroxenes, white 

minerals are plagioclases and the green minerals are olivines. 
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Figure 6: Arnarhóll hand specimen. 

 

 

 
Figure 7: Hamragarðaheiði hand specimen. 
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Figure 8: Brattaskjól hand specimen. 

 

 

 
Figure 9: Hvammsnúpur hand specimen. 
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4.2 Thin sections 

General texture (Figure 10) and mineralogical assemblage of the four rock samples was 

easier to see in microscope than hand samples, as some of the samples were very fine 

grained. The four localities contain rocks that have similar mineralogy, yet with some 

discrepancies. Groundmass generally consists of plagioclase, pyroxene and oxides, while 

phenocrysts are plagioclase, pyroxene and olivine.  

 

Figure 10: Microscopic groundmass texture comparison of (A) Arnarhóll, (B) Hamragarðaheiði, 

(C) Brattaskjól and (D) Hvammsnúpur under two polarizers.  
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4.2.1 Arnarhóll 

The Arnarhóll rock sample (Figure 10a and 11) is holocrystalline with porphyritic texture. 

Phenocrysts are medium sized, euhedral to subhedral, surrounded by very fine grained 

groundmass with mostly anhedral crystals. Pyroxenes in the thin section analysed 

measured up to 2.3 x 2.5 mm and plagioclase up to 2.5 x 2.3 mm. Olivine is present as  

phenocrysts, but in lower quantities. Glomeroporphyritic texture can be seen in the sample, 

with clusters of plagioclase and pyroxenes growing side by side. Some plagioclase 

phenocrysts contain oxide intergrowth and oxides as inclusions. Many of the plagioclase 

phenocrysts are strongly zoned, with complex zoning patterns easily seen with two 

polarizers. Twinning is also common in the sample. Some pyroxenes contain simple twins 

and plagioclase phenocrysts contain albite and Carlsbad twins. Phenocrysts with melted 

edges and embayments, with the latter filled with fine grained groundmass material, are 

also present. Some secondary minerals are also present in sample. 

  

Figure 11: Photomicrographs from Arnarhóll. (A) Groundmass of Arnarhóll samples; (B) 

Glomeroporphyritic texture of Arnarhóll thin section. Twinned plagioclase; (C) Zoning in euhedral 

plagioclase; (D) Oxide inclusions within plagioclase growthlines.  
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4.2.2 Hamragarðaheiði 

The samples from Hamragarðaheiði are relatively heterogeneous, pieces of gabbro and 

troctolite have also been found in the host rock. All the samples (Figure 10b and 12) are 

holocrystalline and highly porphyritic, with abundance of plagioclase and pyroxene, both 

as phenocrysts and as groundmass minerals. Olivines are also common as phenocrysts. 

Common size of plagioclase phenocrysts in thin section is 1.5 x 1 mm, often strongly 

zoned, some resorbed, embayed and filled with groundmass. Plagioclase phenocrysts are 

generally sub- to euhedral, with both polysynthetic albite twinning and Carlsbad twins. 

Olivines are euhedral and pyroxenes subhedral. The groundmass is a relatively coarse 

grained, inter-granular matrix that consists predominantly of plagioclase and pyroxene, 

olivine to a lesser amount and some oxides.   

 

Figure 12: Photomicrographs from Hamragarðaheiði. (A) Relatively coarse grained groundmass 

plagioclase; (B) Highly zoned, resorbed plagioclase with euhedral edges; (C) Broken and resorbed 

plagioclase filled with groundmass; (D) Zoning patterns in plagioclase phenocryst.   
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4.2.3 Brattaskjól 

The thin section from the Brattaskjól ankaramite is holocrystalline (Figure 10c and 13). 

The aphanitic groundmass is so fine grained that it would be considered cryptocrystalline, 

as it is difficult to distinguish minerals under microscope due to their very small size. 

There are however some subhedral to euhedral plagioclase microcrysts in the groundmass 

of up to 0.1mm on the elongated axis and subhedral to anhedral pyroxene microcrysts 

about the same size. The groundmass is rich in subhedral to euhedral oxides, but are 

smaller in size than the pyroxene and plagioclase microcrystals. There are also some 

olivines in the groundmass, but they were difficult to distinguish in microscope due to the 

small size.  

The sample contains large pyroxene and olivine phenocrysts, some of which seem to have 

undergone melting on the edges and embayments filled with groundmass is commonly 

seen in phenocrysts. Some show glomeroporphyritic texture. The thin section (BR01) is 

completely void of plagioclase in phenocryst form, but there might be some elsewhere in 

the rock sample. It is however evident that the rock is very poor in plagioclase phenocrysts, 

if there are any.  

Figure 13: Photomicrographs from Brattaskjól: (A) Pyroxenes with rounded edges; (B) Embayed 

olivine with possible glomeroporphyritic texture; (C) Phenocrysts that do not show signs of 

melting; (D) The largest oxide mineral in the thin section, visible to the naked eye. 
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4.2.4 Hvammsnúpur 

