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Abstract 

Twenty-five thin sections were prepared from different rock samples collected from two 

different locations in Iceland. Two of the rock samples are pillow lavas from the Miðfell area, 

other samples are xenoliths also from the Miðfell area, and the last are also samples of pillow 

lavas, collected from the Undirhlíðar area. Nine thin section were made from one pillow basalt 

from Midfell. Six other thin section are from a different pillow basalt near the same location at 

Midfell. Five thin sections were made from pillow basalts from locations near the Undirhlíðar 

area. A set of thin sections include five made from different xenoliths collected from the Miðfell 

area. The microscope that was used for the identification of minerals and texture is the Leica 

DM750P with the following objectives: 4x/0.10 (low magnification), 10x/0.25 (medium 

magnification), and 63x/0.75 (high magnification) combined with the eyepiece at a 

magnification of 10x/20. The points that will be discussed in this thesis include: (1) the 

volcanism of Iceland and the geologic setting from which the samples were retrieved; (2) the 

methods and techniques of the petrographic microscope used to identify textures and minerals; 

and (3) a detailed description of the igneous textures, mineral composition and mineral 

percentage of the four types of samples listed above. 
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Introduction 

The microscopic investigation of materials such as minerals, rocks, ores, technical and 

other synthetic products in transmitted and reflected light remains one of the classic, and to this 

day, indispensable mineralogical methods of analysis. Polarized-light microscopy provides a 

nondestructive way to identify solid substances whether crystalline or amorphous, with relatively 

high spatial resolution, while the phases can be studied within their textural framework. It allows 

an estimate of chemical compositions and provides clues to the history of formation of the 

material, using specific textural characteristics, for example, structure, fabric, phase assemblage, 

phase relationships, and reaction textures. Thus, in many respects polarized-light microscopy has 

distinct advantages over bulk-analytical methods that use sample powders for phase 

identification or for the analysis of chemical composition. The limitations of polarized-light 

microscopy are evident where the chemical composition of complex solid solutions has to be 

determined, or where the material is too fine-grained to allow the identification of single phases 

(Raith et al., 2011).  There are limitations to using the petrographic microscope, but it should be 

the first scientific instrument used for analyzing rock samples, which is the purpose of this thesis. 

This is the first step involving the detailed analyses of these samples from Iceland, which will be 

further examined and probed for chemical data using Electron Probe Microanalysis (EPMA) in 

the future. The sole principal objective of this paper is to apply polarized-light microscopic 

investigation techniques to identify the mineral composition and describe the textures of the rock 

samples from two locations, the Miðfell area and the Undirhlíðar area, in Iceland. 
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Geologic Setting 

Volcanism in Iceland is unusually diverse for an oceanic island because of special 

geological and climatological circumstances. It features nearly all volcano types and eruption 

styles known on Earth (Thordarson and Larsen, 2007). The current active volcanism is located in 

the south-east part of Iceland in the Vatnajökull area, which is where the current location of the 

mantle plume under the crust, as the mantle plume moved into the southeast direction from the 

northwest over millions of years. Most of the verified eruptions that took place in the past 1100 

years are in the eastern volcanic zone (EVZ) and in the Oræfi Volcanic Belt (OVB). The current 

distribution and arrangement of active volcanism in Iceland results from superposition of the 

spreading plate boundary over the Iceland mantle plume, as well as the relative motion of the 

Mid-Atlantic Ridge. The surface expressions of this interaction are the neovolcanic zones; a 

discrete 15–50 km wide belts of active faulting and volcanism (Thordarson and Larsen, 2007).  

The samples that were studied in this thesis were collected from a quarry located in the 

Undirhlíðar area, and the Miðfell area. There is an en echelon distribution of volcanic systems 

among volcanic zones and belts throughout Iceland. Undirhlíðar is part of the Krysuvik volcanic 

system located in the Reykjanes volcanic zone (RVZ) and Miðfell is part of the Hengill volcanic 

system located in the western volcanic zone (WVZ), where there has not been any active 

volcanism since the upper Pleistocene (<0.8 Ma) (shown in Figure 1 and Figure 2). The 

Krysuvik volcanic system has a maximum elevation of 393 m above sea level, and an area of 300 

km2, with a mature fissure swarm. The Hengill volcanic system has a maximum elevation of 803 

m above sea level, and an area of 370 km2, also with a mature fissure swarm (Thordarson and 

Larsen, 2007). Fissure swarms are part of a volcanic system that are elongated structures, aligned 

sub-parallel to the axis of the hosting volcanic zone. 
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RR: Reykjanes Ridge                               RVB: Reykjanes Volcanic Belt 

