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Abstract 

Litla Sandfell is a small mountain located in the south of Iceland close to Þrengslavegur. It 

is 80m high and measures around 600-700m in length. The volume of the mountain is 11.9 

million m3.  It is documented that Litla Sandfell is mainly Tuff from a subglacial fissure 

eruption that occurred in the Weichselian, the last glacial period. It is classified as a tuya 

since it protruded thru the glacier during the eruption, causing the glacier to melt and lava 

flowed into the glacial lagoon. Once the eruption was over the glacier covered the mountain 

transporting sedimentary deposits that overlaid Litla Sandfell as a glacial envelope. 

Holocene lava named Leitarhraun surrounds the mountain covering the roots. Fissures in the 

area are oriented SV-NE and are still active and can be seen today through Leitarhraun. The 

material and rock types of the mountain were examined with XRD, XRF, normative 

calculations and thin sections. Seven different types of material were found and divided as 

follows: A: Basalt that cuts through the mountain and can be observed on the surface in some 

places. The basalt appears as three different types divided to Pillow Lava, Pillow Breccia 

and Lava flow. B: Loose tuff mixed with basalt stones that overlies the whole mountain and 

seems to be the majority of material found in Litla Sandfell. C: tuff that has undergone 

palagonitization and therefore display yellowish colours. D: “Stone carpet” that consists of 

basalt rocks and tuff. It overlies the top of the whole mountain. E: A collapse from the walls 

above and is a mixture of all materials. F: Glacial envelope with rounded pebbles to cobbles 

indicating transportation and erosion of the material located in the matrix which consist of 

sedimentary deposits and tuff. The structure is deformed and wavy after the pressure from 

the glacier. G: Material from previous eruption that lies beneath Litla Sandfell. The material 

consists of tuff mixed with basalt rock. 

 

 

 

 

 

 

 

 



 

Útdráttur 

Litla Sandfell er lítið fjall á Suðurlandi skammt frá Þrengslavegi. Það er 80 metrar á hæð og 

um 600 - 700 metrar að lengd. Rúmmál fjallsins er 11.9 million m3. Samkvæmt 

jarðfræðikorti framleitt af ÍSOR, er Litla Sandfell, Móbergsfjall sem myndaðist í 

sprungugosi staðsett undir jökli seint á síðasta jökulskeiði, Weichselian. Fjallið er flokkað 

sem tuya þ.e.a.s. gosið bræddi jökulinn og komst í snertingu við loft sem olli sprengingum 

ásamt því að ferskt hraun rann í jökullónið. Jöklun átti sér stað að loknu gosi og jökulumslag 

myndaðist yfir fjallinu. Leitarhraun, nútíma hraun,  umlykur fjallið og hylur ræturnar að 

hluta til. Misgengi á svæðinu stefna í SV-NA og eru virk í dag. Bergtegundir, fasar og 

efnasamsetningar efna varð skoðað með XRD, XRF, staðla útreikningum og í þunnsneiðum. 

Sjö mismunandi efnistegundir fundust í fjallinu og þeim hefur verið skipt niður með 

eftirfarandi hætti: A: Basalt sem sker sig í gegnum fjallið og sést sumsstaðar á yfirborðinu. 

Basaltið birtist í þremur fösum og skiptist í bólstraberg, blóstrabrotaberg og hraun. B: Laust 

túff í bland við basaltsteina sem virðist vera meirihluti efnis í Litla Sandfelli. C: Móberg sem 

hefur plagast og hefur því gulleita liti. D: „Steinteppi“ sem samanstendur af basaltsteinum 

og túffi. Það liggur yfir toppi alls fjallsins. E: Hrun úr veggjum fyrir ofan og er blanda af 

öllum efnum. F: Jökulumslag úr setbergi með ávölum steinum í mismunandi stærðum. 

Stærða munur og hversu ávalir steinarnir eru gefur til kynna flutning og veðrun efnisins. 

Umslagið hefur að mestu verið rofið og nokkrir hnullingar standa eftir á toppifjallsins. G: 

Efni úr fyrra gosi sem liggur undir Litla Sandfelli. Efnið samanstendur af móbergi með basalt 

innlyksum. 
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1 Introduction  

Iceland is a young volcanic island situated on the mid-Atlantic ridge between the Eurasian 

and N-American plate (Þórðarson & Höskuldsson, 2002). The spreading rate of the oceanic 

ridge has been defined to be 18.6 mm/y (DeMets et al., 1994) and according to GPS 

measurements that were taken over a period of 9 years it is 18-20 mm/y. The GPS 

measurements were taken across the western and eastern volcanic zones (LaFemina, et al., 

2005). Iceland began forming 24 million years ago however, the oldest rocks found are 14 - 

18 million years old. The ridge lies obliquely through Iceland from SW-NE. Therefore, the 

oldest rocks are in the eastern and western parts and the youngest rocks are close to the centre 

of the island. The volcanism of Iceland spans two geological periods, Neogene and 

Quaternary. Volcanic activity is situated around the hot spot and rift-zones thus slowly 

building up the islands mass. The average eruption frequency in Iceland during the last 1100 

years has been determined to be 20 eruptions per century, or one every 5 years (Þórarinsson 

& Sæmundsson, 1979; Þórdarson & Höskuldsson, 2008). Iceland has nearly all volcano 

types and has had eruption in most eruption syles known. Volcanoe types range from basic 

mafic lava shields to typical conical-shape stratovolcanoes and the styles ranging from 

effusive, phreatomagmatic, and magmatic explosive eruptions occurring in subaerial, 

subglacial, and submarine environments. Although effusive basalt eruptions are 

characteristic of volcanism in Iceland, basalt eruptions also includes a variety of explosive 

types. Basaltic eruptions of subplinian and Plinian intensity and mafic subglacial 

phreatomagmatic eruptions. Many Icelandic eruptions have had hemispheric repercussions, 

and the most powerful ones may have had global consequences (Þórðarson & Larsen , 2007). 