Both samples (Figure 10d and 14) are holocrystalline and seem to have a relatively 

equigranular matrix of plagioclase, pyroxenes and oxides. Under microscope, separate 

minerals can be seen in the fine grained groundmass in the HV01 sample, with abundance 

of elongated subhedral plagioclase and anhedral oxides, pyroxenes and olivine. The 

groundmass has subophitic texture with anhedral pyroxene oikocrysts enclosing subhedral 

plagioclase chadacrysts and plagioclase forming somewhat of a subtrachytic texture with 

preferred orientation of elongated minerals. The HV01 sample contains pyroxene, 

plagioclase and olivine phenocrysts. Clustering of elongated plagioclase microcrystals in 

the groundmass surround the edges of larger pyroxene phenocrysts. Many of the 

plagioclase phenocrysts seem to be diffusely zoned and many contain polysynthetic albite 

and Carlsbad twins. The HM01 sample however, has cryptocrystalline, granular, 

groundmass with minerals so small that they can not be determined under microscope with 

any certainty. Judging by colors however, it appears to contain pyroxene, olivine and 

oxides, and the elongated shape of near transparent minerals appear to be plagioclase. It‘s 

sparsely porphyritic and contains mostly olivine and pyroxene phenocrysts but almost no 

plagioclase in phenocrysts form, with olivine as the dominant phenocryst. Many of the 

olivine and pyroxene seem to have melted edges and some contain embayments filled with 

the cryptocrystalline groundmass matrix.   

Figure 14: Photomicrographs from Hvammsnúpur: (A) Olivine and pyroxenes with melted edges 

in HM01; (B) Cryptocrystalline groundmass texture in HM01; (C) Elongated plagioclase 

microphenocrysts surrounding pyroxene.in HV01; (D) Groundmass in the subophitic part of Pöst. 

Note preferential orientation of elongated plagioclase crystals, showing slight trachytic texture. 
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4.3 SEM results 

4.3.1 Arnarhóll 

One thin section from Arnarhóll, AR01, was analysed in SEM. Data points are from 

different parts of the groundmass, cores of phenocrysts, their rims and in four phenocrysts 

more data points were taken between core and rim to get information about zoning 

patterns.  

Several larger area analyses covering the area of groundmass were also taken to get general 

groundmass composition and mineralogy. Chemical composition of groundmass is listed in 

Appendix B. According to CIPW normative calculations of average groundmass 

composition, the groundmass consists of 60.5% plagioclase, 24.9% olivine, 11% pyroxene 

and 5.8% oxides.  

The range of anorthite content for phenocrysts in the Arnarhóll sample is An79-90 while 

groundmass is more variable but most commonly An58-72, as seen in Figure 15 and 16, 

where compositional distribution of plagioclase phenocryst cores, rims and groundmass 

can be seen graphically. A ternary diagram for plagioclase composition can be seen in 

Figure 15, where distinct differences between phenocryst and groundmass composition 

can be seen, phenocrysts showing overall higher anorthite content.  

 

 
Figure 15: Plagioclase composition of Arnarhóll rocks. Red: Phenocryst core, Blue: Groundmass.  
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Figure 16: Compositional distribution of plagioclase phenocryst cores, rims and groundmass. 

The Arnarhóll sample was rich in zoned plagioclase phenocrysts (Figure 11c). All but two 

demonstrated normal zoning with anorthite content decreasing as the crystal growth 

continued. More details of compositions for core and rim can be found in Table 2 on page 

41. Four phenocrysts were studied in more detail to get the general idea of zoning patterns 

within them, where points were chosen with regular, equal intervals. This analysis showed 

that there was an event of a sudden increase in anorthite content, which can be seen in 

Figure 17.  

 
Figure 17: Zoning patterns in Arnarhóll plagioclase phenocrysts. 0 is core, 4 is outermost rim. 
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Table 2: Chemical composition of phenocryst cores, rims and groundmass in Arnarhóll. 