SISZ: South Iceland Seismic Zone          WVZ: West Volcanic Zone 

MIB: Mid-Iceland Belt                            EVZ: East Volcanic Zone  

NVZ: North Volcanic Zone                     TFZ: Tjornes Fracture Zone 

KR: Kolbeinsey Ridge                             OVB: Oraefi Volcanic Belt 

SVB: Snaefellsness Volcanic Belt 

Figure 1: Map of Iceland showing major volcanic zones, volcanic belts, and fracture zones. The 

principal elements of the geology in Iceland (Thordarson, and Larsen, 2007).  
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Figure 2: Map of Iceland showing exposures of subglacial and intraglacial volcanic rocks of late 
Pleistocene age (0.01- 0.78 Ma) in Iceland. Modified from (Jakobsson and Gudmundsson, 2008). 

  

The presence of glaciers sets Iceland apart from other locations with abundant volcanism, 

especially during the last glacial maximum, when most of Iceland was covered in a thick layer of 

Ice (Thordarson and Larsen, 2007). The interaction of water and magma affects the style of 

volcanism and morphology of volcanic landforms found throughout Iceland. Typical topographic 

features are categorized in accordance with vent geometry, either circular or linear, the type of 

vent accumulation, and characteristic style of eruption and volcanic environment: subaerial, 

subglacial, or submarine. Subglacial volcanic structures include tuyas, which are circular (or sub 
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rectangular) “table top” or flat topped mountains (Jakobsson and Gudmundsson, 2008). Tindars 

are subglacial volcanic structures that form in a similar manner, but have a more linear geometry, 

parallel to extensional fissures. Eruptions under ice share the same characteristics in terms of 

style of volcanic activity as eruptions under water, while ice confinement and changes in water 

level due to drainage of meltwater are among features that distinguish subglacial volcanism from 

submarine and subaqueous eruptions (Jakobsson and Gudmundsson, 2008). 

Figure 3 shows a simplified cross-section of a tindar and a tuya, emphasizing the basic 

units formed via subglacial volcanism, and how similarly they are formed. At the base, the tindar 

is composed of pillow lavas, overlain by hyaloclastites, and sometimes a cap lava. Unlike tuyas, 

tindars do not consist of all units and often lack the cap lava. Since these are subglacial 

volcanoes, they form when lava extrudes and melts ice beneath the glacier. Pillow lavas form 

where the water pressure has been sufficiently high to prevent efficient mixing of magma and 

water and hence fragmentation of magma by thermal granulation or fuel-coolant interaction. 

Pillow lavas can occur in sheet-like formations up to 3 km in width and 15 km in length. 

Individual pillow tubes or stacks are commonly 0.5-1.0 m in width and their porosity increases 

with increasing height of the edifice (Jakobsson and Gudmundsson, 2008). As lava continues to 

build up past a threshold, water pressure decreases, and hyaloclastites may form from quench 

fragmentation of lava (Jakobsson and Gudmundsson, 2008). Afterwards, as the lava emerges 

above the water level, the eruption reverts to effusive volcanism, and forms a cap on top of the 

volcanic structure. During this process, the erupted products are confined within the glacier. 

Many of these glaciers have melted since the last glacial maximum in the Pleistocene, exposing 

many of these topographic features (Jakobsson and Gudmundsson, 2008).  
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Figure 3: Simplified cross-sections of subglacial volcanic structures, a tindar and a tuya 

(Jakobsson and Gudmundsson, 2008). 

 Undirhlíðar and Miðfell are both tindars - remnants of linear subglacial volcanic vents 

made up of pillow lavas and hyaloclastite. Since fresh glass was targeted for sample collection, 

pillow basalts from the basal units of these tindars were acquired. It is also important to note that 

the Miðfell pillows entrained gabbro xenoliths. These xenoliths have been described by 

(Gurenko and Sobolev, 2006), who have suggested that these were incorporated from 15 km 

depth.  
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Methods 

The pillow basalt samples used for this research were collected during the summer of 

2016. The samples were collected by Kenneth Peterman, David Peterman, and Collin Oborn. 

The pillow basalt samples were collected from two different locations, from Miðfell and a quarry 

in the Undirhlíðar area. The rock samples were then processed through Spectrum Petrographics, 

Inc., to have them mounted on a thin section.  All samples are embedded in clear resin and 

mounted on standard 27 x 46mm petrographic glass and polished with 0.5 µm diamond abrasive 

to standard final thickness of 30 µm. Thin sections of pillow basalts were cut perpendicular to 

the exterior of the pillow basalt to include the glassy rind. Miðfell xenoliths were cut to include 

the xenolith, as well as the pillow core that hosts the xenolith.  

