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Geothermal Surface Mapping and Chemical Sampling in Krýsuvík at: 

Seltún, Trölladyngja, and Austurengjar 

Julianna Hogenson 

June 2017 

 
Abstract 

The aim of this study was to assess, test, and analyze the geothermal surface 

manifestations in the Krýsuvík volcanic system on the Reykjanes Peninsula. This 

included:1) Geothermal surface manifestation mapping 2) Soil and geothermal 

feature temperature sampling, 3) Geochemical steam sampling and 

geothermometer analysis 4) Surface boundary soil temperature time series data 

sampling. The results were compared with previously collected data in the area. 

The geothermal mapping showed an increase in surface activity associated with 

faulting activity and shifts in the strength of geothermal features. Most of the 

geothermometer results showed temperatures between 250-330°C, consistent with 

older data from 2011-2017. The soil temperature-time series data was heavily 

influenced by precipitation and proved to be semi-inconclusive. The combination 

of the geothermal mapping and geochemical results showed a possible gradual 

heating of the geothermal system. This contradicted the measured temperatures 

from previous exploratory drilling that showed a cooling of the system in 

comparison to the alteration minerals.  
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Julianna Hogenson 

 

júní 2017 

 
Útdráttur 

Markmið rannsóknarinnar var að kortleggja yfirborðsvirkni jarðhitasvæðisins í 

Krýsuvík á Reykjanesskaga. Rannsóknin samanstóð af 1) yfirborðskortlagningu 2) 

hitastigsmælingum í jarðvegi og yfirborðsvirkni  3) gufusýnatöku og túlkun með 

gashitamælum 4) hitamælingar á ólíku dýpi í jarðvegi. Niðurstöður mælinga voru 

bornar saman við mælingar fyrri rannsókna á svæðinu. Yfirborðskortlagningin 

sýnir aukna virkni og tengsl jarðhitans við jarðhnik á svæðinu. Niðurstöður flestra 

gashitamæla sýndu hitastig milli 260-330°C, sem er í samræmi við eldri 

rannsóknir, frá árunum 2011-2017. Jarðvegshitamælingarnar eru ómarktækar 

vegna mikilla rigninga. Kortlagningin og hitamælingar gefa til kynna aukna 

yfirborðsvirkni jarðhitans á svæðinu við Krýsuvík.  Niðurstöðurnar brjóta í bága 

við hitastigsmælingar frá fyrrum jarðborunum, en þær gáfu til kynna kælingu á 

svæðinu.
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Chapter 1 

1Introduction 

The purpose of this project is to assess, test, and analyse the current geothermal surface 

manifestations on selected areas on the Reykjanes Peninsula and allow for a comparison 

with old data collected in the area. Iceland is at the forefront of geothermal exploration and 

development. This thesis is a co-project between Reykjavik University and Iceland 

GeoSurvey (ISOR). ISOR is one of the key companies providing consulting, training, and 

scientific services to the Icelandic Power industry focusing on geothermal exploration, 

development and utilization. As the geothermal industry continues to grow in Iceland, there 

is always a need for current and continuous data collection.  

The study area is focused in southwest Iceland on the Reykjanes Peninsula. This 

peninsula is home to the Reykjanes Resource Park, a geothermal industrial park home to 

two geothermal power plants operated by HS Orka - an Icelandic power company. The 

presence of existing power plants shows that there is already an established research base 

for the area.  

In Iceland, there is a total of thirty three high-temperature geothermal systems. A high-

temperature geothermal system is one where the temperature of the system is greater than 

200 °C in the uppermost 1000 m of the high temperature area (Ármannsson H. , 2016). If all 

of these systems intend to be utilized for energy, then detailed environmental and geothermal 

surveys must be completed.  

Long-term monitoring of geothermal systems is carried out in order to evaluate any 

possible production induced changes due to man-made disturbances. To identify these 

changes correctly, the natural fluctuations in the geothermal system need to be identified to 

create baseline data (Ármannsson et. al. 2000). The continued monitoring of physical and 

chemical variations in a geothermal system is the only way to truly determine the natural 

variations of the system. This is due to the apparent changeability of geothermal surface 

manifestations and levels of activity. Once the natural state of the geothermal system has 

been studied over a long period, this data can be evaluated to predict future changes in the 

geothermal system.  

The Icelandic government now requires by law, assessments of the environmental impact 

that energy production would have on an area. All possible surface disturbances should be 

addressed in an environmental impact report; then solutions are to be developed in 

cooperation with any affected persons, companies, councils and government bodies. 

Strategies must then be enforced to mitigate the impacts on the surrounding areas 

(Ármannsson et. al. 2000). The government has identified the following environmental 

influences as the most significant in regards to geothermal utilization: “Surface disturbances, 

physical effects due to fluid withdrawal, noise, thermal effects and emission of chemicals, 

both gas emissions and liquid discharge” (Ármannsson & Kristmannsdóttir, 1992).  

One other aspect that needs to be addressed is the historical and touristic interest in an 
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area. The extent of these interests varies from location to location; therefore, this interest 

must be acknowledged on a site to site basis. For example, in Northern Iceland, the 

Hverarönd region in the Námafjall geothermal system was heavily researched in the 1950’s 

for a possible sulphur plant. This area is covered in fumaroles and springs and has developed 

into a strong tourist attraction in the past three to four decades. The presence of the tourist 

attraction has been cited in the proposition and decision to not build a power plant at 

Námafjall (Ármannsson et. al. 2000). 

Once these aspects are taken into consideration, the Icelandic government will then 

determine whether a power company may develop a geothermal power system in the area. 

For accurate assessments, continuous data collection is required in the geothermal areas. 

1.1 Project Outline 

The following thesis is intended to be a research project in partnership with ISOR, 

Reykjavik University and Iceland School of Energy. The focus of this project is on the 

Krýsuvík Volcanic System located on the Reykjanes Peninsula in South-West Iceland. The 

geothermal system associated with this volcanic system is quite large and has many areas of 

apparent surface manifestations. The purpose of the project is to assess, test, sample and 

analyze the current geothermal manifestations in the area. The resulting data will then be 

compared to previously collected data from the area to try and determine the natural changes 

occurring in the system. Additionally, temperature measurements will be gathered for the 

immediate surface boundary layer, to determine the diurnal patterns to help give a better 

understanding of the heat flow through the surface layers.  

Figure 1.1: High Temperature Geothermal Areas in Iceland 

(Ármannsson H. , 2016)  
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The research area is on the eastern portion of the Reykjanes peninsula and the analyzed 

areas are Krýsuvík, Trölladyngja and Austurengjar (Figure 1.1). The surface manifestations 

at these areas will be measured through melt mapping, temperature measurements, 

photography, and geochemical sampling of suitable fumaroles. The surface temperature 

measurements will be collected for 6 - 7 day periods at each site.  

Currently the only human activity in the Krýsuvík region is a rehabilitation center and 

tourist attractions, mainly prevalent at Seltún. Krýsuvík was heavily researched and tested 

through exploratory geothermal wells and surface mapping. In the recent decades, updated 

data is lacking for active geothermal surface manifestations at some of the sites through the 

research area. 

1.2 Geothermal Terminology Introduction 

The majority of the surface manifestations found in the Krýsuvík region can be described 

as steaming ground (Figure 1.2). Although there is a variety of different surface features, 

most of the features can be classified under the term steaming ground. By definition, 

steaming ground occurs in locations where vapour from the upper part of a geothermal 

system, whether it be a liquid dominated or a vapour dominated system, comes to the surface 

(Hochstein & Bromley, 2005). 

For the purpose of this project the subsequent terminology will be applied. Some of the 

steam vents associated with steaming ground will be referred to as fumaroles or solfataras. 

Fumaroles will refer to stronger steam vents, while solfataras will be referring to the active 

altered area that has a small amount of steam discharge from an area containing sulfur 

oxides. Mud pots are vents or springs where there is a significant enough amount of sediment 

in suspension that the liquid is thick and viscous or the liquid is opaque. Gaseous springs are 

springs where there is bubbling gas, but not boiling temperatures. Dry steam vents refer to 

vents where there is no moisture or steam but there is clear audible evidence of gas being 

released. 

Figure 1.2: Steaming Ground with steam discharge from a 

variety of surface features (Hochstein & Bromley, 2005)  
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1.3 Background 

 Geomorphology 

Iceland is the largest subaerial section of the mid-Atlantic ridge system and formed 

where the mid-Atlantic ridge intersects a mantle plume. The Reykjanes Peninsula is located 

in south-west Iceland and has been explored heavily to assess and harness geothermal energy 

for the Reykjanes UNESCO Geopark. This section of the ridge is comprised of a highly 

oblique rift extending at N75°E until it intersects with the Western Volcanic and South 

Iceland Volcanic Zones (Vargas Morales, 1992; Clifton & Katterhorn, 2006). This peninsula 

is composed of five main volcanic systems: Reykjanes, Eldvörp-Svartsengi, Krýsuvík, 

Brennisteinsfjöll and Hengill (Figure 1.3 Modified from Sæmundsson and Sigurgeirsson, 

2013 ) 

The geomorphological features of the Reykjanes peninsula were heavily influenced 

through various phases of glaciation. The Eastern portion is comprised of a series of 

hyaloclastite parallel ridges orientated at N40°E. These en-echelon ridges tend to have 

elevations upwards of 100 - 200 m and reach 300 - 400 m above sea level (Jones, 1969). 

Despite being only 1 - 1.5 km in width, they can span up to 20 km in length (Vargas Morales, 

1992).  

Within the Krýsuvík volcanic system, approximately 40 km2, there are six general areas 

of active geothermal features including: Köldunamur, Seltún, Hveradalir, Austurengjar, 

Sandfell and Trölladyngja (Figure 1.4). The Trölladyngja area is located on the western edge 

of the hyaloclastite ridges while the Krýsuvík area is on the eastern side, Austurengjar is 

Figure 1.3: Volcanic Systems of the Reykjanes Peninsula 

(Modified by Guðjónsdóttir, 2014 from Sæmundsson and 

Sigurgeirsson, 2013) 
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located within a sub-valley on the eastern side of Krýsuvík. While the Krýsuvík and 

Austurengjar areas were formed under complete glaciation, Trölladyngja has a few geologic 

features that suggest periods of interspersed glaciation. This will be explained further in the 

geology background section.  

Within the valleys between the hyaloclastite ridges, lakes of varying sizes have formed 

and are usually created as a result of a phreatic eruption. The middle and western portions 

of the peninsula consist of lava flows originating in southern shields and various eruptive 

fissures with the lava flowing in a northward direction. These ridges are also interspersed 

with crater rows, resulting from glacial activity and trending in the same NE-SW direction 

as the ridges and faults (Jóhannesson & Einarsson, 1988). They trace the postglacial fissures, 

which are the source for the lavas that occupy the valleys and lower areas. This region is 

strewn with tension controlled normal faults that tend to have displacements of only 10 - 20 

m. These geomorphological features are essential influences on the locations of the surface 

manifestations that are the focus of this research project. 

 Research Locations 

Out of the six geothermal areas in the Krýsuvík volcanic system, this study will focus 

mainly around the Seltún, Hveradalir (combined and referred to as Krýsuvík, (except for 

some data collection analysis)), Trölladyngja, and Austurengjar areas. All the research 

locations are approximately 40 - 45 km south-southwest, of Reykjavik, Iceland. They are 

located on the west and east sides of the Krýsuvík fissure swarms. Some areas of activity 

were also found part way into the interior ridges west of Seltún and Hveradalir and were 

mapped and sampled. 

Figure 1.4: Krýsuvík Geothermal System Map based on resistivity surveys (Orange 

Line) (Guðjónsdóttir, 2014). The areas for this project include Trölladyngja, Seltún, 

Hveradalir and Austurengjar.  
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All of the aforementioned areas contain a variety of geothermal surface manifestations, 

including hot ground, mud pots, fumaroles, steam vents, boiling springs, and extensive 

solfataras. The Seltún and Hveradalir areas have been made accessible for tourism purposes, 

thus parking lots and clear walking paths are available. This is unlike the Trölladyngja and 

Austurengjar areas where the access provided stems from previous exploration phases, 

exploratory geothermal wells access, and hiking trails. 

 Geology Background 

The Reykjanes Peninsula first became an active volcanic area 6 - 7 million years ago and 

the last volcanic eruption occurred during the 12th century A.D. (Jóhannesson, 1980). There 

appears to have been a volcanic eruption approximately every 1000 years on the peninsula 

(Sæmundsson et al. 2013). Despite the lack of a distinct central volcano, as is seen in other 

volcanic systems along the rift zone, there are clear sets of fissure swarms across the 

peninsula (Vargas Morales, 1992). The research areas are located within the Krýsuvík 

swarm and the area is dominated by basalts. The shape, structure and type of basalt is 

dependent on the periods of inter- and post-glaciation, as well as subglacial and supraglacial 

eruptions.  During the last period of glaciation, the ice on the Reykjanes Peninsula area was 

approximately 300 m thick. It varied in location as there are predominant sub-glacial 

eruptions throughout the eastern portion of the peninsula. Thus, the creation of table 

mountains and the formation of hyaloclastite ridges (Arnorsson et al. 1975). 

Hyaloclastites are typically formed from an assortment of pillow basalts, breccias, and 

tuffs. They comprise the bulk of the lithologies within the study areas. In order to understand 

the relation of the rock types to each other, it is beneficial to understand the formation 

processes of these three main rock types: pillow basalts, breccias, and tuffs.  

Pillow basalts are fine-grained formations formed under water or ice with significant 

pressure. They are typically identified by glassy outer rinds with coarser forms of basalt 

occurring gradationally into the center. This is created as erupting lava cools quicker on the 

surface in relation to the center. All of this occurs while being pushed from below by further 

lava, creating characteristic bulbous shapes with radial jointing. The water pressure 

throughout this process must be high enough to prevent the direct interaction of magma and 

water that would cause a phreatomagmatic explosion (Jones, 1969). Typically, a thin layer 

of steam surrounds the surface after initial quenching, providing further insulation and 

helping to prevent further mixing. Individual pillows typically range in size from around 20 

cm to a few metres in length. Pillow basalts can occur as wholly homogenous units or as 

individual occurrences within other units, depending on eruption conditions. Pillow basalts 

are commonly found at the base of hyaloclastite ridges, forming during the first stages of the 

eruption, as the fissure is sufficiently buried under the ice (Jones, 1969).  

Hyaloclastite breccias and tuffs form under ice and water as well, but at lower pressures. 