Sample Point SiO2 Al2O3 FeO MgO CaO Na2O K2O An% Ab% Or% 

AR01 GM1 51.60 30.07 0.00 0.21 13.98 4.00 0.29 64.8 33.6 1.6 

AR01 GM2 55.24 27.53 0.09 0.26 10.73 5.53 0.62 50.0 46.6 3.4 

AR01 GM3 53.62 28.78 0.00 0.28 12.47 4.73 0.37 58.1 39.9 2.1 

AR01 GM4 53.64 28.64 0.00 0.29 12.45 4.78 0.42 57.6 40.1 2.3 

AR01 GM5 50.14 31.07 0.00 0.25 15.35 3.23 0.17 71.7 27.3 1.0 

AR01 GM6 51.68 30.26 0.00 0.24 14.12 3.88 0.25 65.9 32.8 1.4 

AR01 PC1 47.82 32.66 0.00 0.28 17.27 2.24 0.05 80.8 19.0 0.3 

AR01 RIM1 52.19 30.03 0.00 0.29 13.60 4.07 0.30 63.8 34.5 1.7 

AR01 PC2 47.70 32.64 0.00 0.27 17.56 2.12 0.05 81.8 17.9 0.3 

AR01 RIM2 51.64 30.11 0.00 0.37 13.93 3.98 0.24 65.0 33.6 1.3 

AR01 PC3 47.49 32.70 0.00 0.31 17.62 2.03 0.06 82.5 17.2 0.3 

AR01 RIM3 47.97 32.68 0.00 0.29 17.07 2.22 0.20 80.1 18.8 1.1 

AR01 PC4 46.28 33.92 0.00 0.33 18.66 1.37 0.03 88.1 11.7 0.0 

AR01 PC5 45.90 33.97 0.00 0.27 19.02 1.28 0.02 89.0 10.8 0.1 

AR01 RIM5 45.65 34.12 0.00 0.25 19.16 1.21 0.02 89.6 10.2 0.1 

AR01 PC6 47.72 32.94 0.00 0.19 17.55 2.03 0.04 82.5 17.3 0.2 

AR01 RIM6 47.28 33.07 0.00 0.24 17.86 1.92 0.04 83.5 16.3 0.2 

AR01 PC7 48.03 32.03 0.00 0.27 17.37 2.37 0.12 79.7 19.7 0.7 

AR01 RIM7 50.34 30.57 0.00 0.43 14.28 4.14 0.44 64.1 33.6 2.4 

AR01 PC8 47.05 33.18 0.00 0.26 18.03 1.83 0.04 84.3 15.5 0.2 

AR01 RIM8 45.84 34.11 0.00 0.24 18.99 1.27 0.03 89.1 10.8 0.2 

AR01 PC9 48.05 32.51 0.00 0.25 17.12 2.32 0.05 80.1 19.6 0.3 

AR01 RIM9 51.47 30.41 0.00 0.25 14.09 3.79 0.29 66.2 32.2 1.6 

AR01 PC10 45.79 34.11 0.00 0.36 18.98 1.15 0.03 90.0 9.9 0.2 

AR01 PC11 47.35 32.54 0.00 0.38 17.92 2.00 0.05 83.0 16.8 0.3 

AR01 PC12 45.93 33.59 0.00 0.25 18.97 1.58 0.03 86.8 13.1 0.2 

AR01 PC13 47.98 31.81 0.11 0.36 17.13 2.54 0.06 78.6 21.1 0.3 

AR01 RIM13 49.47 31.42 0.00 0.29 15.90 2.73 0.47 74.3 23.1 2.6 
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4.3.2 Hamragarðaheiði 

Four thin sections were analysed from Hamragarðaheiði, B05b, B06 and B07 from Bryndís 

Ý. Gísladóttir, and an unlabelled thin section from Kjartan B. Kristjánsson, here named 

KRT. Overview of the SEM-EDS results can be seen in Table 3 on page 46. Data points 

were taken from plagioclase in groundmass as well as phenocryst cores and rims. Some 

data points were also obtained from Viktor Þ. Georgsson, who was analysing the troctolite 

xenolith within the Hamragarðaheiði rocks at the time this thesis was written. These data 

points were used for comparison of plagioclase composition within the ankaramitic host 

rock, troctolite xenolith and the gabbro xenolith found in thin section B06.  

The range of anorthite content for phenocrysts in the Hamragarðaheiði host rock samples is 

commonly An79-82, An61-63 in the gabbro and An59-65 in the troctolite. The groundmass 

range in the host rock is An51-60. Groundmass data points were not taken from the two 

xenoliths, as they did not contain groundmass. The compositional difference can be clearly 

seen for the three rock types in Figure 18, which shows gabbro with the lowest anorthite 

content, troctolite slightly higher and the ankaramitic host rock with the highest anorthite 

content in plagioclase.  

According to CIPW norm calculations of the average groundmass analysis (see in 

Appendix B), using chemical composition data from Kristjánsson (2015), it contains 

42.2% plagioclase, 36.4% pyroxene, 13.5% olivine and 6.6% oxides.  

Ternary diagram in Figure 19 shows differences between phenocryst and groundmass 

composition and graphical presentation of compositional range of plagioclase in KRT, 

B05b and B07, and  the compositional distribution is included in Figure 20. The 

groundmass data point with higher Or content is  host rock adjacent to the gabbro xenolith 

in thin section B06 and the phenocryst data point of unusually low An content was taken 

close to an inclusion in thin section B05b. Those values are in the lower range of anorthite 

content than the host rock, plotting closer to the ankaramitic groundmass composition than 

that of phenocrysts. 

Some phenocrysts were studied in more detail to get information about zoning patterns. 

Data points with regular intervals were plotted within some of the plagioclase phenocrysts 

in the Hamragaraðheiði thin sections. Zoning patterns turned out to vary greatly, with both 

normal and reverse zoning present. Oscillatory zoning is also seen in some phenocrysts, 

but the difference in anorthite content between zones in the oscillatory zoned phenocrysts 

is up to 30%.  
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Figure 18: Plagioclase composition in three different origins of plagioclase in the 

Hamragarðaheiði ankaramite; Gabbro xenolith, troctolite xenolith and host rock ankaramite.  

 

 

 
Figure 19: Plagioclase composition of Hamragarðaheiði rocks. Red: Phenocryst core, Blue: 

Groundmass.  
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Figure 20: Compositional distribution of plagioclase phenocryst cores, rims and groundmass in 

Hamragarðaheiði host rock..  

 

 

 

 

 

 

 

 

 

 

 

 

 

0

5

10

15

20

25
Fr

eq
u

en
cy

 

An% Content 

Groundmass

Core

Rim



45 

 

  

 
Figure 21: Zoning trends in Hamragarðaheiði plagioclase phenocrysts.Top: Oscillatory zoning in 

both samples KRT and B05bs; Bottom: Normal zoning in sample KRT1, reverse zoning in KRT5 

and slightly oscillatory zoning in  B05b-4. 0 is core, 4 and in the lower figure 3 outermost zones.



