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Abstract 

The high-temperature geothermal area of Þeistareykir volcanic system in NE Iceland shows thermal activity 

by several different heat flow processes. A distinct heat flow process is the transportation of heat through a 

large groundwater stream across the area. A highly transmissive aquifer is centered within the fractured 

Þeistareykir fissure swarm. The purpose of this thesis is to estimate the total excess heat flow and relative 

role of the different heat flow processes in the area, but previous studies on the geothermal system have 

mainly focused on resource assessments. The excess heat flow refers to heat flow originating from the 

geothermal system beyond the general ambient heat flow surrounding the area. Heat flow from Þeistareykir 

occurs by two main processes: heat flow through thermal groundwater, and heat flow through the surface, 

which is further divided into four different heat flow processes. Heat flow by groundwater streams is 

estimated using available groundwater model for NE Iceland, and observations and interpolation of 

temperature measurements of the aquifer, partly considering previously inferred ground resistivity 

anomalies in the area.  

For this purpose, results from local resistivity survey interpretations are used to better deduce the relative 

distribution of thermal groundwater. Along the main groundwater stream along the Þeistareykir fissure 

swarm, heat flow estimates are carried out at four cross-sections, estimating total excess heat flow and rate 

of heat loss along the fissure swarm. Next to the Þeistareykir geothermal area, total excess heat flow by 

groundwater is inferred to be 915 ± 75 MW, considering the methods used. Six km further north along the 

Þeistareykir fissure swarm, the excess heat flow is 640 ± 4 MW and still 14 km further, at the Lón estuary 

at the north coast of Iceland, the excess heat flow is estimated 51 ± 4 MW, showing an average heat loss of 

43 ± 3 MW/km at the aquifer along the Þeistareykir fissure swarm.  

The surface heat flow estimates are based on previous work at locations of observed thermal surface 

activity. In this thesis, estimates are provided by heat flow through (i) thermal soil, (ii) steam, (iii) 

evaporation from surface water, and (iv) thermal streams. Different methods are used for each process and 

include interpolating soil temperature data points, predicting rate of evaporation from thermal surface water 

and review and interpretation of various data and research. With the approach presented here, the total heat 

flow by the four surface processes is estimated to be 57 ± 17 MW. The cumulative results show a total 

estimated excess heat flow of 970 ± 80 MW from the geothermal system, of which 4-8% is by surface 

processes. The total excess heat flow estimated here may be an underestimate due to groundwater 

temperature measurements not covering some areas, where increased thermal groundwater streams in 

transmissive aquifers may possibly be present. Further research on the lesser-studied parts of the fissure 

swarm, as well as some of the geothermal surface heat flow processes, will likely increase the certainty of 

total excess heat flow estimates, and eventually reveal other unknown locations of thermal groundwater. 

 



 

Ágrip 

Varmaflæði frá háhitasvæðinu á Þeistareykjum sem tengt er við samnefnda megineldstöð á sér stað í formi 

nokkurra mismunandi ferla. Stór þáttur í varmaflæði frá svæðinu er flutningur jarðvarma með heitum 

grunnvatnsstraumi eftir Þeistareykjasprungusveimnum, sem myndar einkar lekan grunnvatnsveiti. 

Tilgangur þessa verkefnis er að meta umfram heildar varmaflæði frá svæðinu og hlutfallslega dreifingu 

þess eftir mismunandi ferlum, en fyrri rannsóknir á varma jarðhitakerfisins hafa aðallega snúið að 

nýtingarmöguleikum. Með umfram heildarvarmaflæði, er átt við þann jarðvarma sem berst frá 

háhitasvæðinu með einhverskonar ferli, umfram umhverfisvarmaflæði frá berggrunni í kring. Tvö 

meginferli flytja jarðvarma frá svæðinu: annars vegar flutningur jarðvarma með grunnvatni og hins vegar 

flutningur jarðvarma í gegnum yfirborð, sem skipta má niður í fjögur mismunandi undirferli.  

Mat á umfram varmaflæði með grunnvatni byggist á fyrirliggjandi grunnvatnslíkani fyrir norðausturland 

og mati og brúun hitastigsmælinga úr borholum og lindum, m.a. með hliðsjón af túlkun á 

viðnámsmælingalíkönum sem ná yfir hluta svæðisins. Slíkar túlkanir eru notaðar til að meta og áætla 

mögulega dreifingu heits grunnvatns innan veitisins. Fjögur snið voru valin á viðeigandi stöðum eftir 

veitinum til að meta heildar umframvarmaflæði með grunnvatnsstraumnum, sem og rénun varma í 

straumnum með aukinni fjarlægð frá varmagjafa. Metið var með umræddum aðferðum að næst 

háhitasvæðinu sé umframvarmaflæði með grunnvatni 915 ± 75 MW. Sex km norðar er varmaflæði með 

grunnvatni innan sprungusveimsins 640 ± 4 MW og 14 km norðar, skammt frá ósinum í Lóni í Kelduhverfi 

er varmaflæði orðið 51 ± 4 MW. Af því leiðir að meðal varmatapsstigull eftir sprungusveimnum er 43 ± 3 

MW/km.  

Mat á varmaflæði um yfirborð er byggt á mismunandi gögnum frá fyrri rannsóknum á svæðum þar sem ber 

á jarðvarma. Í þessu verkefni er þessu varmaflæði skipt niður á fjögur mismunandi ferli, (i) um heitan 

jarðveg, (ii) gufu, (iii) uppgufun frá heitum vatnsflötum og (iv) varmaburður með vatnsrennsli á yfirborði. 

Ólíkar aðferðir eru notaðar til að meta hvert og eitt ferli, má þar helst nefna brúun hitastigs í upphituðum 

jarðvegi, mat á hraða uppgufunar eftir mismunandi vatnsflötum á svæðinu og mat og túlkun á ýmsum fyrri 

rannsóknum og gögnum. Byggt á þessum aðferðum, er metið að heildarvarmaflæði um yfirborð á 

Þeistareykjum sé 57 ± 17 MW. Samanlagt er metið að heildar umfram varmaflæði frá háhitasvæðinu sé 970 

± 80 MW og að þar af sé um 4-8% af varmaflæðinu um yfirborð. Þetta kann að vera vanmat á heildar 

umfram varmaflæði, m.a. vegna skorts á hitastigsmælingum á svæðum þar sem mögulega má finna 

óstaðfesta, heita grunnvatnsstrauma í lekum hlutum sprungusveimsins. Frekari rannsóknir á óþekktari 

hlutum sprungusveimsins, sem og sumum yfirborðsvarmaferlum munu vafalaust draga úr óvissum á mati 

á varmaflæði frá svæðinu og mögulega leiða í ljós óþekkta, heita grunnvatnsstrauma frá svæðinu. 
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1. Introduction 

Across the globe, geothermal heat flow occurs through the earth's surface at various rates 

due to the release of heat from two sources within the earth's interior; primordial heat left over 

from the earth's formation, and radioactive decay within the core and mantle, producing radiogenic 

heat (Turcotte & Schubert, 2002). The vertical thermal gradient within the earth's outermost crust 

has a large influence on the rate of heat flow. The mean global heat flux has been estimated to be 

87 ± 2.0 mW/m2, where heat flux through the continental crust is 65 ± 2.0 mW/m2, and 101 ± 2 

mW/m2 through the oceanic crust (Pollack et al., 1993). The total global heat flow is estimated to 

be (44.2 ± 1.0) 106 MW (Pollack et al., 1993). Today, geothermal areas generally refer to areas 

with higher heat flow than surrounding areas, particularly where the extraction of thermal fluids 

for utilization is feasible. High heat flow can occur due to several different anomalies within the 

earth’s crust, most often related to zones of tectonic activity or magmatic storage in shallow crust. 

In Iceland, these geothermal areas are generally described as either volcanic or convective systems, 

depending on whether the source of heat is shallow magma or deep groundwater transported 

towards the surface by a convective flow (Böðvarsson, 1963). Estimations of heat flow and energy 

production capacity of geothermal systems are an essential part of evaluating each system, and 

required for the assessment before geothermal utilization (Arnórsson, 2011).  

Heat flowing from geothermal areas, regardless of their direct utilization value, has in many cases 

been estimated, as it can be an indicative aspect of heat transport and groundwater flow dynamics 

surrounding the geothermal systems. Several studies have been carried out to evaluate heat flow 

in different areas based on varying methods. Björnsson & Guðmundsson (1993) used estimations 

of the relative volume of meltwater in a subglacial lake in the caldera in Grímsvötn prior to 

jökulhlaup between the years 1922 and 1991, to estimate the heat loss from the system to the 

glacier. Estimates of heat flow ranged between 1,600 and 11,600 MW, where the higher estimates 

were related to volcanic activity, while the upper margin of the base heat flow from the geothermal 

system was estimated to be 1,500-2,000 MW. Although the horizontal extent of the geothermal 

activity is unclear, they suggested it could cover an area of around 10-20 km2. Further estimates 

for Grímsvötn were made by Reynolds (2018) for the period 1998-2016, where the base heat flow 

from the area was estimated to be approximately 1200 MW, with additional 600 MW related to 

peak events such as volcanic eruptions. Another study focusing on the relation between glacier 

melt and geothermal activity was done by Oddsson (2016), who estimated the heat flow of 270 ± 

70 MW at the high-temperature geothermal area of Kverkfjöll. Including the estimations on 

meltwater in calderas and glacier lagoons, the research also estimated heat flow based on thermal 

ground, thermal gradients, steam, and thermal surface water. 

Several studies have addressed geothermal heat flow at geothermal systems in New Zealand in 

research on defining surface heat flow dynamics from geothermal systems. An example of such 

research is the monitoring of changes in heat flow at the Wairakei geothermal field. In the 1960s 

and 1970s, notable changes in surface activity were observed at Wairakei, which has been 

suggested to be due to exploitation, associated with changes between liquid and steam within the 

system closer to the surface (Allis, 1981). Estimates showed changes in the total surface heat flow 
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at Wairakei, from 420 MW to 800 MW, but at the end of the 1960s, heat flow estimates gave more 

stable results, around 600 MW ± 150 MW. This research covered surface heat flow and extraction, 

but it was suggested that 26% of the total heat flow occurred through the surface, 67% was 

extracted through wells, and 7% of the heat flow was due to cold water infiltration.  

An example of a study on geothermal heat flow in the USA is the study of Sorey & Colvard (1994), 

who estimated the heat and mass flow from geothermal areas in the Lassen volcanic national park 

in California between 1984 and 1993. They estimated surface heat flow through fumaroles, springs 

and streams, water surfaces, and bare ground. These processes comprise the total estimated surface 

heat flow from several thermal areas across the national park. Heat flow through the surface at 

different thermal areas within the Lassen volcanic national park was estimated to range from 0.1 

MW at Drakesbad and up to 37 MW at Boiling Springs Lake, with a total heat loss of 115 MW 

from all thermal areas, covering a total surface area of 0.26 km2. The methods estimating heat flow 

through the surface by Sorey & Colvard (1994) are partly used in this study for appropriate heat 

flow processes. 

Þeistareykir volcanic system is the northernmost active volcanic system on-land in Iceland and is 

in the northern volcanic zone (NVZ) in North-East Iceland (Grönvold & Sæmundsson, 2019) 

(Figure 1.1). Þeistareykir hosts a geothermal area estimated to cover 45 km2 (Karlsdóttir et al., 

2012) at 500m.b.s.l., and features visible manifestations on the surface. Volcanic activity at 

Þeistareykir Central Volcano is characterized by large volume shield volcano eruptions (Slater et 

al., 2001), with the most recent volcanic eruption around 2400 BP (Grönvold & Sæmundsson, 

2019). The NVZ is a part of the Mid-Atlantic Ridge where it crosses Iceland. The NVZ is a rift 

zone that extends from beneath the Vatnajökull ice cap and north to the coast, where it links to the 

Tjörnes Fracture Zone (TFZ). Rifting across the NVZ is around 19 mm/a in the azimuth direction 

of approximately N105°E (Magnúsdóttir & Brandsdóttir, 2011). Þeistareykir has a prominent 

fissure swarm known as the Þeistareykir fissure swarm (ÞFS) adjacent to TFZ (Guðmundsson et 

al., 1993). The ÞFS is in the center of a large groundwater basin with an estimated flow rate of up 

to 13.3 m3/s towards the north (Myer, 2008). Visible geothermal activity and alterations on the 

surface mainly occur north of Mt. Bæjarfjall, but altered ground is also observed at Mælifell at the 

western side of the ÞFS. Ármannsson (2014) divided the eastern side of the Þeistareykir 

geothermal area into five different sub-areas (labeled A-E) through geochemical steam sample 

analysis (Figure 1.2). These sub-areas reveal different geothermal water and vapor dominated 

aquifers, but outflow from the geothermal area mixes with groundwater from the ÞFS, which flows 

along open fractures and can be seen in sub-area D, Tjarnarás. Thermal groundwater flows north 

along the ÞFS and as far as Kelduhverfi (Figure 1.1). 



3 

 
Figure 1.1: Overview map of Þeistareykir and surroundings. Topography, place names, and wells in the area of Þeistareykir and 

Kelduhverfi. The extent of alterations in the geothermally active area at Þeistareykir is shown as well as the outer margin of the 

Þeistareykir central volcano (Hjartarson & Sæmundsson, 2014). Faults and fissures shown are from Magnúsdóttir & Brandsdóttir 

(2011) and Sæmundsson (2007) and mostly represent the Þeistareykir fissure swarm (ÞFS), apart from a few faults oriented NW-

SE, which are associated with the Húsavík-Flatey fault (HFF) southwest of Rauðhóll, where it intersects the ÞFS. 
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Figure 1.2: A conceptual model of the geothermal system and aquifers in Þeistareykir by Ármannsson (2014). The approximate 

location of the conceptual model is shown in Figure 1.3 (blue line). 

 

Exploration for potential geothermal energy production at Þeistareykir began in 1972 (Grönvold 

& Karlsdóttir, 1975), followed by a significant assessment in 1981-1984 (Ármannsson et al., 

1986). Some monitoring was performed for the next decade until the first test wells were drilled 

in 2002 (Ármannsson, 2014). Today a 90MW powerplant is operating at Þeistareykir, launched in 

two 45MW phases, one in November of 2017 and the other in April of 2018 (Landsvirkjun, 2020). 