As the volcanic cavity increases at the bottom of an ice sheet, the ice surface will subside, 

lowering the pressure on the volcanic edifice. When this drops below 10 MPa, the erupting 

magma can mix with pooling water (Höskuldsson et al. 2006). There will be a gradual 

change from the fine-grained pillow lavas to layers of breccias and tuffs as phreatomagmatic 

processes become more dominant (Morales, 1992). 

The sub-glacial hyaloclastite ridges at Krýsuvík were formed during eruptions where 

there was not enough magma to reach the surface of the glacier. This caused layers of 

hyaloclastite tuff and breccia to overlay pillow basalts (Figure 1.5). Typically, this would be 

topped with a supraglacial lava, where the magma would emerge through the ice and spread 

out on the surface of the ice. The ice was too thick in the Krýsuvík region for this to occur 
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(Imsland, 1973). The elongated shape of the ridges represents the location of the fissures 

below the ice. As the magma contacts the ice, rapid cooling occurs, which in turn, restricts 

the flow of the magma so it does not travel far from its fissure vent. Therefore, this leads to 

magma moving upwards rather than outwards and creates the ridges seen today. Unlike the 

interglacial eruptions, which result in thinner basaltic flows on the western portion of the 

Reykjanes Peninsula.  

Figure 1.5: Krýsuvík Geological Map (Modified from 

Sæmundsson et al. 2010).  

The Trölladyngja area is comprised of several bedrock units formed from sub-glacial 

and subaerial volcanic eruptions during recent glacial and post-glacial periods. Sub-glacially 

formed hyaloclastite ridges protrude several hundred metres through the fields of lava, 

trending NE-SW similar to the fissures that cover the Reykjanes peninsula. These ridges are 

characterised by steep sloping sides, roughly a kilometre wide and several kilometres long. 

Eruptions during the ice-free period produced the relatively flat lava fields. 

The geology of the Trölladyngja area was assembled from geological maps produced by 

Sæmundsson et al. (2010) (Figure 1.6). The oldest geological unit in the region is 

Grænadyngja. This unit is dominated by breccia and tuff, but has exposed occurrences of all 

common hyaloclastite facies. It also demonstrates the change from a sub-glacial eruption to 

sub-aerial. Breccia and tuff facies constitute the majority of exposed facies on the slopes of 

the ridge. The lower parts of the ridge show some occurrences of dykes. The top most 

sections of the slope demonstrate some bedding and sorting in the upper tuff facies. The top 

of the ridge shows some red scoria and lava flows, indicating the change from sub-glacial to 

sub-aerial eruption. Grænadyngja contains the largest and most varied alteration and 

contains the only active fumaroles in the area south of Trölladyngja (Al-Dukhain, 2008). 
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Figure 1.6: Trölladyngja Geological Map (Modified from Sæmundsson et 

al. 2010) 

Trölladyngja ridge is the northernmost ridge in the Trölladyngja field, trending NE-SW 

similar to the other ridges. The ridge is approximately 2.5 km in length and 200 m high. The 

basalts here have a porphyritic texture with large plagioclase phenocrysts, reaching 

approximately 0.4 to 0.7 mm in size. Trölladyngja is predominantly breccia and tuff, with 

some lava flows occurring between the tuff facies near the top of the ridge; likely due to 

repeated sub-aerial and shallow sub-aqueous eruptions (Lahan, 2012). Trölladyngja 

experienced little alteration, with the most prominent alteration in the SW of the ridge. The 

alteration is low grade (Jones, 1969).  

The western ridge, Oddafell, is the youngest unit in the area. It formed under thick ice, 

preventing collapse of the pillows. The pillow basalts are fine grained, primarily without 

large phenocrysts, however there are some occurrences of porphyritic pillows. Unlike the 

other ridges, Oddafell had no supra-glacial eruption period and never breached the ice sheet. 

The lava sheets that cover the valley floors and flat plains of the area consist of both 

pahoehoe and aa flows. Aa flows are the most predominant type, which are rough in texture 

and dark in color. Thus, indicative of very recent eruptions. Many craters are present within 

the Trölladyngja field, mostly clustered in the south between Oddafell and 

Trölladyngja/Graenadyngja. Scoria and explosive debris surrounds the craters with some 

exhibiting pahoehoe flows downslope. The scoria is a mix of light reds, blacks, and browns, 

which is mostly loose. However, up to 100 m from the crater in some areas, the scoria has 

been welded by spatter from the eruption. The explosive debris is predominantly in the larger 

craters (Al-Dukhain, 2008). 

In total, the Trölladyngja area is composed of five eruptive hyaloclastite units, according 

to rock type, morphology and stratigraphy analysis (Al-Dukhain, 2008). The area 
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immediately around the target research area consists of a hyaloclastite unit that is highly 

porphyritic in plagioclase. The breccia and tuff in the area is yellowish brown in color. At 

the crest of the ridges, there are lava sheets that are interspersed with tuffs. Suggesting, that 

there could have been subaerial eruptions occurring (Jones, 1969). 

On the far eastern side of these hyaloclastite ridges, lies the Krýsuvík area. The study 

area here is comprised of the Seltún and Hveradalir fields. Both fields are wholly within the 

younger hyaloclastite unit of the southern Sveifluháls ridge. The younger unit is formed 

predominantly of pillows and pillow-breccias with some hyaloclastite breccias and tuffs. 

The pillows are extremely vesicular, likely from a relatively low constraining ice thickness. 

Some instances of sedimentary sorting structures within the fine-grained tuffs, more 

commonly seen in the older unit, are present within the younger unit. The hyaloclastite at 

lower elevations has undergone weathering to varying gradients of light and dark brown 

palagonite. It appears that the Sveifluháls ridge was formed over a series of four volcanic 

episodes (Arnorsson et al. 1975). 

On the eastern side of the ridge, there is an area of post-glacially erupted lava; mostly 

formed of welded spatter and scoria. These spatter lavas are porphyritic, containing 

plagioclase phenocrysts. Where the contact between the hyaloclastite unit and the lava 

occurs, there is intense local alteration of the hyaloclastite to a reddish-brown colour. Crater 

derived ejecta included highly altered clay among the debris, likely meaning the surface had 

significant alteration prior to the eruption of the lava. 

Austurengjar is a 5 - 6 kilometer valley situated to the east of Seltún between subglacial 

hyaloclastite ridges. The northwest ridge orientation is consistent with other ridges in that 

fissure swarm. The rock types here mimic those seen in the general Krýsuvík area, with 

predominant subglacial eruptions being the source of the ridges and rock types. Further east 

of this area a table mountain, Geitahlíð, has formed, which is clear evidence of subglacial 

activity. The ridges on the west side and south end of the valley tend to have the geologic 

structure of bases, consisting of pillow lavas covered with hyaloclastite tuffs and breccias. 

The ridges to the northeast portion of the valley, just south of Kleifarvatn, which have a 

pillow dome, is found in the middle of the hyaloclastite ridge (Pullinger, 1991).  

A characteristic of the area is the presence of geothermal surface alteration that is not 

currently active. In the Krýsuvík fissure swarm, there are two different types of hydrothermal 

alteration occurring in the ridges. The first type of alteration dates to the Pleistocene age and 

the second type dates to the Holocene age, which is at or near the present-day surface. 

Through erosion and the most recent glaciation phase, the older alteration areas within the 

rocks have been exposed. These areas tend to be recognized by greenish-grey alterations as 

seen in the southern region of the Trölladyngja ridges (Lahan, 2012). The use of melt 

mapping will help to identify those areas more prevalent to our research rather than simply 

just relying upon zones of visual alteration.  

Knowledge of the complex geological background in these areas will assist in 

understanding the location and nature of the geothermal surface manifestations. The detailed 

analysis of the chemical sampling will also be influenced by the regional and site specific 

analysis. 

 

 Geophysical Exploration 

Resistivity surveying helps to delineate the geothermal resource. Transient 

electromagnetic (TEM) resistivity surveying provides the apparent resistivity of the location 

at depth through analyzing decaying electromagnetic currents (Hersir & Flóvenz, 2013). 



10  CHAPTER 1: INTRODUCTION 

   

This will allow for the interpretation of the geothermal reservoir to better understand the 

structural makeup affecting the surface manifestations. 

Figure 1.7: Resistivity results from Trölladyngja and Krýsuvík a) 

Overview of surveys b) Cross section of the area. (Eysteinsson, 2001) 

The resistivity at depth for the Krýsuvík, Trölladyngja areas have been measured 

extensively, using one dimensional inversion interpretation of many central loop TEM 

soundings (Eysteinsson, 2001). Of the numerous cross sections produced from the data 

profile SA-7 (Figure 1.7b), is the closest to the two areas explored during this study.  This 

profile is cutting through both the Trölladyngja area in the NW to the Krýsuvík area in the 

SE (Figure 1.7a). 

Depending on the location, it seems that the top of the section down to 100 - 200 m is 

characterised by a highly resistant layer. This is likely representing cool water and low grade 

alteration, as well as the clay associated with surface alteration. A low resistivity zone lies 

below this, beginning much deeper in the NW area. This is characteristic of a zone of 

hydrothermally altered smectite and smectite-zeolite minerals. Below this lies a highly 

resistive core, beginning at approximately 100 - 200 m below sea level from Krýsuvík to 

Trölladyngja. This area of high resistivity then rapidly deepens past Trölladyngja to the NW. 

This highly resistive zone marks chlorite and epidote hydrothermal alteration. 

Figure 1.8 shows the resistivity from TEM measurements done over the Krýsuvík area. 

This map clearly shows that there are two major areas of higher resistivity. One from the 

interior ridges from Krýsuvík to and Trölladyngja and the other surrounding the Seltún and 

Austurengjar area at Krýsuvík. The high resistance shows that the rock at some point reached 

up to 240 °C although it may not be at that temperature now (Þorgeirsdóttir & Einarsson, 

2013). 
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1.4 Geothermal Exploration Background 

 Krýsuvík 

Exploration of the Krýsuvík region began as early as 1755, with extremely shallow wells 

being drilled (~3 m) and mining for sulphur occurring in the 18th and 19th centuries. It was 

not until the early 1900’s that the first phase of intense geothermal exploration began (Lahan, 

2012; Ármannsson & Thórhallsson, 1996). Between 1941 and 1953, 22 shallow exploratory 

wells (800 m – 1000 m) were drilled in the area and geophysical, geological, and 

geochemical analysis were also completed (Arnorsson et al. 1975). After about a decade of 

inactivity in the area, researchers returned and drilled four further exploration wells to depths 

Figure 1.8: TEM measurements showing resistivity in the Krýsuvík Volcanic 

System. Hot springs are shown with green and yellow stars. Divisions and fault 

lines are marked in pink. Break and fracture zones are marked with solid and 

dashed black lines (Þorgeirsdóttir & Einarsson, 2013). 
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between 300 - 1270 m (KR-01, KR-02, KR-03 and KR-04) (Figure 1.10). Despite the fact 

that all of the wells showed maximum temperatures of 200 - 235°C at depths around 300 - 

400 m, they all had a temperature reversal occur at deeper levels (Arnorsson et al.1975). A 

summary of all the wells drilled in the Krýsuvík and Trölladyngja areas is found in Table 

1.1.  

Resistivity analysis, carried out in the early 1970’s, show that all of the sub-areas within 

Krýsuvík stem from the same geothermal system, which is approximately 40 - 60 km2 in 

size. One of the key distinctions uniquely identifying the geothermal system in Krýsuvík, is 

the high variation of dissolved solids between the various sub-areas. Part of this difference 

can be associated with the influence of saline water intermingling with fresh water at great 

depths in different amounts (Arnorsson et al.1975) 

Another decade passed with no further research being completed in the area, until 

Orkustofnun initiated a systematic research strategy in 1970. Geological mapping of the area 

was completed and three new wells were drilled in the Krýsuvík valley area (KR-05, KR-

07, and KR-08). Based on the sampling of fumaroles and steam vents in the area, 

temperatures of 260 - 285°C were expected, but the results varied significantly. KR-07 only 

had temperatures of 150°C at 500 m depth (Figure 1.9). The other averaged temperatures 

were around 175 - 190°C between 400 - 600 m, before seeing a temperature reversal start to 

occur (Figure 1.10) (Arnorsson, et al. 1975). All the wells showed inverse thermal gradients 

at depths below 500 m (Arnorsson et al. 1975). 

Figure 1.9: Temperature Profile of Well KR-07 in the 

Krýsuvík Area   



1.4 GEOTHERMAL EXPLORATION BACKGROUND

  13  

  

Figure 1.10: Temperature Profiles of the Wells Drilled in 

Krýsuvík and Trölladyngja before 1980 (Data re-plotted from 

an older graph found in (Arnorsson, et al. 1975)).  

KR-02 demonstrates a smectite-zeolite zone indicating formation temperatures up to 

200°C at 140 m depth. This is followed by the disappearance of the zeolites and a zone of 

mixed smectite and chlorite from 140 - 380 m depth, indicating temperatures of 200 - 300°C. 

A zone of chlorite extended from 380 - 737 m depth with occurrences of albite and wairakite, 

signifying temperatures of 230 - 240°C. Epidote is observed with chlorite from 737 m depth 

to at least 1217 m depth at the bottom of the well, representative of temperatures above 

240°C (Figure 1.11). Cuttings from the well indicate the subsurface is composed of a series 

of hyaloclastite units between inter-glacial basalt lavas (Kamah, 1996). 
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Figure 1.11: KR-02 Well Profile at Krýsuvík (Replotted from 

Kamah, 1996)  
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 Trölladyngja 

In 1970, the well KR-06 showed the most promising temperatures of all the exploration 

wells drilled in both Krýsuvík and Trölladyngja. The maximum temperature reached 262°C 

at 400 - 500 m depth, but then decreased to temperatures around 225°C at further depths 

(Arnorsson et al.1975). During the early phases of exploration, Trölladyngja was not as 

intensely studied as Krýsuvík. As further phases of investigation occurred, Trölladyngja 

began to gather more attention.  Between the years of 1998-2006, five shallow water wells 

were drilled (TD-01, TD-02, TD-03, TD-04, TD-05, and TD-06) and in 2006, wells TR-01 

and TR-02 were drilled in the area to depths greater than 2000 m (Fridleifsson et al., 2002, 

Mortensen et al., 2006).  