The microscope used for mineral identification and thin section descriptions was a Leica 

DM750P petrographic microscope. The objectives mounted on the microscope are 4x/0.10 (low 

power), 10x/0.25 (medium power), and 63x/0.75 (high power), the magnification of the eyepiece 

on the microscope is 10x/20. The purpose of petrographic analysis is to identify minerals, but 

more importantly, to describe igneous textures present in these samples. Minerals were identified 

using various optical properties, such as cleavage, relief, pleochroism, and maximum 

birefringence values. Additionally, the approximate composition of the olivine solid solution was 

determined by analyzing the 2V angle, a property visible when using the high power objective 

under cross-polarized light, with the Bertrand lens inserted.  

In order to emphasize the minerals and igneous textures present in these thin sections, 

photographs were taken with a smartphone, the Samsung Galaxy S9+. A camera tripod was used 

with an attachment that screws onto the tripod that grips any sized smartphone in the horizontal 
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or the vertical position. With the smartphone mounted to the tripod, it was carefully placed up to 

the eyepiece of the microscope. The right eyepiece was selected because  it displays the 

crosshairs and the scale bar.  
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Results 

 The following results include descriptions of the principle components of the thin 

sections in the form of a thin section report. There are 4 separate reports for the Miðfell pillow 

basalt #1, the Miðfell pillow basalt #2, gabbro xenoliths found in the cores of various pillow 

basalts from Miðfell, and finally pillow basalts from Undirhlíðar quarry. The Miðfell thin 

sections were cut from several samples, obtained from two different pillow basalt globes. Since 

there are several thin sections from the same pillow basalt, and these exhibit similar 

characteristics, the thin section report is a description of all thin sections from the same pillow 

basalt. Gabbro xenoliths were collected from different broken pillow globes from the same unit 

as the pillows, and separate samples.    

Miðfell Pillow Basalt 

Rock sample 1 

Thin sections: MID-PIL-1-1, MID-PIL-1-2, MID-PIL-1-3, MID-PIL-1-4, MID-PIL-1-5, MID-

PIL-1-6, MID-PIL-1-7, MID-PIL-1-8, MID-PIL-1-9. 

This pillow basalt is a porphyritic hypocrystalline rock containing phenocrysts of olivine, 

pyroxene, plagioclase and opaques set in a fine-grained vesicular matrix of felty plagioclase 

microlites and glass, transitioning to a full glass ground groundmass from the core to the rim of 

the sample. 
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Phenocrysts: 

Olivine (Fe, Mg)2SiO4 

Olivine forms in a complete solid solution between the magnesian end-member, Forsterite, and 

the iron end-member fayalite. The sizes of the olivine crystals in this thin section are anywhere 

from 0.25 mm to as long as 4.00 mm. The shape of the crystals is euhedral to subhedral. Using 

the measured birefringence values and the measured 2Vx angles of about four olivine crystals 

and using figure 16.2 on page 340 of (William D. Nesse, 2012), the olivine composition is ~85% 

forsterite Mg2SiO4. The percent of olivine that takes makes up the whole rock is 25%. Common 

textures involving olivine include skeletal and hollowed olivine, some are occasionally poikilitic. 

Some of the olivine phenocrysts contain opaque minerals and others contain intersertal 

groundmass, and rarely do they contain both. Melt inclusions are common, which are small 

pockets of liquid entrapped in the olivine as it crystallizes. Many are relatively large, up to 

0.25mm in diameter.  

Pyroxene XYZ2O6  

X=(Na,Ca) Y=(Mg,Fe,Al) Z=(Al,Si) 

This rock contains very few pyroxenes, which are clinopyroxenes (Ca,Mg,Fe)2Si2O6, specifically 

augite. The size of the mineral phenocrysts is around 0.25 mm to about 1.00 mm. The crystals 

are generally anhedral to subhedral. This mineral makes up of about 4% of the whole rock. Some 

of the phenocryst exhibit poikilitic textures being heavily broken up and filled with opaques. 
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Plagioclase (NaAl3SiO8-CaAl2Si2O8) 

The plagioclase crystals range from 0.75 mm to 3.00 mm in length. the shape of the phenocrysts 

are mostly euhedral with some being subhedral. The plagioclase in this thin section shows Albite 

twin lamellae. Some of the plagioclase phenocrysts form as cumulophyric with olivine 

phenocrysts. There are few plagioclase phenocrysts throughout this thin section, this mineral 

makes up of about 4% of the whole rock. 