Some estimates for the overall heat flow regardless of utilization potential have been made before, 

e.g., by Ármannsson (2014), who estimated that heat loss through groundwater flow north towards 

Kelduhverfi was about 300MW, based on groundwater flow rate and temperatures at the Lón 

estuary. In this thesis, estimations of heat flow from the geothermal system will be divided into 

two categories, (i) heat flow by groundwater and (ii) heat flow through surface activity 

 

This thesis's study area extends from the southern end of the drainage basin, approximately 10 km 

south of Mt. Bæjarfjall and northwards towards Kelduhverfi near the north coast of Iceland. The 

Þeistareykir geothermal area is situated north and to the northwest of Mt. Bæjarfjall, and most of 

the wells that have been drilled in this area. The rift valley hosting the ÞFS forms a depression in 

the topography between Lambafjöll mountains and Þeistareykjabunga (Figure 1.3). Several 

surface locations show thermal activity, most prominently at Mt. Ketilfjall, north side of Mt. 

Bæjarfjall, Randir, and Tjarnarás. Smaller and more confined thermal activity is observed north-

east of well ÞR-07. The westernmost thermal manifestations associated with the Þeistareykir 

system are below Mælifell, where alterations can be seen on a roughly 1 km long section. However, 

it is largely associated with an activity that likely occurred in that area around 3,000-4,000 BP 

(Sæmundsson et al., 2012). Six km to the north of Mt. Bæjarfjall is Rauðhóll, a small hill close to 

a junction of the Þeistareykir fissure swarm and the Húsavík-Flatey fault, which potentially divides 

the groundwater stream to some extent. The HFF is a system of WNW-ESE oriented transform 
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faults at the southern end of the Tjörnes fracture zone (TFZ), extending west from the ÞFS towards 

the Kolbeinsey ridge (Guðmundsson et al., 1993), an intermediate location where the groundwater 

heat flow will be discussed. From there, the groundwater is next observed in Kelduhverfi, at the 

locations Fjöll, Lón, Guðfinnugjá, and Sultir.  

 

 
Figure 1.3: Topography, place names and wells surrounding Þeistaraeykir,and the extent of geothermal alterations in the area 

(Gíslason et al., 1984; Sæmundsson, 2007). 

This study aims to estimate the different processes of excess heat flow from the geothermal system 

at Þeistareykir. The natural state excess heat flow refers to the natural processes, which extract 

heat from this system beyond the ambient heat flow of the cold, non-geothermal areas surrounding 

this system, prior to any systematic extraction of geothermal fluids in the area. This is to quantify 

the significance, and relative role of the different processes and to better understand the dynamics 

and distribution of heat transported from the geothermal system. In order to estimate heat flow, 

this study uses relevant available data and literature from exploration and studies of the geothermal 

area. Data from 2018 and later has in relevant cases been excluded as it may be affected by power 

production in the area of interest. The groundwater heat flow analysis is based on modeled 

groundwater flow (Myer, 2008) temperature profiles from boreholes (Guðjónsdóttir et al., 2018; 

Egilson, 2011; Egilson & Gylfadóttir, 2013; Hafstað & Sigurgeirsson, 2015; Tulinius & 

Steingrímsson, 2018; Egilson, 2019), resistivity analysis (Karlsdóttir et al., 2012) and groundwater 

observations (Hafstað, 1989). The analysis of surface heat flow depends on several different 

processes such as heat flow through steam vents, bare ground, and surface water, which are 

estimated separately.
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2. Study background and literature review 

2.1 Geology 

The area surrounding Þeistareykir is largely made up of Quaternary lava fields and tuyas and ridges 

of basaltic tuff, with soil and altered ground in locations of geothermal activity or former farmland 

(Figure 2.1). The oldest formations in the area are basaltic tuff formations in the Lambafjöll 

mountains on the western side of the area, estimated to be around 200,000-300,000 years old, while 

the youngest date from around 2,500 years ago (Gíslason et al., 1984; Sæmundsson et al., 2012). 

On the eastern side, Mt. Ketilfjall is the oldest ridge, formed on a 4 km long N-S fissure. Other 

eruptions have occurred on top of that, including the formation of the Bæjarfjall tuya, which is 

compiled mainly of basaltic breccia (Sæmundsson, 2007). During the most recent ice age, the 

glacier is thought to have retreated from the area around 15,000 years ago, after which several 

post-glacial shield volcano eruptions formed lava fields, which characterize the area. Volcanic 

activity in the area is associated with the Þeistareykir volcanic system (ÞVS), one of five systems 

in the Northern Volcanic Zone (NVZ). The volcanic system hosts the Þeistareykir shield volcano, 

which has ill-defined topographic features, but is identified by the high-temperature geothermal 

area and the presence of silicic rock (Grönvold & Sæmundsson, 2019). Þeistareykjahraun (tei) is 

the most recent lava field, approximately 2400 years old, up to 40 m thick, and covers 28 km2 

(Grönvold & Sæmundsson, 2019). Other eruptions formed the following fields in the area, 

Borgarhraun (bor), Skildingahraun (ski), Stóravítishraun (sto), and Hvammahraun (arn) (Figure 

2.2), which all formed shortly after the glacier retreated (none much younger than 10,000 years 

old). The formations are dispersed across a large area with no obvious volcanic center 

(Sæmundsson, 2007).  

On the surface, geothermal activity is mainly visible in the immediate vicinity of Þeistareykir at 

the north side of the Bæjarfjall tuya, along with sporadic small areas with altered ground across 

the rift valley towards west and north (Figure 1.3). While these areas present a considerable amount 

of soil and geothermal sediments, the area surrounding Þeistareykir is by large made up of 

Quaternary lava fields and basaltic tuff. The geothermal area is above the center of a volcanic 

system that reaches from north of Lón and south of Mývatn (Figure 1.1 and 2.5). In the rift valley 

by the Þeistareykir central volcano and the geothermal area, the topmost part of the strata is a 

sequence of postglacial lavas more than 100 m thick (Þorsteinsdóttir et al. 2018). Below that, or 

where the surface does not consist of these recent lava flows, the next 150-300 m of strata consist 

of basaltic tuff and scarce rhyolitic tuff and breccia, which is mostly the depth at which the main 

groundwater flow occurs in the ÞFS. Strata below that alternate between 50-400 m thick shield 

volcanic basalt layers and tuff (Gíslason et al., 1984). Þorsteinsdóttir et al. (2018) compiled a 

geological model of the strata at Þeistareykir (Figure 2.2), where six tuff formations are modeled, 

separated by basaltic lava flows.  
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Figure 2.1: Geological map of Þeistareykir. Purple to pink lavas are basaltic, historic to late-glacial lavas, with bor, ski, sto, arn 

and tei being the youngest, of which tei is the most recent, 2400 years old. Brown layers are basaltic and intermediate hyaloclastites, 

pillow lavas, and associated sediments. Green layers are basaltic, intermediate Pleistocene lavas and sediments. Grey layers are 

Holocene sediments (Sæmundsson et al., 2012). 
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Figure 2.1: Two cross sections of the geological model at Þeistareykir down to 2400 m.b.s.l. by Þorsteinsdóttir et al. (2018). 

Upper left cross section is W-E (red line on the map) and upper right is S-N (blue line on the map). The legend shows the different 

types of formations and it is shown in the same vertical order as the two cross sections. The M1a Bæjarfjall formation is tuff and 

breccia, and the M1b Ketilfjall formation is basaltic tuff and glassy basalt mixed with breccia. The wells present lithology, but 

the corresponding legend is not shown in this figure. 
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2.2 Þeistareykir geothermal system 

Current geothermal activity in Þeistareykir is mostly associated with recent magma intrusions and 

upflow of thermal fluids within the transmissive fissure swarm (Sæmundsson, 2007; Ármannsson 

et al., 1986). The active geothermal surface manifestations where thermal activity is observed, 

cover an area of 10.5 km2 (Ármannsson et al., 1986). If the altered ground at the western end of 

the system (close to Mælifell) is included, then geothermal surface manifestations cover some 20 

km2, but the thermal surface activity there is thought to have faded around 1000 years ago 

(Ármannson et al., 1986). Other manifestations in the area include steam, thermal liquid surfaces 

(mud pools, springs, and ponds), and thermal water discharge. 

The geothermal activity can be split into two areas where geothermal surface alterations can be 

seen, the main area on the eastern side of the fissure swarm north and northwest of Mt. Bæjarfjall, 

and the western area close to Mælifell at the western side of the fissure swarm. Most of the active 

geothermal manifestations appear in the eastern area, while the western remains relatively cold 

(Sæmundsson, 2007). Manifestations in the eastern area are largely viscous, high-temperature mud 

pools, and steam from fumaroles, steam vents releasing steam and volcanic gasses, although some 

hot springs are in the area. A large part of the steam and most of the mud pools are along Randir 

and Tjarnarás, elongated geothermally altered areas northwest of Mt. Bæjarfjall (Ármannsson et 

al. 1986). The temperatures measured in the mud pools are generally slightly above 95 °C 

(Kristinsson et al. 2018), while steam temperature measurements are around 98-99°C in fumaroles. 

Surface showing thermal heat at Þeistareykir occurs mostly around geothermally altered surfaces, 

but the highest temperatures are at Randir and on the northern slopes of Mt. Bæjarfjall. Most 

temperatures are between 5 °C and 20 °C while some are between 30-80 °C (Kristinsson et al., 

2018). A survey recording CO2 flow and temperature in the soil at 15 cm depth was performed in 

2012, 2015, and 2018 (Kristinsson et al., 2018), including 776 measurement locations covering 

much of the immediate Þeistareykir area (Figure 4.35). In addition to this, thermal ground extent 

has been mapped by Sæmundsson et al. (2007), which provides the observed extent of thermal 

ground without temperature values, an area of 1.42 km2, while Gíslason et al.(1984) mapped the 

extent of snow-free patches (due to thermal ground) in February of 1982; an area of 1.18 km2 

(Figure 4.35), all researches which give an impression on the extent of heat flow through the 

surface at Þeistareykir. 

Based on electromagnetic resistivity surveys, Karlsdóttir et al. (2012) estimated the geothermal 

system to cover an area of 45 km2 at 800-1000 m depth (Figure 2.3). It covers an area across the 

fissure swarm from west to east, but the highest formation temperatures are observed in the eastern 

area. Here the formation temperatures reach 354 °C in well ÞG-03 at below 2600 m depth (Egilson, 

2011), and temperatures of 300 °C are estimated to reach as high up as 800 m depth (Arnaldsson 

et al., 2011). Temperature measurements and wells are further discussed in chapter 2.5. Arnaldsson 

et al. (2011) estimate through iTOUGH2 modeling that the highest temperatures by depth are 

around and east of well ÞG-01 and reach east beneath Mt. Ketilfjall. To the west the temperatures 

drop fast, but west of ÞG-02, at approximately 500 to 2000 m depth they are estimated to be up to 

100 °C lower than at similar depths east of ÞG-01. The raised temperatures at well ÞG-01 are 
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suggested to be due to unusually great upflow of geothermal fluids, potentially with temperatures 

over 320 °C. When cooled, the same fluids are then predicted to flow to the west from this upflow 

where downflow occurs around well ÞG-02, due to the ÞFS providing a relatively transmissive 

aquifer. Some potential downflow also occurs to the east, but these fluids could potentially again 

mix with the upflow at well ÞG-01 or cause smaller upflows to the west and east. (Arnaldsson et 

al., 2011). 

The fluid temperatures have also been estimated through gas geothermometry. Ármannsson et al. 

(1986) divided the eastern area at Þeistareykir into five sub-areas, of which three were considered 

suitable for production, but the suggested temperatures there were in the range 232-315°C 

(Ármannsson, 2014). The general aquifer temperature below Þeistareykir is assumed to be between 

270-290°C, but some bedrock temperature measurements exceed 300°C, and the highest 

temperatures are around 380°C (Óskarsson et al. 2013). The depth of the gas formation in the five 

sub-areas is suggested to be between 400-1200 m (Ármannsson et al. 1986). 

The geothermal system's capacity has been considered in detail in conjunction with a power 

generation project in NE-Iceland and the buildup of the 90MW power plant in Þeistareykir. 

Initially, by estimating the volume and temperature of the system, Pálmason (1985) estimated that 

within the geothermal system from between 0-3 km depth, accessible heat amounted to a total of 

18.4 x 1018 J, divided into three temperature categories from 5 °C to beyond 130 °C. The same 

study estimated the production capacity of the system for 50 years to be 150 MWe. Later estimates 

based on Monte Carlo simulations have been made on the total power production capacity, 

estimates that are around 300MWe. Guðmundsson et al. (2008) estimated through volumetric 

methods that the capacity of the Þeistareykir system would be 348, 209, and 104MWe for a 

production time of 30, 50, and 100 years respectively. More recent estimates based on iTOUGH2 

simulations predict a capacity for the area of approximately 108 MWe for a 30 year production 

time (Arnaldsson et al., 2011). 
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Figure 2.2: Map of Þeistareykir, the extent of the geothermal system at 500 m.b.s.l. (Karlsdóttir et al., 2012), wells in the area 

showing the groundwater temperatures at the groundwater level, and geothermal manifestations at the surface (Sæmundsson, 

2007). 

2.3 Resistivity surveys 

Several electromagnetic resistivity surveys have been carried out for Þeistareykir, e.g., by 

Karlsdóttir et al. (2012), suggesting the 45 km2 size of the system. Since the initial surveys were 

performed in the 1970s, methods for resistivity analysis have gradually improved, and some of the 

more recent surveys allow for three-dimensional interpretation of resistivity to a considerable 

depth in the area. The conducting capability of different subterranean geological formations can 

be studied through measurements at the surface with several different methods, including MT 

(magnetotellurics) and TEM (transient electromagnetics). MT is a passive method, recording 

naturally generated variations in Earth’s electromagnetic field, interpolating signals down to tens 

of kilometers below the surface, while TEM is an active method, recording response signals in the 

earth down to around one-kilometer depth (Abdou, 2015). Rocks have varying conducting 
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potential depending on factors such as saturation and salinity, the formation of alteration minerals, 

rock type, porosity, and temperature. In volcanic basalts, values tend to be relatively uniform 

across similar scenarios, making it a reliable method in Iceland (Flovenz et al., 2005). These 

different values can be correlated with temperature in geothermal reservoirs, mainly due to 

different alteration assemblages in the rocks.  

Alteration minerals occur at specific temperature ranges within and around geothermal reservoirs, 

of which these four alteration zones are commonly considered: 1. Smectite-Zeolite zone, 2. Mixed 

layer clay zone, 3. Chlorite zone, and 4. Chlorite-Epidote zone (Figure 2.4). Smectite-zeolite zones 

start forming at temperatures around 50-100°C, and in resistivity surveys, this alteration zone tends 

to show a distinct low-resistivity layer (clay cap) surrounding the geothermal reservoir (Flovenz 

et al., 2005). 