In TR-01, quartz appears at 120 m, indicating temperatures of 180°C. With wairakite 

appearing at 600 m, indicating 200°C; then epidote appearing at 690 m, indicating 230°C; 

actinolite appears close to 2000 m, indicating temperatures above 280°C. The cuttings 

specify a series of hyaloclastite units with basaltic lavas in between. Also, the cuttings 

encountered a dolerite intrusion of unknown size that made up the bottom few hundred 

metres of the well. Recorded temperatures followed the formation temperatures down to 

approximately 800 m, before the expected temperature reversal appeared. However, in the 

deepest parts of the well, the temperatures again began to rise on a gradual gradient similar 

to the first few hundred metres (Figure 1.12) (Fridleifsson et al. 2002). 

TR-02 shows a similar make-up as TR-01. However, the alteration minerals are 

encountered at much shallower depths, with quartz forming at 52 m, wairakite at 304 m, and 

epidote at 562 m depth. The recorded temperature of the well showed significantly cooler 

temperatures than the formation temperatures, down to approximately 800 m, with the 

temperature reversal showing a large amount of cooling. However, beyond the few hundred 

metres of the temperature reversal, the temperatures again began to rise (Mortensen et al. 

2006). 

1941-1953 18 36-264

1960-1964 4 299-1275

1971-1972 4 815-931

1995 1 327

2001-2006 2 2280-2307

2006-2008 8 25-114

Time of 

Drilling

Number of 

Wells

Depth Drilled 

(meters)

Table 1.1: Overview of Geothermal Explorations wells 

drilled in Krýsuvík and Trölladyngja.  



16  CHAPTER 1: INTRODUCTION 

   

 

Figure 1.12:TR-01 Well Profile at Trölladyngja 

(Fridleifsson et. al. 2002).  

 Austurengjar 

There has been no recent data collected or acquired in the Austurengjar area. Between 

the years 1941 – 1945, four shallow wells (KV-01, KV-02, KV-03, KV-04) were drilled to 

depths between 39 - 132 m. Most of these were focused near Kleifarvatn lake, with only one 

drilled further into the valley (Þorgeirsdóttir & Einarsson, 2013). In 1975, KR-05 was drilled 

to 816 m at the mouth of the valley directly near Kleifarvatn, which shows the same 

temperature reversal as seen in the other wells in the region.  

HS Orka, a power company in Iceland, has planned for potential drilling sites for 

exploration wells. The proposed sites would include drilling a high temperature well down 

to a depth of 700 – 1000 m. The water source for drilling being the Kleifarvatn lake. Despite 

the intended plans, it is not expected that drilling will occur in the near future (Þorgeirsdóttir 

& Einarsson, 2013). 
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Chapter 2 

2Methods 

The field work consisted of the following analysis: 1) Using snowmelt and soil 

temperature measurement to outline thermal areas. 2) Using steam samples to run 

geothermometer calculations to estimate geothermal reservoir temperature and conditions. 

3) Collecting and using ground temperature time series try to estimate heat flow.  

2.1 Geothermal Mapping 

As the research area has been volcanically and geothermally active for hundreds to 

thousands of years, there are many varying phases of geothermal alteration that can be 

found within the Krýsuvík fissure swarm. To help better identify the current areas of 

anomalous heat flow, the ideal mapping process would occur during the winter months 

when there is heavy snowfall present on the ground. This would allow for melt mapping, 

as the active geothermal areas would be exposed, while the rest of the areas were covered 

in snow. The mapping of geothermal surface features was carried out using a handheld 

GPS device, in association with photographs, personal observation notes and temperature 

measurements taken in the field. Infrared photography was also used in most of the areas, 

when snowfall was present, to help gather a more representative overview of the 

geothermal system.  

 The field work was completed in two separate field seasons. The first was in January 

and February of 2016. The second was completed in March and April of 2017. The winter 

of 2017 was unusually warm for Iceland, and field conditions were not ideal for mapping 

until the spring of 2017. 

 The majority of the areas were mapped while sufficient snowfall was present. 

However, there are some locations that were mapped relying upon temperature 

measurements to determine the extent of the feature due to melted snow (Table 2.1). The 

geothermal manifestations were mapped by marking the outline of the features and marking 

areas of particular significance with a Garmin GPS 72. Throughout the mapping process, a 

temperature thermocouple was used to record the current ground temperature around and 

in the geothermal features. During the fieldwork in February 2016 at Trölladyngja, the 

thermocouple was damaged and the connecting wires became loose. The wires were 

manually connected for every temperature reading and the probe appeared to still function 

correctly, as the results were similar to what had been recorded previously. However, due 

to the sensitivity of the cold junction connection on thermocouples, the temperature 

readings from this area may be inaccurate, but seem to reflect the expected temperatures.  
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The spatial data from mapping with the GPS was then downloaded using Garmin 

Mapsource and converted via ArcGIS into shapefiles. These files were then imported for 

use in ArcMap 10.2 and were added to existing geological and topographical data. Using 

the drawing feature, geothermal surface manifestations were outlined and geothermal 

features were identified. A topographical base map from 2015, available through the 

ArcGIS database, was selected to better help portray the areas of activity. 

2.2 Geochemical Sampling and Geothermometers 

 Geochemical Sampling 

The following methodology was applied to all the field sampling locations. Steam 

samples were collected by using a plastic funnel and a 1 inch titanium pipe that was placed 

over the vent of the fumarole. This was then packed and covered with the surrounding clay 

to avoid diffusing of the material outside of the controlled area (Figure 2.2). The funnel 

was connected to a pipe extension, allowing for the collection of the samples to be done on 

more stable ground, rather than the soft clayey surrounding of the fumarole itself. At the 

end of this pipe, a short piece of silicone rubber tubing was connected. The cooling bucket 

was prepared with cool water hauled into the site. Then throughout the sampling phase, 

snow and ice was added to maintain a moderately cool temperature in the water. Once the 

system was set up and the pipes connected, it was left for approximately 5 minutes to allow 

for cleaning of the equipment and reduce the risk of contamination. 

Date Location Name Snow Presence

01-Feb-16
Seltún and 

Hveradalir
Yes

02-Mar-16 Trölladyngja Yes

South Krýsuvík

West Valley

03-Mar-17 Austurengjar Yes

10-Mar-17 South Krýsuvík Partial Cover

09-Apr-17
Southwest of 

Arnavatn
No

01-Mar-17 Yes

Table 2.1: Field dates for geothermal mapping 
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Once the pipe was thoroughly cleaned, steam samples were collected into a pre-

evacuated Giggenbach bottle containing 50 ml of 10 M NaOH solution through a hose 

connected to the pipe. This bottle was continually moved within the cooling bucket to help 

condense the gases. The acidic gases, CO2 and H2S, are dissolved within the NaOH solution 

where the remainder of the gases are in the head-space of the bottle. Once the bottle was 

full, the pipe was closed and the system was dismantled. The system was then moved to 

the next site where this process was repeated. A schematic overview of the system set up 

can be seen in Figure 2.1 and a site photograph can be seen in Figures 2.2 and 2.3. 

Figure 2.2: Funnel Placement and packing with clay.  

Figure 2.1: Steam sampling equipment schematic.  



20  CHAPTER 2: METHODS 

   

 

Figure 2.3: Steam sampling equipment set up. 

The samples were taken to the lab at ISOR where the head-space gases were analyzed 

using a Perkin-Elmer Arnel 4019 gas chromatograph. The concentrations of CO2 and H2S 

were determined by potentiometric and complexation titrations, respectively. The gas-

condensation ratio was determined by mass balance.  

Over the course of the two field seasons, there were six geochemical samples collected. 

Two were collected at Seltún and Hveradalir in 2016. Four more were collected in 2017: 

two from Trölladyngja and two from the inner ridge site at Krýsuvík. At Seltún, the only 

suitable fumaroles were in the active areas at higher elevations; Hveradalir and along the 

slopes of the ridge above Seltún. Although Austurengjar is an extremely active site, the 

suitable fumaroles were not safely accessible for sampling. They were either located on the 

cliffs surrounding the south portion or were bordered by hot, saturated, soft soil and thus 

samples were not gathered from that site. 

 Geothermometers 

Geothermometers are used when estimating subsurface or aquifer temperatures in a 

geothermal reservoir. When applying geothermometers, it is assumed that temperature 

dependent chemical or isotopic equilibria occurs in the reservoir. Also, it is assumed that 

the chemical composition of the fluid is not modified by the isotopic and chemical 

reactions, whether the fluid is from a thermal spring, wellhead or fumarole (Karingithi, 

2009).   

The gas geothermometers used in this study for calculating reservoir temperatures were 

CO2, H2S, and H2, (Arnórsson & Gunnlaugsson, 1985) and CO2 (Arnórsson et al. 1998).  

These two different sets of geothermometers are calibrated based upon different sets of 

data. The gas ratio geothermometers CO2/H2, H2S/H2, H2S/Ar, and H2/Ar. (Arnórsson & 

Gunnlaugsson, 1985, Arnórsson et al. 1998) were also used to help reduce the effect that 

steam condensation may have on the results. The H2 and H2S geothermometers have 2 

calibrations, dependent on chloride concentrations being either above or below 500 ppm 

and temperatures between 200 - 300°C. Water from well discharge in the Krýsuvík 

volcanic system ranges in its chloride concentration due to the mixing of saline and fresh 

water from approximately 20 ppm to 1200 ppm (Guðmundsson , et al., 1975). The salinity 

of the geothermal fluid at sampled sites is likely no less than 1000 ppm, therefore the 

geothermometers calibrated for chloride values greater than 500 ppm are used. 
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To be used in the geothermometer calculations, the chemical concentrations require a 

unit conversion to mmol per kg of steam. For CO2 and H2S, the mg/kg counts can be 

converted to mmol/kg by dividing by the molar mass of the substance by, 44.0095 g/mol 

for CO2 and 34.0809 g/mol for H2S. For H2 and CH4, the amount in mmols can be 

calculated using the ideal gas law and the known volume, temperature, and pressure of the 

gas. 

 

𝑃𝑉 =  𝑛𝑅𝑇     2.1 

 

Where P = pressure (Pa), V = volume (m3), n = the amount of gas (moles), R = the 

constant 8.3145 (J•K-1•mol-1) and T = temperature (K). This can be arranged to solve for 

n, the amount of the gas in moles. 

 

𝑛 =
𝑃𝑉

𝑅𝑇
      2.2 

 

The values for each substance were then plugged into the relevant geothermometry 

equation to provide the calculated temperature for the reservoir. The formulas for the 

temperature functions for the gas geothermometers are found below. Gas concentrations 

are in mmols per kg of steam and Q is the logarithm of the respective gas concentration or 

gas ratio.  

 𝑇°𝐶(𝐶𝑂₂ − 1985) = 44.1 + 269.25𝑄 − 76.88𝑄2 + 9.5Q³ 
    2.3 

 𝑇°𝐶(𝐶𝑂₂ − 1998) = 121.8 + 72.012𝑄 − 11.068𝑄2 +  4.72𝑄3  
    2.4 

 𝑇°𝐶(𝐻₂𝑆) = 246.7 + 44.8𝑄 
         2.5 

 𝑇°𝐶(𝐻₂) = 277.27 + 20.99𝑄 
         2.6 

 𝑇°𝐶(𝐶𝑂₂/𝐻₂) = 341.7 − 28.57𝑄 
         2.7 

 𝑇°𝐶(𝐻₂𝑆/𝐻₂) = 304.1 − 39.48𝑄 
              2.8 

𝑇°𝐶(𝐻₂𝑆/𝐴𝑟) = 137.6 + 42.265𝑄 + 4.108𝑄² 
   2.9 

𝑇°𝐶(𝐻₂/𝐴𝑟) = 170.0 + 43.260𝑄 + 0.640𝑄² 
  2.10 

2.3 Temperature Sampling 

In geothermal systems where there is steam dominated surface feature, there tends to 

be a steep temperature gradient occurring near the surface. Within this small layer, heat 

transfer is enhanced through conduction (Hochstein & Bromley, 2005). Conduction is not 

the only form of heat transfer occurring in the surface boundary layer, minor steam can be 
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released through cracks, vents, and fumaroles through convection.  

The aim of the data collection was to determine the thermal diffusivity of the 

geothermal soils at these sites, to compare with data collected by Hochstein and Bromley 

from pumiceous geothermal soils in New Zealand. In order to do this calculation, 

temperature-time series should be recorded at the soil surface and at different depths in the 

soil. For a steady conductive geothermal heat flow from depth, and a diurnal atmospheric 

temperature variation at the surface, the average temperature increases with depth. The 

amplitude of the diurnal variation will then decrease with depth. The time of arrival of peak 

temperature will be later with increasing depth, thus creating a “phase shift” visibly seen 

in the data. The decrease in amplitude and the phase shift are determined using the results 

of a Fourier analysis of the time series.  

To help understand the result of the temperature sampling, hourly weather data was 

recorded, including temperature, precipitation, wind speed and wind direction was recorded 

from the closest weather station. The nearest weather station is approximately 20 – 25 km 

away from the sample locations. The exactly measurements of precipitation received will 

not be used as accurate references, but rather for comparison only. The map of the weather 

stations available in the are is shown in Figure 2.4  

The temperature sampling was carried out by using a PP6-36-K-U-18 Point Profile 

Probe that has 6 different thermocouples placed 45 mm apart, starting at the base of the 

probe moving upwards. This probe connected to a RDXL4SD, which is a four-channel data 

logger. Since the data logger is only a four-channel logger, the bottom four thermocouples 

were used. The top thermocouple was placed a centimeter or two above the surface of the 

soil, in order to determine the air boundary layer temperature. The temperatures were 

recorded at the following depths: 0 cm, 4.5 cm, 9 cm, 13.5 cm, and 18 cm. Temperature 

readings were simultaneously collected at 10 minute intervals. 

The data logging system was placed in three locations: one near Hveradalir in the active 

Figure 2.4: Weather Stations in South East Iceland. Selvogur 

is the weather station chosen for this study.  
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area south of Krýsuvík, one on the southeast edge of the main feature at Austurengjar and 

one near the main area of activity in Trölladyngja. The probe was inserted into the soil and 

then a wooden stake was placed alongside to support the probe. These were then secured 

using plastic zip ties. The data logger was stored in a Storm Pelican case that has been 

locked using a padlock to deter tampering with the equipment in case tourists or other 

people come upon the equipment 

 To help ensure consistency and relative uniformity in the sampling environment 

between the different locations, the following conditions were taken into consideration 

when the probe was placed. The areas chosen were not in the immediate vicinity of any 

standing body of water or geothermal spring. The general temperature at the base of the 

probe was approximately 45-55°C and was in the relative vicinity of a weak solfataras 

formation where there is slight steam being released. The temperature probe was placed in 

warm ground to try and avoid the heating of the soil using convection as our calculations 

assume conduction to be the primary mode of heat transfer.  