There are 30 volcanic systems in Iceland and most are located sub-parralell to the the mid 

Atlatic ridge. Some are situated intra-plate where the ridge used to lie before propagating to 

its current position. Abbreviations are : 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: Tjörnes Fracture Zone, 

KR, Kolbeinsey Ridge, ÖVB: Öræfi Volcanic Belt and SVB: Snæfellsnes Volcanic Belt 

(Þórðarson & Höskuldsson, 2008) (Figure 1).  

An Ice sheet advanced over Iceland 2.9 million and during that glacial period the glacier 

retreated and advanced multiple times shaping the landscape. The glaciation ended around 

10.000 years ago starting the current interglacial period (Geirsdóttir et al., 2007).  
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Figure 1. Illustration of active volcanic systems throughout Iceland’s volcanic zones and 

belts (Jóhannesson & Sæmundsson, 1998). 

1.1 Geological setting the Reykjanes peninsula 

The Reykjanes volcanic belt (RVB) stretches from the off-shore Reykjanes peninsula to the 

Hengill Triple Junction, where it intersects with the Western Volcanic Zone (WVZ) and the 

South Iceland Seismic Zone (SISZ) (Einarsson P. , 2008; Guðmundsson Á, 2000; 

Guðmundsson Á. , 1980; Jakobsson & Guðmundsson, 2008). 

The rift consists of four to five fissure swarms with strike-slip faults oriented to the NE-SW 

(Árnadóttir et al., 2001; Einarsson P. , 2008).  Each swarm has areas with geothermal activity 

and volcanic activity that form volcanic systems (Steigerwald, 2017). Crater rows, tindar, 

normal faults, and NE–SW trending open fissures are the most prominent structural features 

of the Reykjanes (Sæmundsson et al, 2020). Periods of rifting and volcanic eruptions occur 

every 800–1000 years, alternating with periods of seismic activity every few tens of years 

(Einarsson P. , 1991) Volcanic activity impacts one system at a time, moving from east to 

west with 100–200 year intervals between leaps (Sæmundsson et.al., 2020). There are no 

central volcanoes in the RVB. However, it is debated whether the Hengill central volcano 
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system belongs to the Reykjanes Volcanic belt or to West Volcanic Zone as it is right of the 

edge of those two systems (Hjartadóttir et al., 2016). 

1.2 Litla Sandfell 

Litla Sandfell is a small mountain located in the south of Iceland close to Þrengslavegur. It 

is 80m high and measures around 600-700m in length (Loftmyndir EHF, 2022). It is 

documented that Litla Sandfell is mainly hyaloclastite from a subglacial eruption that 

occurred during the Weichselian, the last glacial period (Loftmyndir EHF, 2021). It is 

surrounded by a younger lava that erupted some 5200 years ago (Jónsson, 1978) named 

Leitahraun. To the northeast lies a mountain called Litli Meitill which is a hyaloclastite ridge. 

To the southeast is a mountain topped by dolerite basalt named Krossfjöll and to the 

southwest is Geitafell made of the similar material (Loftmyndir EHF, 2021). Litla Sandfell 

belongs to the Hengill Volcanic system. The Hengill system stretches north of Þingvallavatn 

and merges with Þingvallasigdældin. Volcanic activity during Holocene in the south of 

Þingvallavatn has not been as active compared to Brennisteins volcanic zone. To name a few 

eruptions there are Hellisheiðarhraunin and Dyngjur.  Fracture movements have been very 

high in the Hengill system. The system is believed to have been active for 200,000-300,000 

years. The area surrounding Hengill volcanic zone is relatively young (Árnason, et al., 1987).  

 

1.3 Glaciovolcanic activity 

In Iceland, volcanic activity within glaciers has been common through geological history 

and continues to be so (Guðmundsson, 2005). Sixty percent of all historical eruptions have 

occurred within glaciers (Larsen, 2002). Geological formations resulting from subglacial 

volcanic activity since the latter part of the last glacial period covers around 15.000 square 

meters of Iceland. Currently glaciers cover parts of the sub-and intraglacial volcanic rocks. 

SVZ: Snæfellsnes Volcanic Zone, WVZ: Western Volcanic Zone, EVZ: Eastern Volcanic 

Zone, ÖVZ: Öræfajökull Volcanic Zone, NVZ: Northern Volcanic Zone (figure 2). The 

composition of eruptions in Iceland is approximately 92% mafic, 5% intermediate and 3% 

acidic rock in volume (Þórðarson & Höskuldsson, 2008). Móberg/hyaloclastite formations 

are formed by eruptions under glaciers or in lakes. Pillow lavas, hyaloclastite, dikes, and 

lava flows are the basic units that form under these conditions. When an eruption occurs 

interglacially, a tuya is formed (Matthew, 1947). On the other hand, a subglacial fissure 

eruption usually produces tindar (Kjartansson, 1943). 
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Figure 2. Exposed sub-and intraglacial volcanic rocks in Iceland from the late Pleistocene. (Jakobsson & 

Gudmundsson, 2008). 