Resistivity surveys from 1972-3 and 1981-2 showed a 10 Ωm low-resistivity boundary at around 

sea level (ca. 300-meter depth), which pointed towards a clay cap surrounding a reservoir of some 

18 km2
 at that depth. Closer to the surface, at Þeistareykir 15 Ωm boundary revealed the reservoir 

area of 6-8 km2 (Pálmason et al., 1985). A more recent resistivity survey was performed in several 

phases in the years 2009-2012, with 101 MT soundings and several TEM soundings, surveys 

which Karlsdóttir et al. (2012) interpolated to a 3D model. These surveys revealed a reservoir of 

45 km2
 at 500 m.b.s.l. which extends beyond the geothermal surface area to the west and south 

(Figure 2.2). The low-resistivity cap is observed some 3 km south of Mt. Bæjarfjall, and west it 

reaches Mælifell, approximately 5 km west of Tjarnarás. The cap extends north and along the 

fissure swarm at the west end, along the estimated groundwater flow path. At Þeistareykir, the 

low-resistivity values extend in a very localized area up to the surface, mainly where geothermal 

surface activity is present.  

Figure 2.3: Illustration of the relationship between relative observable resistivity 

and associated temperatures at different alteration zones in volcanic basalts 

(Flovenz et al., 2005). 
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2.4  Tectonics 

The Northern Volcanic Zone (NVZ) is a divergent, subaerial rift zone, a part of the Mid-Atlantic 

Ridge between the Eurasian and North American tectonic plates. The NVZ reaches from beneath 

the Vatnajökull glacier cap and north to Öxarfjörður in NE-Iceland, with an average spreading 

velocity of 17.4 mm/a (Drouin et al., 2017). Rifting in the NVZ is spread over five separate fissure 

swarms, each connected to a left-stepping en echelon volcanic system. The Þeistareykir volcanic 

system is the north-westernmost of these systems and features a 70-80 km long (N-S) and 7-8km 

wide (W-E) fissure swarm. The rift-fissures within the swarm have an average azimuth of N25°E, 

although a considerable difference is between the orientation of fissures at the north and south 

ends. Fissures south of Þeistareykir show an approximate azimuth of N22°E, while in Kelduhverfi, 

it turns to as much as N43°E. (Magnúsdóttir & Brandsdóttir, 2011). The ÞFS consists mainly of 

normal faults, with the maximum displacements of 200-300 m, along the western edge of the rift 

zone. Significant surface fractures in the area, which will be referred to later in this thesis, are 

Guðfinnugjá, Sæluhúsveggur, Miðveggur, and Tjarnarás, which are shown in Figure 2.5. 

To the west and north, the ÞFS connects with the Tjörnes Fracture Zone (TFZ), which is an active 

transform zone connecting the NVZ to the Kolbeinsey Ridge (Einarsson et al., 2016) (Figure 2.6). 

Part of this transform zone is the Húsavík-Flatey Fault (HFF), a system of WNW-ESE oriented 

transform faults between the two rift zones. At the southern boundary of this system, the faults are 

right-lateral strike-slip faults with a southward throw of some tens of meters, while they are left-

lateral at the northern boundary. The HFF intersects with the ÞFS at the eastern end of the system, 

creating intricate fault patterns within and around the fissure swarm, but this junction occurs just 

north of the geothermal system in Þeistareykir, between Þeistareykir and Rauðhóll (Magnúsdóttir 

& Brandsdóttir, 2011). Seismicity is relatively well known in this fault system due to its proximity 

to the town Húsavík, e.g., with notable seismic events in 1755, 1867, 1872, and 1884 

(Magnúsdóttir & Brandsdóttir, 2011).   
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Figure 2.4: Lineament map of Þeistareykir fissure swarm (ÞFS), outlining mapped faults mapped by 

Magnúsdóttir & Brandsdóttir (2011) and Sæmundsson (2007) 
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Figure 2.5: Overview of the northern end of the North volcanic zone (NVZ) and the Tjörnes Fracture Zone (TFZ), 

Þeistareykir fissure swarm (ÞFS, purple), Húsavík-Flatey Fault (HFFS), Krafla Fissure Swarm (KFS) and Krafla (K) 

and Þeistareykir (Þ) volcanic systems (Magnúsdóttir & Brandsdóttir, 2011). Yellow areas show active fissure swarms 

along with associated central volcanoes (black circles) based on Einarsson & Sæmundsson (1987), red dots are 

epicenters of earthquakes of M > 1.5 from 1995 to 2010. 
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2.5 Groundwater conditions 

As with many predominantly Quaternary basalt lava regions, little to no water flows on the surface 

along the Þeistareykir fissure swarm. Instead, a significant groundwater stream is observed in the 

area, aligned roughly SSW-NNE, north from Þeistareykir. The fissure swarm provides a 

directionally anisotropic flow, but this flow has been predicted to have between 15- and 25-fold 

flow rate along the fault direction of the fissure swarm, compared to the rate perpendicular to the 

direction (Hafstað, 2010, Myer, 2008). A comprehensive model of groundwater flow in the 

northeastern region of Iceland (including the NVZ) was made by Vatnaskil Consulting Engineers 

in 2008, and updated in 2015 (Myer, 2008; Guðmundsson et al., 2015). Landsvirkjun provided the 

model for use in this thesis. This model takes into account the following factors when calculating 

flow rate: groundwater table observations (wells, springs, etc.), spring and river flow, groundwater 

temperature, geological setting and a comprehensive surface model which is further based on 

topography, an energy balance model,dominant climate conditions and more. The groundwater 

model estimates the groundwater level in the area and extends 100 meters below that at each given 

location. All the groundwater flow is assumed to occur in this 100 m thick layer, so the model is 

two-dimensional (considers only horizontal variations in flow). Flow rates are in units of m3/s/m, 

referring to cubic meters of groundwater per second flowing through every horizontal meter, which 

means each meter represents one horizontal by 100 vertical meter profile (Figure 2.7). 

At the northern end of the Þeistareykir fissure swarm is Lón in Kelduhverfi, an estuary at the 

eastern foot of the Tjörnes peninsula, fed by groundwater from numerous springs and faults. The 

flow rate at this estuary (and others in Öxarfjörður) has been estimated in previous studies to be in 

the range 19-29 m3/s in Lón (Myer, 2008) (Hafstað, 1989). In this thesis, the groundwater flowing 

into the estuary is assumed to be less since it is based on Vatnaskil's groundwater model. In that 

model, the groundwater flow rate at the northern end of the ÞFS is estimated to be 13.3 m3/s. The 

reason for this lower flow rate estimate is that some groundwater enters the estuary from Tjörnes, 

which is not accounted for or relevant in this estimated. Furthermore, on the west side of the fissure 

swarm close to Lón, some of the groundwater from the fissure swarm emerges to the surface 

through springs, leaving the premise of the model. Lón is the lower end of a catchment area, which 

the ÞFS is a part of. The majority of water flow at the Lón estuary is assumed to be groundwater 

provided by the ÞFS, of which a considerable amount has passed and been heated by upflow and 

outflow from the Þeistareykir geothermal system. This catchment area is roughly 40 km long S-N 

with the southern margin located 18 km south of Þeistareykir, and is 15 km wide W-E around 

Þeistareykir (Myer, 2008). The groundwater passing through Þeistareykir is thought to be cold and 

relatively old, but it is estimated to be over 100 years old. This is based on its deuterium (δD) and 

oxygen-18 (δ18O) fractionation of δD = -108‰ and δ18O = -12.7‰, a hydrogeochemical method 

for the interpretation of the regional and climatic origin of groundwater (Dansgaard, 1964). It is 

from the area south of the catchment area, from where it has flowed into and along the ÞFS, but 

from its isotopic fractionation, it is thought to be from as far south as Vatnajökull (Ármannsson, 

2014).  
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Figure 2.6: Map of estimated groundwater flow rate and direction (Myer, 2008; Guðmundsson et al., 2015). The premise within 

the groundwater model where flow direction anisotropy is assumed to be 25:1 is shown with a blue dotted line. 
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Within the groundwater reservoir, higher temperatures are observed in some places which are 

mainly connected to the Þeistareykir geothermal system. These higher temperatures are observed 

next to and downstream from the geothermal system, but surrounding the area of higher 

temperatures, the ambient groundwater temperatures are generally below 5°C. Although ambient 

temperatures vary, this study refers to the ambient temperature of 4.2°C, which is measured in well 

ÞR-10 (see Table 2.3) and represents the temperature of the groundwater south of Þeistareykir, 

before it passes the geothermal system (Hafstað, 2010). Temperatures reach up to 380°C within 

the geothermal system itself, but groundwater temperatures reach ~200°C directly above the low-

resistivity cap in the well field located north of Mt. Bæjarfjall (see Table 2.3). Ármannsson (2014) 

mentions temperatures from 66°C, to boiling, close to the groundwater table in wells ÞR-2 and 

ÞR-3, which are located west of Mt. Bæjarfjall and 1,5 km north of Mt. Bæjarfjall, respectively. 

Temperatures in wells ÞR-1 and ÞR-4 were measured between 26-35°C at 128 m and 150 m depth, 

but these wells are 2 km north of (downstream from) Mt. Bæjarfjall at Þeistareykir. At similar 

depth, 2 km west of ÞR-1 and 4 at well ÞR-07, temperatures are considerably lower, 8.8°C 

(Hafstað, 2010) (see Table 2.3). 

Next temperature measurements from wells located downstream along the ÞFS are around 

Rauðhóll. Wells ÞR-08 and ÞR-11, which are located 7 km north of ÞR-1, have shown 

temperatures of 1.7 and 16.0°C, respectively (Hafstað, 2010). Thermal influence is apparent in 

well ÞR-11 while it is entirely absent in well ÞR-08, being even well below the area's general 

ambient temperatures despite the distance between the wells being only 3.5 km. This sharp W-E 

thermal gradient has previously been noted and is generally associated with the prominent fault 

Guðfinnugjá (efri), a NNE-SSW fault within the ÞFS a few hundred meters east of ÞR-08, as well 

as non-thermal groundwater flow from the Tjörnes mountains (Þ. H. Hafstað & M. Ólafsson, 

personal communication, February 13, 2020). 

At the Lón estuary in Kelduhverfi, 15 km north of Rauðhóll, thermal effect in groundwater has 

also been observed, e.g., by Hafstað (1989) where temperatures in fissures and shallow boreholes 

were measured up to 12.2°C (see Table 2.1 and 2.2 and Figure 2.8). The lowest temperatures were 

measured at 3.8°C at the western side of ÞFS at the foot of Tjörnes mountains, while the highest 

temperatures appeared to be in fissures east of Lón, meaning the temperature gradient is oriented 

W-E, perpendicular to the fault direction of the fissure swarm. Samples taken from these warmer 

springs show that they have a geothermal origin, linking it with Þeistareykir geothermal area, while 

the cold springs show no link to the Þeistareykir geothermal area, therefore rather originating from 

Tjörnes (Arnfinsson, 1987). Ármannsson (2014) made an estimation of heat flow by groundwater 

from Þeistareykir of 300 MW, based on a discharge estimate of 20 m3/s in Lón and a mean 

temperature of 7.2°C in water flowing into Lón.  
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Figure 2.7: Locations of temperature measurements and wells in Lón in Kelduhverfi (Hafstað, 1989) 
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Table 2.1: Measured temperatures in springs, fractures, and wells surrounding the groundwater outflow at Lón (Hafstað, 1989). 

Location/well number Type Temperature (°C) 

Fjöll Spring 3.7 

Nesgjá Fracture 3.8 (5.5) 

Lón Spring 5.0 

Lón Spring 6.8 

Lón Spring 8.8 

Lón Spring 9.1 

Lón Spring 10.8 

Guðfinnugjá Fracture 5.0 

Guðfinnugjá Fracture 6.0 

Guðfinnugjá Fracture 7.5 

Guðfinnugjá Fracture 8.6 

Guðfinnugjá Fracture 10.2 

Guðfinnugjá Fracture 11.1 

Sultir Fracture 10.6 

H-1 Well 10.7 

H-2 Well 10.9 

H-4 Well 9.9 

H-8 Well 12.2 

LO-7 Well 8.9 

LO-8 Well 11.9 
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Table 2.2Measured groundwater level in wells and temperature at the respective depth (Axelsson, 2014). Other wells without 

groundwater level data have been added, with an initial formation temperature from well logs at the closest relative depth to the 

groundwater model (Guðmundsson et al., 2015). 

Well Temperature 

(°C) 

Groundwater level 

(m.a.s.) (Axelsson, 2014) 

Temperature 

measurement location 

in well (m.a.s.) 

ÞR-01 31.3  219 

ÞR-02 46.2 233.2  

ÞR-03 84 222.1  

ÞR-04 27.1* 220.1 219 

ÞR-07 8.8* 227.9 228 

ÞR-08 1.7 221.9  

ÞR-09 7.3 222.3  

ÞR-10 4.3 232.3  

ÞR-11 16.0 194.9  

ÞR-12 92  222 

ÞR-14 21.1  222 

ÞN-1 153  222 

ÞN-2 131  222 

ÞG-01 190  250 

ÞG-02 160  223 

ÞG-03 180  267 

ÞG-04 190  250 

ÞG-05 190  250 

ÞG-05b 190  250 

ÞG-06 188  275 

ÞG-07 190  275 

ÞG-08 20.0  239 

ÞG-09 187  241 

ÞG-11 193  247 

ÞG-12 190  271 

ÞG-13 190  250 

ÞG-14 156  235 

ÞG-15 187  248 

ÞG-16 199  273 

ÞG-17 190  250 

ÞG-18 149  235 
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3. Methodology 
 

Methods for estimating geothermal heat flow through groundwater aquifers and surface depend 

on geological settings and available data. Numerical modeling of geothermal heat flow can 

yield detailed estimations, but often the models depend on equally detailed monitoring and 

measurements, specific for the purpose of the modeling procedure. In this thesis, rather than 

creating an extensive model across the whole area, the aim is to model the total excess heat 

flow at several locations to get a better overview of the heat transport. To assess the excess 

heat flow from Þeistareykir, five different heat flow processes are evaluated based on published 

data. The most significant process is thermal groundwater (φgr), which transports heat from 

the geothermal reservoir as it flows past and above the it. The other four processes are all 

related to thermal surface activity in the proximity of Þeistareykir geothermal area and will be 

referred to as follows: Heat flow through thermal soil (φsoil), heat flow by steam through 

fumaroles (φfum), heat flow by evaporation on water surfaces (φevap) and heat flow by water 

flow above the surface (φadv). An overview of these five heat processes is shown in Figure 3.1. 

Also see Table 3.1 for a summary of variables. 