Opaques 

Euhedral to subhedral grains. 0.1 mm to around 0.5 mm in size, some form as equant squares, 

others form as “smears”. Occurs individually or within other phenocrysts or on the rims. 

Opaques make up of about 2% of the total rock. The composition of the opaques is most likely 

chromite FeCr2O4. 

Vesicular: 6% of the overall rock contains vesicles (gas bubbles), there are more vesicles at the 

rim of the rock and less towards the core. 

Matrix 

The groundmass mostly consists of plagioclase microlites, glass and scattered opaques. The 

plagioclase forms microlites up to 0.15mm long; composition unknown. opaque minerals 

represented as scattered small about 0.05mm to 0.1mm, dark brown, equant squares throughout 

the whole thin section. The thin section was cut perpendicular to the exterior of the pillow basalt 

to include the glassy rind. The groundmass transitions from larger felty plagioclase microlites, to 

a mixture of small microlites and glass, to mostly glass groundmass towards the rim of the 

pillow. The Groundmass makes up of about 59% of the total rock.  
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Mineral & Structure proportions 

Phenocrysts   35% 

 Olivine         25% 

 Pyroxene       4%  

 Plagioclase    4% 

 Opaques        2% 

Groundmass       59%    

Vesicles           6%                      

 

                  Figure 4. Mineral and structure proportions of Miðfell Pillow Basalt (rock sample 1). 
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Miðfell Pillow Basalt 

Rock sample 2 

Thin sections: MID-PIL-2-1, MID-PIL-2-2, MID-PIL-2-3, MID-PIL-2-4, MID-PIL-2-5, MID-

PIL-2-6 

This pillow basalt is a porphyritic hypocrystalline rock containing phenocrysts of olivine, 

pyroxene, plagioclase and opaques set in a fine-grained vesicular matrix of plagioclase 

microlites, and glass transitioning to a full glass ground groundmass. 

Phenocrysts: 

Olivine (Fe, Mg)2SiO4 

The size of the olivine crystals throughout this rock generally varies from 0.5 mm to 2.0 mm, 

however a few crystals are up to 3.0 mm in size. The crystal shape varies from subhedral to 

anhedral, and there is large euhedral olivine.  The average measured 2V angle for the olivine 

phenocrysts was 90 degrees, which indicates a composition of ~85% forsterite. 19% of the 

overall composition of the rock as a whole consists of olivine. Some of the olivine exists as 

microphenocrysts. Some of the olivine crystals have melt inclusions within the crystals. In some 

cases, the opaques (spinel) are attached to the outer rim of the olivine crystals and, in some 

olivine, it continued to grow around the spinel and inclosing the spinel. There are signs of 

alteration of the olivine to iddingsite. There are few olivine crystals that display rapid growth 

texture and showing mineral resorption.  

Pyroxene XYZ2O6  

X=(Na,Ca) Y=(Mg,Fe,Al) Z=(Al,Si) 
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This rock contains pyroxene, in particular clinopyroxenes (augite). The size of the mineral 

phenocrysts is around 0.25 mm to about 1.00 mm. The crystals are anhedral in shape. This 

mineral makes up of about 2% of the whole rock. Some of the phenocryst display a poikilitic 

texture being heavily broken up and filled with opaques. Each thin section for this rock contains 

very few pyroxene phenocrysts (~2 or 3 crystals), which are absent in some thin sections. 

Plagioclase (NaAl3SiO8-CaAl2Si2O8) 

The plagioclase phenocrysts in this rock range from 0.75 mm to 1.5 mm in size. These are 

generally anhedral in shape. The plagioclase in this thin section shows albite twin lamellae. 

There are few plagioclase crystals throughout this thin section, making up ~2% of the whole 

rock, in most of the thin section for this rock there are only 1 or 2 plagioclase crystals per thin 

section.  

Opaques 

Euhedral to subhedral grains 0.1 mm to around 0.5 mm in size, some form as equant squares, 

others form as smears. Occurs individually or within other phenocrysts or on the rims. Opaques 

make up of about 4% of the total rock. The composition of the opaques is most likely chromite 

FeCr2O4. 

Vesicular: 10% of the overall rock contains vesicles (gas bubbles). 
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Matrix 

The groundmass consists of plagioclase microlites, glass and scattered opaques. The plagioclase 

forms microlites up to 0.15 mm long of unknown composition. The groundmass composition 

transitioned from larger felty plagioclase microlites, to smaller microlites plus glass, to only 

glass groundmass towards the rim of the pillow basalt. The groundmass closer to the rim of the 

overall rock exhibits quench crystals due the rapid cooling of the rock. Groundmass makes up of 

about 63% of the total rock.  