During eruptions underneath a glacier four scenarios can occur depending on the time of the 

eruption. At the beginning of the eruption the heat from the magma melts ice producing a 

space inside the ice. At first the eruption is characterised by over pressure conditions, due to 

magma and melt water (Hoskuldsson et al 2007).  As long as the pressure conditions are 

higher than magma volatile exolution level, pillow lava will form. If the eruption stopped 

during this time, a pillow ridge will remain (Þórðarson & Höskuldsson, Classic Geology in 

Europe 3: Iceland, 2002). The behaviour of the magma at this stage is influenced by a variety 

of mechanisms. When ice melts, the volume of the ice falls by 10%, forming an ice bound 

lake. If the volume of the ice-bound lake decreases, the pressure drops, that can cause the 

magma to fracture and the pillow lava to become pillow breccia. (Höskuldsson & Sparks, 

1997). This process could circle in a recurring pattern, if sufficient pressure builds up pillow 

lava will be produced and so forth (Werner & Schmincke, 1999) 

As the eruption continuous pressure above the eruptive vent will decrease. When the 

pressure level becomes <1MPa pillow lava formation will cease, and explosive activity takes 

over. Volcanic fragmentation will shred the top layers of previously formed pillow lava 

producing pillow breccia. Given enough time, craters can form around the eruption, and if it 

is large enough, it can form an island in the middle of the ice-bound lake, resulting in a 

surtseyjan type eruption. The volcanic eruption becomes extremely explosive, producing 

tephra, ash measuring <2mm. The particle size of the ash decreases as the explosive activity 

rises. Pillow lava and a variety of welded strata, known in Iceland as móberg/hyaloclastite, 

is created at this stage. Due to the alteration of glass, such strata are grown together 
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(Þórðarson & Höskuldsson, Classic Geology in Europe 3: Iceland, 2002). The alteration of 

glass can take up to 1-2 years from eruption to complete transition (Jakobsson & Moore, 

1986). Were the eruption to stop at this stage a móberg/hyaloclastite ridge will form in fissure 

type eruptions and móberg/hyaloclastite cone if the volcanic activity were centralized to one 

vent (Jakobsson & Guðmundsson, 2008). Examples of such formations in Iceland are Keilir, 

a móberg/hyaloclastite cone and Helgafell a tuff ridge located to the south of Hafnarfjörður 

(Loftmyndir EHF, 2021). 

The third scenario can occur when the channel from the crater atop the ice isolates and the 

behaviour of the eruption changes completely. In that case the fragmentation and explosivity 

of the eruption stops and the eruption becomes effusive forming typical lava flow, pahoehoe 

and aa (Kjartansson 1943). 

When the eruption becomes effuse lava begins to flow from the craters on top of the before 

formed formation. As the lava flows off the high points of the ridge or tuya it flows into the 

ice bound lake. The steep slope of the formation makes the formations of pillow lava, pillow 

breccia and tuff possible (Furnes et al., 1979). The angle of slopes is usually around 15-30° 

(Furnes et al., 1979; Masurier, 2002). During this stage, the water level of the ice bond lake 

could be unstable due to lava flowing into the lake and evaporating along with the movement 

of the glacier. All these factors combined produce a unique environment where many 

possibilities can occur simultaneously. These lava layers are then deformed by glacier 

activity once the eruption is over and the glacier recovers (Bennett et al.,, 2009; Þórðarson 

& Höskuldsson, 2002). 

Figure 3 provides a simplified version of the four stage history. Glaciovolcanic eruptions are 

extremely complicated and hard to grasp due to various changes occurring within the glacier 

and its surrounding. The water will flow where least resistance is which often results in 

jökulhlaup, a rapid glacial outburst flood or an abrupt discharge of glacial meltwater, or as a 

constant current. The landscape in the area is a controlling factor of these events 

(Höskuldsson & Sparks, 1997).  

 

 



20 

 

Figure 3. Simplified drawing of the four scenarios of glaciovolcanism. (Birta Dís Jónsdóttir) 

1.4 Volcanic glass alteration and classification 

Hyaloclastite is volcanic in origin and generated by fragmentation of magma. When magma 

encounters ice and water, it fragments, and the shock of rapid cooling breaks the magma 

apart, resulting in angular glassy fragments. These formations are mostly encountered in 

subglacial, interglacial, and underwater eruptions. Hyaloclastite can differ from fine grained 

to coarse grained, well sorted to poorly sorted and can have fragments of rocks in a fine-

grained matrix. Hyaloclastite is often coarser in the lower layers, and as eruption continues, 

it will become finer grained. SiO2 concentration varies from basaltic to rhyolitic, hence the 

terminology is determined by the formation rather than mineralogy or chemistry.  

The glass has two endmembers: sideromelane and tachylite. The groundmass 

in sideromelane has a fluidal to irregular morphology and is yellow to brown in colour, 

translucent, vesicular, and typically glassy (Polacci et al., 2019). In high eruption intensity 

sideromelane proportion increases and in low energy eruptions tachylite is more 

predominant (Taddeucci et al., 2004). Tachylite is blocky, grey to black, opaque, with 

poor vesicularity and the groundmass is crystallized. The main difference between the two 

end members is that tachylite is highly crystalized and sideromelan e has low cristalinity and 

higher content of vesicles (Polacci et al., 2019). 

Alteration of sideromelane results in palagonite formation. It is generated by the interaction 

of sideromelane with water (Bennett et al., 2009). This alteration can be seen best in thin 
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sections as brown rims of palagonite in fractures and vesicles. Modern alteration consist of 

rims, patches and alteration in fractures and strong alteration can be seen as shards that have 

been completely altered (Werner & Schmincke, 1999). 

Pillow Lava is commonly referred to as subaquatic pahoehoe, and its creation requires a slow 

rate of extrusion and low viscosity of lava. It can form in three ways. 1.When basic to 

intermediate lavas extrude beneath water or via glaciers. 2. When lava flow from land to 

water. 3. When lava intrudes into unconsolidated and watersatured sediments or tuff (Furnes 

et al., 1979). The water pressure allows magma to form a glassy exterior which prevents 

cooling and magma can continue to flow producing a pillow tube. When the volume and 

pressure inside the glassy exterior increases the magma escapes into the water body 

producing a new pillow and so forth.  