 

 

  

Figure 3.1: Schematic overview of heat flow by five different processes. Shading 

represents groundwater.  
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The excess heat flow from the geothermal system refers to the additional heat flow observed 

at and near the geothermal reservoir relative to the surrounding, non-thermal groundwater at 

ambient temperature. Evaluation of the excess heat flow from the geothermal system and along 

the Þeistareykir fissure swarm (ÞFS), is carried out at four locations, with a cross-section at 

the end of each part, where the excess heat flow at each stage is estimated. These sections are 

labeled with letters A-D. Section A is south of Þeistareykir and closest to the system before 

thermal effects are observed. Sections B-D are located in succession north of the geothermal 

systems at locations where temperature measurements from wells or springs are available 

along the ÞFS. Figure 3.2 gives a simplified side view of the fissure swarm and these sections. 

Heat flow occurs through the surface (φsurface), and excess heat flow by groundwater flow 

(φB,C,D) is represented by arrows with a white head. Estimations of heat flow through the 

surface are confined to the area above the geothermal system, between sections A and B. Each 

section has an estimate of groundwater flow (Q) and associated excess heat flow (φB,C,D). The 

additional inflow of groundwater at ambient temperatures (Q∆) occurs in between sections 

along the ÞFS, along with heat flow between sections (φ∆). The locations of the sections are 

shown in Figure 3.3. The estimates of groundwater flow in each section are based on a 

groundwater model for Northeast Iceland (Guðmundsson et al., 2015). Temperature is 

estimated based on different types of groundwater temperature measurements close to the 

sections. The groundwater flow and temperature information are combined to estimate excess 

heat flow by groundwater. The estimate of surface heat flow is based on an evaluation of the 

different contributing processes, discussed further in chapter 3.2. 

 

 

  

Figure 3.2: Conceptual lumped model for the different heat flow processes and the interval of sperate sections. White arrows 

represent groundwater flow while black arrows represent heat transfer. 
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Table 3.1: Summary of variables 

Symbol Description Unit 

δh/δL Hydraulic gradient (drop in head across distance) Dimensionless 

∆T  Excess temperature of the water °C 

Ag Area of thermal ground m2 

Aw  Area of water surface m2 

Ax  Area of section profile m2 

c  Specific heat of thermal water kJ/(kg K) 

h0  Enthalpy of ambient groundwater (at 4.3°C) kJ/kg 

hfg  Phase change enthalpy at water temperature kJ/kg 

hs Enthalpy of steam kJ/kg 

hw Enthalpy of water kJ/kg 

Ms Steam mass flow rate kg/s 

Ml Liquid mass flow rate from stream/springs kg/s 

p1  Atmospheric pressure Pa 

pd  Atmospheric vapor pressure Pa 

ps  
Saturation water vapor pressure at the 

temperature of water surface 
Pa 

Q∆  
Increase in groundwater flow rate between 

sections from inflow outside of the fissure swarm 
m3/s 

QA,B,C,D 
Groundwater flow rate through respective 

sections 
m3/s 

Qs  Water flow rate from streams/springs m3/s 

ρ Thermal water density kg/m3 

T15  Temperature at 15 cm depth °C 

W  Average wind speed m/s 

φ∆ 
Groundwater heat flow change (decrease) 

between sections 
MW 

φB,C,D  
Groundwater transported excess heat flow 

through the respective section 
MW 

φsoil  Heat flow through soil MW 

φadv  
Advective heat flow with water flow on the 

surface 
MW 

φevap  Heat flow through evaporation on water surfaces MW 

φfum  Heat flow through fumaroles MW 

φgr  Groundwater transported excess heat flow MW 

φsurface 
Total heat flow through combined surface 

processes 
MW 

φTotal  Total heat flow through groundwater and surface MW 
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Figure 3.3: Locations of the groundwater heat flow sections along the ÞFS 
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3.1 Heat transport by groundwater 

 

Thermal conditions in groundwater and bedrock are complex and often require intricate 

modeling for accurate estimates. At Þeistareykir, however, the aquifer is very anisotropic, 

which makes the estimation of groundwater transported heat from the area relatively simple. 

The geothermal system is located north of the water divide on the ÞFS (near its highest 

elevation above sea level), and the estuary of the catchment area at Lón is at the northern end 

of the ÞFS on land. An available groundwater model covers the whole area. Thermal 

groundwater is mostly confined within the fissure swarm. Along the fissure swarm, four 

locations were selected based on available temperature measurements. These locations present 

cross-sections used to estimate the excess heat flow, from non-thermal groundwater 1-2 km 

south of the geothermal area, northward to Lón, 25 km north of the geothermal area. The cross-

sections all have in common: (i) more than one nearby temperature measurement from wells 

or springs, (ii) that they intersect the ÞFS, and (iii) a relatively large groundwater flow 

compared with surrounding crustal volume. These cross-sections are referred to with 

respective letters from A to D (see Figure 3.2 and 3.3). Section A is the southernmost of the 

four, closest to the highest elevation of the drainage basin and 1-2 km south of the geothermal 

area, just before thermal effects are observed in the groundwater. Using the modeled 

groundwater flow rate and groundwater temperature, the total heat flow transported by 

groundwater through each section can be calculated using the following specific heat capacity 

equation for hydrothermal heat flow (Hogeweg et al., 2005) 

 

φ
gr
=Qρc∆T                                                       (3.1) 

 

 

 

 

 

 

 

The average groundwater flow rate (Q) and excess temperatures (∆T) are assessed at a ten-

meter interval across the section, from which the heat flow (φgr) can then be calculated at each 

model point. The groundwater flow rate through each section is retrieved from interpolation of 

the groundwater model, where the modeled flow rate, which is presented in m3/s/m, is 

presented along the whole section, along with estimated temperatures.  Based on that, the heat 

flow is estimated across the whole section along with the total heat flow of the whole section. 

Modeling of temperatures across these sections is based on two methods, (i) interpolation of 

temperatures over the area using certain temperature measurements from wells scattered 

around the section, or (ii) by linking two or more temperature measurements using a model of 

ground resistivity at and between the sites of temperature measurements or nearby, assuming 

groundwater temperatures relate to the inferred ground alteration.  

  

φgr Groundwater transported excess heat flow (MW) 

Q Groundwater flow rate (m3/s) 

ρ Thermal water density (kg/m3) 

c  Specific heat of thermal water (kJ/(kg K)) 

∆T Excess temperature of groundwater (°C) 
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3.2  Surface heat flow 

In this thesis, four heat flow processes are considered for heat flow from the Þeistareykir 

geothermal system through the surface; heat flow through soil, heat flow with steam from 

fumaroles, heat flow by evaporation from thermal liquid surfaces and advective heat flow with 

water flow above the surface. The total estimated heat flow through the surface is the 

combination of these four processes. 

 

φ
surface

=φevap+ φsoil + φ
fum

+φadv                                        (3.2) 

 

 

 

 

 

 

 

 

 

 

 

Sorey & Colvard (1994) made comparisons of these heat flow processes in other areas. In their 

study, evaporation from thermal water surfaces was the most extensive heat flow process in 

many of their study areas. Heat flow from water surfaces occurs also by radiation, conduction 

and molecular diffusion. These processes transfer, however, in general smaller amount of heat 

than the evaporation in geothermal areas and were not addressed in this study. There is 

potential for further research on these aspects of heat flow processes on calm, thermal water 

surfaces in Þeistareykir. Compared to Sorey and Colvard’s study, the area of water surfaces of 

thermal pools at Þeistareykir is relatively small, mostly comprised of mud pools with a 

maximum of 2-3 meters in diameter (Gíslason et al., 1984). However, there are also two small 

ponds in the area, which, although low temperature (12.7 - 15.1°C) compared with other 

thermal pools (~95°C), present a considerable surface area. To estimate the heat loss by 

evaporation from the thermal water surfaces, the following equation proposed by Sorey & 

Colvard (1994) was used.  

 

 

φ
evap

=0.001𝐴𝑤ℎ𝑓𝑔(0.0065 + 0.0029𝑊)(𝑝𝑠 − 𝑝𝑑)/𝑝1                        (3.3) 

 

 

 

 

 

 

 

 

 

 

φsurface 
Total heat flow through combined surface processes 

(MW) 

φsoil  Heat flow through soil (MW) 

φfum  Heat flow through fumaroles (MW) 

φevap  Heat flow through evaporation on water surfaces (MW) 

φadv  
Advective heat flow with water flow on the surface 

(MW) 

φevap  Heat flow by evaporation on still water surfaces (MW) 

Aw  Area of water surface (m2) 

hfg  Phase change enthalpy at water temperature (kJ/kg) 

W Average wind speed (m/s) 

ps  
Saturation water vapor pressure at the temperature of 

water surface (Pa) 

pd Atmospheric vapor pressure (Pa) 

p1 Atmospheric pressure (Pa) 
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Heat flow through soil is another heat flow process through the surface at Þeistareykir. 

Assessment of such heat flow has been made with relatively detailed methods in some 

geothermal areas, which are described by, e.g., Hochstein & Bromley (2007). These methods 

depend on systematic and detailed sampling of data, e.g., with calorimeters. Such 

measurements have not yet been performed at Þeistareykir. Dawson (1964) proposed an 

empirical method for evaluating the heat flow through soil depending only on the temperature 

measured at 15 cm depth in thermal soil. This method covers the total heat flow occurring 

through the soil, which includes, conductive heat flow, evaporation and convection. Although 

conductive heat flow is a large process, often in steam-heated geothermal areas the shallow 

convection of steam or hot water is the dominant process in thermal soil (Sorey & Colvard, 

1994). Sorey & Colvard (1994) used the same equation, albeit changed constant due to 

different altitude. Their equation is: 

 

 

φsoil=(5.19×10−12)𝐴𝑔(𝑇15)4                                            (3.4) 

 

 

 

 

 

 

Temperature measurements at 15 cm depth in large parts of the soil at Þeistareykir were 

performed by Kristinsson et al. (2018). These measurements are here utilized to estimate heat 

low through soil based on equation 3.4. Interpolation is used to estimate the soil temperature 

across the area in Þeistareykir known to present thermal ground. That area is then divided into 

up to 100 m2 sub-areas for which the temperature and heat flow is estimated individually. 

When combined, the total heat flow value through the soil is inferred. It should be noted that 

the porosity of the soil in Þeistareykir may be somewhat different from the porosity of the soil 

measured by Dawson and Sorey & Colvard, which may influence the value of the constant in 

Equation 3.4, adding some uncertainties to the results. 

 

Heat loss through steam and fumaroles is simple to quantify if the steam's mass flow and 

enthalpy are known (Sorey & Colvard, 1994). It is given by: 

 

 

φfum=0.001𝑀𝑠ℎ𝑠                                                      (3.5) 

 

 

 

 

 

 

 

This method relies on knowing the mass flow rate of steam (Ms) and its enthalpy (hs), but 

appropriate equipment such as a calorimeter is needed for proper measurements. Such 

measurements have not been performed on fumaroles in Þeistareykir. However, to roughly 

φsoil  Heat flow through the surface (MW) 

Ag  Area of thermal ground (m2) 

T15  Temperature at 15 cm depth (°C) 

φfum  Heat flow through fumaroles (MW) 

Ms  Steam mass flow rate (kg/s) 

hs  Enthalpy of steam (kJ/kg) 
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quantify the relative heat flow through steam, the mass flow and enthalpy can be estimated by 

temperature measurements and comparison with other areas.  

 

Perhaps the smallest contribution to heat flow through the surface at Þeistareykir is through 

water flow on the surface (e.g., streams and springs). In studies for other areas, this process 

often presents a significant portion of the total surface heat flow. In the case of Þeistareykir, 

on the other hand, the lack of surface water flow makes this process a minor one, mostly due 

to the fractured basaltic ground in the Þeistareykir area, transmissive for groundwater flow. 

Only two thermal streams in the area are described (Kristinsson et al., 2018), for which the 

heat flow can be estimated using the following equation from Sorey & Colvard (1994). For the 

calculation of the mass flow rate of liquid from the streams, the liquid's density is estimated 

from measured temperatures and multiplied by the estimated volume flow rate of the streams. 

 

 

φadv=0.001𝑀𝑠(ℎ𝑤 − ℎ0)                                               (3.6) 

 

 

 

 

 

 

 

3.3  Total heat flow 

Total excess heat flow estimated in this thesis from Þeistareykir is the combined value of heat 

flow estimates through groundwater and surface. Each of the processes used in the chapters 

above has been estimated in the unit of MW.  

 

 

φTotal=φgr + φsoil + φ
fum

+ φ
evap

+ φadv                                 (3.7) 

 

 

 

 

 

 

 

 

 

 

 

 

φadv  Heat flow through water flow on the surface (MW) 

Ml Mass flow rate of liquid from streams/springs (kg/s) 

hw  Enthalpy of water (kJ/kg) 

h0  Enthalpy of ambient groundwater (at 4.3°C) (kJ/kg) 

φTotal  Total heat flow through groundwater and surface (MW) 

φgr Groundwater transported excess heat flow (MW) 

φsoil  Heat flow through soil (MW) 

φfum  Heat flow through fumaroles (MW) 

φevap  
Heat flow through evaporation on still water surfaces 

(MW) 

φadv  Advective heat flow with water flow on surface (MW) 
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3.4 Interpolations 

Using the previously presented equations, linear interpolations across the study area are 

performed using the geographical information system QGIS (QGIS.org, 2021), depending on 

relevant data sources. For the estimations of groundwater heat flow, temperatures from 

surrounding wells are interpolated across the relevant area for each section. Groundwater flow 

rate is interpolated across the whole study area from model points (Figure 2.7). Values from 

these interpolations are extracted across each section and heat flow calculated using Equation 

3.1. For the interpretation of temperature structure close to the Þeistareykir geothermal system, 

a model of subsurface resistivity survey is used for more detailed interpretations. QGIS 

(QGIS.org, 2021) and the data analysis and visualization applications software Paraview 

(Ayachit, 2015) are used to connect measured temperature in wells to geothermal alterations 

observed in the resistivity surveys and estimating temperature in areas between actual locations 

of direct temperature measurements, allowing a more detailed estimation of heat flow 

distribution through the sections. 

 

Interpolations are also made in QGIS (QGIS.org, 2021) for heat flow through soil, where 

temperatures at 15 cm depth in soil are interpolated across the area of known thermal activity 

in Þeistareykir. From the temperatures, 10 by 10 m rectangular sub-areas are created with 

average temperatures, from which Equation 3.4 is used to calculate the heat flow, and the total 

heat flow estimated from the combination of all the surface sub-areas 
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4. Results 

The most significant contributor to excess heat flow is thermal groundwater flowing north from 

the system. The other four heat flow processes, which all are significantly smaller, present results 

of varying certainty based on available information. The methods for estimating the heat flow vary, 

depending on whether only nearby temperature measurements are used or if nearby resistivities 

surveys are additionally available. In particular, ground resistivity models are available for two of 

the sections were excess heat flow by ground water is assessed. Therefore, the resistivity surveys 

are reviewed here below and discussed for more accurate estimates of the aquifer characteristics 

and potential excess heat flow. Heat flow through surface processes is discussed individually 

depending on what data sources are available. 