46 

Table 3: Chemical composition of phenocrysts cores, rims and groundmass in Hamragarðaheiði 

Sample Point SiO2 Al2O3 FeO MgO CaO Na2O K2O An% Ab% Or% 

KRT PC1 47.79 32.64 0.00 0.29 17.44 2.11 0.06 81.8 17.9 0.3 

KRT RIM1 55.63 27.51 0.00 0.19 10.79 5.44 0.58 50.6 46.2 3.2 

KRT PC2 47.16 32.91 0.00 0.27 18.11 1.79 0.05 84.6 15.1 0.3 

KRT PC3 48.57 32.02 0.00 0.29 16.87 2.45 0.06 78.9 20.7 0.3 

KRT RIM3 48.92 31.85 0.00 0.24 16.53 2.52 0.09 78.0 21.5 0.5 

KRT PC4 48.09 32.33 0.00 0.31 17.29 2.28 0.05 80.5 19.2 0.3 

KRT RIM4 47.13 32.81 0.00 0.22 18.29 1.68 0.04 85.6 14.2 0.2 

B06 PC1 53.23 29.46 0.00 0.35 13.59 4.35 0.14 62.8 36.4 0.8 

B06 RIM1 51.54 29.86 0.02 0.29 14.21 3.83 0.24 66.3 32.4 1.3 

B06 PC2 52.81 29.53 0.00 0.31 13.36 4.27 0.13 62.9 36.4 0.7 

B06 RIM2 53.09 29.33 0.00 0.31 13.15 4.40 0.08 62.0 37.5 0.5 

B06 PC3 52.84 29.43 0.00 0.27 13.18 4.54 0.18 61.0 38.0 1.0 

B06 RIM3 52.94 29.24 0.00 0.26 13.35 4.45 0.18 61.8 37.2 1.0 

B05b PC1 47.76 32.60 0.00 0.29 17.49 2.18 0.03 81.5 18.4 0.2 

B05b PC2 47.89 32.63 0.00 0.28 17.46 2.08 0.01 82.2 17.7 0.1 

B05b PC3 50.67 30.42 0.00 0.31 15.09 3.49 0.11 70.1 29.3 0.6 

B05b PC4 46.75 33.21 0.00 0.26 18.31 1.72 0.03 85.3 14.5 0.2 

B05b RIM4 46.90 33.10 0.00 0.25 18.02 1.78 0.03 84.7 15.1 0.2 

B05b PC5 55.29 27.61 0.00 0.27 11.23 5.47 0.42 51.9 45.8 2.3 

B05b PC6 49.90 30.95 0.00 0.24 15.47 3.30 0.16 71.5 27.6 0.9 

B07 PC1 48.03 32.61 0.00 0.35 17.27 2.05 0.03 82.2 17.7 0.2 

B07 PC2 46.81 33.28 0.00 0.28 18.31 1.63 0.02 86.0 13.9 0.1 

B07 PC3 48.08 32.52 0.00 0.30 17.14 2.18 0.05 81.1 18.7 0.3 

B07 PC4 47.81 32.47 0.00 0.28 17.72 2.03 0.04 82.6 17.1 0.2 

B07 PC5 48.14 32.34 0.00 0.28 17.30 2.14 0.05 81.5 18.2 0.3 

B07 PC6 47.41 33.29 0.00 0.32 17.28 2.10 0.06 81.7 18.0 0.3 

B07 PC7 47.50 32.98 0.00 0.38 17.39 2.10 0.04 81.9 17.9 0.2 

B07 PC8 47.93 32.81 0.00 0.33 16.99 2.27 0.03 80.4 19.4 0.2 

B07 PC9 47.31 32.94 0.00 0.35 17.75 1.94 0.05 83.3 16.5 0.3 

B07 PC10 47.88 32.42 0.00 0.29 17.28 2.22 0.04 81.0 18.8 0.2 

B07 PC11 47.77 32.55 0.00 0.25 17.58 2.09 0.07 82.0 17.6 0.4 

VÞG* PC1 49.48 31.57 0.00 0.19 16.29 2.81 0.00 76.2 23.8 0.0 

VÞG* PC2 47.56 33.73 0.00 0.68 14.17 4.09 0.12 65.3 34.1 0.7 

KRT GM1 53.34 28.80 0.11 0.26 12.59 4.54 0.37 59.3 38.7 2.1 

KRT GM2 53.44 28.80 0.00 0.24 12.75 4.54 0.37 59.6 38.4 2.1 

KRT GM3 53.25 28.86 0.00 0.32 12.87 4.48 0.35 60.2 37.9 1.9 

KRT GM4 55.14 24.85 1.35 0.90 11.51 5.66 0.59 51.3 45.6 3.1 

KRT GM5 68.77 19.37 0.00 0.31 8.68 3.17 0.31 58.7 38.8 2.5 

B06 GM 1 61.28 23.42 0.00 0.24 5.67 6.63 3.08 26.6 56.2 17.2 

B06 GM 2 52.99 29.17 0.00 0.28 12.80 4.57 0.29 59.8 38.6 1.6 

* Data from Georgsson, 2016 
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4.3.3 Brattaskjól 

One thin section  from Brattaskjól, BR01, was analysed in SEM. As the rock is very fine 

grained and completely void of plagioclase phenocrysts in the thin section, only 

groundmass plagioclase could be analysed.  

Groundmass in the Brattaskjól sample is extremely fine grained and could therefore not be 

properly analysed in microscope. Crystal habit of plagioclase was much more visible in 

SEM than in microscope, as can be seen in Figure 33 in Appendix A.  

Most plagioclase crystals in the groundmass were subhedral to euhedral. Pyroxenes in the 

groundmass are subhedral with some euhedral grains and appear to be somewhat zoned 

with lighter colored rims. This was however not analysed any further, as the focus of this 

thesis is on the plagioclase in the different samples. Most groundmass oxides showed 

anhedral crystal habit. 

According to CIPW norm calculations of the average groundmass analysis (see Appendix 

B), it consisted of 50.5% plagioclase, 33.3% pyroxene, 13.3% olivine and 4.1% oxides. 