Pillow breccia is related to pillow lava and hyaloclastite. It is mostly made up of pillow 

fragments, with sideromelane serving as a minor matrix component (Furnes et al., 1979). 

These volcanic fragments are often poorly sorted and angular (Bennett et al., 2009). Breccia 

is the result of pillow lava breaking mechanically when the sequens is dipping more than 

15° on unstable hyaloclastite slopes and fragmentation occurs (Furnes et al., 1979). This 

results in brittle fragmentation, where the Si-O molecules undergo structural relaxation, and 

the inner molecules get rearranged (Gonnermann, 2015). With the degassing of magma, the 

explosivity increases and result in a failure to make pillow lava making pillow breccia 

instead (Colgate & Sigurgeirsson, 1973; Furnes et al., 1979). 

Glacial envelope is when a glacier moves sediment from the surrounding region and 

combines it with the material of a mountain, the result is a glacial envelope that covers the 

mountain. Containing a wide variety of sediment sizes that can be rounded to angular 

depending on erosion, transit time, and distance from origin. Depending on the material on 

which the glacier rests, the matrix is made up of sedimentary deposits. Parts of Iceland have 

remnants of this process, although there are no published studies on the subject that use the 

definition glacial envelope (Bennett et al., 2009). 

2 Previous Research 

Litla Sandfell has not been a topic for research due to lack of interest. Geophysical study of 

Litla Sandfell suggests that it has a low density, around 1800kg/m3 and that the material 

consist mainly of tuff and that the mountain does not protrude deep into the earth. 

(Guðmundsson & Högnadóttir, 2004). It is classified as móberg/hyaloclastite from an 

eruption that occurred during Weichselian the last glacial period (Jónsson, 1978; Loftmyndir 

EHF, 2021). After Heidelberg launched a project with an interest in móberg/hyaloclastite, 

Hornsteinn has been directing their resources to Lambafell and Litla Sandfell to gather 

information of the available material consisting of móberg/hyaloclastite. 



22 

3 Methods 

In collaboration with Hornteinn EHF and BM vallá. 

Two older quarry faces are open on the west and east side of Litla Sandfell. Some basaltic 

lava layers were observed with a high content of phenocrysts, although it seems that a high 

proportion of the whole mountain contains of relatively loose tuff mixed with basalt blocks 

which are dark brown in colour. This was also the impression when exploring the top of the 

mountain, even though the surface is covered with stronger stones defined as “stone carpet” 

and it is easy to dig into the loose tuff, just under the surface. The “stone carpet” consists of 

the basalt rocks found in the tuff mix; those cobbles remain while the tuff is easily eroded 

away by wind. The mountain was explored on May 20th, 2021 (figure 6). From the south 

side of the mountain, an excavator was used to dig for samples for research purposes. The 

main objective of this expedition was to evaluate how feasible it would be to dig into the 

tuff. The samples were taken at depths ranging from 50 to 190 meters. 

On top of Litla Sandfell, eleven samples were collected at varying depths, as shown in figure 

5, they are labelled in the order they were collected. Samples 1, 3, 5, 6, 10, and 11 all revealed 

material that was homogeneous. The deepest hole was roughly 250 cm deep in the mountain 

at sample point number 5. The material was homogeneous from the top to the bottom of the 

hole. Soil covering was on average approximately 10 cm thick, although in samples 1 and 3 

obtained from the depression on the south side of the mountain, it reached 50 cm thick. In 

depressions, especially downwind, dirt tends to accumulate.  

Lava veins may be seen in both the east and west quarry, and at certain spots on the 

mountain's summit, they were harder than the surrounding material, allowing them to 

withstand erosion better. Lava veins may be seen around sample points 10 and 8 on the 

mountain's summit. Samples 7 and 9 were taken from palagonite mounds, which is a mafic 

to intermediate volcanically altered glass. Since palagonite is less erodible than the tuff and 

basalt mixture, these mounds stand out against the mountain's flanks. Sample 4 was of 

basaltic rocks, whereas sample 2 was of soil covering. 

 

Figure 4. Litla Sandfell. Sample 7 and 9 were taken from a similar mound. (Photo: Edda Sól Ólafsdóttir – 

20.05.2021.) 
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On the 25th of April 2022 four samples were gathered to view individual rock types more 

thoroughly. Sample 16, 17 and 18 were taken from the south side of Litla Sandfell from 

separate formations. The locations were chosen because the formations contain different 

types of basalts that needed to be examined further do decide their relation.  

 

 

Although numerous samples were taken to confirm the composition and further understand 

the material the focus is on samples coloured in red (map 1) and in bold (table 1). Samples 

1, 5 and 6 were chosen due to the locations stretching from south to north over Litla Sandfell. 

Samples 4 and 9 were of certain types of material that needed to be examined to decide 

which rock type they could be identified as. 

 

 

 

 

Map 1. Map of Litla Sandfell showing sampling locations taken in the explorations on May 

12th and 20th and an overview of sections examined in geological mapping. (Map: Birta 

Dís Jónsdóttir). See table 1 for GPS locations. 
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Table 1. GPS points of the sample locations. Blue banner indicates samples used in this 

thesis 

GPS North West 

Sample 1 N63°57'24.8 W21°27'56.2 

Sample 2 N63°57'28.6 W21°27'53.8 

Sample 3 N63°57'28.6 W21°27'53.8 

Sample 4 N63°57'28.6 W21°27'53.8 

Sample 5 N63°57'31.1 W21°27'54.2 

Sample 6 N63°57'35.3 W21°27'50.8 

Sample 7 N63°57'36.8 W21°27'50.5 

Sample 8 N63°57'34.5 W21°27'44.9 

Sample 9 N63°57'34.1 W21°27'34.1 

Sample 10  N63°57'31.1 W21°28'08.0 

Sample 11 N63°57'28.6 W21°27'48.5 

Sample 12 N63°57'22.2 W21°28'03.9 

Sample 13 N63°57'24.3 W21°27'58.0 

Sample 14 N63°57'26.4 W21°27'36.5 

Sample 15 N63°57'29.4 W21°27'33.7 

Sample 16 Not available Not available 

Sample 17 Not available Not available 

Sample 18 Not available Not available 

 