Approximately half a meter away from the sampling location, a small hole was dug 

using a hand-held garden shovel to allow for analysis of the soil. Photographs of the soil 

were taken and field observations were made, as well as samples of the soil were obtained 

in case further analysis was needed.  

Once the temperature was collected, a fast Fourier transformation was applied in 

MATLAB. The purpose of a fast Fourier transformation (fft) is to convert a signal, in our 

case a time signal, into the frequency domain (The MathWorks, Inc, 2017). The code for 

this program can be found in Appendix A. By doing this, the temperature data can be 

analyzed to determine the amplitude of phase shift at each depth. This data can be used in 

a simple mathematical model to estimate heat flow through the geothermal soil if the data 

is suitable.   
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Chapter 3 

3Results 

3.1 Geothermal Mapping 

The following results will be discussed in sections to better understand the regional 

differences between the sites. The maps of each section, generated in ArcGIS, will be shown in 

each subsection and a general summary of the sites is provided there-in. Individual feature 

descriptions and photographs are provided in Appendix B. It is key to note that on each of the 

maps the data regarding fault types and directions is not provided. The fault lines are just to be 

used as a location reference. Also, the infrared photography proved to be inconclusive as the 

software for analysis was unavailable, therefore the photos are included in Appendix B for 

reference purposes only. The soil temperature measurements given in the following results all 

tend to be taken between depths of 15 to 20 cm.  

 Krýsuvík 

The blanket term Krýsuvík is referring to quite a large area and the geothermal sites within 

this region have been titled separately as follows: Seltún, Hveradalir, Krýsuvík and an inner 

ridge site. They will be described as such below. The overview map of the different areas is seen 

in Figure 3.5 while the remaining maps for this section are found in Figure 3.6 - Figure 3.13. 

3.1.1.1 Seltún 

Seltún is a geothermal site that has been developed for tourism purposes. A recent expansion 

has created a paved parking lot and there were wooden paths and platforms that have been 

constructed. These allow for safe access to view the portions of the site that are situated on the 

valley floor. This site is composed of series of mud pots and springs where the larger features 

are edged by fumaroles (Site 1 – 3 in Figure 3.6 and Site Overview in Figure 3.1). There were 

other fumaroles and steaming ground interspersed through the remaining area. A stream runs 

through the site and the temperature of the water ranged from 9 - 21°C. Ground temperatures in 

and around the features were between 95.5 - 97.3°C. Soil color ranged from light brown to dark 
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red clays. The mud pools consisted of grey clay, while the outer edges of the features were light 

brown with reddish colors. Concentrated sulfur oxides occurred closer to the fumaroles. There 

were extensive solfataras on the northern edges of the site with minor solfataras formations 

throughout the site as well.  

In this area, there were other sites associated with this name located midway up the slope, at 

the top of the ridge and on the southwest facing slope. The site midway up the slope (Sites 4 - 8 

in Figure 3.7) is a NE trending zone that had active fumaroles spread throughout it. The soil type 

in this area was quite heavy in clays ranging from browns, to reds to light yellow in color. Most 

of the sites lack vegetation, except for Sites 7 and 8. These were areas of vegetation that lacked 

snow and had warm soil temperatures, despite showing little to no alteration. The soil 

temperatures range from 60°C at the edge of the features and increase to a range of 94.5 - 97.6°C, 

where there was steam escaping.  

The site at the top of the ridge (Site 9 in Figure 3.7) is situated in what appears to be a 

northeast oriented fault that is outlined by a break in the ridge. Throughout the site, there was a 

small amount of steam being released through steaming ground and the margins of the site were 

outlined by vegetation growth. Where the steam was being released, the soil temperatures here 

reached 94.6 - 97.5°C. The marginal temperatures were between 31 - 43°C.  

Areas #10 - 13 in Figure 3.7 were areas of steaming ground, mud pools and boiling surface 

water on the southwest facing slope. The recorded temperatures here ranged from 73 - 95°C. 

The surface features appeared to be aligned in a parallel northeast fault, as seen through Site 9.  

 

Figure 3.1: Seltún Site Overview 
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3.1.1.2 Hveradalir 

Hveradalir was the area directly south of Seltún and consisted of all the areas of activity 

along that section of ridge (Sites 15 - 16 in Figure 3.8 Sites 17 - 18,30 & 32 in Figure 3.9 and 

Overview in Figure 3.2). Site 15 was at the mouth of a small valley and extended down the ridge. 

This site consisted of many very active fumaroles. The temperatures on the margins were 88°C 

while the features ranged from 95 - 97.8°C. The soil consisted of light to medium browns with 

yellow sulfur oxides occurring within the vicinity of the fumaroles. Site 17 located at the top of 

the ridge contained the most active fumaroles at Hveradalir. Soil temperatures ranged from 91.8 

- 96.7°C near the fumaroles. The soil consisted of light to medium browns with yellow sulfur 

oxides and grey clays near the most active areas.  

 

Figure 3.2: Hveradalir Site Overview 

3.1.1.3 Krýsuvík 

The rest of the area to the south is just referred to as the Krýsuvík area (Sites 23 - 28 in Figure 

3.10 and Site 29 in Figure 3.11). Most of the activity was located on the valley floor, with a few 

sections of activity further up on the slope (Site Overview in Figure 3.3). Some of the active 

area was inaccessible to map directly due to the steep gradient and snow cover, specifically Site 

27 and Site 28. The activity on the valley floor consisted of areas with weak to medium steam 

vents. The most concentrated area of steam release was focused on northwest portion of the 

valley near the stream that runs through the valley. This valley floor area was strewn with 

collapse features, which occur where the sulfuric acid has corroded the original soil or rock 
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matrix, resulting in a collapse crater.  

The soil tended to be a clay and hyaloclastite rock mostly brown to light orange in color with 

sulfur oxides occurring around the areas of steam release. Temperatures were around 17.8 - 

70.7°C on the margins of the features and between 87.5 - 97.5°C. A few temperature gradients 

were recorded by taking a temperature reading between 15 to 20 cm below surface every 30 cm 

out, starting at the feature and moving towards the outer edge.  The gradient in this region varied 

from 7°C - 16.7°C temperature drop per meter away from the active areas. 

 

Figure 3.3: Krýsuvík Site Overview 

3.1.1.4 Southwest of Arnarvatn 

 To the northwest of Seltún, there was an unnamed area of geothermal activity. For the 

purpose of this paper it will be further referenced to as Southwest of Arnarvatn. This area was 

located on the end of a fault extending to the north-northeast (Figure 3.2 and Site Overview 

Figure 3.4). The edges of the fault are clearly visible on each side of the small valley. This valley 

is approximately 60 - 80 meters wide. This site was quite active and consisted of multiple 

fumaroles that are more spaced out in comparison to the other areas. 

 The steam release throughout the site was not under a lot of pressure, as there was no audible 

noise from the fumaroles. The unique characteristic of the soil surrounding this area was a large 

presence of iron oxide in the soil. There were very little sulfur oxides and solfataras present, but 

the ground ranged in shades of red, pink and orange instead of the typical yellow and cream 

colors. The steam release is concentrated at the top of the slope and in the middle of the small 

depression. Soil temperatures around the margins of the site were between, 32.5 – 72.8 °C and 
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near areas of steam release the temperatures were between 82.4 – 97.9 °C  

While surveying further south in this valley, another small area of activity was found (Site 3 

in Figure 3.13) which is referred to as Southwest of Hetta. The current area of activity was about 

20-25 meters in diameter, which had one small fumarole formation with a few small mud pots. 

This site was on a southwest facing slope in between two small streams on each side of it. The 

small ridges on the opposite sides of the streams show evidence of geothermal alteration, but 

they were not active. The temperatures in the fumarole and mud pots were between 86.2 - 96.8°C 

and between 24.2 - 73.6 °C respectively. The temperature gradient ranged from 7.04 – 8.1°C per 

meter decrease away from the fumarole. The soil here resembles that seen at Seltún and 

Hveradalir, ranging from light to medium browns, small amounts of iron oxide and sulfur oxides 

present around the mud pots and fumarole 

 

Figure 3.4: Southwest of Arnarvatn Site Overview 

.   
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Figure 3.5: Overview Geothermal Manifestation Map  
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Figure 3.6: Seltún Geothermal Manifestation Map 1 
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Figure 3.7: Seltún Geothermal Manifestation Map 2 
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Figure 3.8: Hveradalir Geothermal Manifestation Map 1 
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Figure 3.9: Hveradalir Geothermal Manifestation Map 2 
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Figure 3.10: Krysuvik Geothermal Manifestation Map 1 
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Figure 3.11: Krýsuvík Geothermal Manifestation Map 2 
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Figure 3.12: Southwest of Arnarvatn Geothermal Manifestation Map 
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Figure 3.13: Southwest of Hetta Geothermal Manifestation Map  
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 Trölladyngja 

There are two main areas of steam dominated activity, (Sites 1 - 2 in Figure 3.16 and Site 

Overviews in Figures 3.14 - 3.15), while the remainder of the area was comprised of sections of 

warm ground or gaseous springs. Site 1 was an area of snowmelt containing small fumaroles 

and active gaseous springs surrounded by vegetation. Site 2 was located on a slope of basaltic 

scree and consists of an active fumarole formation. The soil in the areas showed evidence of 

oxidized iron and sulfur oxides. Soil temperatures at the center of the formations ranged from 

75.0 - 97.5°C and it was recorded to be 50 °C on the edge of the melted area. The areas of warm 

ground were non-vegetated and showed evidence of geothermal alteration – but with no active 

features present and with temperatures ranging between 17 - 51°C. 

Site 6 was an area of snowmelt located on the Southeast facing slope of the Oddafell ridge. 

The soil ranged from dark brown to light brown with small areas of minor sulfur oxide 

alterations. On the very top of the ridge, there was a small active area where the temperatures 

were 70 – 80°C. Throughout the rest of the melted area, the recorded temperatures were between 

8 – 20 °C, except in the areas with slight sulfur oxide alterations, which had temperatures 

reaching 50 °C.  

Site 7 was located quite a distance north from the other areas of activity. It was an area of 

warm ground consisting of moss surrounding an exposed basaltic lava flow. Small amounts of 

steam were being released from the rocks, however, there were no audible sounds of steam being 

released, no signs of alteration and the steam lacked an identifying sulfur smell. 

Figure 3.14: Trölladyngja Site 1 Overview 
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Figure 3.15: Trölladyngja Site 2 Overview.  
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Figure 3.16: Trölladyngja Geothermal Manifestation Map  



3.1 GEOTHERMAL MAPPING  41  

  

 Austurengjar 

The areas of activity are situated in a northeast running valley. The main area of activity was 

situated at the south end of the valley (Site 1 in Figure 3.19 and Site Overview in Figure 3.18). 

This feature consisted of a large body of muddy water that was boiling in various locations 

throughout the feature. Over the southern half of the site, scattered fumaroles ran along the edges 

of the slope. These slopes were very steep, making the fumaroles inaccessible for chemical 

sampling. The northern edge of the site, along the shore of the body of water, consists of mud 

pots ranging from 2 – 5 meters from the edge of the water. Along this edge, the water is very 

deep, as the bottom was unreachable with the temperature probe; therefore, the water is over 1 

meter in depth. 

Soil temperatures along the main margins of the areas ranged between 21.3 - 66.3°C, while 

temperatures closer to the more active areas ranged between 90.1 – 98.5°C.  The temperature 

gradient decreased 3.8 – 6.7°C per meter away from the features. The soil here contained high 

amounts of grey silt and clay, particularly towards the northern end of the body of water. The 

areas located more on the slopes consisted of light brown, red and orange clays with solfataras 

and sulfur oxides occurring nearer the fumaroles.  

The main body of water leads into a stream that flows into Kleifarvatn at the north end of 

the valley (Site 2 in Figure 3.19). The amount of water in the stream varies as there was clear 

evidence of grey silt and clay deposited previously on the surrounding ground. Measurements 

were taken every 5 – 6 meters in the middle of the stream for around 45 meters until the stream 

disappeared under the snow. The ground temperatures decreased on average 1.5°C/m throughout 

the stream away from the main body of water (Figure 3.17).  

Figure 3.17: Thermal Gradient of the Stream at Austurengjar 
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Although the valley was a northeast oriented valley, the areas of activity seem to be 

orientated to the north along the western side of the valley (Site 3 – 5 in Figure 3.20). These 

areas consisted of warm ground that was saturated or partially covered with water. Interspersed 

vegetation is also present throughout the site. The main features in the area were mud pots and 

gaseous springs. Temperatures in the springs ranged between 71.2 – 79.3 °C, while the ground 

temperature was between 26.1 - 32°C.  

 

Figure 3.18: Austurengjar Site Overview 

 

 



3.1 GEOTHERMAL MAPPING  43  

  

 

Figure 3.19: Austurengjar Geothermal Manifestation Map 1` 
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Figure 3.20: Austurengjar Geothermal Manifestation Map 2 
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3.2 Geochemical Sampling and Geothermometers 

Table 3.2 lists the results of the chemical analysis performed on steam samples collected 

from several locations across the Krýsuvík area. Most of the samples were collected previously 

by Guðjónsdóttir (2014), while the latest samples from 2016 and 2017 at Hverahöfði (aka 

Hveradalir), Seltún, Trölladyngja and Southwest of Arnarvatn were collected during this study. 

From the results, it appears that three of the samples have been contaminated by air. Two at 

Seltún from 11/03/2011 and 18/02/2014 and one at Trölladyngja from 01/04/2017. Therefore, 

these contaminated samples are not used for the geothermometer calculations and further 

analysis of those results. Table 3.1 shows the results from the calculated geothermometers. 

Figure 3.21A-F shows the calculated reservoir temperatures six of the geothermometers 

(excluding the argon gas ratios whose graphs can be found in Appendix C).  In these figures, 

there are two data points from 1983 and 1990 at Seltún (shown in Table 3.2) that are not shown 

on the graphs, as including them made the data hard to interpret visually. Despite not being 

shown visually, the data is included in the further analysis. Table 3.3 shows the average and 

standard deviation of the geothermometers at sites with two or more samples. Most of the sites 

only have one or two chemical samples collected that are available for data calculations. 

Therefore, the majority of the statistical analysis, including trendline analysis, was only 

applicable for Seltún and Hverahöfði.   