Anorthite content of the groundmass plagioclase in the Brattaskjól sample was mostly in 

the range of An73-77, significantly higher than groundmass in other samples of the Eyjafjöll 

ankaramitic rocks. Chemical composition and compositional range distribution of 

groundmass plagioclase can be seen in Figure 22 and Figure 23 respectively.  Detailed 

information of chemical composition of groundmass plagioclase is found in Table 4. 

In order to get some idea of phenocrysts in the sample, an EDS analysis was done of two 

of the olivines in the sample due to lack of plagioclase phenocrysts. Results gave forsterite 

content of Fo85 and Fo89. In comparison, Kristjánsson (2015) analysed olivine phenocrysts 

in Hvammsnúpur with  Fo70-79, Hamragarðaheiði Fo67-78 and Fimmvörðuháls Fo76-84. 
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Figure 22: Plagioclase composition of Brattaskjól rocks. Blue: Groundmass. No plagioclase 

phenocrysts were found in the sample.   

 

 

 
Figure 23: Compositional distribution of plagioclase in Brattaskjól groundmass. 
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Table 4: Chemical composition of plagioclase  groundmass in Brattaskjól 

Sample Point SiO2 Al2O3 FeO MgO CaO Na2O K2O An% Ab% Or% 

BR01 GM1 49.81 31.21 0.00 0.20 15.87 3.04 0.06 74.01 25.66 0.33 

BR01 GM2 49.73 31.13 0.00 0.23 15.90 2.99 0.12 74.11 25.22 0.67 

BR01 GM3 53.39 28.31 0.22 0.23 12.89 4.28 0.67 60.14 36.14 3.72 

BR01 GM4 49.17 31.52 0.00 0.19 16.44 2.76 0.09 76.32 23.19 0.50 

BR01 GM5 50.05 31.03 0.00 0.22 15.70 3.08 0.09 73.43 26.07 0.50 

BR01 GM6 50.10 30.51 0.24 0.53 15.51 3.00 0.10 73.65 25.78 0.57 

BR01 GM7 52.12 29.46 0.02 0.31 13.98 3.94 0.17 65.60 33.45 0.95 

BR01 GM8 50.80 30.34 0.09 0.38 14.89 3.39 0.11 70.38 29.00 0.62 

BR01 GM9 51.84 27.61 1.13 1.39 13.74 4.12 0.18 64.18 34.82 1.00 

BR01 GM10 49.51 31.12 0.02 0.28 16.07 2.91 0.10 74.90 24.54 0.55 

BR01 GM11 48.72 30.98 0.46 0.67 16.52 2.56 0.08 77.74 21.81 0.45 

BR01 GM12 50.65 30.42 0.08 0.30 15.19 3.26 0.10 71.62 27.82 0.56 

BR01 GM13 49.86 31.02 0.00 0.19 15.83 3.04 0.10 73.80 25.65 0.56 

BR01 GM14 50.20 30.84 0.00 0.21 15.79 3.13 0.09 73.23 26.27 0.50 

BR01 GM15 49.80 28.16 2.55 3.24 12.99 3.12 0.15 69.04 30.01 0.95 

BR01 GM16 49.60 31.51 0.00 0.26 16.06 2.83 0.05 75.61 24.11 0.28 

BR01 GM17 54.86 27.32 0.48 0.60 11.12 5.20 0.43 52.85 44.72 2.43 

BR01 GM18 50.62 30.57 0.00 0.34 15.09 3.42 0.11 70.48 28.91 0.61 

BR01 GM19 49.86 30.54 0.42 0.71 15.39 2.97 0.10 73.69 25.74 0.57 

BR01 GM20 49.48 31.06 0.00 0.22 16.39 2.82 0.07 75.96 23.65 0.39 
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4.3.4 Hvammsnúpur 

Two samples were analysed in SEM, HM01 and HV01. According to CIPW norm 

calculation, the groundmass (see Appendix B) contained 57.5% plagioclase feldspar, 

28.4% pyroxene, 8.6% olivine and 4.4% oxides. 

The Hvammsnúpur samples have plagioclase phenocryst compositional range of An87-94. 

Plagioclase composition in groundmass is quite variable. In the subophitic groundmass 

plagioclase in HV01, with anorthite content range of An41-70 and one data point of An14. 

There is  less variability in the very fine grained, granular groundmass in HM01 with 

compositional range of An59-63. These are plotted graphically in a ternary diagram in 

Figure 24 below. Frequency in compositional ranges can be seen in Figure 25 and zoning 

trends in Figure 26.  

In sample HM01 there was only one small plagioclase phenocryst. In HV01 however, there 

were more phenocrysts to be analysed. Of the four crystals analysed, all were zoned, and 

all exhibited normal zoning but with the same sudden increase in anorthite content, before 

dropping down to An70 at the rims. 

In the SEM it was easy to see darker, more sodic aureole of the groundmass plagioclase in 

HV01, as seen in Figure 34 and Figure 35 in Appendix A. In the HM01 sample, the 

groundmass was much more fine grained, with more of defined phenocrysts, mostly 

olivines.   

 

 
Figure 24: Plagioclase composition of Hvammsnúpur rocks. Red: Phenocryst core, Blue: 

Groundmass.   
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Figure 25: Compositional distribution of plagioclase phenocryst cores, rims and groundmass in 

Hvammsnúpur rocks.  

 

 

 
Figure 26: Zoning pattern in Hvammsnúpur plagioclase phenocrysts. 0 is core, 4 is outermost rim. 
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Table 5: Chemical composition of phenocrysts cores, rims and groundmass in Hvammsnúpur. 