3.1 Volume calculations 

Volume calculations were made using Qgis. The outline shapefile of Litla Sandfell was 

defined using an aerial photograph and 5m contour lines and calculations were made by the 

Qgis software via raster calculations. The volume was estimated at 11.9 million m3 from the 

shapefile. Note that the volume is dependant on the outline of the shapefile and can decrease 

or increase depending on how it is obtained, for example, calculations made from an older 

shapefile were estimated at 9.3 million m3, a 2.6% decrease in volume. This shapefile was 

the first estimation of the outline of Litla Sandfell and therefore not used in the final map or 

calculations. 

3.2 F X-Ray diffraction analysis 

On May 20th, 2021, samples were gathered and sent to X-Ray diffraction analysis they are 

presented in following table 3. The morphology of samples 1, 5, and 6 are all comparable. 

They are mostly amorphous, with an amorphous content of 73-78 percent, and the few 

crystals identified in the material are mostly plagioclase-feldspar, which is prevalent in mafic 

rocks like basalt. These samples, which are a combination of loose tuff and basalt rocks, are 

classed as group B. Plagioclase-feldspar crystals may be seen clearly when basalt rocks are 
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inspected in hand-specimen. Since tuff is mostly amorphous, the ratio between crystals and 

how amorphous the material is might indicate how much of it is tuff. Given that the basalt 

rocks may be amorphous, this is an approximate estimate. Sample 9 is a group C sample that 

was taken from a mound of palagonized tuff. As is typical of pure tuff, the sample is 95 

percent amorphous. Sample 4 belongs to group D and was taken from the " stone carpet " 

that covers the mountain. Because the tuff is quickly eroded away and the basalt rocks are 

left behind, the sample consists primarily of basalt rocks, which are considered comparable 

rocks and found in group B. 

Table 2. Morphology of Litla Sandfell. (F. Bullerjahn) 

 

3.3 X – Ray fluorescence analysis 

Samples taken on the excursion on May 20th, 2021, were also submitted to Norcem for XRF 

analysis seen in table 4. The SiO2 content between the samples 1, 4, 5, 6 and 9 are similar 

ranging from 48,57 – 49,67. The same goes for the K2O ranging from 0,22 – 0,24. As for the 

Na2O they all range from 2,22 – 2,25 except for sample 9 measuring at 1,74. This information 

can be plotted on a Total-Alkali-Silica diagram to reveal the rock type (figure 12) 

Table 3. Chemical analysis of  samples. (Norcem) 

 

3.4 Borehole and thin section analysis 

A borehole was drilled in December 2021 to better investigate the core of Litla Sandfell. At 

three different depths, 1-3m, 15-18m, and 57-60m, samples were taken. They were then 

milled in BM Vallá's mortar factory's Fritsch P6 Planetary Mono Mill. The texture of the 

material might change during milling. It is difficult to mill pure palagonized tuff and glassy 

scoria because the material adheres to the container like gum. When a tiny quantity of basalt 

is added, the gum-like texture is reversed, and the substance becomes more powder-like. 

Regular basalt or a tuff mixed with basalt combination milled to a fine powder with a normal 

to high fluidity has proven to be more effective. During the milling of these sample a key 
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observation was made. The samples that were taken from the middle of the borehole proved 

harder to mill indicating that they are more amorphous at greater depth.  

Three samples from same depth intervals were then sieved to produce two different particle 

sizes 500μm and <500μm for microscopic analysis. Leica dvmv-6 microscope was used to 

capture photographs for comparison. The Leica microscope is a versatile microscope 

suitable for broad overviews, allowing you to explore and locate regions of interest on your 

sample. The image to the left in figure 6 shows a raw sample taken at a depth of 1-3 meters. 

The sample consist of basaltic glass that can be subdivided to tachylite and sideromelane. 

This sample contains nearly an equal amount of tachylite which possesses a black colour 

and sideromelane that possesses a green-brown colour. Plagioclase fragments are also 

present. The fragments are not as angular as seen in the samples taken at a greater depth. The 

middle image in figure 6 shows a sample taken at a depth of 15-18 meters. Tachylite becomes 

less prevalent at that depth and more sideromelane is found as well as larger plagioclase 

fragments therefore, the colour is lighter. The fragments are smaller overall and more 

fragmented. The image to the right in figure 6 shows a sample taken at 57-60 meters. The 

overall colour of the sample is much darker. Sideromelane is present in small and large 

splinters. Plagioclase fragments are large at this depth. 

   

Figure 5 Sample of the core drill milled to the size of >500μm. White circle = example of tachylite. Orange 

circle = example of sideromelane fragments. Blue circle = Plagioclase fragments. 

The samples were then milled to different sized particles, to the left (figure 6) they contain 

fragments that are >500μm and to the right (figure 6) they contain fragments that are 

<500μm. The sample taken at 1-3 meters contains tachylite fragments with very fine 

powdered sideromelane in the crevices. The tachylite contains visible plagioclase phenocryst 

and the overall colour of the sample is dark with a green-brown tint. There is one large 

sideromelane fragment that has a brown colour 

>500μm >500μm >500μm 
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Figure 6. Sample of the core drill taken at 1-3m. Orange circle = sideromelane fragment. White circle = 

example of tachylite. Blue circle = plagioclase fragments. 