 

Table 3.1: Calculated Geothermometer Temperature Results 

Austurengi 18/02/2014 0.02233 282 12 20 0.049 294 295 304 309 312 301 262 287

Austurengi 23/04/2014 0.0146 217 34 14 0.015 287 316 301 308 288 290 327 304

Hveradalur 11/03/2011 0.01313 329 31 7 0.10 298 314 295 295 278 308 270 253

Hverahvammur 18/02/2014 0.00658 233 23 5 0.024 289 307 292 296 279 293 300 275

Hverahvammur 23/04/2014 0.00503 292 31 3 0.029 295 313 287 286 265 303 303 260

Hverahöfði 11/03/2011 0.00691 156 14 6 0.011 277 298 294 303 291 276 308 294

Hverahöfði 10/06/2011 0.00196 155 13 1 0.009 277 296 281 285 268 276 311 269

Hverahöfði 10/06/2011 166 9 279 290 279

Hverahöfði 18/02/2014 0.00724 232 13 6 0.018 289 296 294 298 292 293 291 284

Hverahöfði 23/04/2014 0.00274 229 14 2 0.017 288 298 282 283 269 292 296 260

Hverahöfði 08/02/2016 0.00939 348 23 8 0.027 300 309 296 296 285 311 297 280

Seltún 18/10/1983 0.30302 226 35 13 288 316 301 307 287 291

Seltún 14/11/1990 238 42 289 319 294

Seltún 10/06/2011 0.01325 245 62 12 0.017 290 327 300 305 276 295 340 298

Seltún 08/02/2016 0.00611 268 15 4 0.04 293 299 290 291 282 299 274 260

Trölladyngja 11/04/2017 0.07263 223 2.49 0.48 1.79 287 264 270 267 276 291 144 145

Southwest of Arnarvatn 11/04/2017 0.00257 78 2.44 0.40 0.05 255 264 269 278 273 251 220 209

Southwest of Arnarvatn 11/04/2017 0.00345 87 3.23 0.62 0.07 259 270 273 281 276 254 220 212

Geothermometer 

Temperature (°C) (1998)                                         

CO₂     H₂S/Ar  H₂/Ar Location Date 

mol. Gas/kg of 

Condensate

mmol Substance / kg 

Condensate                          

CO₂   H₂S      H₂       Ar   

Geothermometer Temperature (°C) 

(1985)                                                       

CO₂      H₂S      H₂     CO₂/H₂  H₂S/H₂   
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 Table 3.2: Chemical analysis results from steam samples collected across the Krýsuvík system.  

 

 

Location Date Number Ts (°C)
H₂ 

(% )

CO₂ 

(% )

H₂S 

(% )

O₂ 

(% )

N₂ 

(% )

CH₄ 

(% )

Ar 

(% )

L. Gas / kg 

þv

CO₂ 

(mg/kg)

H₂S 

(mg/Kg)

dD 

(‰)

d₁₈O 

(‰)

Austurengi 18/02/2014 20140051 99 88.29 0.01 9.97 1.5 0.22 0.546 12400 415 -81.2 -12.45

Austurengi 23/04/2014 20140172 97.7 93.95 0 4.72 1.23 0.1 0.357 9530 1170 -50.3 -4.08

Hveradalur 11/03/2011 20110099 53.72 0 44.68 0.75 0.74 0.321 14470 1070 -54.5 -8.5

Hverahvammur 18/02/2014 20140050 99.4 80.53 0.03 18.31 0.76 0.36 0.161 10250 775 -47.8 -1.4

Hverahvammur 23/04/2014 20140169 98.6 60.8 0 38.01 0.61 0.58 0.123 12870 1040 -53.1 -7.17

Hverahöfði 11/03/2011 20110098 97 92.11 0 7.15 0.58 0.16 0.169 6860 470 -52.3 -6.11

Hverahöfði 10/06/2011 20110251 98.5 76.14 0 21.28 2.12 0.46 0.048 6800 430 -53.2 -6.22

Hverahöfði 10/06/2011 20110252 99.2 7290 320

Hverahöfði 18/02/2014 20140049 98 86.61 0 12.09 1.05 0.25 0.177 10200 435 -47.2 -6.64

Hverahöfði 23/04/2014 20140171 98.7 65.01 0 31.62 2.75 0.61 0.067 10060 470 -54.2 -7.15

Hverahöfði 08/02/2016 20160041 83.43 0 14.25 1.03 0.29 0.2335 15300 798

Seltún 18/10/1983 19830257 4.35 87.24 7.7 0.03 0.64 0.04 7.41 9930 1205

Seltún 14/11/1990 19900265 99.4 3.98 84.25 11.18 0.02 0.54 0.03 10440 1420

Seltún 11/03/2011 20110097 97 2.02 16.24 80.77 0 0.97 21.85 40500 4110

Seltún 10/06/2011 20110250 98.5 91.8 0 7.37 0.7 0.13 0.324 10800 2130 -51.6 -6.3

Seltún 18/02/2014 20140048 98.9 87.73 1.47 9.85 0.78 0.17 4.689 59900 8520 -81.2 -13.92

Seltún 08/02/2016 20160042 69.31 0 27.35 2.7 0.65 0.1518 11800 513

Trölladyngja 11/04/2017 20170065 0.66 0 94.29 2.59 2.46 1.8059 9800 85

Trölladyngja 11/04/2017 20170066 3.38 1.39 90.18 2.88 2.17 0.3666 5000 89

Southwest of Arnarvatn 11/04/2017 20170067 15.64 0 79.93 2.39 2.04 0.0638 3450 83

Southwest of Arnarvatn 11/04/2017 20170068 17.84 78.08 2.13 1.95 0.0859 3850 110
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Table 3.3: Statistical Analysis of Geothermometer Calculation Results, excluding 

the argon gas ratios.  

Figure 3.21: Geothermometer Results: A) CO2 (1985) Geothermometer B) CO2 (1998) 

Geothermometer C) H2 Geothermometer D) H2S Geothermometer E) H2S/H2 

Geothermometer F) CO2/H2 Geothermometer  

Geothermometer Results 

Analysis (°C): CO₂ (1985) H₂S H₂ CO²/H² H₂S/H₂ CO₂ (1998)

Average per 

site: 

Austurengi Average: 290.5 305.500 302.5 308.8 300.4 295.5 300.5

Standard 

Deviation:
4.9 14.8 2.1 0.9 17.0 8.1

8.0

Hverahvammur Average: 292.0 310.0 289.5 291.0 271.9 297.9 292.0

Standard 

Deviation:
4.2 4.2 3.5 6.7 10.2 7.1

6.0

Hverahöfði Average: 285.0 297.8 289.4 292.8 280.9 287.7 289.0

Standard 

Deviation:
9.1 6.2 7.3 8.5 11.8 13.6

9.4

Seltún Average: 290.0 315.3 297.0 301.2 281.9 294.8 296.7

Standard 

Deviation:
2.2 11.8 6.1 8.7 5.6 3.2 6.2

Southwest of Arnarvatn Average: 256.7 266.8 270.8 279.5 274.4 252.5 266.8

Standard 

Deviation:
2.7 3.9 2.8 2.7 1.8 2.8 2.8

All Sites Combined: Average: 285.2 299.5 289.3 293.0 281.1 288.7 289.5

Standard 

Deviation:
12.2 18.4 11.3 12.2 11.7 16.3 13.7
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To better understand the change in reservoir temperature over time, a trendline analysis 

was completed on the Seltún and Hverahöfði data for each of the different geothermometers, 

except for the argon gas ratio geothermometers. Only two of the four useable chemical 

results at Seltún contained the amount of argon present in the sample to use for the gas ratio 

calculation (See Table 3.2), thus not statistically analyzable. As the software in Microsoft 

Excel calculates the trendline based from time “0”, which is January 1, 1900, the data was 

manipulated so that the date of the first recorded data set was time “0”. This will help ensure 

the accuracy of the software’s analysis. The trendline formula was then used to predict the 

increase or decrease in temperature for a ten-year period. The results of these calculations 

can be seen in Table 3.4. 

3.3 Temperature Sampling 

The original goal for this study was to collect seven days of temperature time series data 

at each of the three main sites: Krýsuvík, Austurengjar, and Trölladyngja, in that order. The 

data logger malfunctioned at Austurengjar and stopped recording only six hours after it was 

placed. Due to time restrictions and weather it was not possible to revisit the site and extend 

the data collection phase of the project. 

The data logger was placed at Krýsuvík in less than ideal weather conditions, as it was 

snowing very heavily. The following week saw significant amounts of rainfall and 

precipitation in the area. The data logger was placed there for 166 hours. To make this a 

complete seven days (168 hours) for analysis purposes the remaining two hours of data was 

extrapolated linearly. The data logger was then moved to Austurengjar where it 

malfunctioned before being moved to Trölladyngja the following week. While recording 

over a 144 hour period, the area experienced slight precipitation throughout the data 

gathering period. The most precipitation occurred during the first day of data collection in 

this area.  

The following data in Figure 3.22 and 3.23 shows the graphed temperatures over the 

entire sampling period at each location. For reference purposes the depths of the 

thermocouples are as follows: T1 – 18 cm, T2 – 9 cm, T3 – 4.5 cm, T4 - 0 cm (Surface). 

Figure 3.24 shows the data at Trölladyngja without the data influenced by heavy 

precipitation, only a five day period. Figure 3.25 is from the Karapiti Thermal Area, 

Wairakei, New Zealand Field, to be used as an example of typical time series data not 

affected by precipitation. Figure 3.26 and 3.27 shows the data from Krýsuvík for the first 

five days and then the last three days to help better show the influence that moisture has had 

Table 3.4: Trendline Analysis Temperature 

Change per Decade.  

Temperature Change 

Trendline Ananlysis per 

Decade
Seltún (°C / 

10 Years)

Hverahöfði (°C / 

10 Years)

H2 -2.2 12.0

H2S -2.2 21.5

CO2 (1985) 1.1 44.2

CO2 / H2 -3.3 -3.3

H2S / H2 -2.6 7.7

CO2 (1998) 1.8 65.7

Average -1.2 24.6
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on the temperature recordings.  

The MATLAB fft results of the temperature-time series data are shown in Figure 3.27 

and 3.28. The dominant cycle was expected to be 1 every 24 hours. However, for Krýsuvík, 

the dominant frequency at all depths was 0.035/hour, which results in a 28.80 hour cycle. It 

also shows that the amplitude is increasing with depth, as seen in Figure 3.25. This is 

interpreted as rain influencing the heat transfer process at the site.  

The Trölladyngja time series in Figure 3.23 shows a clear phase shift of the temperature 

cycle with depth. However, the first 24 hours also shows that the amplitude of the diurnal 

variation is almost constant with depth. The 24 hour to 144 hour data, Figure 3.24, shows an 

expected decrease of amplitude with depth. Despite this, the diurnal temperature cycle is 

still significantly affected by rain at around the 70 hour point. Nonetheless, a Fourier analysis 

was performed. This yielded a frequency result of 0.042/hour, which results in a 24.02 hour 

cycle, the fft analysis also shows another large amplitude of  0.027/hour, which results in a 

37 hour cycle for T2, T3 and T4. This longer cycle is interpreted as the effect of precipitation 

on the data.  

 

 

Figure 3.22: Temperature time series data from Krýsuvík 

(Entire sampling period). 
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Figure 3.24: Typical, non-rain affected temperature times series data 

from Karapiti Thermal Area, Wairakei, New Zealand Field (Newson, 

O'Sullivan, & Bromley, 2001). 

Figure 3.23: Temperature times series data from 

Trölladyngja (Entire sampling period).  
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Figure 3.25: Temperature times series data from 

Trölladyngja (Least rain effected data).  

 

Figure 3.26: Temperature time series data from Krýsuvík 

(Most rain effected data). 
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Figure 3.27: Temperature time series from Krýsuvík (Least 

rain effected data). 

 

Figure 3.28: MATLAB fft results for the temperature time 

series data at Krýsuvík. 
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Figure 3.29: MATLAB fft results for the 

temperature time series data at Trölladyngja 
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Chapter 4 

4Conclusion 

4.1 Summary of Results 

 Geothermal Mapping 

From field observations and correlations with the geological maps, it appears that the 

geothermal surface manifestations are structurally controlled. Most of the areas occur on or 

near to the many northeast – southwest trending faults. This structural geomorphology 

influenced not only the physical manifestations of geothermal activity, but it affected the 

concentration and strength of the activity as well. The strongest area of geothermal activity 

was at Seltún and Hveradalir, associated with significant fault activity.  

At Trölladyngja, there was also a significant amount of faulting occurring in the area 

which can be directly associated with the locations of fault lines, as the surface activity was 

found to be minimal. In comparison to the Krýsuvík area, Trölladyngja can be considered 

mildly active. Through the field surveying, it was made apparent that the Trölladyngja area 

has clear evidence of significantly stronger geothermal activity further into the interior of 

the ridges, but these interior areas have not been active in recent history. Site 7 at 

Trölladyngja, was completely unique in comparison to all the other sites throughout the 

study areas. Although the area is heated by the geothermal reservoir, the lack of any altered 

rocks or minerals at the surface and the lack of the distinctive sulfur smell suggest that the 

steam is conductively heated groundwater rather than a direct manifestation from the 

geothermal reservoir.  

The results from our geothermal surface manifestation mapping help to support the 

consensus that the surface activity in the area has been increasing over the past 10 years. 

This is seen especially at Hveradalir (Hverahöfði). Site 17 was somewhat inactive until an 

earthquake in March of 2011, after which the chemical samples referred to in this study were 

collected. After this earthquake, the area became extremely active and continues to expand 

the altered area along the hillslope. 

One of the common trends seen throughout all the sites mapped was the consistent 

surface temperature readings. All the temperature measurements were within the expected 

ranges and similar temperatures were found across all of the sites according to feature type. 

For example, in and around features where there was active steam, the ground temperatures 

were approximately between 94 – 98°C. Most mud pots saw similar temperatures as well. 

The only difference in soil temperature readings was found in the snow melt margin 

temperatures. The temperatures fluctuated greatly between 20 – 80°C. This suggests varying 

subsurface structures around the different fumaroles. This substructure will probably affect 

the temperature sampling and heat flow through the upper surface layer. There were no 
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recorded temperatures above 99°C in any of the features encountered during surveying. 

 Geochemical Sampling and Geothermometry 

Based on the calculated geothermometer results, from the chemical analysis, it appears 

that the temperature of the geothermal reservoir has maintained consistent temperatures 

between 250 – 330°C, discounting the argon gas ratio geothermometers. Each area has 

tended to have relatively consistent temperatures, with minor fluctuations. The results from 

Seltún tended to show higher reservoir temperatures than the other locations, specifically 

Hverahöfði, which is directly next to Seltún. It appears that geothermometers at Seltún 

always have slightly higher temperatures results than Hverahöfði.  