Sample Point SiO2 Al2O3 FeO MgO CaO Na2O K2O An% Ab% Or% 

HV01 GM1 52.22 29.47 0.00 0.28 13.60 4.15 0.28 63.6 34.7 1.7 

HV01 GM2 53.48 28.57 0.05 0.34 12.55 4.71 0.31 58.5 39.8 1.7 

HV01 GM3 64.08 21.60 0.00 0.26 2.93 7.67 3.69 13.7 65.6 20.7 

HV01 GM4 54.66 25.21 4.37 0.37 8.29 5.71 1.40 40.9 50.9 8.2 

HV01 GM5 51.70 29.34 0.23 0.29 14.89 3.37 0.18 70.0 28.9 1.1 

HV01 GM6 51.95 29.83 0.00 0.30 14.20 3.63 0.10 68.2 31.3 0.6 

HV01 GM7 52.11 28.88 0.16 0.30 14.95 3.38 0.23 70.0 28.9 1.1 

HV01 GM8 51.46 29.38 0.20 0.21 15.11 3.44 0.19 70.3 28.6 1.1 

HM01 GM1 52.75 29.21 0.00 0.19 13.19 4.13 0.56 61.8 35.0 3.1 

HM01 GM2 53.22 28.92 0.00 0.37 12.91 4.17 0.58 61.1 35.7 3.3 

HM01 GM3 53.29 28.79 0.00 0.37 12.78 4.36 0.53 60.0 37.0 3.0 

HM01 GM4 52.65 29.09 0.06 0.26 13.42 3.99 0.53 63.1 33.9 3.0 

HM01 GM5 52.58 28.52 0.75 1.03 12.72 3.89 0.51 62.5 34.6 3.0 

HM01 GM6 52.24 29.43 0.00 0.38 13.58 3.94 0.60 63.4 33.3 3.3 

HM01 GM7 52.81 29.11 0.00 0.36 13.12 4.13 0.65 61.4 35.0 3.6 

HM01 GM8 53.53 28.76 0.00 0.19 12.52 4.53 0.50 58.7 38.5 2.8 

HM01 PC1 50.64 29.91 0.31 0.59 14.83 3.25 0.46 69.8 27.7 2.6 

HV01 PC1 46.89 32.13 0.00 0.37 18.99 1.48 0.13 87.0 12.3 0.7 

HV01 RIM1 52.20 29.68 0.20 0.32 13.94 3.59 0.08 67.9 31.6 0.5 

HV01 PC2 44.49 33.54 0.04 0.29 20.88 0.70 0.05 94.0 5.7 0.3 

HV01 RIM2 53.29 29.62 0.00 0.27 12.37 4.43 0.08 60.4 39.1 0.5 

HV01 PC3 45.87 32.78 0.01 0.22 19.75 1.33 0.03 89.0 10.9 0.2 

HV01 RIM3 52.00 29.21 0.00 0.28 15.00 3.43 0.12 70.2 29.1 0.7 

HV01 PC4 44.99 33.19 0.00 0.31 20.73 0.72 0.07 93.7 5.9 0.4 

HV01 RIM4 51.54 29.40 0.33 0.29 14.94 3.31 0.19 70.6 28.3 1.1 
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5 Discussion 

The ankaramitic rocks from Arnarhóll, Hamragarðaheiði, Brattaskjól and Hvammsnúpur 

are all a mixture of different proportions of the same minerals; plagioclase, pyroxene, 

olivine and oxides. Overview of mineral assamblage of the groundmass from the four 

localities can be seen in Table 6 below:  

 

Table 6: Groundmass mineral assemblage according to CIPW norm calculation from average 

groundmass compositions.  

 Pl (wt%) Px (wt%) Ol (wt%) Ox (wt%) 

Arnarhóll 60.5 11 24.9 5.8 

Hamragarðaheiði 54.5* 35.1* 3.3* 5.3* 

Brattaskjól 50.5 33.3 13.3 4.1 

Hvammsnúpur 57.5 28.4 8.6 4.4 

* Data from Kristjánsson, 2015 

 

 

Textural differences 
The distinct difference that one instantly notices in the hand samples is the color 

difference, where Arnarhóll, Brattaskjól and Hvammsnúpur are very dark caused by the 

high content of melanocratic minerals and Hamragarðaheiði is much ligher, due to its 

abundance in large plagioclase phenocrysts and plagioclase in the groundmass.  

 

The Arnarhóll sample is highly porphyritic with large, well developed crystals, some show 

glomeroporphyritic texture. There is also a very high phenocryst to groundmass mineral 

ratio, but groundmass is very fine grained and most crystals in the groundmass are 

anhedral.  

 

The Hamragarðaheiði rock samples are very heterogeneous with overall much lighter 

colored groundmass than the other rocks and contain troctolite and gabbro xenoliths. It is 

highly porphyritic, very rich in zoned plagioclase phenocrysts and plagioclase in 

groundmass. Some phenocrysts are resorbed or embayed, filled with groundmass minerals. 

This is an indication of the crystals being out of equilibrium with the surrounding melt 

(Imperial, 2013).   

 

Brattaskjól rocks are scarcely porphyritic with extremely fine grained groundmass. 

Phenocrysts are mainly pyroxene and olivine, many of which show melted edges and 

embayments filled with groundmass. This gives the impression that some of these 

phenocrysts might in fact be xenocrysts which were fully crystallised but then melted when 

they got in contact with the hot magma, or resorption during magma ascent (Imperial, 

2013). It differs from the other three rocks by its lack of plagioclase in phenocryst form. 