Mineral & Structure proportions 

Phenocrysts      23% 

 Olivine         19% 

 Pyroxene       2%  

 Plagioclase    2% 

 Opaques        4% 

Groundmass    63%    

Vesicles          10%                 

                                                                 

                  Figure 5. Mineral and structure proportions of Miðfell Pillow Basalt (rock sample 2). 
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Miðfell Xenoliths 

Thin section: MID-XEN-4, MID-XEN-6, MID-XEN-7, MID-XEN-8, MID-XEN-9 

This hypocrystalline rock includes the porphyritic core of the pillow basalt, as well as a 

phaneritic gabbro xenolith. The pillow core contains phenocrysts of olivine, microphenocrysts of 

plagioclase laths with a groundmass composed of felty plagioclase microlites, olivine, and some 

glass. The large xenoliths (2.35 to 3.15 cm)  are composed of a combination of either plagioclase 

and olivine, or plagioclase and clinopyroxene.  Intersertal quench glass is present between 

phenocrysts in the xenolith.  

Phenocrysts: 

Olivine (Fe, Mg)2SiO4 

The sizes of the olivine phenocrysts within the pillow core (not within the xenoliths) have an 

average size from 0.5 mm to 3.0 mm. The olivine phenocrysts within the xenoliths are much 

larger, with a size over 3.0 mm. There is a high variation of forms of individual grains, most of 

shapes of the olivine crystals are from subhedral to anhedral with a few olivine crystals being 

euhedral with a complete crystal structure. The average 2V angle measured from the olivine was 

around 90 degrees giving a composition of around 85% forsterite. Some of the olivine crystals 

show undulose extinction. A few olivine phenocrysts not within the xenolith show sign of 

alteration into what may be iddingsite. The amount of the overall olivine makes up 19% of the 

overall rock, 10% of that is olivine within the xenoliths. 
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Pyroxene XYZ2O6  

X=(Na,Ca) Y=(Mg,Fe,Al) Z=(Al,Si) 

There are a couple of phenocrysts of pyroxene that are not within the xenoliths but rather within 

the groundmass, about 2 or 3 of them. The average sizes of the pyroxene phenocrysts within the 

groundmass are ~2.5 mm. The pyroxene within the xenoliths are much larger at 3.0 mm. The 

shape of the pyroxene crystals varies from subhedral to anhedral. The composition of the 

pyroxene is clinopyroxene (augite) and the overall amount of this mineral that makes up the 

whole rock is 11%. 8% of that is pyroxene within the xenoliths. 

Opaques 

Euhedral to subhedral grains. 0.1 mm to around 0.5 mm in size, some form as equant squares, 

others form as “smears”. Occurs within or around the rims the olivine phenocrysts not within the 

xenoliths. Opaques make up of about 2% of the total rock. The composition of the opaques is 

most likely chromite FeCr2O4. 

Xenoliths 

Xenoliths are a large component of each of the 5 of these thin sections. These range in size from 

3.15 to 2.35 cm. Two of the xenoliths contain plagioclase and olivine with intersertal quenched 

glass crystals. The other two xenoliths contain plagioclase and clinopyroxene also with 

intersertal quenched glass. The xenoliths make up around 34% of the thin section. The 

plagioclase composition cannot be determined due to deformation cause by stresses applied to 

the xenoliths.   
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Matrix 

The groundmass makes up of about 52% of the overall rock. The groundmass consists of felty 

plagioclase laths of sizes around 0.35mm long with a 0.05mm width the groundmass also 

consists of olivine, of sizes less than or equal 0.05mm, there is evidence of small amounts glass 

between the plagioclase and olivine within the groundmass. 

Mineral & Structure proportions 

Phenocrysts      14% 

 Olivine          9% 

 Pyroxene       3%  

 Opaques        2% 

Xenoliths        34% 

            Olivine          10% 

            Pyroxene       8% 

            Plagioclase   16% 

Groundmass        52%    

                                                  Figure 6. Mineral and structure proportions of Miðfell Xenoliths. 

 

 

 

 

 

 

Olivine Pyroxene Opaques

Plagioclase Groundmass
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Undirhlíðar Pillow Basalt 

Thin sections: UND-PIL-1, UND-PIL-3, UND-PIL-4, UND-PIL-6, UND-PIL-8. 