The geothermometers from Arnórsson and Gunnlaugsson (1985) have results that are 

closer to each other than those from Arnórsson et al. (1998). This could be due to the use of 

argon in the gas ratio geothermometers in the later set of geothermometers. The H2S/Ar and 

H2/Ar geothermometers show the greatest difference in temperature results, as they are 

coming out with much lower reservoir temperatures. This is especially prevalent at 

Trölladyngja and Southwest of Arnarvatn with temperatures between 144 – 220°C. The 

argon geothermometers tend to show similar temperatures in comparison to recorded 

reservoir temperatures. The two different CO2 geothermometers have very similar results to 

each other, with temperatures differing only by 1 – 10°C. 

As the argon gas ratios are not available for all of the sets of data and tend to show lower 

temperatures for Trölladyngja and Southwest of Arnavatn, they are not included in the 

following statistical analysis. From the trendline analysis, the data shows varied results, 

despite the relative proximity of the sampling locations. Clearly, there is significant 

difference between the individual geothermometer trendlines, except for the CO2/H2 gas 

ratio, which is the same. Over a ten year period, the results at Hverahöfði show significant 

increases in temperature, while Seltún shows relatively stable or slightly decreasing 

temperatures. This increase in temperature at Hverahöfði is most likely due to the increase 

in activity at this site from 2011 onwards. 

The average between the six geothermometers used show only a slight drop in 

temperature (-1.2 °C) at Seltún and a significant increase at Hverahöfði (24.6 °C). Despite 

the individual geothermometer results being relatively similar, the trendlines show a distinct 

difference. However, any conclusions are difficult due to the small number of data samples 

(4-6 per trendline) and short time span of the samples at Hverahöfði in comparison to Seltún, 

which has data points from earlier decades (2011+ vs 1983+, respectively).  

One other difference seen with the trendline analysis is the difference between the single 

gas geothermometers and the gas ratio geothermometers. The individual gas 

geothermometer results show more drastic changes than the gas ratio geothermometers. As 

well the gas ratio temperatures from over half of the locations, show lower temperatures 

than the other geothermometer calculations. This could potentially be indicating steam loss 

in the system.  

The temperature results from the geothermometers indicate temperatures that reflect a 

high temperature geothermal system. A combined average of all the geothermometer 

calculations, excluding the argon gas ratios, is 289.5°C (Table 3.3). This also corroborates 

the results of the resistivity mapping, which indicate maximum historical temperatures, as 

was discussed in Chapter 1.3.4.. The Krýsuvík area shows the typical resistivity structure 

seen in high temperature geothermal systems in Iceland. This structure consists of areas of 

low resistivity capping and occurring on the outer margins of the reservoir over an area of 
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high resistivity (Kebede, 2001). There are areas of low resistivity occurring at all the study 

locations. Seltún and Austurengjar are located along the margins of low resistivity areas. 

The temperatures resulting from the geothermometers show current temperatures of the 

system. This in combination with the alteration mineralogy and resistivity analysis, 

indicative of maximum historical temperatures, show temperatures to be greater than 230°C. 

These results are higher than the majority of the measured temperatures recorded during the 

exploratory drilling phases in the areas. The exploratory wells in the Krýsuvík and 

Austurengjar areas averaged temperatures between 175 – 190°C at depths between 400 - 

600 m. The wells in Trölladyngja area showed temperatures around 200 - 250°C with the 

highest recording temperature being 262°C in well TR-02 at 400 - 500 m depth (Lahan, 

2012; Mortensen, et al., 2006). The temperature results substantiate the alteration 

mineralogy, but the difference to the measured temperature from the wells is indicative that 

the geothermal reservoir could be cooling.  

The consistent temperature reversal seen in each of the wells could be caused by cooling 

from above and below the reservoir as the original saline water is replaced by relatively 

fresher water. Implying that the heat source is cooling, while the deep flow rate of water 

remains relatively unchanged, lowering the temperature of the ascending water. This would 

correspond with the conclusion found when comparing our calculated geothermometer 

temperatures to measured temperatures in the wells.  

Another possible explanation is that the wells could have been drilled into a horizontal 

outflow from a deeper upflow zone. Thus, the temperature of the upflow has not been 

directly sampled by the exploratory drilling.  

 Temperature Sampling 

 When comparing the collected data from Krýsuvík and Trölladyngja to that collected at 

the Karapiti Thermal Area. It is clear to see that the data for this project has been heavily 

influenced by the rainfall during the data collection. It is especially apparent in the Krýsuvík 

data set. Typically, the effect of the diurnal cycle and air temperature is reduced with the 

depth of the temperature reading. In the Krýsuvík data, this effect is almost the opposite. T1, 

the thermocouple at the end of the probe, shows data that magnifies the effect of the surface 

temperature reading (T4). The most likely conclusion for this effect is that the precipitation 

received in the area effects the heat flow through the soil and the effect increases as the 

precipitation seeps deeper into the soil.  

Not only is the effect of rain visible visually, but it is mathematically as well. The fft 

results show significant differences in frequency and amplitude of the diurnal cycle. The 

data at Krýsuvík (Figure 3.27) shows the diurnal cycle to be 28.80 hours. The data at 

Trölladyngja shows the diurnal cycle to be 24.02 hours. This is nearly correct and the slight 

difference can be accounted by the small amount of precipitation received throughout the 

data collection period and the fact that the data analyzed contained incomplete sets of 24 

hour data at Krýsuvík.  

Inspection of the rain-affected data from Krýsuvík suggests that the heat flow is more 

complex than a simple 1-D  conductive process. The final 48 hours of data collection saw a 

lessening in the amount of precipitation being received and the data reflects that (Figure 

3.26). This data could potentially be used in a simple heat flow model, but due complexity 

added by the moisture that was received during the sampling period the 1-D heat flow model 

has not been run for this project.  

The data from Trölladyngja reflects the precipitation event occurring during the first few 

days of measurements. Once the precipitation event ended and the moisture moved through 
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the soil, regular heat flow patterns began to occur. Therefore, the remaining data and the fft 

results provide suitable data for a simple thermal conductivity model to estimate heat flow 

in the system. 

4.2 Discussion  

Throughout this project, it has become apparent that a comparison of older to newer data 

is more effective with data collected over a longer period of time with multiple sets of data. 

This is seen in both the mapping and chemical sampling. The comparison between Seltún 

and Hverahöfði shows the difference older data can make in the analysis. The sites in the 

area Southwest of Arnarvatn either had no data available or no data provided for either 

chemical sampling or mapping. A lack of chemical samples at many of the sites made 

comparisons very difficult for the geothermometer results. Reliable forecasting and 

assessment of current trends is not possible without multiple data sets. This is turn is affected 

by the fact that the geothermometer formulas are calibrated from different sets of data from 

different regions. 

With these thoughts in mind, the reliability of the conclusions from this project needs to 

be taken under consideration. One of the trends that can be seen when comparing the 

geothermal features and result types to chemical analysis, is the higher amount H2S present 

in the sample in areas that have an increased presence of solfataras. The more extensive the 

geothermally altered area, the higher CO2 and H2S amounts in the chemical samples. This 

difference is especially noticeable when comparing sample results from Seltún and 

Hverahöfði to Trölladyngja and Southwest of Arnarvatn. 

Another consideration regarding the reliability of the temperature and mapping data, is 

that the methods vary from very point specific to broad analysis. The large-scale snow-melt 

outlines of the geothermal surface manifestations are paired with the point temperature 

samples that are only representative of that single location. Individual temperatures taken in 

a specific geothermal feature may not accurately represent the rest of the feature. This 

difference between point samples and large scale analysis, in itself, causes unreliability in 

the data analysis. As most of the geothermal manifestations encountered in this study are 

steam dominated, it needs to be acknowledged that they are constantly changing on the 

surface and that this change is not always indicative of change in the geothermal reservoir 

itself.  

From the mapping and the chemical results, it is clear there is change happening in the 

geothermal reservoir and surface feature manifestations. The mixed results in the data make 

it hard to determine exactly what the change is or the extent of the change. Despite this, it 

can be assumed from the geothermometer results and the changing surface features that 

temperatures are warming gradually. Not as dramatically as the trendline data from 

Hverahöfði predicts, but possibly a little more gradual than the trendline at Seltún.  

4.3 Recommendations 

To help get a better understanding of the changing Krýsuvík geothermal reservoir, 

further data is needed for consideration. Older data exists in Icelandic archives, such as from 

Arnórsson S. , 1987 or Sverrisson, 2015, and it should be included for further analysis. Also, 

a regular monitoring program for chemical sampling and geothermal mapping should be 

implemented in the area. As the surface manifestations appear to be changing rapidly they 

should have regular assessments completed every 1 to 2 years. The changes in the 
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geothermal reservoir occur over longer periods of time and should be sampled every 5 years. 

This broader analysis will provide more insight after a longer period of time and allow for 

accurate trendline assessments to give better understanding of the changes in the geothermal 

reservoir.  

There is great potential to continue and expand the temperature sampling aspect of this 

project. Multiple samples from a single site could help provide insight into the subsurface 

structures and how the manifestations are affected by shallow soil features. More sites could 

be sampled in dryer conditions to allow for data that is more suitable for heat flow modeling. 

It could prove to be interesting to collect data under heavy precipitation conditions, then the 

same location in dryer conditions to help better determine the effect moisture has on heat 

flow in the upper boundary of the system.  

As the data for the individual features was point specific, it would be beneficial to select 

a limited number of features to study intensively. This in depth analysis of these few features 

could be paired with the expansion in temperature-time series data analysis to help give a 

more comprehensive analysis of heat flow through the surface of geothermal features.  

If the Krýsuvík geothermal system is cooling, as some evidence suggests, it would be 

interesting to revisit the old wells, if possible, and record current measured temperatures. 

There have been no temperatures from wells at depths greater than 120 m in the past decade. 

Comparing new measured temperatures to older data would certainly help bring a more solid 

view on the conditions of the system. 

Before any geothermal exploitation can occur in this area, a more reliable set of baseline 

data needs to be acquired. Further chemical samples collected at the various areas, in 

different seasons, would help to give a broader overview of the seasonal differences. These 

differences could be affecting individual samples collected at the same location over a 

smaller time period. In summary, further analysis with more data samples for the chemical 

sampling is needed and continued surface manifestation monitoring should be conducted.  

 



   59 

 

  

 

 

 

 

Bibliography 

Abdelghafoor, M. (2007). Geological and Geothermal Mapping in Sveifluhals Area, SW-Iceland. 

Reykjavik, Iceland: United Nations University and Orkustofnun. 
Al-Dukhain, A. M. (2008). Geological and Geothermal Mapping in Trölladyngja - Sog Area, SW-

Iceland. Reykjavik Iceland: United Nations University. 

Ármannsson, H. (2016). The Fluid Geochemistry of Icelandic High Temperature Geothermal Areas. 

Applied Geochemistry, 66, 14-64. 

Ármannsson, H., & Kristmannsdóttir, H. (1992). Geothermal Environmental Impact. Geothermics, 

21(5/6), 869-880. 

Ármannsson, H., & Thórhallsson, S. (1996). Krýsuvík. Overview on the research history 

andutilization intentions, including a proposal on further research. Reykjavik: Orkustofnun. 

Ármannsson, H., Kristmannsdóttir, H., Torfason, H., & Ólafsson, M. (2000). Natural Changes in 

Unexploited High-Temperature Geothermal Areas in Iceland. Proceedings World 

Geothermal Congress 2000, (pp. 521-526). Kyushu-Tohoku, Japan. 

Arnórsson, S. (1987). Gas chemistry of the Krísuvík geothermal field, Iceland, with special reference 

to evaluation of steam condensation in upflow zones. Jökull(37), 31-47. 

Arnórsson, S., & Gunnlaugsson, E. (1985). New gas geothermometers for geothermal exploration - 

calibration and application. Geochim. Cosmochim. Acta, 49, 1307-1325. 

Arnórsson, S., Andrésdóttir, A., Gunnarsson, I., & Stefánsson, A. (1998). New calibration for the 

quartz and Na/K geothermometers – valid in the range 0-350 C (In Icelandic). Proceedings of 

the Geoscience Society of Iceland Annual Meeting, April, (pp. 42-43). Reykjavik. 

Arnorsson, S., Bjornsson, A., & Gíslason, G. (1975). Systematic Exploration of the Krýsuvík High-

Temperature Area, Reykjanes Peninsula, Iceland. Second U.N. Synposium on the 

Development and Use of Geothermal Resources, San Francisco, Proceedings, (pp. 853-864). 

Clifton, A. E., & Katterhorn, S. A. (2006). Structucal architecture of a highly olique divergent plate 

boundary segment. Tectonophysics, 419, 27-49. 

Eysteinsson, H. (2001). Resistivity Measurements Around Trölladyngja and Núpshlídarháls, 

Reykjanes Peninsula. Orkustofnun. 

Fridleifsson, G. O., Richter, B., Björnsson, G., & Thórhallsson, S. (2002). Trölladyngja - Well TR-01, 

Progress Report About Drilling and Research (In Icelandic). Reykjavik: Orkustofnun. 

Giggenbach, W. F. (1991). Chemical techniques in geothermal exploration. In D'Amore F. 

Application of Geochemistry in Geothermal Reservoir Development, 119-142. 

Guðjónsdóttir, S. R. (2014). Gas Emissions from the Krýsuvík High-Temperature Geothermal System, 

Iceland. Reykjavik, Iceland: University of Iceland. 

Guðmundsson , G., Sigurmundsson , S., Gunnlaugsson, E., Jónsson, J., Einarsson, P., Arnórsson, S., . 

. . Gíslason, G. (1975). The Krýsuvík Area, Report on Geothermal Observations (In 

Icelandic). Reykjavik: Orkustofnun. 

Hersir, G. P., & Flóvenz, Ó. G. (2013). Resisitivity surveying and electromagnetic methods. ISOR. 

Reykjavik Iceland: International Geothermal Association. 

Hochstein, M. P., & Bromley, C. J. (2005). Measurement of Heat Flux from Steaming Ground. 

Beothermics, 34, 133-160. 

Höskuldsson, A., Sparks , R., & Carroll, M. (2006). Constraints on the dynamics of subglacial basalt 

eruptions from geological and geochemical observations at Kverkfjöll, NE-Iceland. Bulletin 

of Volcanology, 68, 689. 