 

4.1  Resistivity interpretations 

For more detailed estimations of excess heat flow and the aquifer characteristics, resistivity 

surveys for the Þeistareykir geothermal system were reviewed and interpreted. The 

electromagnetic resistivity model presented here is based on surveys and modelling presented by 

Karlsdóttir et al. (2012). They are here projected on several different profiles in the following. 

Thirteen profiles were chosen to project the resistivity for interpretations, five on x and y-axis each 

and three on the z-axis (Figures 4.1 and 4.16). Dimensions of the whole figure are 9.7 km on the 

y-axis, 13.8 km on the x-axis (Figure 4.1), and 1.6 km on the z-axis (depth is scaled up by a factor 

of five in illustrations), reaching down to 1000 m.b.s.l. The orientation of the area shown is 20° 

clockwise from N-S. All profiles display modeled resistivity values on a logarithmic scale 

(log10(Ωm)). Also shown are chosen well logs along some of the profiles, with temperatures and 

in some cases formation alteration zones (Egilson, 2011; Egilson & Gylfadóttir, 2013; Hafstað & 

Sigurgeirsson, 2015; Tulinius & Steingrímsson, 2018). 

 

The aim of this is to identify alterations in the solid earth surrounding the groundwater flow. These 

interpretations are used to identify active and inactive thermal groundwater streams through 

transmissive structures within the aquifer and to identify the clay cap of the geothermal reservoir 

(Flóvenz et al., 2005). Interpretations of these profiles, which are used later in the predictions of 

thermal groundwater flow within the aquifer, can be seen in the following discussion. The profiles 

are divided into chapters based on orientation, (i) horizontal profiles, (ii) profiles along a north-

south (n-s) axis, and (iii) profiles along a west-east (w-e) axis. For overall topography of the area, 

see Figure 1.1 for reference. All coordinates in figures are presented in meters the coordinate 

system ESPG: 3057 – ISN93 / Lambert 1993. 
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Figure 4.1: Location of vertical resistivity profiles and margin of horizontal profiles. A 3D figure of the orientation of the profile 

is shown in Figure 4.16. 

 

Horizontal profiles  

− Z-1 (Figure 4.2): 200 m.a.s.l. , viewed from above. The top of the geothermal system can 

be seen by its low resistivity values (below 10 Ωm) in the center of the figure (A), which 

is here some 100 meters below the surface and roughly correlates with observed geothermal 

activity at the surface. Particularly high resistivity values in the lower-left part of the area 

shown (B) could indicate considerable amounts of cold, fresh groundwater in a fresh basalt 

aquifer since this combination tends to be less conductive (Flovenz et al., 2005). The cold 

groundwater flow likely reaches down to approximately 150 m.a.s.l. (Figures 4.5 and 4.6). 

Although the bulk of this water flow likely flows on the rift valley's western flank (Figure 

2.7), interestingly, there seems to be an intruding high resistivity spike just east of well ÞR-

2 (C). This spike intrudes in the direction NNE, parallel with the modeled groundwater 

flow and the fissures on the surface, possibly indicating a flow of cold groundwater in 

greater quantity than the surrounding formation, cooling it and preventing high-

temperature alterations. This same spike can be seen well in Figure 4.11, along with its 

possible vertical extent. Further north, just east of well ÞR-7, can be seen an elongated slit 

with values slightly above 100 Ωm (D). This could correlate with low-resistivity values 

lower down (see Figure 4.3) and could be due to the rising of higher temperature 

geothermal fluids, causing alterations, but this NNE orientation also correlates with faults 

in the area and temperature close by can be seen in Figure 4.15 in well ÞR-7. Note that the 

resistivity values are very high, just south of these locations. Just east of this slit is a sharp 

resistivity gradient following a long fault with the NNE orientation, just north of well ÞR-
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14 (E). Assuming that groundwater flow is towards N/NW, a significantly transmissive 

fault could redirect the flow of thermal groundwater, creating a sharp alteration threshold 

on its western side. The same could be the case with the previously mentioned temperature 

gradient around Guðfinnugjá.  

 

− Z-2 (Figure 4.3): 50 m.a.s.l., viewed from above. Here the low-resistivity cap extends 

further west, although at this point, it is at around 50-150 m.a.s.l.. It can be noted that here 

the low resistivity alterations (Smectite-Zeolite/Mixed layer clay zone) reach particularly 

far north, parallel to the fault direction (A). This could indicate a significant flow of thermal 

water in that direction, but initial formation temperatures in well ÞR-7 (Figure 4.15) show 

relatively high temperatures (Between 75 and 150°C). Next to well ÞR-2 (B), some 

indication of the same high resistivity spike as in Figure 4.2 can be seen, possibly indicating 

that the same fault is still providing relatively cool groundwater to the surrounding, warmer 

formation.  

 

− Z-3 (Figure 4.4): 150 m.b.s.l., viewed from above. At roughly 500 meters depth, here most 

of the area has undergone considerable alterations. A NNE oriented low-resistivity spike 

can be seen there (A), which profile X-5 (Figure 4.10) intersects, indicating some localized 

alteration likely due to groundwater heat flow from the area. However, since there are no 

wells in the area to complement this data further, it is difficult to assume any active thermal 

water flow there.  
 

 

Figure 4.2: Profile Z-1, 200 m.a.s.l., viewed from above, south (bottom) to north (top). Fissures and faults (white lines) at surface 

added to indicate relative fissure orientation (Magnúsdóttir & Brandsdóttir, 2011; Sæmundsson, 2007). Colors refer to resistivity. 
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Figure 4.3: Profile Z-2, 50 m.a.s.l., viewed from above, south (bottom) to north (top). Recorded fissures and faults (white lines) at 

surface added to indicate relative fissure orientation (Magnúsdóttir & Brandsdóttir; 2011, Sæmundsson, 2007). Colors refer to 

resistivity. 
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Figure 4.4: Profile Z-3, 150 m.b.s.l., viewed from above, south (bottom) to north (top). Recorded fissures and faults (white lines) 

at surface added to indicate relative fissure orientation (Magnúsdóttir & Brandsdóttir, 2011; Sæmundsson, 2007). Colors refer to 

resistivity. 

 

N-S profiles 

− X-1 (Figure 4.5): Through x-coordinates 589885 (W17°1'2.049"). Mælifell can be seen in 

the center top of the profile (A). The high resistivity values likely indicate a significant 

cold groundwater flow, both on the western flank of the lava field above the area (B, 

previously discussed) and further north (C). These northern values could be due to some 

groundwater from Tjörnes peninsula and Lambafjöll mountains flowing SE, just south of 

the Húsavík-Flatey fault (HFF). The westernmost part of the low-resistivity cap can be seen 

below Mælifell (A). 

 

− X-2 (Figure 4.6): Through x-coordinates 591795 (W16°59'18.425"). The high resistivity 

values on the left (A) are the ones connected with the values in Figure 4.5, further west. 

Here, however, can be seen the high resistivity spike previously mentioned in profile Z-1, 

extending towards the geothermal area, past well ÞR-2, and towards well ÞG-2 (B). The 

high values that extend NNE are slightly below the surface, close to the measured 

groundwater level in ÞR-2 of 233 m.a.s.l., possibly indicating saturated basalt above a 

rapidly warming groundwater flow through a transmissive fault system. Measurements in 

well ÞR-2 show initial formation temperature of around or below 50°C just above 200 

m.a.s.l. with measurements showing 46.2°C in 2006, indicating already significant heating 
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of thermal groundwater close to the surface southwest of Mt. Bæjarfjall (Axelsson, 2014). 

Looking further north (left side), the previously discussed low resistivity values reaching 

north along the fissure swarm can be seen along the Z-2 profile (Figure 4.3), at 50 m.a.s.l. 

It can be assumed that there is some active thermal groundwater flow, looking at the 

formation temperatures in from well ÞR-7 just west of these values, which shows 

temperatures of around 85°C at the same depth and up to 140°C at 80 m.b.s.l. Extending 

north, the resistivity rises again and reaches closer to the surface (D, extends into profile 

X-3, Figure 4.7) where it possibly provides the thermal water observed in well ÞR-11 south 

of Þríhyrningur (Table 2.2). 

 

− X-3 (Figure 4.7): Through x-coordinates 592460 (W16°58'26"). Here the top of the high 

resistivity core of the geothermal system can be seen best (A), and the lower resistivity cap 

above, with initial formation temperature logs in wells ÞR-12 and ÞR-14. Running north 

from the top of the system (B), alterations can be seen as an extension of the previously 

discussed low resistivity alterations in profile X-2. Just below the surface north of the wells 

are relatively high resistivity values reaching down to roughly 200 meters. However, with 

the measured groundwater level in surrounding wells being close to 220 m.a.s.l., the rapidly 

dropping resistivity values could be due to alteration from highly thermal water below the 

groundwater level (Axelsson, 2014). 

 

− X-4 (Figure 4.8 and 4.9): Through x-coordinates 593290 (W16°57'20.568"). Overall, 

similar trends can be seen through this profile as in X-3, with the low-resistivity cap 

stretching to the surface at the center and reaching north following the groundwater level. 

Particularly high resistivity can be seen on the left side (A) in the fresh basalts and Mt. 

Bæjarfjall (the raised topography left of the wells). The well logs in Figure 4.9 show initial 

formation temperature while Figure 4.8 shows the alteration observed from drilling (see 

Figure description for legend), but these alteration zones seem to fit relatively well with 

temperature and resistivity observed at similar depths. 

 

− X-5 (Figure 4.10): Through y-coordinates 594910 (W16°55'12.861"). This profile runs 

further east than the wells in the area but crosses through the low resistivity spike (A) 

mentioned in profile Z-3 (Figure 4.4). There is some significant low resistivity observed 

towards the north, possibly due to alterations from thermal groundwater, but due to lack of 

temperature and groundwater level data, it is hard to assume whether there is still 

significant groundwater flow through the area. 
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Figure 4.5: Profile X-1, X-coordinates 589885 (W17°1'2.049"), south (left) to north (right). The well log for well ÞR-7 displays 

initial (drilling) formation temperature by depth. Colors in cross-sections refer to resistivity (lower scale on the left), but colors in 

the well profiles refer to measured temperature (upper scale). 

 

Figure 4.6: Profile X-2, X-coordinates 591795 (W16°59'18.425"), south (left) to north (right). The well logs for wells ÞR-2 

and ÞG-2 display initial (drilling) formation temperature by depth. Colors in cross-sections refer to resistivity (lower scale 

on the left), but colors in the well profiles refer to measured temperature (upper scale). 
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Figure 4.7: Profile X-3, X-coordinates 592460 (W16°58'26"), south (left) to north (right). The well logs for wells ÞR-12 and 

ÞR-14 display initial (drilling) formation temperature by depth. Colors in cross-sections refer to resistivity (lower scale on 

the left), but colors in the well profiles refer to measured temperature (upper scale). 

 

Figure 4.8: Profile X-4, X-coordinates 593290 (W16°57'20.568"), south (left) to north (right). The well logs for wells ÞG-4 

and ÞG-6 display alteration by depth, with the following legend: 1. Smectite-Zeolite, 2. Mixed layer clays, 3. Chlorite, 4. 

Chlorite-Epidote, and 5. Epidote - Amphibole (Actinolite). Colors in cross-sections refer to resistivity (lower scale on the left), 

but colors in the well profiles refer to alteration zones (upper scale). 
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Figure 4.9: Profile X-4, X-coordinates 593290(W16°57'20.568"), south (left) to north (right). The well logs for wells ÞG-4 

and ÞG-6 display initial (drilling) formation temperature by depth. Colors in cross-sections refer to resistivity (lower scale 

on the left), but colors in the well profiles refer to measured temperature (upper scale). 

 

Figure 4.10: Profile X-5, X-coordinates 594910 (W16°55'12.861"), south (left) to north (right). Colors in cross-sections refer 

to resistivity. 
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W-E profiles 

− Y-1 (Figure 4.11): Through y-coordinates 597260 (N65°51'30.015"). Here the west (left) 

to east (right) profile below the southern end of Mt. Bæjarfjall is shown. The high resistivity 

close to the surface (discussed in profiles Z-1 and X-1) can be seen distinctly at the bottom 

of the rift valley, towards the western side (A). This could be linked with the potential cold 

groundwater stream flowing towards the west side of the geothermal system. High 

resistivity can also be seen within Mt. Bæjarfjall, but below the mountain, lower resistivity 

is observed (B), potentially indicating raised temperatures. Well ÞR-02 shows formation 

temperatures reaching 47°C at approximately 100 m depth, indicating that there is already 

considerable thermal groundwater flow, either due to the general raised formation 

temperature in the area or an upflow of geothermal fluids. 

 

− Y-2 (Figure 4.12): Through y-coordinates 598705 (N65°52'16.64"). About 1.4 km north of 

profile Y-1, the near-surface resistivity show similar trends as profile Y-1; to the west of 

the rift valley, there is higher resistivity (A) over the colder part of the geothermal system, 

while north of well ÞR-02, just west of Mt. Bæjarfjall, the temperature has risen to 170°C 

at approximately 100 m depth in well ÞG-02 at Randir (B). This profile crosses through 

the north slopes of Mt. Bæjarfjall, and here the geothermal activity is evident both on the 

surface at Þeistareykir and in both wells shown in the profiles, ÞG-02 and ÞG-04. The low 

resistivity cap reaches near the surface, and the top of the high resistivity core can be seen 

(C) at the bottom below 500 m.b.s.l. where temperatures in well ÞG-04 exceed 300°C. 

 

− Y-3 (Figure 4.13): Through y-coordinates 600095 (N65°53'1.491"). In this profile, the 

resistivity alters slightly from profile Y-2. To the west of the rift valley, the high resistivity 

near the surface has faded and shifted further west towards Mælifell (A), either indicating 

that the cold groundwater flows more towards the NNW or that temperature of the 

groundwater has increased closer to well ÞR-12. In the eastern area, the low resistivity 

anomalies have split into two near-surface peaks, one by well ÞR-12 at Tjarnarás (B) and 

the other below Mt. Ketilfjall (C), both areas where the increased surface activity is 

observed. The thermal gradients in these wells are not as steep as in profile Y-2, but 

temperatures at 100 m depth is approximately 115-170°C. 