Some phenocrysts show glomeroporphyritic texture. Groundmass plagioclase forms 

subhedral to euhedral, elongated crystals with anhedral pyroxenes, olivines and oxides. It‘s 
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likely that plagioclase was the first mineral to form in the groundmass, as minerals need 

space to grow freely into euhedral crystals.  According to the three component Di-An-Fo 

phase diagram in Figure 27 for groundmass composition of the diopside, anorthite and 

forsterite endmembers, it can be clearly seen that the Brattaskjól rocks plot on the cotectic 

line between An and Fo endmembers. This indicates that plagioclase and olivine must have 

been crystallising in the liquid at the same time. Plagioclase in groundmass is particularly 

well formed, as seen in Figure 33 in Appendix A. 

 

In Hvammsnúpur, there were two distinctively different types of textures seen. One was 

that of subophitic groundmass texture with plagioclase as the dominating mineral, and rich 

in olivine and pyroxene phenocrysts, but also some plagioclase. Larger pyroxene 

oikocrysts were enclosing smaller plagioclase chadacrysts, which means that plagioclase 

must have formed first, or at a similar time as the larger pyroxenes. This can be observed 

in the phase diagram in Figure 27 as well as from the SEM image in Figure 35 in 

Appendix A. Then as the crystallisation continued, the plagioclase was engulfed by the 

growing pyroxene.. The other textural type of Hvammsnúpur was very different, olivine 

and pyroxene porphyritic with cryptocrystalline, granular groundmass of plagioclase, 

olivine, pyroxene and oxides. 

 

 

 

 
Figure 27: The system Di-An-Fo at 1 atm. pressure for the groundmass of the four rock localities. 

The spinel field has been omitted for simplicity (Winter, 2001). 
 

 



55 

The most notable differences include the grain size of the groundmass and relative 

abundance of different mineral phenocrysts. Arnarhóll and Brattaskjól localities have 

significantly more fine-grained groundmass than those of Hamragarðaheiði. Groundmass 

in Hvammsnúpur samples vary depending on from where within the rock outcrop the 

samples were taken, from cryptocrystalline to relatively coarse grained groundmass.  

 

The relative abundance of phenocryst is also worth noting, Arnarhóll and Hamragarðaheiði 

showing the largest quantities of large phenocrysts, whereas in Hvammsnúpur and 

Brattaskjól, the samples are more scarcely porphyritic.  
 

Compositional differences 

The composition of groundmass plagioclase of Arnarhóll ranges from An58-72, An51-60 in 

Hamragarðaheiði, An73-77 in Brattaskjól and An41-70 in Hvammsnúpur. Groundmass 

therefore appears to be the most homogeneous in the Brattaskjól and Hamragarðaheiði 

samples, where there is less variability in compositions and crystals seem to have been 

crystallising under relatively stable conditions. In Arnarhóll and Hvammsnúpur samples, 

the variability is much greater, especially in the subophitic part of the Hvammsnúpur rock 

outcrop. In the extremely fine grained, granular part of the ankaramite, the compositional 

range is much less, An59-63. This big difference in composition of Hvammsnúpur may be 

explained by a large temperature interval as the groundmass was crystallising.  

 

Plagioclase phenocryst composition in Arnarhóll range is An79-90, An79-82 in 

Hamragarðaheiði and An87-94 in Hvammsnúpur. It was not possible to measure anorhite 

content in the Brattaskjól thin section, as there were no plagioclase phenocrysts. There 

were however olivine phenocrysts that could be measured, and there is a summary of the 

olivine composition, with comparison of other rocks used in this study, as well as the 

differences in plagioclase phenocryst and groundmass compositions, found in Table 7. 

 

Table 7: Difference in An% and Fo% content for all four rock types.  

 Plagioclase 

groundmass 

(An%) 

Plagioclase 

phenocrysts 

(An%) 

Olivine 

phenocrysts 

(Fo%) 

Arnarhóll 58-72 79-90 NA 

Hamragarðaheiði 51-60 79-82 67-78* 

Brattaskjól 73-77 NA 85-89 

Hvammsnúpur 41-70 87-94 70-79* 

* Data from Kristjánsson, 2015.  

 

 

In Arnarhóll, it is common that composition of rims in plagioclase are similar to that of the 

groundmass. It is likely that groundmass minerals started forming shortly after the 

phenocrysts stopped growing. This can also be seen in the zoning pattern for Arnarhóll 

phenocrysts in Figure 17, where phenocrysts are seen with normal zoning as anorthite 

content was slowly decreasing, then occurs a sudden increase in anorthite content, which 
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may be due to movement within the magma chamber, or an input of fresh, hotter more 

primitive magma, followed by a sudden, large drop in anorthite content. The sudden drop 

may represent the eruptive phase within the rock when the groundmass material starts 

crystallising, forming the porphyritic texture (Imperial, 2013).    

 

In Hamragarðaheiði, the compositional range is narrower than that of Arnarhóll, but the 

difference lays in its extremely complex zoning patters as seen in Figure 21. One would 

assume that minerals, forming in the same part of the magma chamber or lava flow would 

present the same type of zoning patterns, similar composition and texture. This is however 

not the case in the Hamragarðaheiði ankaramitic rocks, where normal, reverse and 

oscillatory zoning can be seen. This may indicate that some of the phenocrysts may in fact 

be xenocrysts of different origin than the host melt. This can be considered likely, as the 

rock is rich in large xenoliths. Repeated core-to-rim sequence of oscillatory zoning, with 

anorthite content dropping to An56 and then abruptly rising to An85 may be  interpreted as  

the result of frequent replenishments of the magma chamber by primitive melts. 