This hypocrystalline rock includes olivine, plagioclase, and groundmass. The groundmass of the 

Undirhlíðar pillow basalt contains substantially more glass. Some of the plagioclase and olivine 

form glomercrysts that are sizes around 3.00mm to 4.00mm. There is a total of 4 or 5 

glomercrysts throughout the thin sections. The Undirhlíðar pillow basalt doesn’t contain 

pyroxene, this could be due to the area of the rock in which the thin section was made of. Faint to 

no traces of pyroxene are expected.  

Phenocrysts: 

Olivine (Fe, Mg)2SiO4 

The average size of olivine phenocrysts is ~0.75 mm to 1.00 mm. Most of the olivine within the 

rock exists as microphenocrysts with an average size of less than or equal to 0.25 mm. Crystal 

shape varies from subhedral to anhedral. The measured 2V angle from the olivine was around 85 

degrees. The composition of the olivine is around 75% forsterite. Most of the microphenocrysts 

exhibit a skeletal texture. The amount of the olivine that makes up the overall rock is 18%. 

Plagioclase (NaAl3SiO8-CaAl2Si2O8) 

The sizes of the plagioclase phenocrysts vary from 0.50 mm to 2.00 mm. Most of the crystals are 

subhedral, few are anhedral and may occur in aggregates as glomerocrysts. The plagioclase in 

this thin section varies greatly in size. The majority of the plagioclase laths are ~0.25 mm long 

by 0.05 mm wide existing within the groundmass but also exist as phenocrysts. The amount of 
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the plagioclase that makes up the overall rock is 15%. There is evidence of oscillatory zoning 

that occurs in the plagioclase. 

Vesicular: 5% of the overall rock contains vesicles (gas bubbles). 

Groundmass 

The matrix transitions from a completely quenched glass to the core groundmass of more slowly 

cooling crystals of plagioclase, olivine, and glass composition. The plagioclase exists as small 

laths. There are some clusters of crystals anchoring onto previously formed, larger crystals.  

structures growing from the small plagioclase lath in the glass. The groundmass makes up of 

62% of the whole rock. Thin section UND-PIL-4 differs from the others in that it is composed 

much more glass, which hosts microphenocrysts.  

 

Mineral & Structure proportions 

Phenocrysts      33% 

 Olivine         18%  

 Plagioclase    15% 

Groundmass            62%    

Vesicles          5% 

 

                                      Figure 7. Mineral and structure proportions of Undirhlíðar Pillow Basalt. 

Olivine Plagioclase Groundmass Vesicles
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Discussion 

The objective of this thesis is to identify minerals, as well as igneous textures, which will 

be described in this section of this thesis. This is relevant because mineral identification and 

interpretation of igneous textures is the first step prior to chemical analysis. It is necessary to 

identify the minerals that are the target of analysis, as well as their properties, such as size, 

zoning, and approximate composition. It is also crucial to understand textural relationships 

between minerals, as this provides important information, essential for interpreting the origin and 

evolution of these igneous rocks.  

The approximate composition of minerals can be determined from various optical 

properties. Plagioclase composition can be approximated by analyzing the extinction pattern of 

twin lamellae using the Michel-Levy method. The extinction angle of the albite twins is 

measured, and the largest extinction angle is used to determine the composition. Better accuracy 

is obtained if more plagioclase grains are measured. The plagioclase with the largest extinction 

angle is used in (Figure 8.). This figure shows the relationship between extinction angle and 

composition of the plagioclase solid solution with respect to its sodium and calcium endmembers 

(albite and anorthite respectively). However, application of this method was not possible in all of 

the thin sections. The laths of the plagioclase in the groundmass were too small to be able to 

accurately use this method. The few plagioclase phenocrysts were large enough to apply this 

method but did not occur in the correct orientation. At least 5 plagioclase phenocrysts are 

required to be able to properly use the Michel-Levy method. These crystals must have albite twin 

lamellae that are oriented perpendicular to the lower polarizer. Additionally, the twin lamellae 

must have sharp contacts that are not blurry or faded. Unfortunately, there were too few 

plagioclase crystals with these necessary characteristics.  
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The majority of the phenocryst in thin sections MID-PIL-1-1 through MID-PIL-1-9 were 

Olivine (Mg,Fe)2SiO4 crystals. Olivine exists as a solid solution between two endmembers:  

forsterite (Fo: Mg2SiO4) and fayalite (Fa: Fe2SiO4). Olivine composition can be approximated 

using several different parameters. These include the 2V angle, the index of refraction, the 

maximum birefringence value, or the specific gravity of the mineral grain. Since birefringence 

varies as a function of orientation, the 2V angle will be used instead.  (Figure 9.) shows page 340 

of (Nesse, William D., 2011), which shows the relationship between the 2V angle and 

composition. To measure the 2V angle with the microscope it is first necessary to locate a well-

developed olivine crystal that exhibits the lowest order interference colors. Then, the high power 

(63x/0.75) objective is required, with the Bertrand lens inserted. Various 2V angles formed by 

isogyres are displayed in (Figure 11.). The 2V angle of ~50 different olivine grains were 

measured throughout thin sections MID-PIL-1-1 through MID-PIL-1-9. The majority have a 2V 

of ~90 degrees, which indicates 85 mol% forsterite using (Figure 9.).  