Imsland, P. (1973). About the geology of Sveifluhals, B.Sc. Thesis. Reykjavik, Iceland : University of 



60    

   

Iceland. 

Jóhannesson, H. (1980). Structure and evolution of volcanic zones in W-Iceland. (in Icelandic). 

Náttúrufraedingurinn(50), 13-31. 

Jóhannesson, H., & Einarsson, S. (1988). Krísuvík fires I. The age of Ögmundarhraun lava and the 

Medieval tephra layer. Jökull(38), 71-87. 

Jones, J. G. (1969). Intraglacial volcanoes of the Laurgarvatn region, Southwest Iceland. I. Q.J. Geol. 

Soc. Land.(124), 197-211. 

Kamah, M. Y. (1996). Borehole Geology, Hydrothermal Alteration and Temperature Evolution of 

Well KR-2, Krysuvik, SW-Iceland. Reykjavik, Iceland: Orkustofnun. 

Karingithi, C. W. (2009). Chemical geothermomters for Geothermal Exploration. Lake Naivasha, 

Kenya: United Nations University - Geothermal Training Programme. 

Kebede, Y. (2001). Application of the Resistivity Method in the Krysuvik Geothermal Area, 

Reykjanes Peninsula, SW-Iceland. Reykjavik, Iceland: United Nations University Geothermal 

Training Programme. 

Khubaeva, O. (2007). Geothermal Mapping in the Krýsuvík Geothermal Field. Reykjavik, Iceland: 

United Nations University. 

Lahan, M. M. (2012). Geological and Geothermal Mapping in the Trölladyngja Field, SW-Iceland. 

Reykjavik, Iceland: United Nations University. 

Mortensen, A. K., Jónsson, S. S., Richter, B., Sigurdsson, Ó., Birgisson, K., Karim Mahmood, A., & 

Gíslason, J. (2006). Trölladyngja, well TR-02, 3. phase: Drilling of 12 ¼” production part 

from 800 to 2280 m depth. Reykjavik Iceland: SOR – Iceland GeoSurvey. 

Newson, J. A., O'Sullivan, J. O., & Bromley, C. (2001). Apparent Themal Diffusivity of Soil at 

Karapiti Thermal Area. Wairakei, New Zeleand: Institute of Geological and Nuclear 

Sciences. 

Ngaruye, J.-C. (2009). Geological and Geothermal Mapping of the Slaga-Arnarvatn Area, Reykjanes 

Peninsula, SW-Iceland. Reykjavik Iceland: United Nations University. 

Pullinger, C. (1991). Geological and geothermal mapping at Nupafjall and Svartsengi, Reykjanes 

Peninsula, SW-Iceland. Reykjavik: United Nations University Geothermal Training 

Programme. 

Ramirez, A., Nitao, J., Hanley, W., Aines, R., Glaser, R., Sengupta, S., . . . Daily, W. (2005). 

Stochastic inversion of electrical resistivity changes using a Markov Chain Monte Carlo 

approach. Journal of Geophysical Research, 110. 

Sæmundsson, K., Sigurgeirsson, M., Hjartarson, A., Kaldal, I., & Kristinsson, S. (2010). 

Jarðfræðikort af suðvesturlandi, Map. ISOR. 

Sæmundsson, K., Sigurgeirsson, M., Sigmundsson, F., & Bessason, B. (2013). The Reykjanes 

Peninsula. Reykjavik, Iceland: Viðlagatrygging Íslands/Háskólaútgáfan. 

Sverrisson, G. (2015). Jarðhitasvæði Krýsuvíkur. Hitastig djúpvatns ákvarðað með notkun 

gashitamæla. . Reykjavík, Ísland: Háskóli Íslands, Jarðvísindadeild BS-ritgerð. 

The MathWorks, Inc. (2017, April 17). Fast Fourier Transform - MATLAB fft. Retrieved from 

Mathworks: https://www.mathworks.com/help/matlab/ref/fft.html 

Þorgeirsdóttir, E. B., & Einarsson, K. (2013). Virkjunarkostir til umfjöllunar í 3. áfanga 

rammaáætlunar Kafli 7.15 R3267A Austurengjar, Krýsuvík (In Icelandic). Reykjavik, 

Iceland: Orkustofnun. 

Vargas Morales, J. R. (1992). Geology and Geothermal Considerations of Krisuvik Valley, Reykjanes 

Peninsula,Iceland. Reykjavik Iceland: United Nations University and Orkustofnun. 

 

  



   61 

 

  

 



62    

   

 

 

 

 
 

Appendix A Code 

 

MATLAB code for fft used for both Krýsuvík and Trölladyngja 
 

 

clear all; %#ok<CLALL> 

close all; 

 

%Import data 

load data.csv; 

 

%variable = data(row, columns); 

T1 = data(:,1); 

T2 = data(:,2); 

T3 = data(:,3); 

T4 = data(:,4); 

 

%Time data 

t  = data(:,5)*24; %converted to hours 

 

%Number of data (should be the same for all variables) 

L = length(t); 

 

%Sampling period 

period = t(2)-t(1); %time between measurements 

 

%Sampling frequency 

freq = 1/period; %per hour, should makes sense (6 measurements 

per hour) 

 

%Frequency domain 

f = freq*(0:(L/2))/L; 

 

figure(1) 

hold on 

plot(t, T1) 

plot(t, T2) 

plot(t, T3) 

plot(t, T4) 

hold off 

 

% This block for FFT 

fT1 = fft(T1); 

P2fT1 = abs(fT1/L); 
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P1fT1 = P2fT1(1:L/2+1); 

P1fT1(2:end-1) = 2*P1fT1(2:end-1); 

 

fT2 = fft(T2); 

P2fT2 = abs(fT2/L); 

P1fT2 = P2fT2(1:L/2+1); 

P1fT2(2:end-1) = 2*P1fT2(2:end-1); 

 

fT3 = fft(T3); 

P2fT3 = abs(fT3/L); 

P1fT3 = P2fT3(1:L/2+1); 

P1fT3(2:end-1) = 2*P1fT3(2:end-1); 

 

fT4 = fft(T4); 

P2fT4 = abs(fT4/L); 

P1fT4 = P2fT4(1:L/2+1); 

P1fT4(2:end-1) = 2*P1fT4(2:end-1); 

 

figure(2) 

hold on 

plot(f, P1fT1) 

plot(f, P1fT2) 

plot(f, P1fT3) 

plot(f, P1fT4) 

xlabel('Frequency, in per hour') 

ylabel('Amplitude') 

hold off 
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Appendix B Site Description and Photos  

The following are Infrared Photos taken but due to lack of the program to process the 

images were never included in in the discussion and results in the paper. The temperature 

scale is not accurate. This is just an attempt to try and identify active areas in the snow melt, 

but the sun warmed rock also appears as active areas.  

 

Looking at Seltún from Austurengjar. 

Seltún Site 1  (Up) Krýsuvík Valley (Down)  
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Seltún, Hveradalir, Krýsuvík: 

 
Site 1: 

Sites 1 and 2 are quite extensive, greater than 20 

meters in diameter. Most of site 1 consists of 

muddy water and boiling mud pits, with diffuse 

fumaroles along the northern edge. There is 

significant gas release from the boiling of fluids. 

Large boiling mud pits are located throughout the 

area. The general area is submerged under water 

from gaseous springs. The soil is dark brown with 

large amounts of grey clay and numerous mud 

pools. Soil temperatures range from 95.5°C - 

96.7°C.  

Site 2: 

Site 2 does not have as much water as seen as site 

1 and most of the liquid is contained to small 

channels and shallow mud pools up to a few 

metres wide. The soil makeup is the same though, 

with some local areas of red oxidised iron. 

Towards the center of site 2, some weak 

fumaroles are active and sulphur precipitates are 

present as well. Soil temperatures reach up to 

97.3°C. 

Site 3: 

Site 3 is a collection of large mud pools with 

significantly altered edges (Figure 11). The mud 

pool has a few inches of hot water in most parts 

with the unsubmerged parts consisting of 

extremely wet mud. The site has significant steam 

output with a number of weak fumaroles around 

the edges or within the mud pools themselves. 

The center of the site contains the grey mud while 

the outer edges are soil with light brown and 

reddish colours, seeing a higher yellow gradient 

near the fumaroles. Given the orientation of the 

area and the profile of the hill behind it, it is likely 

that a NE-trending fault runs through this area. 

Site 4: 

Site 4 is a NE trending altered zone located up the 

slope from sites 1-3. This area is characterised by 

dark brown to red coloured soil and very active 

fumaroles. There are no mud pits or gaseous 

springs here. The fumaroles are quite active and 

have a significant sulphur smell. The ground is 

warm with soil temperatures around 60°C that 

increase to 95-97.5°C in direct location to the 

fumaroles.  This is the location for the second 

condensate sample. In many sections, the clay soil 

grades from browns to lighter yellows. 

 



66    

   

Site 5: 

Site 5 exhibits lighter brown sediments containing 

large amounts of yellow sulphur, with 

occurrences of whitish clay. There is also some 

vegetation on the western edge of the site. In the 

centre are a number of boiling mud pots with wet 

grey clay and sulphur around the edges. Like the 

previous site, there is a lot of geothermal activity 

with strong fumaroles and very warm ground 

throughout. Temperatures are similar to site 4.  

 

 

 

Site 6: 

Site 6 is a small area exhibiting some local 

snowmelt. The area is releasing a significant 

amount of steam, but the lack of a strong sulphur 

smell indicates it is probably steam-heated 

groundwater rather than a geothermal aquifer. 

Thus, this area was not chosen for steam 

sampling.  Ground temperature ranges from 45-

68°C and vegetation is present in the area.  

 

 

 

Site 7: 

Site 7 is another vegetated area characterised by 

snowmelt and warm ground. The manifestation is 

a few metres in diameter. Though not 

immediately visibly different from the 

surrounding area, the ground is soft and not 

frozen. The ground temperatures were 

approximately 30°C.  

 

 

 

 

Site 8: 

Site 8 is a large moss covered area of 

approximately 20-30 m in diameter. It is 

characterised by warm ground and vegetation. 

The ground measures approximately 30°C up to 

the boundary of the snowmelt. In the center of the 

area, is one small, weak fumarole. The 

temperature in the fumarole reached 95°C. 
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Site 9: 

Site 9 is large area, approximately 10 m in 

diameter and greater than 50 m in length, oriented 

in a NE direction. The site has no strong 

fumaroles, but some steam is released from the 

ground. Vegetation marks the western extent of 

the warm ground. The site contains mostly light 

brown to red clayey soil, with some occurrences 

of yellow sulfur oxides close to where the steam 

escapes. Probing the steaming proved ground 

temperatures between 94.5-97.5°C. To the NE a 

break in the ridge can be observed outlining a 

normal fault trending NE-SW, with the 

downthrown side on the east. The fault likely 

continues through the manifestation. 

 

Site 10: 

Site 10 has dark brown and yellow coloured 

clayey soils, with some occurrences of steam 

escaping. Measured temperatures in the steaming 

ground were around 73°C. To the NE another 

fault can be seen, striking roughly parallel to the 

fault seen from Site 9. It is likely this fault runs 

through this manifestation. 

 

 

 

 

Site 11: 

Site 11 is a small site of steaming ground with a 

surrounding area of warm ground a few metres in 

diameter. The site is oblong in the NE-SW 

direction. The warm ground had a few local spots 

of hotter temperatures, primarily where the steam 

was escaping. 

 

 

 

Site 12: 

Site 12 has few very small mud pools surrounded 

by greyish clay. As well as, some boiling surface 

water, likely from recent snowmelt. Temperature 

measurements within the mud pools and boiling 

water reached 95°C. The ground is still warm 

extending a few metres in diameter from the mud 

pool, revealing a clayey soil of dark brown with 

some reddish hues and occasional yellowish 

gradients from sulphur, increasing to the northern 

extent. 
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Site 13: 

Site 13 is predominantly yellowish soil from 

sulphur with occasional grey-greenish clays. 

There appears to be no boiling water or steam 

escape, however ground temperature 

measurements were recorded up to 94.1°C within 

the grey clays. 

 

Site 14: 

Site 14 is a large area of warm ground and 

significant steam escape, but lacking powerful 

fumaroles. The surface is littered with small 

boiling pools of mud and water with many small 

hot channels of water. The soil is composed of a 

dark brown clay with some reddish hues, while 

the pools are filled with grey clay. Outside of the 

main extent, denoted by snowmelt, were a few 

occurrences of isolated mud-pools up to a metre 

in diameter. The steam measured 95°C. However, 

the ground was cooler when the probe was pushed 

into the clay rather than in the steam. 

Site 15: 

Site 15 is a large area approximately a dozen 

metres in width and at least several dozen meters 

in length. The exact southern boundary is 

unknown as it extended further down into an 

inaccessible steep valley. A lot of steam escape is 

visible with many fumaroles dotting the area, with 

a strong sulphur smell. The soil is coloured in 

light brown hues with yellow sulphur occurring in 

the vicinity of currently inactive and active 

fumaroles. In the center of the manifestation, soil 

temperatures reached 97.8°C, while towards the 

outer boundary temperatures were recorded at 

88°C. A fault visibly runs through the 

manifestation in a NE-SW direction, with the 

manifestation oriented lengthwise in the same 

direction. 

Site 16: 

Site 16 is a collection of small mud pools, hot 

groundwater channels, and boiling pools. The 

largest being, at most, a few metres in diameter. 

Warm ground does not extend far beyond the 

individual manifestations and is defined by the 

lack of snow melt across the greater area. Soil in 

the channels and mud pools is a light brown clay 

with minimal occurrences of yellow sulphur. The 

mud pools also contain grey boiling clayey muds. 

The site lies on the same lineation that runs 

through the previous manifestation further SW. 

Soil temperatures within the manifestations range 

from 95°C to 97.8°C. 
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Site 17: 

Site 17 is a large area, approximately 30m in 

diameter (Figure 12). The site has 

sunken/slumped slightly in comparison to the 

surrounding area. Significant steam escape 

occurs across the manifestation with many 

powerful fumaroles scattered across the area. 

Temperatures are approximately 91.8°C. The soil 

is a very light brown with significant yellow 

gradients from sulphur and grey clays near the 

most active points. Sample 1 was taken from a 

fumarole in this location.  

 

 

 

Site 18: 

Site 18 is a large area of snowmelt on the slope. 

The soil is light brown with some sulphur 

precipitation. The ground is warm, measuring 

from 50°C to 70°C.  