 

Thin section from Brattaskjól did not contain plagioclase phenocrysts. It is however worth 

noticing the very high anorthite content in the groundmass plagioclase, and much higher 

forsterite content in olivine phenocrysts than that of the other rocks. This is a clear 

indication of the generally much more mafic character of the locality.  

 

In Hvammsnúpur, the groundmass composition range is similar to that of Arnarhóll but 

phenocrysts are slightly more anorhite rich than that of Arnarhóll and significantly higher 

than that of Hamragarðaheiði. Most of the plagioclase phenocrysts in Hvammsnúpur were 

found in the subophitic part of the rock outcrop. The zoning patterns are very 

homogeneous, with clear normal zoning in all phenocrysts as seen in Figure 26, with an 

event of subtle increase in anorthite content at one point, similar to what was seen in 

Arnarhóll and may indicate magma convection prior to eruption. Interestingly enough, not 

only do the Arnarhóll and Hvammsnúpur rock outcrops show similar plagioclase 

groundmass and phenocryst composition, but the zoning trends are also near identical. The 

main difference between the two however, is the relative abundance of plagioclase 

phenocrysts, which is much higher in Arnarhóll than Hvammsnúpur, and the overall more 

dense clusters of phenocrysts in Arnarhóll. The crystallisation history of the groundmass 

also appears to be different, as seen in Figure 27. 

 

High calcium content in plagioclase often indicates hotter, more primitive magma. When 

looking at average composition of groundmass and phenocrysts as in Figure 28, it is easy 

to see that anorthite content is the highest in Brattaskjól when comparing the groundmass, 

and would likely plot in a similar way if plagioclase phenocrysts were found. Significantly 

less anorthite rich are the Hvammsnúpur and Arnarhóll samples and the least calcic 

plagioclase is found in the light colored Hamragarðaheiði samples. Data from the gabbro 

and troctolite is not included in the average composition for Hamragarðaheiði in Figure 28, 

as it would skew the results for the average ankaramitic rock.  
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Figure 28: Average composition of groundmass (GM) and phenocrysts (PC) in Brattaskjól (BR), 

Hvammsnúpur (HV), Arnarhóll (AR) and Hamragarðaheiði (HG). 
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6 Conclusions 

The most distinctly different of the four samples are the Hamragarðaheiði rocks, which are 

overall much lighter in color than the other three. Brattaskjól sample is also different in 

that its groundmass is exceptionally fine grained and its abundance of dark minerals, both 

olivine and green pyroxene. It is also appears to be from the most primitive magma of the 

four rocks, although further study will be necessary to determine its true mafic character.  

Arnarhóll sample differs from the others in abundance and relatively tight knit cluster of 

phenocrysts. 

Plagioclase is more abundant in the Hamragarðaheiði and Arnarhóll samples, whereas in 

Hvammsnúpur and Brattaskjól they are almost entirely present only as groundmass 

microphenocrysts or small, irregular grains. Olivine is found in significant amounts in all 

samples, but to a lesser extent in Hamragarðaheiði. 

Brattaskjól showed overall  more primitive character, with higher anorthite content (An73-

77) in the groundmass than other rocks, completely void of plagioclase phenocrysts but rich 

in large pyroxene and olivine phenocrysts, of which, forsterite content was very high, Fo85-

89. Hamragarðaheiði rocks demonstrated the lowest anorthite content out of the four rocks, 

An51-60 in groundmass and An79-82 in phenocrysts. They also have the most complex 

composition, the most complex zonation patterns and are the least homogeneous. Arnarhóll 

and Hvammsnúpur plagioclase is of quite similar composition, both in groundmass and 

phenocrysts, with groundmass composition of An58-72 and An41-70, and phenocryst 

composition of An79-90 and An87-94, respectively.   
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Appendix A 

 

 
Figure 29: Arnarhóll groundmass SEM image 
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Figure 30: Arnarhóll SEM image  

 
Figure 31: Hamragarðaheiði SEM image of phenocrysts and groundmass in sample B05b 
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Figure 32: Hamragarðaheiði SEM image of plagioclase phenocryst in sample KRT.  

 

 
Figure 33: SEM image from Brattaskjól groundmass 
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Figure 34: Hvammsnúpur SEM image of zoned phenocryst in sample HV01 

 
Figure 35: Hvammsnúpur SEM image of groundmass texture 
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Appendix B 

 

Table 8: Chemical composition of groundmass for Arnarhóll (AR01), Hvammsnúpur (HV01), 

Brattaskjól (BR01) and Hamragarðaheiði (SH-b1). 

 

AR01 AR01 AR01 AR01 HV01 BR01 BR01 SH-b1* 

 

GM1 GM2 GM3 GM4 GM1 GM1 GM2 Obj13 

SiO2 47.38 48.35 48.29 48.89 49.69 48.89 48.85 50.10 

TiO2 3.52 2.96 3.03 2.78 2.31 2.11 2.17 2.79 

Al2O3 14.93 17.27 16.08 17.07 16.35 15.26 14.98 15.42 

FeO 11.53 9.94 11.16 10.40 12.34 9.47 10.16 12.61 

MnO 0.16 0.27 0.07 0.12 0.18 0.13 0.13 0.32 

MgO 6.05 4.89 5.70 5.04 4.17 7.77 8.04 4.91 

CaO 12.45 11.80 11.56 11.30 11.54 14.00 13.25 10.40 

Na2O 3.27 3.69 3.39 3.60 2.86 2.23 2.23 2.67 

K2O 0.60 0.78 0.69 0.77 0.52 0.10 0.13 0.62 

P2O5 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.07 

* Data from Kristjánsson, 2015.  