The Undirhlíðar Pillow Basalt contains glomerophyric texture. Glomeroporphyritic is a 

term used to describe a porpyritic texture in which pheoncrysts are clustered into aggregates 

called glomercyts. Glomerporhyritic textures form by a process know as synneusis, where 

accumulation of cystals occur by surface tension and fixing by interpenetraction due to cyrstal 

growth.  

There are various igneous textures that indicate quench crystallization, indicating a high 

degree of undercooling, which is the result of lava-water contact. The presence of glass is a clear 

indicator of this. At very high degrees of undercooling, no crystals have time to nucleate and 

grow, so the melt quenches into an amorphous phase. However, there are many small quench 

crystals transitioning from the pillow exterior to the core, which contains even larger crystals. 
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This relationship is the result of the interplay between crystal growth, crystal nucleation, and the 

rate of undercooling (Moore and Erlank, 1979) . Other textures indicate rapid growth, notably 

the skeletal textures of “hopper” olivine crystals. These are formed as crystal corners 

preferentially grow more quickly, while areas in between are limited by diffusion (Moore and 

Erlank, 1979).  

Another prominent feature is that certain minerals, such as olivine, do not exhibit 

homogenous extinction when viewed under cross-polarizers, but instead display undulose 

extinction shown in (figure 15), which is abnormal. Undulose extinction is the result of a strained 

crystal lattice. This strain requires grain on grain contact and cannot occur while the crystals are 

suspended in a melt. Therefore, it is likely that these olivine crystals did not crystallize from the 

melt, but were instead entrained in the melt, and represent xenocrysts.  

Other igneous textures indicate mixing and resorption. Oscillatory zoning is a prominent 

feature in many olivine and plagioclase phenocrysts, shown in figures 26 & 32. Many olivine 

crystals are tattered subhedral to anhedral shapes, indicating interaction with the melt 

representing resorption of the pre-existing grain during magma mixing events. Others appear to 

have began as skeletal olivine crystals, which continued to grow and close off and entrap melt, 

resulting in  inclusions that form a “V” shape. Gabbro xenoliths were entrained from depth, 

indicating a complex history from source to surface. Additionally, the presence of olivine 

xenocrysts possibly indicates interaction of this melt with a crystal mush.  

The Midfell gabbroic rocks experienced at least three main stages in their history before 

being trapped by erupting magma and transported to the surface as xenoliths (Gurenko and 

Sobolev, 2006). Stage 1 is earlier crystallization gabbro cumulates from the melts which are 

compositionally similar to the transporting magmas beneath the neovolcanic rift zone of Iceland. 
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Stage 2 include flow of similar tholeiitic magmas through earlier formed olivine, clinopyroxene, 

and plagioclase crystal mush or solidified gabbroic layer in the temperature range of 1,190 to 

1,230 degrees celcious and at pressures of 350MPa (Gurenko and Sobolev, 2006). selective 

crystallization and dissolution of clinopyroxene crystals deposited in the cumulative layer, 

causing formation of large clinopyroxene. Stage 3 includes fragmentation of a gabbro layer 

follew by nearly adiabatic transport of the rock fragments to the surface (Gurenko and Sobolev, 

2006). 

   

Figure 8. (Kerr, 1959) percent anorthite versus extinction angle. 
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^ Figure 9. (Nesse, William D., 2011)            ^Figure 10. (Raith and Raase, 2011) 

 optical properties versus composition                Interference figures of optically biaxial 
of olivine                                                              minerals. 