Sideromelane is most abundant seen as transparent glass with a brown hue (figure 7). The 

fragments are highly vesicular at this depth due to gas traveling upwards during an eruption. 

Alteration can be observed in the glass that has undergone palagonitization producing a red 

to black colour resulting from iron oxidization. Olivine and plagioclase crystals are presents 

in the thin section and are rather large. The fragments are disorganized and in multiple 

phases. 

 

Figure 7. Sample of the core drill taken at 1-3m. Orange circle = example of sideromelane fragments. Blue 

circle = Plagioclase fragments. Green circle = olivine. Purple circle = palagonitization alteration. 

Samples taken at 15-18 meters are as follows, to the left (figure 8) the tachylite contains 

larger plagioclase phenocryst. The fragments are vesicular and green-brown fine powdered 

sideromelane fill them. On the right (figure 8) the fragments consist mostly of small 

fragments of sideromelane and larger fragments of tachylite. Plagioclase can be found 

however the fragments are very small.  

>500μm <500μm 

>500μm <500μm 
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Figure 8. Sample of the core drill taken at 15-18m. White circle = example of tachylite. Orange circle = 

example of sideromelane fragments. Blue circle = Plagioclase fragments. 

Sideromelane is most abundant in the thin section to the right (figure 9) milled to >500μm 

and the plagioclase phenocryst are smaller but more abundant, olivine phenocryst can also 

be seen in the green circles. The vesicularity has decreased and the overall sample is less 

disturbed. Tachylite is circled in white and can only be found in this thin section but that is 

not to say that it is not only present at this depth. When milled to <500μm to the left (figure 

9) the sideromelane is purer with less inclusions and decreased vesicularity. Plagioclase and 

olivine are present at this depth. The plagioclase can be seen both as larger phenocrysts and 

tiny acicular needles. 

 

Figure 9. Sample of the core drill taken at 15-18m. White circle= tachylite. Orange circle = example of 

sideromelane fragments. Green circle = olivine. Purple circle = palagonitization alteration. 

This sample is mostly glass. The image to the left (figure 10) show’s larger fragments with 

a black colour that is tachylite with fragments containing plagioclase phenocrysts. 

Conchoidal fractures can be observed, which is typical for bubble rich class. The image to 

the right (figure 10) shows fragments that are <500μm. They are very angular and much 

smaller fragments compared to the other samples. The colour rages from green to black and 

consist almost entirely of small, splintered sideromelane and larger tachylite.  

>500μm <500μm 

>500μm <500μm 
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Figure 10. Sample of the core drill taken at 57-60m. White circle = example of tachylite. Orange circle = 

example of sideromelane fragments. Blue circle = plagioclase fragments. 

The sample taken at 57-60 meters consist of fresh sideromelane (figure 11) with almost no 

palagonitization. At this depth plagioclase crystals have had more time to form, and they are 

in their typical acicular form and the vesicularity has massively decreased. 

 

Figure 11. Sample of the core drill taken at 57-60cm. Orange circle = example of sideromelane fragments. 

Blue circle = plagioclase fragments. Green circle = olivine. Purple circle = palagonitization alteration. 

3.5 Normative calculation 

Silica and titan can be indicators of the degree of weathering in tropical regions 

(Jayawardena & Izawa, 1994). Plotting this relationship gives an insight of weather the 

material is related of not and if all the material in Litla Sandfell is from the same eruption or 

not.  

When comparing the SiO2 and TiO2 content provided by the normative calculations from 

HCC there is one sample that draws attention. Sample 9 contains far less TiO2 compared to 

the rest of the samples in addition the SiO2 content is a little bit higher as seen in table 5. 

Sample 4 show another anomaly with a SiO2 content of 48,57 which is far less compared to 

the other samples. The TiO2 content is higher that sample 1,5 and 6 measuring at 1,86 

however it is not as high as sample 9. 

>500μm <500μm 

>500μm <500μm 
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Table 4. The comparrison of SiO2 content and TiO3 content. 

Material SiO2 TiO2 

Sample 1 48,95 1,61 

Sample 5 48,91 1,6 

Sample 6 48,97 1,63 

Sample 9 49,67 2,11 

Sample 4 48,57 1,86 

 

The commonalities in the samples are readily shown when displayed on a TAS (Total Alkali-

silica) classification diagram (figure 12). They all have a classic basaltic mix, which is 

Iceland's most frequent rock type. There is one sample that is distinguishable from the other 

and that is sample 9 taken from a mound of palagonite however it is still classified as basalt.  

 

Figure 12. TAS diagram, composition is basalt. Sample 1 shown in red. Sample 5 shown in green. Sample 6 

shown in blue. Sample 9 shown in orange. Sample 4 shown in yellow.   

This can also be seen with the comparison of SiO2 content versus the TiO2 content. There 

are two samples that show anomalies. Sample 4 that was collected from the stone carpet has 

a low SiO2 content measuring at 48,57 and TiO2 content at 1,86. These anomalies are due to 

loss of ignition and it is still the same material as samples 1,5 and 6. Sample 9, that was 

collected from a tuff mound that has undergone polygonation, has the highest SiO2 content 

measuring at 49,67 and TiO2 measuring at 2,11. The rest, sample 1,5 and 6, lie fairly close 

together ranging from 48,9 – 49 in SiO2 content and 1,6 – 1,63 in TiO2 content.  
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Figure 13. The comparison of SiO2 and TiO2. Sample 1,4, 5 and 6 in blue. Sample 9 in red.  