 

− Y-4 (Figure 4.14): Through y-coordinates 601680 (N65°53'52.634"). This profile is 

approximately at the same location as one of the sections (section B), which will be 

mentioned later in this chapter. Here, the low resistivity cap does not reach the surface, and 

the previous profile's surface activity has mostly faded. Higher resistivity closer to the 

surface is likely in correlation with lower temperatures, but groundwater temperatures are 

considerably lower than 1.5 km south of this profile, with the temperature of 27°C at 100 

m depth in well ÞR-14 (A). However, the temperature rises quickly below in accordance 

with the lowered resistivity, but the higher temperatures mostly occur well below the 

observed groundwater level. Two low resistivity columns on either side of well ÞR-14 

around 0 m.b.s.l. (B and C) may however indicate some deeper groundwater flow linked 

with fractures within the geothermal reservoir aligned north along the fissure swarm. 
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− Y-5 (Figure 4.15): Through y-coordinates 603005 (N65°54'35.387"). Here temperatures 

are considerably lower, between 7-8°C at 100 m depth in and around well ÞR-7 (A). The 

low resistivity cap is observed at approximately 500 m depth, but a notable spike towards 

the surface can be observed just east of well ÞR-7 (B). This could potentially indicate a 

transmissive fault providing upflow of thermal fluids towards the north, but the extended 

spike towards the surface can be seen at the north (left) end of profile X-3 (Figure 4.7). 

 

 

Figure 4.11: Profile Y-1, Y-coordinates 597260 (N65°51'30.015"), west (left) to east (right). The well log for well ÞR-2 displays 

initial (drilling) formation temperature by depth at a very localized section of the well, where the temperature is at 47.2°C. Colors 

in cross sections refer to resistivity (lower scale on the left), but colors in the well profiles refer to measured temperature (upper 

scale). 
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Figure 4.12: Profile Y-2, Y-coordinates 598705 (N65°52'16.64"), west (left) to east (right). The well logs for wells ÞG-2 and ÞG-

4 display initial (drilling) formation temperature by depth. Colors in cross-sections refer to resistivity (lower scale on the left), but 

colors in the well profiles refer to measured temperature (upper scale). 

 

Figure 4.13: Profile Y-3, Y-coordinates 600095 (N65°53'1.491"), west (left) to east (right). The well logs for wells ÞR-12 and ÞG-

6 display initial (drilling) formation temperature by depth. Colors in cross-sections refer to resistivity (lower scale on the left), but 

colors in the well profiles refer to measured temperature (upper scale). 
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Figure 4.14: Profile Y-4, Y-coordinates 601680 (N65°53'52.634"), west (left) to east (right). The well log for well ÞR-14 displays 

initial (drilling) formation temperature by depth. Colors in cross-sections refer to resistivity (lower scale on the left), but colors in 

the well profiles refer to measured temperature (upper scale). 

 

Figure 4.15: Profile Y-5, Y-coordinates 603005 (N65°54'35.387"), west (left) to east (right). The well log for well ÞR-7 displays 

initial (drilling) formation temperature by depth. Colors in cross-sections refer to resistivity (lower scale on the left), but colors in 

the well profiles refer to measured temperature (upper scale). 
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Figure 4.16: 3D projection of the electromagnetic resistivity in and above the geothermal system (viewed from SW), with 

dimensions 9.7 km on the x-axis, 13.8 km on the y-axis, and 1.6 km on the z-axis (which has been scaled up by a factor of five). The 

N-S axis of the 3D figure tilts roughly 20° clockwise from true north. The figure and profiles' location can be seen in Figure 4.1. 

13 cross-sectional profiles were selected through the projection, five on the x- and y-axis and three on the z-axis. Straight lines on 

the profiles indicate cross-sections on the other axis intersecting the profile. All projections display resistivity as a factor of ten. 

Colors in cross-sections refer to resistivity and are the same as in the figures above. 
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4.2  Groundwater excess heat flow 

 

Four sections marked by letters A-D (Figure 3.3), are presented in the following subchapters, 

followed by combined results of heat transported by the groundwater flow. These sections are 

spaced across a 23 km distance. Section A is at the southern and most elevated end of the research 

area, where the most significant intake of cold groundwater occurs, just south of the geothermal 

system. Sections B-D follow in a succession northward along the fissure swarm. Section B is at 

the immediate northern boundary of the geothermal system, and section C is 7 km further north is 

at the location of wells ÞR-08 and ÞR-15, just north of Rauðhóll. Furthest to the north is section 

D, at Lón, which is the coastal end of the aquifer, 14 km north of section C. The basis for heat 

modeling in each section are temperature measurements at one or more locations close to each 

section and groundwater flow rate modeled through the area. The temperatures are obtained 

through either well logs or monitoring of springs and streams (Hafstað, 1989; Egilson, 2011; 

Egilson & Gylfadóttir, 2013; Hafstað & Sigurgeirsson, 2015; Tulinius & Steingrímsson, 2018; 

Egilson, 2019).  

 

The excess heat from the geothermal system depends on the temperature change from the ambient 

temperature surrounding it. The temperature of the groundwater not affected by the geothermal 

system is referred to as ambient groundwater temperature and is assumed to be 4.3°C. This value 

is the formation temperature at groundwater level in well ÞR-10, which is southwest of the 

geothermal system and within the path of the colder groundwater flow from the south. The excess 

temperature (∆T) is, therefore, the temperature change compared to this ambient temperature. 

Further north along the fissure swarm, additional groundwater of other, non-geothermal origin 

outside of the ÞFS vary in temperatures, dropping down to 1.7°C in some places. This colder 

groundwater is however from other sources, most likely mainly from the Tjörnes mountains with 

no relation to the geothermal area further south, and therefore the reference ambient temperature 

remains the one from well ÞR-10 to maintain consistent excess heat flow estimates throughout.  
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4.2.1 Section A  

 

Section A intersects the ÞFS south of Mt. Bæjarfjall where no thermal effects from the geothermal 

area are observed (Figure 4.17). This is taken as an indication that only ambient heat flow occurs 

in the area, and the total modeled groundwater flow is assumed to have a temperature of 4.3°C. 

The groundwater flow rate distribution across the section is presented in Figure 4.18, and the total 

flow is estimated to be 3.1 m3/s (Guðmundsson et al., 2015). The temperature across the section is 

estimated to be the base ambient temperature of the groundwater flow, measured in well ÞR-10, 

and assumed to be constant throughout (Figure 4.18). Accordingly, no excess heat flow from the 

geothermal system is present in this section. Since this is the southernmost section and closest to 

the southern end of the drainage basin, a relatively small groundwater stream has accumulated at 

that point compared with flow rates further north. Here the bulk of the modeled groundwater flow 

is through the center and west side of the ÞFS, where most of the groundwater proceeds to flows 

west of the geothermal system. To the east, the flow rate decreases towards the fissures south of 

Mt. Bæjarfjall. 

 

 
Figure 4.17: Section A. Location map, with surface fractures and wells. 
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Figure 4.18: Section A. Estimated groundwater flow rate and assumed groundwater temperature across the section. Since there is 

presumed to be no thermal effect from Þeistareykir on the groundwater, the temperature is assumed to be the same throughout 

(4.3°C). 

 

4.2.2 Section B 

 

Section B intersects the fissure swarm close to the northern boundary of the observed geothermal 

system. The location (Figure 4.19 and 4.23) is based on the nearby wells ÞR-07, ÞR-04 and ÞR-

01 providing formation temperature measurements as well as the resistivity survey, which covers 

the area (Karlsdóttir et al., 2012). Observations from the wells provide the depth of the 

groundwater level and formation temperatures at different depths, and for temperature estimations 

beyond these wells, the modeled resistivity values from the surveys are used. The estimated depth 

and extent of the groundwater flow model and the resistivity contours along the section are 

displayed in Figure 4.20.  

 

Temperature measurements in this section cover only a part of it (Figure 4.20 and 4.21), meaning 

that beyond that and between, temperature interpretations rely on resistivity values. When the 

resistivity values are used here, the corresponding formation temperatures at the depth of certain 

resistivity values were used to interpret the temperatures beyond the well locations. To the west of 

ÞR-07, for the high estimate scenario, the temperatures were linked with well ÞR-07 (28°C) at the 

depth of the groundwater model, while to the east of ÞR-01 and ÞR-04, they were linked with those 

wells (41°C) at the same depth. For the bridging of temperatures between those two wells, depths 
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presenting same resistivity values were linked, and temperatures measured at those depths were 

scaled linearly across the relevant resistivity contours. The depth of the groundwater model and 

resistivity contours are shown in Figure 4.20. Uncertainty remains regarding thermal activity to 

the west and east of these locations. East of wells ÞR-01 and ÞR-04, geothermal alterations 

observed in the resistivity surveys are assumed to represent active thermal groundwater flow due 

to high temperatures in wells surrounding wells and observable geothermal activity on the surface 

south of the eastern end of the section.  

 

West of well ÞR-07, geothermal alterations around Mælifell are observed both on the surface and 

within the groundwater aquifer using resistivity surveys. On the surface there is no thermal activity 

related to these alterations observed, and Sæmundsson (2007) suggests that the activity in this west 

area has been zero for at least the past 3100 years. Due to this, two plausible scenarios are presented 

for the western area. The lower estimate scenario assumes that low resistivity zones are from 

extinct thermal groundwater flows, and all groundwater flow is at the ambient temperature (4.3°C), 

therefore presenting no excess heat flow. In this scenario, it is assumed that the temperature drops 

quickly to the west from well ÞR-07, down to 7.4°C at the part of the section which is upstream 

from (SSW of) wells ÞV-01 and ÞV-02 (Table 2.2). The temperature is then assumed to drop 

quickly down to the ambient temperature to the west, at the location of a significant fault 50 m 

west of the two wells (Figure 4.21). A higher estimate assumes that despite surface geothermal 

activity being zero on the surface, thermal groundwater is still present and connected with the low 

resistivity anomalies in the west area, with temperatures connected to the ones observed in well 

ÞR-07. In this scenario, the groundwater temperatures in the western area are between 20-30°C 

(Figure 4.21). The modeled temperature shows the highest temperature values on the eastern side 

(groundwater temperatures up to 50°C), extending north from the Þeistareykir area, which shows 

the most surface activity. 

 

The groundwater flow rate across the section is displayed in Figure 4.6. In total it is 7.8 m3/s. Also 

shown are the two modeled temperature scenarios. That means that apart from the 3.1 m3/s that 

flowed through section A, additional 4.7 m3/s of groundwater have been flowing either from 

outside of the ÞFS from west and east of section B, or from the geothermal system. Unlike section 

A, the greater modeled groundwater flow is estimated to be in the eastern part of the fissure swarm, 

north of Mt. Bæjarfjall, instead of the western part. To compare the heat and groundwater flows in 

the western and eastern half of the fissure swarm, the section (and fissure swarm) can be divided 

by well ÞR-07, which is roughly at the center of the visible fissure swarm.  

 

The eastern side of the section hosts the bulk of the heat flow, with a total estimated heat flow of 

805 MW and a total modeled groundwater flow of 5.6 m3/s. This part of the section corresponds 

with the geothermally active area in Þeistareykir, where the highest heat flow estimates are around 

well ÞR-01 and ÞR-04 with temperatures up to 50°C (Figure 4.6) and heat flow peak of over 300 

kW/m (Figure 4.22). The relative location of the higher heat flow values is shown in Figure 4.23. 

West of well ÞR-07 in the western half of the fissure swarm, the total heat flow is estimated to be 

between 35 and 185 MW with a groundwater flow of 2.2 m3/s, depending on whether the heat flow 

in the western area is assumed to be zero or not. In total, the modeled excess heat flow transported 

by groundwater is 915 ± 75 MW, with a total groundwater flow of 7.8 m3/s and an average 

formation temperature of 33°C. The excess heat flow uncertainties as reported relate only to the 

possible intensity of thermal groundwater flow in the western area. 
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Figure 4.19:Section B. Location map, surrounding surface fractures and wells. 
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Figure 4.20: Section B - A graph showing the depth extent of the groundwater model and resistivity value contours. The depth of 

the groundwater flow in the model extends from the groundwater level and 100 m below that. Through a part of the section, the 

groundwater level has been measured, while beyond that, in both directions, the groundwater level is assumed to remain at the 

same depth below the surface throughout the section. The resistivity survey is represented by three contours of 10, 100, and 1000 

Ωm, which formation temperatures from wells ÞR-07, ÞR-01, and ÞR-04 have been associated with and extended through the 

section. The location of these three wells can be seen at the edges of the measured groundwater profile. No other wells are located 

between those wells. Therefore, the temperature change between the wells is assumed to be linear with the resistivity values, and 

beyond them constant with the same values. 

  



53 

 

 
Figure 4.21: Section B. Estimated groundwater flow and inferred groundwater temperature across section B. The groundwater 

flow is from the groundwater model (Guðmundsson et al., 2015), while the temperature is based on formation temperature from 

wells ÞR-07, ÞR-04, ÞR-01, ÞV-01, and ÞV-02 (Egilson, 2011; Hafstað & Sigurgeirsson, 2015) and extended through the section 

in relation with the resistivity survey (Karlsdóttir et al., 2012). Two temperature scenarios are presented west beyond well ÞR-07, 

the high estimate depends on the resistivity survey, while the low estimate depends on wells ÞV-01 and ÞV-02. The highest estimated 

temperatures occur in proximity to wells ÞR-04 and ÞR-01, between 40 and 50°C. Peaks in the temperature are due to the vertical 

resistivity gradient being sharp in the location, causing the vertical temperature gradient to be sharp as well, raising the modeled 

local mean temperature.  
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Figure 4.22: Modeled excess heat flow across section B, shown by kW through every meter horizontally along the section, from 

west to east. The solid line represents the high heat flow estimates, which assumes that all low-resistivity anomalies present active 

thermal groundwater flow. The dotted line presents the lower heat flow estimates, which assumes that the western area is cold and 

all resistivity anomalies present extinct geothermal activity, therefore assuming groundwater west of ÞV-01 and ÞV-02 is at the 

ambient groundwater temperature. 
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Figure 4.23: A map showing the high estimate scenario of the relative excess heat flow from Figure 4.22 across the section. The 

bulk of the heat flow can be seen on the east side of the section, occurring between wells ÞR-7 and ÞR-4.   
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4.2.3 Section C 

Section C is an intermediate section between Þeistareykir and Lón, the coastal end of the terrestrial 

part of ÞFS. The section is located just north of Rauðhóll, some 8 km north of section B and 16 

km south of section D (Figure 4.24). Two wells are located close by Rauðhóll, ÞR-08, and ÞR-11. 

Formation temperature logs from these wells are used to infer the groundwater temperature in the 

area. The temperature in ÞR-08 is the lowest of all wells in the area, with the temperature 1.7°C at 

the depth of the groundwater model (2.6°C lower than the ambient temperature at section A). This 

well is located just west of Guðfinnugjá, a large surface fracture, which appears to represent the 

border between thermal and non-thermal groundwater regions (Þ. H. Hafstað & M. Ólafsson, 

personal communication, February 13, 2020). ÞR-11 shows higher temperatures, with 16°C 

measured at the depth of the groundwater model. The well is on the eastern side of the ÞFS, outside 

the most fractured part of it, but there the groundwater flow rate estimated in the groundwater 

model is only 0.28 m3/m across a 1 km wide part of the section, which is considerably lower than 

the flow rate further west. To bridge the temperature profile between the two wells, the resistivity 

survey is used (Karlsdóttir et al., 2012). The survey does not cover the section location, but a cross-

section from the survey 1500 m south of the section is used (Figure 4.26), assuming that the relative 

distribution of alterations W-E through the fissure swarm remains the same at this section location. 