 

 

 

 

 

Site 19:  

Site 19 is an area of several mud pools, 

approximately 0.5 m deep, with snow melt 

localised to the manifestations themselves. The 

mud measures 92.5°C with the steam being 

slightly hotter. 

 

 

 

 

 

Site 20: 

Site 20 is a small area of warm ground with strong 

red coloured soil from iron oxidation, as well as 

occurrences of yellow sulphur precipitate and 

grey clays. There were no active manifestations 

present at the time, but the ground temperature 

reached approximately 92°C. 
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Site 21: 

Site 21 is located in a small stream, oriented NW-

SE, which has significant steam escape and 

several areas exhibiting boiling. The steam has a 

distinctive sulphur smell. Where steam escape 

and boiling occurs, the temperatures reach 

96.8°C. In most of the ground around or under the 

stream, temperatures are approximately 65°C 

while the water itself averages around 20°C. 

 

 

Site 22: 

Site 22 is an area approximately 10 m wide and a 

few dozen meters in length, oriented NE-SW. A 

small stream runs along the east boundary. The 

soil is mostly dark brown with grey clays, 

associated with many active and inactive mud 

pools with weak fumaroles. Some steam escape 

occurs from the manifestations, but it is very 

weak. The stream does not appear to be boiling, 

however there is significant bubbling from gas 

escaping through the water. 

 

 

 

Site 23: 

Site 23 is an area of activity on the valley floor 

that is oblong in shape orientated SE-NW. It is 

approximately 12-13 meters long by 8-9 meters. 

The soil color ranges form light brown and cream 

colored clay to dark red. There is weak to diffuse 

steam throughout the feature. There are small 

solfataras formations along the northeastern edge.  

 

 

Site 24: 

Site 24 is located to the southeast of site 23 and is 

relatively circular area about 8 meters in 

diameter. There is a small weak fumarole located 

on the north-eastern portion with very little steam 

release. Along side the fumarole the soil 

temperature was 97.5 °C. The soil temperature 

around the margin of the snow melt ranges 

between 11-15 °C. There lit a little bit of sparse 

vegetation on the southern side of the area.  
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Site 25: 

Site 25 is located directly beside site 23 and 

deallocated by about 1-2 meters of snow between 

them. It has a stream running down the slope from 

NW to SE. The site is spread across the valley 

floor but then extends upwards along the edge of 

the slope for about 12 meters up and 8 meters 

wide before lowering to only 8 meters up by 9 

meters wide. The portion along side the stream is 

vigorously active and quite noisy with steam 

dominated features showing high content of 

sulfur oxides and mud pots. The high discharge 

of steam is concentrated on the north-west portion 

of the valley floor near the stream.  

Site 26: 

Site 26 is located to the southwest of site 25 and 

contains collapse features with temperatures 

around 92.8 °C. This collapse feature is created 

when steam condensates produce high amounts 

of sulfuric acid which then corrodes the 

surrounding matrix and causes the collapse 

features. There is no vegetation present in the 

active area.  

 

Site 27: 

Site 27 is found half way up the SE facing slope 

at the head of the valley. It appears to be a weak 

fumarole. The site is located on an extremely 

steep slope where it is in accessible due to the 

snow and unstable ground. The physical 

observations show high presence of sulfur oxides 

and a small amount of steam is being released. 

The soil around the edges of the feature range 

from browns to oranges while the area around the 

fumarole is very yellow, cream and green, thus 

showing the high contents of sulfur oxides.  

 

 

 

Site 28: 

Site 28 are locations of activity further up the 

steep slop and in accessible. There is only one 

small fumarole where steam is being released. 

The areas are estimated to be 6-8m in diameter.  
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Site 29: 

Site 29 is located on a southeast facing slope 

further south than the previous locations. The 

melt area isn’t apparent as this site visit occurred 

after a period of warmer weather that melted a 

significant part of the snow in the area. Soil varied 

from red, brown and orange on the exterior 

margins. Into the center of the sight is high altered 

solfataras, mud pots, fumaroles and gaseous 

springs. The site is approximately 30 meters in 

diameter. The gradient temperatures from one of 

the fumaroles towards the edge of the feature are 

as follows (30 cm increments): 97, 97.8, 87.7, 59, 

52.9, 38.1 °C. The center of the site is hard to 

access due to the soft soil conditions and the 

saturation from previous precipitation events. 

There is clear evidence of previous work done in 

the area as rusted bits of metal and eroded 

wooden platforms were visible. In the center of 

the site, there is a large amount gas being released 

through fumaroles diffuse solfataras. Along the 

upper edge of the slope there is 6-7 apparent 

depressions which most likely are active or were 

active mud pots or gaseous springs. Unable to get 

close enough to see and can not hear anything due 

to the loudness of the other areas.  

Site 30: 

Site 30 is located to the east of sites 23-38 back 

up the slope to the top of Hveradalir. It is an area 

along the edges of a small gully. The west side of 

the slope is highly altered with solfataras and the 

gradient temperature across the slope are as 

follows (30 cm increments): 95, 79, 80.2, 89.5, 

70.7, 66.7, 64.5, 57.3, 62.8, 73.4, 61, 47.4, 51.3, 

40.4, 31.3, 29.8, 22.2, 17.8 °C. The extent of the 

melt area is unclear due to the melting that has 

occurred at the site. On the opposite side of the 

gully, which has a small stream running down it 

as a section of active area approximately 3 meters 

in diameter that extends about 15-20 meters up 

the slope. There are three separate features that 

are just dry gas being released. No steam or water 

is present but the gas release is very audible. The 

soil color mainly consists of reds and oranges, 

very little sulfur oxides present.  
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Site 31: 

Site 31 is a series of single fumarole formations 

amongst an extremely rocky area. There tended 

to be single fumaroles which are surrounded by 

solfataras up to 3-6 meters out. Significant sulfur 

oxides were present and the temperatures ranged 

around 97 °C at the center to 87.5 °C and 73.5 °C 

at sites further out.  

 

 

 

 

 

 

 

 

 

 

 

Site 32: 

Site 32 is a large area near the top of the slope 

around 40 meters long and 50-60 meters wide. 

There is a horizontal strip of solfataras with minor 

steam escape. The area is very warm with 

temperatures around 95.6 - 97.7°C. The ground 

temperature outside of the active areas were 

approximately 28 – 31°C.  
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Southwest of Arnarvatn: 

Site 1 

Site 1 is located on a N-NE facing slope which is 

placed directly in a fault. There is quite a bit of 

steam being released from the area, but the steam 

escape is not under intense pressure so there not 

any noise associated with the steam release. This 

is quite different from most of the previous areas. 

The soil is very intense in the reds, pinks and 

oranges. Very little cream and yellow colors seen 

in the other areas. Little to no vegetation is 

present in the active area, but the surrounding 

area is covered in a bright green moss. The edge 

temperatures vary from 44.6 to 70.8 °C. The 

active areas where steam is being released tend to 

have temperatures between 89.6-97.9 °C. 

 

Site 2:  

Site 2 is located only a few meters from Site 1, 

but there is a small area of inactivity between 

them. The color of the soil is similar to site 1. The 

eastern side of the area is significantly more 

active than the western side. Small weak 

fumaroles are spread throughout the site. The 

ground is saturated and very soft and collapsible 

to the inner area is in accessible for temperature 

sampling. The edge temperatures range from 

32.5-72.8 °C. The active areas were between 84.9 

- 94.8°C. There were no mud pots or springs in 

the area.  

 

Site 3: 

Site 3 is a small area of activity on a S-SW facing 

slope with two small streams in gullies on each 

side of the main centered active area. Clear 

evidence of older activity on the opposite sides of 

the gullies, but the area is not active now. The 

active portions is approximately 12 meters by 15 

m wide and has small amounts of steam discharge 

and gas bubbles. Small minor mud pots also are 

present. There is basically a single fumarole 

formation with minor solfataras on the NW 

portion of the site. 
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Austurengjar: 

Site 1: 

Site 1 is the central active area in this valley. The 

main area is a large mud pool/body of standing 

water at the base of a ridge on the south portion 

of the feature. The southern half of the feature 

contains fumaroles and solfataras, with the most 

active ones located along the cliffs or edges of the 

ridge. These were very difficult and unsafe to 

access so chemical sampling was completed at 

this site. The northern end of the feature contains 

a stream leading towards Kleifavatn and mud pots 

with temperatures of around 90 - 95°C. The water 

in the feature was grey in color and boiling was 

very audible as well significant steam release was 

present as well. The steam made it impossible to 

view across the feature to the other side. Soil 

temperatures around the fumaroles were between 

93.9 – 98.4 °C and the temperatures at the 

margins of the snow melt were between 66 - 

79°C. Through the steam it was visible to see 

multiple areas of boiling through the body of 

water. The soil colors were more grey towards the 

south end of the lake from obvious sedimentation 

deposits from the water, while the fumaroles 

contained the typical sulfur and iron oxides 

ranging from light brown to red and yellow in 

color.  

 

 

Site 2: 

 Site 2 is the stream at the end of Site 1. The water 

level is shallow in comparison to the grey 

sediment deposits surrounding the actual flowing 

water suggesting the water level has been higher 

over the winter season. Ground temperatures 

were taken in the middle of the stream every 5-6 

meters until the stream disappeared under the 

snow. The resulting temperature gradient shows a 

temperature decrease of 1.5°C per meter away 

from the stream with the initial temperature of 

73°C. Close to the northern end of the visible 

stream there was a warm patch of vegetation with 

ground temperatures of 43.5°C 
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Site 3: 

Site 3 is small areas with a few gaseous springs 

on the south end and mud pots along the western 

potion of the site. Soil temperatures range from 

80.4 – 98.4°C around the features and 40°C 

around the margins of the snow melt. There is 

very little vegetation in the area only present 

around the south portion of the site.  

 

 

Site 4: 

Site 4 is an area of partially submerged water with 

two springs along the southwest edge. Water 

temperatures are between 71.2 - 79°C while the 

bottom of the spring is 90°C. There is marshy 

grass vegetation present throughout the site. 

There is very little moss present. Further up in the 

valley is a few more springs and a mud pool 

where water temperatures range from 37.3 – 70 

°C. The ground in this area is saturated with water 

and very soft.  

 

Site 5: 

Site 5 is two areas of warm ground containing a 

few mud pots and springs. There is a spring that 

leads to a large body of water at the north end of 

the active areas. The bodies of water have 

minerals on the top of the water indicating that 

they are stagnant. There is no boiling or bubble 

occurring in the large body of water. Soil 

temperatures were around 81.5°C in the middle of 

the warmest areas and about 60 °C on the edge of 

the soil. The springs were around 50 - 80°C and 

quite deep in some of them. The area is strewn 

with various vegetation. A few mud pots were 

also present in the area. These were the typical 

grey clay color as seen at the other sites in the 

area. The temperature in the mud pot was about 

87°C.  
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Trölladyngja:  

Site 1:  

Site 1 is an area of snowmelt and water 

accumulation approximately 6 m by 8 m, with 

steam escape and fumaroles (Figure 10). The 

steam gives off a strong sulphur smell, although 

the soil is predominantly dark brown, with some 

occurrences of yellow and whitish sulphur 

precipitates. Some red oxidised iron is present, 

dyeing the standing water a murky orange colour. 

The ground temperature measured approximately 

97.5°C towards the center of the activity, while 

measuring 50°C towards the boundary of the 

snowmelt. The fumaroles here proved to be too 

weak and diffuse to sample for steam 

condensates.  

Site 2: 

Site 2 is another area of snowmelt approximately 

10 m by 20 m striking SE-NW on a NE facing 

slope, with a central 3 m by 5 m zone of alteration 

and activity. The outer area is comprised of dark 

grey basaltic scree with some mineral 

precipitation towards the altered zone. The 

altered zone exhibits steam escape with several 

weak fumaroles, giving off a very faint 

sulphurous smell. The zone is mostly pale yellow 

sulphur precipitate with white sulphate and grey 

clay as well as red oxidised iron. Temperatures in 

the altered zone reach 95°C. The fumaroles here 

proved to be too weak and diffuse for steam 

sampling.  

Site 3: 

Site 3 is a small slightly warm spring that has 

melted a few metres of snow around its origin. 

The spring comes out of a rocky slope, with little 

alteration around it apart from some brown clayey 

soil. The temperature of the water was 

approximately 17°C. From where the spring 

flows downstream and under the ground/snow 

cover, some steam escapes. This steam had no 

sulphur smell and is likely just heated 

groundwater. 
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Site 4: 

Site 4 is an area of snowmelt characterised by 

warm dark brown soil, approximately 6 m wide 

and 15 m in length striking WSW, with a 

central area of lighter alteration. The central 

area has bands of yellow and whitish sulphates 

as well as some oxidised iron. Temperatures in 

the soil ranged from 50°C in the darker zone to 

75°C in the zones of lighter alteration, while the 

ground at the boundary of the snowmelt 

measured 20°C. The soil was hard and dry. 

Site 5: 

Site 5 is four areas of snowmelt at similar 

elevations on a steep NE facing slope, each 

roughly 2 m by 8 m striking NE-SW. The areas 

are comprised of grey basalt scree with little to 

no alteration clays. In the westernmost site a 

very small stream flowed down the scree, either 

from snowmelt or an obscured spring. The 

accessible area had no penetrable soil for 

ground temperature measurements, however 

the water measured approximately 15°C. 

Site 6: 

Site 6 is a large area of snowmelt on the SE 

facing side of Oddafell ridge, up to 100 m wide 

and at least 200 m in length from our tracked 

extent. The ridge is striking in the NE-SW 

direction. The soil ranged from dark brown to 

light browns/yellows. On top of the ridge 

towards the NE end of the site was an area of 

minor steam escape across approximately 10 m 

in width, with lighter coloured alteration and 

far more sulphur precipitate. The temperature 

in the steamy zone measured 70°C to 80°C 

while the warm ground across the rest of the 

area ranged from 8°C to 20°C. There were a 

few occurrences of temperatures up to 50°C in 

some of the lighter coloured zones. 

Site 7: 

Site 7 is a large area of heavy vegetation and 

steam escape, approximately 15m by 30m 

striking NE. The vegetation consists of thick 

moss and the steam is escaping from exposed 

lava. Does not appear to be a geothermal 

reservoir manifestation, rather steam heated 

groundwater.  
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Appendix C Geothermometer Graphs.  

 A) CO2 (1985) Geothermometer B) CO2 (1998) Geothermometer C) H2 

Geothermometer D) H2S Geothermometer E) H2S/H2 Geothermometer F CO2/H2 

Geothermometer) G) H2S/Ar Geothermometer H) H2/Ar Geothermometer 
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