1 

4 Conclusions and discussion 

Litla Sandfell formed in a fissure eruption beneath a glacier that centralised into a cone. Once 

the eruption took place it melted through the glacier forming an icebound lake and explosivity 

within that lake created móberg/hyaloclastite. Once the eruption was able to produce a high 

enough mountain it reached over the water level allowing the crater atop to isolate and explosive 

activity became effusive forming typical lava flow. Lava flowed into the ice bound lake down 

the steep slope of the mountain thus being able to form pillow lava. The slope became more 

gradual fragmenting the pillows into breccia. The water level was unstable as indicative by 

layers of tuff in between layers of pillows and breccia. The faults, which are still active, can 

still be observed on satellite images through the Holocene lava named Leitahraun that has 

surrounded the area. The volume of Litla Sandfell remaining is calculated to be 11.9 million 

m3. 

The classification of different rock types can be seen in the table 5. The groups were decided 

with visual observations after examining the samples. These claims were then backed up via 

XRD, XRF, normative calculations and thin section analysis. Using this data collection Litla 

Sandfell can be divided into units and mapped accordingly.  

Group A: Consist of lava that can be found in three phases, lava, pillow lava and pillow breccia. 

This category has been subdivided into A. L for basalt lava, A. P for pillow lava and A. B for 

pillow breccia.  

A. l: Lava has the lowest vesicularity with phenocrysts ranging from 8 - >1mm. Plagioclase is 

in a much larger quantity than olivine, which can only be seen with a hand lens. On Litla 

Sandfell this could be seen as a lava layer that extended across the profile of section 1. There 

was downward slumping of this layer indicating the flow direction (figure 21). There were also 

smaller units protruding from the surface of the mountain (figure 22). 

A. p: The pillow lava has a medium vesicularity and they can be seen in bands across the 

sample. Phenocrysts of plagioclase ranging from 4 - >1mm. Olivine can be found inside a 

cluster of plagioclases (figure 14). In section 6 (figure 26) pillow lava that has flowed down a 

steep hill producing whole pillows however, they have fractured due to weathering. 



2 

 

 

A. b: The pillow breccia is highly vesicular as a result from degassing and brittle fragmentation 

and the vesicle size coarsens upwards. Plagioclase phenocrysts range from 5 - >1mm and the 

majority of them are in the larger size and the only olivine found in this sample is 2mm in 

diameter (figure 15). Scale in centimetres. In section 1 (figure 21) small Intrusions of pillow 

breccia extrude from the mountain. This can also be seen in section 4 (figure 25 

 

 

Group B: Consists glassy matrix with tachylite and sideromelane which reaches at least 60 m 

down into the mountain according to drillholes that were taken at three different locations. It is 

Figure 14 Litla Sandfell: Group A, Pillow Lava. 

Figure 15 Litla Sandfell: Group A, Pillow Breccia.  
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therefore the majority of the material found in Litla Sandfell and can be found underneath the 

stone carpet that is 10 -50 cm in thickness. The sample on figure 15 was taken on the mountain's 

south facing slope at a depth of 75cm. Scale in centimetres. This group is seen as a loose mix 

that has collapsed from the layers above and has undergone palagonization if section 1 (figure 

21). In section 3 on the hillside that appears to have been excavated at some point has this loose 

glassy mix (figure 24). The glassy matrix is most abundant on the south side of the mountain 

(figure 27) where the stone carpet is not present. Some organic material can be observed in the 

mix, and brown patches are soil (figure 30).  

 

Figure 16. Litla Sandfell: Group B – sample 1. 

Group C: Tuff, this sample was taken from a mound of palagonized tuff that protrudes from 

the mountain's east side (figure 17). Scale in centimetres. On Litla Sandfell tuff that has not 

undergone palagonization and has a grey colour can be seen on figures 21, 27, 28, 29. And 

palagonized tuff displaying yellow colour can be seen on figures 22, 24, 25, 26, 27. It is massive 

with grain sizes from sand to pebbles and often veins of silt can be seen in these units. 
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Figure 17. Litla Sandfell: Group C – Sample 9.  

Group D: Basalt rocks collected from the “stone carpet” overlaying the mountain. Phenocrysts 

of plagioclase 1-4mm in diameter can be observed in the rocks. Scale in centimetres (figure 

18). This material can be seen in most of the figures of the mountain however it is only a thin 

layer measuring 10 – 50cm in thickness as a result of erosion. The smaller grains have been 

eroded via wind and the heavier basalt rocks lie as a carpet covering the mountain. The stone 

carpet can be seen on figures 21, 22 23, 24, 25, 26 29 and 30. Underneath this carpet is a glassy 

matrix which is the most abundant material of Litla Sandfell. 

 

Figure 18. Litla Sandfell: Group D – Sample 4.  

Group F: Glacial envelope with rounded pebbles to cobbles indicating transportation and 

erosion of the material located in the matrix which consist of sedimentary deposits and tuff. 
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The structure is deformed and wavy after the pressure from the glacier (figure 19). Hamer for 

scale. On the mountain this can be seen as an envelope with subrounded to rounded pebbles 

and cobbles located in the matrix which consist of sand and is sorted, indicating transportation 

of the material due to the lack of smaller and bigger grain sizes. The structure is deformed and 

wavy after deformation from the glacier (figure 24 and 30). 

 

Figure 19. Litla Sandfell: Group F.  

Group G: Basalt from the old eruption that is vesicular and the pattern of the vesicles in 

unclear. Phenocryst range from 6 - >1mm. Plagioclase is more common however, there are a 

few olivine phenocrysts in this sample (figure 20). Scale in centimetres. The older material 

protrudes in two places on Litla Sandfell and consists of tuff mixed with basaltic rocks and can 

be seen on figure 23. 
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Figure 20. Litla Sandfell: Group G – Sample 9. 
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Images of the sections of Litla Sandfell displaying the classification of material according to 

table 5. 