Two scenarios are presented regarding uncertain temperatures east of well ÞR-11 since there are 

no temperature measurements east of the area, where potential thermal groundwater streams from 

Þeistreykir can be present. The higher estimate depends on the resistivity survey and assumes that 

the relative alterations observed are relative to the temperature measured in well ÞR-11, giving it 

a gradual decrease in temperature to the east. The lower estimate assumes that alterations east of 

well ÞR-11 do not present an active thermal groundwater stream, assuming the temperature drops 

rapidly down to the ambient temperature (4.3°C) east of the well (Figure 4.25). 

 

Similarly, as in section B, significantly greater excess heat flow up to 470 kW/m in the eastern 

half of the visible ÞFS extends and continues through section C (Figure 4.27 and 4.28). It is worth 

noting that in the western half of ÞFS, thermal water and temperatures above the ambient reference 

temperature could be expected around well ÞR-08 on the western side in section C (Figure 4.25) 

since it is in the direct groundwater flow path from section B in areas with temperatures between 

20-40°C. Nevertheless, in section C, the temperature at ÞR-08 is lower than in section A's ambient 

reference temperature. This could be due to well ÞR-08 location being at the far west end of the 

fissure swarm, west of Guðfinnugjá, and just north of the HFF. At this location, the bulk of the 

thermal groundwater flow will have flowed past to the east within the main groundwater flow. The 

thermal groundwater that could be expected to be observed here might however be redirected to 

the west along the Húsavík-Flatey Fault (HFF) by a possible flow path created by fractures within 

the HFF, leaving the area surrounding ÞR-08 mainly with groundwater flowing from Tjörnes from 

the northwest. Through the section the total groundwater flow rate is 12.3 m3/s, meaning that 4.9 

m3/s of groundwater have entered the premise of the groundwater model from cold surrounding 

mountains or thermal upflow of geothermal fluids. The total estimated excess heat transported by 

groundwater through section C is displayed in Figures 4.27 and 4.28, a total of 640 ± 4 MW, but 

since the uncertainty in temperature is outside the main groundwater flow area, the change in heat 

flow between the high and low temperature estimates east of well ÞR-11 is relatively low (only 8 

MW).  
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Figure 4.24: Section C. Location map, surrounding surface fractures, and wells. 

 
Figure 4.25: Section C. Estimated groundwater flow and inferred groundwater temperature across the section. The groundwater 

flow is from the groundwater model (Guðmundsson et al., 2015). In this section, temperatures are based on temperatures from 

wells ÞR-08 and ÞR-11 and connected with resistivity values from the northern end of the resistivity survey (Egilson, 2011; 

Karlsdóttir et al., 2012) Two temperatures scenarios are presented east of well ÞR-11, one based on the resistivity survey and the 

other on ambient groundwater temperatures. The survey does not cover the section location, but a cross-section from the survey 

1500 m south of the section is used (Figure 4.26), assuming that the relative distribution of alterations W-E through the fissure 

swarm remains the same at this section location. 
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Figure 4.26: Interpolation of the resistivity survey (Karlsdóttir et al., 2012) at the center depth of the groundwater model in section 

C (155 m.a.s.). The survey does not cover the location of the section but is here extended north along the fissure swarm as can be 

seen at the top of the figure, at Rauðhóll, assuming that the relative alterations within the fissure swarm remain the same W-E 

towards section C. 
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Figure 4.27: Modeled excess heat flow across section C, shown in kW through every meter horizontally along the section, from 

west to east. At the east end of the section, the solid line presents the high estimate while the dotted line presents the low estimate. 
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Figure 4.28: Map and profile showing the estimated excess heat flow across section C. Since a part of the fissure swarm here hosts 

a groundwater flow with temperatures below the ambient reference temperature, the excess heat flow is negative (blue). The bulk 

of the excess heat flow in this section is on the eastern side of the ÞFS, and the Guðfinnugjá fracture forms a boundary between 

high and low heat flow sections of the fissure swarm. 
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4.2.4 Section D 

Section D is the last section, where the fissure swarm meets the coastline, where the groundwater 

enters springs and streams in Kelduhverfi (Figure 4.29). Four locations at the end of the fissure 

swarm were measured by Hafstað (1989), and the temperatures are used here for the excess heat 

flow estimates. These locations are Lón, an estuary with several springs and fissure streams mainly 

feeding it along its southeast bank, Sultir and Guðfinnugjá; two large SW-NE fractures with 

considerable groundwater flow and Fjöll; several small springs along the hill foot of Tjörnes at the 

western edge of the fissure swarm. Of these locations, Lón, Guðfinnugjá, and Sultir all show signs 

of thermal water with temperatures ranging up from 3.7°C and up to 12.2°C in a well at the 

northern end of Guðfinnugjá. In the springs at Fjöll, the temperature was measured at 3.7°C and is 

likely fed by the colder non-thermal groundwater streams from the west, from Tjörnes. Here the 

W-E temperature gradient is even more evident, but within less than 2km distance between Lón 

and Guðfinnugjá, the temperature rises from 5.5°C to 12.2°C. Interestingly the temperature also 

rises along the fissure swarm towards the coast, so in fact, the rising temperature gradient is 

oriented to the NE, as opposed to upstream, towards the geothermal source (Figure 4.29). This 

distribution of thermal water within the fissure swarm likely indicates that the mixing of thermal 

and non-thermal water is more complex, but temperature measurements further towards the eastern 

end of the ÞFS are needed to better define the extent and behavior of the thermal groundwater 

flow. To quantify the thermal groundwater flow in this research, a hypothetical temperature point 

was added at the eastern edge of the ÞFS to represent the ambient groundwater temperature beyond 

the eastern border, since it is assumed that the thermal groundwater flow from Þeistareykir 

geothermal system is confined to the fissure swarm. This hypothetical temperature point is 

obtained from springs at Holubjörg, approximately 2.5km east of the location. This location shows 

some geothermal traces, but whether it is connected to the groundwater flow from Þeistareykir, 

Krafla, or some other source is yet to be concluded. This is assumed to be the lower estimate, but 

a higher estimate assumes that the temperature at the hypothetical point is the same as the highest 

temperature interpolated close to Sultir, that is, the temperature is constant to the east in the section 

beyond the easternmost temperature measurement. 

 

Unlike the two previous sections, where the bulk of the groundwater flow aligns with or close to 

the higher temperatures in the sections, in section D, the groundwater flow is modeled around the 

part of the section with the lowest temperatures (Figure 4.30). This means that even though the 

groundwater flow is the greatest here of all the sections (13.3 m3/s, only 1 m3/s more than in section 

C) and the average temperature is 6.1°C, which is only 7.2°C lower than temperatures observed in 

section C, the estimated excess heat flow is significantly lower due to a large part of the 

groundwater flow at this section possibly being of cold, non-thermal origin. Most of the section 

shows modeled heat flow between 10 and 25 kW/m, mostly across the central and eastern part of 

the it, with the highest heat flow close to 25 kW/m (Figure 4.31). It is to be noted that the basis of 

the groundwater flow in the model (Guðmundsson et al., 2015) in this area is that the ÞFS and 

therefore most of the groundwater flow keeps a straight orientation and flow path towards Lón and 

the coast. However, upon closer inspection of the fissure swarm and surface fractures 

(Magnúsdóttir & Brandsdóttir, 2011), the fractures can be seen taking a more NNE-NE trend 

around Sultir just before reaching Lón and extending 1-2 km further east than has been modeled. 

This change in the fractures' orientation could potentially redirect the groundwater further east 

before reaching the coastal terrain in Kelduhverfi, causing an underestimation in the model of the 

groundwater flow rate through ground observed with higher temperatures. The total modeled 
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excess heat flow transported by groundwater through section D is displayed in Figures 4.31 and 

4.32 and amounts to total of 51 ± 4 MW of 45 MW (depending on temperature scenarios east of 

Sultir), with a total groundwater flow of 13.3 m3/s.  

 

 
Figure 4.29: Interpolated temperature values from wells (cross) and springs (triangle) near Lón. The temperature is based on 

several groundwater temperature measurements across the area, which are interpolated for the extraction of a temperature graph 

along the section. At the eastern margin of the interpolated layer, a hypothetical temperature value (plus symbol, 5.3°C) has been 

added to represent possible ambient groundwater temperature at the eastern boundary of the fissure swarm, meaning this presents 

the lower estimate of the temperature in the section. This value allows the interpolation of the whole fissure swarm and is based 

on the temperature in a spring in Holubjörg, some 2km east of the hypothetical value. 
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Figure 4.30: Section D. A graph of the groundwater flow rate and assumed groundwater temperature across the section. The 

groundwater flow is estimated from the groundwater model (Myer, 2008), while the temperature is based on an interpolation of 

the groundwater temperature made from multiple spring and well measurements in the area (Hafstað, 1989). Two scenarios at the 

east send of the section are presented, low estimate based on hypothetical temperature of 5.3°C on the east end of the fissure 

swarm, and the high estimate based on a constant interpolated temperature towards the east end of the section. 

 
Figure 4.31: Modeled excess heat flow across section D, shown by kW through every meter horizontally along the section, from 

west to east. At the east end of the section, the solid line presents the low excess heat flow estimate while the dotted line presents 

the high estimate. 
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Figure 4.32: A map showing the estimated relative excess heat flow across the section. Negative heat flow values are observed at 

the western end of the section due to the groundwater temperatures of non-thermal groundwater from Tjörnes mountains being 

below the ambient temperatures defined at section A. 

 

4.2.5 Total groundwater excess heat flow 

Groundwater flow rate and temperature vary greatly along the four sections in the ÞFS, where the 

flow rate through sections A to D are 4.7, 7.8, 12.3 and 13.3 m3/s in respective order. Since section 

B is very close by and downstream from the geothermal system, the 7.8 m3/s present thermal water 

that has passed or emerged from the geothermal system, with additional groundwater flow in 

sections C and D presumably being colder groundwater from other Lambafjöll and Tjörnes 

mountains. Some cold groundwater is assumed to enter the system from the east, but the 

groundwater flow rate and extent of thermal effect in the groundwater to the east is less clear. 

Using the groundwater model, the total flow rate at the end of the terrestrial ÞFS at section D 

estimates a flow rate of 13.3 m3/s. This estimate is lower than previous estimates, which are 

between 19 and 29 m3/s (Hafstað, 1989; Myer, 2008).  This lower value could, however, be related 

to the fact that along the western border of the lava field and the ÞFS groundwater comes up in 

several locations, and when water is expected to flow from springs to the surface, it is excluded 

from the model and assumed to flow above the surface. This flow could be responsible for the 5.7-

15.7 m3/s the model lacks compared to other estimates. Since these surface streams are most likely 

mainly at the west flank of the ÞFS, where little to no thermal effects are observed, the missing 

groundwater flow can be assumed not to contribute to the modeled excess heat flow. The modeled 

excess heat flow from each section is displayed and compared in Figure 4.33. The total excess heat 
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flow across the three sections B-D decreases rapidly, from 915 ± 75 MW in section B to 640 ± 4 

MW in section C and eventually down to 51 ± 4 MW in section D. The comparison of these 

sections is displayed in Figure 4.34 and fitted to a trend showing the overall rate of heat decline, 

which indicates an average loss of 43 ± 3 MW/km along the fissure swarm. 

 

 
Figure 4.33: Excess heat flow across each of the previously mentioned sections from west (left) to east (right). 
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Figure 4.34: Higher and lower estimates on total excess heat flow through each of the sections B to D across a distance from the 

geothermal system, along with a linear trend line for each scenario. 
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4.3 Surface heat flow 

Another part of this study seeks to estimate the heat flow through four processes considered to 

combine the total heat flow through the surface at Þeistareykir. These four processes are (i) heat 

flow through soil, (ii) through steam, (iii) by evaporation, and (iv) advective heat flow, in 

respective estimated size order from largest to smallest process. The surface heat flow is mainly 

considered around the immediate area of Þeistareykir and relies on several observations and work 

done in that area. 

 

4.3.1 Heat flow through soil 

An interpolation of the temperature values was made covering the observed thermal areas (Figure 

4.36). The interpolation does not cover all of the thermal area indicated from mapping by 

Sæmundsson et al. (2007) and Gislason et al. (1984), most notably at Hitur and Mt. Ketilfjall. To 

keep consistency with other thermal observations, the temperature measurements were only 

interpolated within areas that had already been reported to show thermal activity. It gives an 

estimate of soil temperatures across 1.7-2.7 km2 area at the Þeistareykir area. To use these 

interpolated values for heat flow estimations, the 1.7 km2 area which both the soil temperature 

interpolations and previous thermal ground observations cover, was divided into over 16,000 

rectangular sub-areas of up to 100 m2
 each, with the respective temperatures. Using the empirical 

equation 3.5 by Dawson (1964), each sub-area's heat flow is then calculated, and total values 

combined. This equation only covers temperatures up to 97°C. Some interpolation values for the 

temperature exceed this value, but these areas represent less than 0.2% of the total interpolated 

area. When these areas are included in the model, they are assumed to have a temperature of 97°C. 

This assumption has a minimal influence on the overall estimate of heat flow by this process, 

considering the very limited size of the areas involved.  

 

These estimations come to a total of 14.1 MW heat flow across 1.7 km2. Since a significant area 

of reported thermal activity is not included in the model, this value is likely conservative and closer 

to the lower limit. Using the average heat flow of 8.5 W/m2
 (average soil temperature of 19.5°C at 

15 cm depth), if it can be assumed to be similar across the 1.0 km2
 not covered by the temperature 

measurements, the total heat flow amounts to 22.8 MW across 2.7 km2. Therefore, the estimated 

heat flow through soil is 18.5 ± 4.3 MW, with an average heat flux of 8.5 W/m2. Due to lack of 

measurements covering the whole thermal area and lowered temperature values in the model of 

areas exceeding 97°C, the 14.1 MW value can be assumed to have significant uncertainties and 

likely to be minimum estimate. However, it does estimate the likely relative contribution of heat 

flow through soil loss in the total surface heat flow from Þeistareykir geothermal system. 
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Figure 4.35: The three thermal ground observation sources at Þeistareykir. Yellow areas present thermal ground (Sæmundsson, 

2007), red areas present snow-free patches described by Gíslason et al. (1984), and dots present CO2 and soil temperature 

measurement locations (Kristinsson et al., 2018). Temperature measurements were performed at 15cm depth, and colors indicate 

temperature; blue is below 10°C, red above 20°C and white dots in between. 
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Figure 4.36: The interpolation of the soil temperature measurements (Kristinsson et al., 2018) (Figure 4.35). The soil temperature 

values have been linearly interpolated, but only within the previously reported thermal areas to confine the areas of interest and 

keep consistency between reports. Some previously reported thermal areas are not covered by the T15cm measurements (mainly Mt. 