 

^ Figure 11. (Raith and Raase, 2011) Interference figures of optically biaxial 
minerals. 
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Conclusions 

This research project is the first step involving the detailed analyses of pillow basalts collected 

from Iceland. Thin sections of these samples were observed using a petrographic microscope in 

order to establish which minerals are present, their approximate compositions, as well as the 

distinctive igneous textures that they exhibit. Further research will include analyses of the glass 

and coexisting olivine crystals, which will be obtained via Electron Probe Microanalysis. In 

order to acquire chemical data, it is crucial to understand igneous textures, as they assist in 

understanding the origin and evolution of magmas. These samples all display textures indicating 

mixing, resorption, and other complex interactions at depth. This information will be used to aid 

in interpreting results obtained from chemical analyses.  
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Recommendations for Future Research 

All of the thin sections were prepared for electron microprobe analysis. For a future 

research, analysis of each sample via electron microprobe to obtain major elements in the glass 

and the minerals, by applying a 15kV accelerating voltage, 12nA electron beam current and 1–2 

micrometer size of the beam analyses to the clinopyroxene and the plagioclase and a 5 µm size 

beam to the glass. Also, by applying a 20 kV and 20 nA primary beam was applied for analyses 

of olivine and spinel. This will give a summary of mineral chemistry of the major elements to 

produce graphs of the amount of each element along the y-axis and the specific element along 

the x-axis. 
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Figures 

 < Figure 12. MID-PIL-2-1, 40x 
(low power), PPL (left), XPL (right), Olivine with melt inclusions. 

 < Figure 13. MID-PIL-2-1, 40x 
(low power), PPL (left), XPL (right), Groundmass & Vesicles. 

 < Figure 14. MID-PIL-2-1, 
40x (low power), PPL (left), XPL (right), Groundmass, Vesicles, & Olivine 
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 ^ Figure 15. MID-PIL-2-1, 100x (medium power), XPL, Showing 
Undulose extinction in an Olivine. 

 < Figure 16. MID-PIL-2-5, 40x (low 
power), PPL (left), XPL (right), Olivine, Pyroxene (center), Vesicles, & Groundmass. 

 < Figure 17. MID-PIL-2-4, 40x (low 
power), PPL (left), XPL (right), skeletal Olivine, altered Plagioclase (within the olivine), & 
Glass matrix. 
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 < Figure 18. MID-XEN-6, 40x (low 
power), PPL (left), XPL (right), Xenolith: Plagioclase & Olivine. 

 

 < Figure 19. MID-PIL-2-2, 100x 
(medium power), PPL (left), XPL (right), Olivine (blue) within Pyroxene (orange).  

 < Figure 20. MID-PIL-2-2, 100x 
(medium power), PPL (left), XPL (right), Plagioclase within glassy groundmass 
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^ figure 21.                                 ^ Figure 22.                              ^ Figure 23. 

(Figure 21). MID-PIL-2-2, 40x (low power), XPL, Olivine. 

(Figure 22). MID-PIL-2-2, 100x (medium power), XPL, Olivine. 

(Figure 23). Midfell Xenolith hand sample, Olivine & Plagioclase Xenolith (blue circle), 
Pyroxene & Plagioclase Xenolith (yellow circle).                                   

 

 < Figure 24. MID-PIL-1-2, Thin section, showing the 
transitioning from quenched glass rim (right of thin section) to a more slower cooling core (left 
of thin section). 

 < Figure 25. MID-XEN-9, 40x (low power), 
PPL (left), XPL (right). Olivine and plagioclase xenolith 
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< Figure 26. MID-XEN-9, 40x (low power), 
PPL (left), XPL (right). 

 < Figure 27. MID-PIL-1-9, 40x (low 
power), PPL (left), XPL (right). Olivine with minor alteration. 

< Figure 28. MID-PIL-1-4, 40x (low 
power), PPL (left), XPL (right). Olivine within a transitioning groundmass. 

 < Figure 29. MID-PIL-1-4, 40x (low 

power), PPL (left), XPL (right). Olivine and plagioclase within groundmass. 
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< Figure 30. MID-PIL-1-4, 

100x (medium power), PPL (left), XPL (right). 

< Figure 31. MID-PIL-1-3, 40x 
(low power), PPL (left), XPL (right). 

< Figure 32. UND-Pil-1, 
40x (low power), PPL (left), XPL (right). Glomerocrysts of plagioclase and olivine. 
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< Figure 33.  UND-Pil-1, 40x 
(low power), PPL (left), XPL (right). Groundmass and microcrysts of olivine and plagioclase. 

< Figure 34. UND-
PIL-4, 40x (low power), PPL (left), XPL (right). 

< Figure 35. UND-PIL-4, 
40x (low power), PPL (left), XPL (right). 



40 
 

< Figure 36. UND-PIL-3, 
100x (medium power), PPL (left), XPL (right). 

  < Figure 37. UND-PIL-3, 100x 
(medium power), PPL (left), XPL (right)

 