 

Figure 21. Section 1: The east quarry at Litla Sandfell (Drone photo: Björn Davíð Þorsteinsson). 

 

Figure 22. Section 1 seen from above (Drone photo: Björn Davíð Þorsteinsson). 
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Figure 23. Section 2 of Litla Sandfell (photo William M. Mooreland) 

 

Figure 24. Section 3: Northeast side of Litla Sandfell (photo: Birta Dís Jónsdóttir Blöndal). 

 

Figure 25. Section 4: Northwest side of Litla Sandfell (Photo: Birta Dís Jónsdóttir). 
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Figure 26. Section 5: Southwest side of Litla Sandfell (Photo: William M. Moreland). 

 

 

Figure 27. Section 6: Southwest side of Litla Sandfell, west quarry (Photo: Birta Dís Jónsdóttir). 

 

 

Figure 28. Section 6: Southwest side of Litla Sandfell, west quarry close-up (Photos: Birta Dís Jónsdóttir). 
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Figure 29. Section 6: South side of Litla Sandfell (Photo: Birta Dís Jónsdóttir). 

 

Figure 30. Section 8: South side of Litla Sandfell (Photo: Birta Dís Jónsdóttir). 

4.1 The geological map of Litla Sandfell  

Litla Sandfell was mapped according to the material classification table (table 5) and can be 

seen on the map bellow (map 2).  The stone carpet, that covers the majority of the map, is only 

10 – 50cm thick and can be seen in the cross section figures (figure 31 and 32). According to 

the boreholes glassy matrix reaches at least 60 meters down and is the most abundant material.  
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Table 5. The classification of rock types and materials. Color code refers to the geological 

map of Litla Sandfell. 

 

 

Group Description Sample  Figure nr. 

A. l 
Basalt that cuts through the mountain and can be observed on 

the surface in some places. 
Sample 18  Figure 21, 22 

A. p Pillow lava (figure 14) Sample 16 Figure 26 

A. b Pillow Breccia (figure 15) Sample 17 Figure 21, 25 

B 
Glassy matrix that is the majority of material found in Litla 

Sandfell (figure 16). 

Sample 

1,3,5,6,8,10  

Figure 21, 24, 

27 and 30 

C 
tuff that has undergone palagonitization and therefore display 

yellowish colours (figure 17). 
Sample 7 

Figure 21, 22, 

24, 25, 26, 27, 

29 

D 
“Stone carpet” that consists of basalt rocks and tuff. It overlies 

the top of the whole mountain (figure 18). 
Sample 4 

Figure 21, 22 

23, 24, 25, 26 

29 and 30 

E A collapse from the walls above and is a mixture of all materials. West quarry 
Figure 21, 23, 

28 and 29 

F 

Glacial envelope with rounded pebbles to cobbles indicating 

transportation and erosion of the material located in the matrix 

which consist of sedimentary deposits and tuff. The structure is 

deformed and wavy after the pressure from the glacier. (Figure 

19) 

 
Figure 24 and 

30 

G 

Material from previous eruption that lies beneath Litla Sandfell. 

The material consists of tuff mixed with basalt rock (figure 20 

and 23) 

Sample 9 Figure 23 
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Map 2. The Geological map of Litla Sandfell showing the classification of material on the mountain. Vertical lines indicate cross section location. 
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Figure 31. A cross section of Litla Sandfell facing SW-NE (Birta Dís Jónsdóttir). 

 

 

Figure 32. A cross section of Litla Sandfell fasing W-E (Birta Dís Jónsdóttir).
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Appendix  

The normative calculations used for tables. 

Lab no. 

  

64226-

22 

PO-

2021-

0025 

PO-

2021-

0026 

PO-

2021-

0027 

PO-

2021-

0028 

PO-

2021-

0029 

Sample 

  Litla 

Sandf - 

LS-36 

(Sýni 

1) 

(Sýni 

5) 

(Sýni 

6) 

 (Sýni 

9) 

(Sýni 

4) 

LOI 1050 °C % (+0.51) 0,48 0,53 0,51 4,1 0,49 

SiO2-XRF % 48,49 48,95 48,91 48,97 49,67 48,57 

Al2O3-XRF % 16,57 17,15 16,93 16,67 15,31 15,76 

TiO2-XRF % 1,62 1,61 1,6 1,63 2,11 1,86 

MnO-XRF % 0,17 0,18 0,18 0,19 0,23 0,2 

Fe2O3-XRF % 12,15 11,88 11,85 12,1 14,71 13,23 

CaO-XRF % 12,27 12,48 12,53 12,44 9,93 12,15 

MgO-XRF % 6,81 6,74 6,7 6,85 6,64 7,04 

K2O-XRF % 0,23 0,22 0,23 0,24 0,24 0,22 

Na2O-XRF % 2,09 2,22 2,31 2,25 1,74 2,23 

SO3-XRF % 0,06 0,09 0,11 0,11 0,08 0,1 

P2O5-XRF % 0,17 0,167 0,166 0,171 0,188 0,182 

total XRF - 

1050 °C 
% 100,62           

Quartz % 0           

Anorthite % 3,5           

Labradorite % 2,8           

Andesine % 13           

Diopside % 0,4           

Augite % 1,4   2 4   37 

Forsterite_iron % 3,6 3 2 3   7 
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Amorphous 

content 
% 75,4           

Alk     2,36 2,46 2,41 1,9 2,37 

Karbon     0,02 0,02 0,02 0,1 0,12 

Feldspar 

(Anorthite, 

Labradorite, 

Andesine) 

19,3 19 18 20 5 39 

Pyroxene 
(Diopside, 

Augite) 
1,8           

Olivine (Forsterite) 3,6           

Amorphous 
  

75,4 78 78 73 95 17 

SUM   100,1           

        

 