Ketilfjall and south of Hitur), which leaves them without values (yellow, n/a). 

 

4.3.2 Heat flow with steam 

Referring to researchers from Iceland GeoSurvey performing environmental surveillance in the 

area (Kristinsson et al., 2018, Finnbogi Óskarsson, personal communication, 2020), steam flow is 

relatively low in the area, with the total mass flow being most likely below 5 kg/s, likely 

somewhere between 2 and 4 kg/s. The temperature of the steam has been monitored and is 

generally at 98.5°C. These estimations give the mass flow range and the steam's expected enthalpy, 

which is approximately 2673 kJ/kg. Using equation 3.6, these values can be applied, resulting in 

estimates between 5.3 and 10.7 MW for heat transported through steam from Þeistareykir 

geothermal system, or 8.0 ± 2.7 MW heat flow. 

 

4.3.3 Heat flow by evaporation 

The third process for heat flow through the surface is heat transported by evaporation of 

geothermal fluids from their exposed surfaces. Þeistareykir hosts a few bodies of water, which will 

be divided into two categories, larger ponds, and smaller mud pools and thermal springs. The larger 

ponds to consider are two large ponds by Tjarnarás, while the smaller pools and springs are 

dispersed across the geothermal areas within the thermal locations outlined in Figure 4.35. When 
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estimating the heat flow from the surface of the two ponds, it needs to be mentioned that at least 

one of the ponds was partly fed by run-off water from well testing during exploration and 

development for the power plant, meaning that the state of the pond at the time of some recent 

measurements may not present the state prior to exploration for the power plant. It is possible to 

estimate the size of the ponds before the commencement of exploration from aerial photos from 

Landmælingar Íslands (1981), in which the ponds at the time of the photographs show a surface 

area of 6.600 m2
 for pond 2 and 32.000 m2

 for the pond 1 (Figure 4.37(a)). By 2015 pond 1 has 

grown, while the size of pond 2 remains almost the same (Figure 4.37 a,b). Temperature 

measurements were made in the ponds in 2011 (Sigurðardóttir et al., 2012), and average 

temperature in pond 1 measured 12.7°C and 15.1°C in pond 2. These measurements were 

performed in July and August, two of the warmer months in Iceland, so for the estimation of the 

two ponds, the average . This means that heat flow estimates based on these temperatures are likely 

relatively high. It should be noted that some runoff water from well testing may have affected 

temperatures at the time of measurements, possibly affecting the temperature measurement results.  

 

To estimate the heat flow from the surface of the ponds, equation 3.4 is used. The temperature 

measurements in the ponds were performed in July and August, for which the average atmospheric 

temperature and wind speed used are 8°C (Icelandic Meteorological Office, 2020) and 7 m/s 

(Icelandic Meteorological office, 2012), which are average values from maps published by the 

Icelandic Meteorological Office. The average annual atmospheric pressure based on the average 

temperature and altitude of 350 m.a.s.l is assumed to be 0.96 atm. From these values, the heat flow 

from the two ponds amounts to 7.5 MW for pond 1 and 2.5 MW for pond 2, the total value of 10.0 

MW. Apart from the large bodies of water, several small thermal mud pools and springs provide 

smaller but significantly higher temperature fluid surface area. Temperature monitoring has been 

done in some of these pools, but the evaluation has not been made on the surface area's extent.  

 

For this research, the surface area of the mud pools was estimated through aerial photos. The much 

smaller surface area of the pools means that the exact evaluation of each pool proves less reliable. 

In total, the surface area of all the active pools estimated from aerial photographs amounts to 500 

± 100 m2. Temperatures in these pools are generally over 95°C (Kristinsson et al., 2018), and using 

that temperature, and equation 3.4 with appropriate values, the heat flow from the pools amounts 

to approximately 25 ± 5 MW. From these surfaces, the two ponds, and the smaller pools, the total 

heat flow by evaporation is approximately 30 ± 10 MW. Regarding uncertainties, the two large 

ponds' temperature in their natural state is uncertain as of now but more accurate temperatures 

could likely be performed now since runoff from well testing and drilling has ceased. It can be 

assumed that the temperatures presented here are at the upper limit, while the lower limit is at the 

ambient temperature of the groundwater, meaning that the upper limit of total excess heat flow by 

evaporation from the ponds is 10 MW and the lower limit is 0 MW. This leaves the total estimated 

excess heat flow by evaporation of 30 ± 10 MW. 
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         (a) Aerial from 1981 (Landmælingar Íslands, 1981)                            (b) Aerial from 2015 (Google Earth, 2015) 

Figure 4.37 Size comparison for the ponds at Þeistareykir, before and after runoff water was temporarily directed 

into pond 2. Pond 1 increased in size considerably, while pond 2 remains roughly the same size. 

 

4.3.4 Advective heat flow 

As with the flow from fumaroles, the flow from surface streams has not been measured at 

Þeistareykir. Streams fed by thermal springs are observed at two places in the area, one at the foot 

of Mt. Ketilfjall and one north from Mt. Bæjarfjall. Both are estimated to be small, and only at the 

stream at Mt. Ketilfjall has flow rate been estimated and temperature measured. It is estimated to 

have a flow rate of 1-2 L/s, and temperatures in pools above are between 11.8 and 41.7°C (Gíslason 

et al., 1984; Sæmundsson, 2007; Kristinsson et al., 2018). Due to the small relative heat flow of 

streams, and for the sake of the relative evaluation, the flow rate is estimated to be two streams of 

equal size with temperatures ranging between the two previously mentioned temperatures. 

Referring to equation 3.7, streams of this size and temperature amount to a heat flow between 0.03 

and 0.30 MW, a significantly smaller heat flow process than the previously evaluated processes 

for heat flow from Þeistareykir geothermal system. 
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4.3.5 Total surface heat flow 

Based on the evaluation of these four heat flow processes, total heat flow through the surface at 

Þeistareykir can be estimated. The estimated heat flow through each process is shown in Table 4.1, 

and the relative distribution in Figure 4.38. Calculated uncertainties are based on variations in 

possible extent of manifestations, mass flow of steam and evaporation, and unknown temperatures 

in some locations. 

 
Table 4.1: Heat flow results from each surface factor. 

 Heat flow (MW) Uncertainty (MW) 

Evaporation 30 ± 10 

Soil 18.5 ± 4.3 

Steam 8.0 ± 2.7 

Advective 0.17 ± 0.13 

Total 57 ± 17 

 

 

 
Figure 4.38: A graph of the four surface heat flow processes and the uncertainties. 

 

The total estimated heat flow through surface processes at Þeistareykir amounts to a total of 57 ± 

17 MW. Adding this to the previously estimated heat flow transported through groundwater, which 

is estimated to be 915 ± 75 MW at the north end of the geothermal area (section B), the total excess 

heat flow from Þeistareykir is 970 ± 80 MW. This means that the surface heat flow provides 

between 4-8% of the total excess heat flow from Þeistareykir.
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5. Discussion 

Results and observations in chapter 4 provide the basis for discussion and interpretations regarding 

the potential characteristics of thermal distribution and heat flow from the Þeistareykir geothermal 

system. Some of the estimates depend on information, which can be improved upon with additional 

data or monitoring, causing some of the results to yield considerable uncertainties. However, the 

results give an idea of the relative amount of heat flow from Þeistareykir geothermal system and 

the distribution between different heat flow processes, with the total heat flow of 970 ± 80 MW. 

Uncertainties presented in the following discussion are calculated based on certain relevant factors, 

e.g. temperature distribution or horizontal extent of manifestations, and this uncertainty of the total 

excess heat flow is ± 8%. However, this is likely an underestimation on the uncertainty, since the 

uncertainties some of the factors are based on subjective estimations. The suggested uncertainty is 

closer to ± 20%, based on subjective estimations and comparison with other similar research results 

which tend to yield uncertainties of between ± 20-25% (Allis, 1981; Sorey & Colvard, 1994; 

Oddsson, 2016). In this case, the total heat flow is suggested to be 970 ± 200 MW. 

 

5.1  Heat flow through groundwater 

From the Þeistareykir geothermal area, the vast majority of excess heat is transported from the area 

through groundwater. This excess heat flow, which has been modeled through four locations along 

the Þeistareykir fissure swarm, shows estimates of 840 to 990 MW beyond the ambient heat flow 

north from the area. This is a considerably higher estimate than the previous estimate of 300 MW 

by Ármannsson (2014), which was based on total discharge and temperature measurements in 

springs in Lón. Heat loss occurring along the groundwater flow through the fissure swarm is 

estimated to be 865 ± 80 across a 20 km distance, but 6 km north of the geothermal system the 

excess heat flow has dropped down to 640 ± 4 MW, and at the estuary, 20 km north of the system 

the remaining heat flow is 51 ± 4 MW. Calculated uncertainties in the sections are based on 

possible variations in temperature distributions within them.  

 

The projected groundwater flow from the groundwater model (Guðmundsson et al., 2015) predicts 

a significant groundwater stream along the Þeistareykir fissure swarm, with flow direction 

anisotropy of up to factor 25 (Guðmundsson et al., 2015) Closest to the southernmost groundwater 

inflow into the fissure swarm (section A) the flow is 4.7 m3/s, and at the northern end at section D 

it has accumulated groundwater from mountains and hills surrounding the fissure swarm, resulting 

in 13.3 m3/s groundwater flow. The fissure swarm provides a transmissive flow path along the 

south-north direction, which presents an observable thermal gradient from the geothermal area 

throughout the Þeistareykir fissure swarm (ÞFS), a distance of 20 km from the system down to the 

estuary at Lón. Temperature gradients and resistivity projections perpendicular to the ÞFS suggest 

that there might be much less convective heat flow perpendicular to the fractures, meaning that the 

groundwater flow direction is greatly influenced by the orientation of fractures in each location 

throughout the ÞFS, as the groundwater model predicts. Some faults or local fault orientations 

within the ÞFS seem to particularly affect the groundwater flow. From studying the resistivity 

projections, the most notable faults either providing or redirecting groundwater flow at the depth 
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of the modeled groundwater flow are Tjarnarás, Miðveggur, Sæluhúsveggur (part of the Húsavík-

Flatey fault) and Guðfinnugjá (Figure 2.5). 

 

The excess heat flow projected at section B is closest to representing the maximum observable 

excess heat flow through groundwater from Þeistareykir geothermal system since it is the closest 

to the heat source, where geothermal gradients are provided. In the resistivity discussions in 

chapter 4.1, alterations discussed e.g., in profile Z-1 and X-3, show some two locations of potential 

significant thermal groundwaterflow. These locations have both been marked with red arrows and 

potential isotherms in Figures 5.1 and 5.2. The left arrow presents a groundwater flow which is 

likely still active to some degree, on the account of temperatures above ambient temperatures in 

well ÞR-07 (28.8°C). The right arrow shows a location of alterations following the general fault 

directions north, but cannot be directly backed with temperature measurements in wells. However, 

the fact that these alterations are straight downstream from the geothermal system and closeby 

wells that show temperatures significantly higher than ambient temperatures (e.g., ÞR-01 and ÞR-

04 with 41°C), suggests that this potential transmissive part of the aquifer hosts a considerable 

thermal groundwater stream. These two streams seem to seem to extend upwards between sections 

B and C. This can be seen in Figure 5.1 and 5.2, but in Figure 5.2, which is at 150 m.a.s.l. the 

alterations have extended further north from the same marked alterations marked out in Figure 5.1, 

which is 150 meters below Figure 5.2. This potential upstream can be seen more clearly in Figure 

5.3. It is, however, hard to quantify since it enters the groundwater model north of section B, while 

there also is the possibility of some thermal water exiting the ÞFS towards the north-west on 

account of the junction between the HFF and ÞFS (questionmark in Figure 5.2) (Khodayar, 2015), 

where data is lacking. 

 

The groundwater flow may also be dependent on significant faults and fault directions further north 

in the aquifer. Close to the estuary, at the location of section, parts of the fissure swarm sway to 

the sides in some places, and on a significant section of the ÞFS, the fractures have a more NE 

trending orientation, while the overall fissure swarm maintains a nearly northward trend. First of 

all, this may cause the water to flow more toward the east side of the fissure swarm while 

simultaneously flowing north towards Lón. This could explain the almost nonexistent geothermal 

evidence in the western side of the fissure swarm in Kelduhverfi, while some mixing towards the 

west could be expected if the fractures had a constant north-trending orientation throughout the 

study area. The section of the fissure swarm, which sways out to the east from the overall 

northward path, can potentially also affect and cause underestimation of the heat flow at Lón 

(through section D). Figure 2.8 shows the surface fractures close to Lón, and also shows the 

premise of the polygon used in the groundwater model where groundwater flow direction 

anisotropy is predicted to be of a factor 25 (Guðmundssoin et al., 2015). It can be seen here that 

just south of the estuary the surface fractures extend considerably further to the east than the 1:25 

anisotropy polygon. If the groundwater flow at this segment of the ÞFS follows the path of the 

surface fractures as could be expected, a considerable amount of groundwater flow is further east 

than the groundwater model suggests. This could explain the surprisingly high groundwater 

temperatures outside the eastern boundary of the ÞFS in the model, which in turn then 

underestimates the groundwater flow at the locations showing the highest temperatures. The 

suggested significant faults influencing groundwater flow within the aquifer are shown in Figure 

5.4, where red arrows present thermal groundwater flow, blue present non-thermal groundwater 

and yellow lines present the faults suggested here to redirect the groundwater and causing sharp 



75 

temperature gradients perpendicular to the groundwater flow. Question marks indicate potential 

transmissive sections within the aquifer where thermal activity and flow rate are hard to confirm 

and quantify. 

 

The predicted distribution of temperature in the groundwater and isotherms throughout the aquifer 

is shown in Figure 5.5, but the isotherm locations are based on temperatures through section B-D, 

surface fractures, and resistivity projections. To the west of Þeistareykir at Mælifell, the 

uncertainties regarding the thermal groundwater flow in the western area are shown with the two 

scenarios discussed in chapter 4.2.2 (Figure 4.21), with the higher estimate scenario presented with 

the dotted lines and the lower estimate scenario presented with the whole lines. On the east side of 

the fissure swarm, the isotherms are more uncertain than on the west side and therefore marked 

with dotted lines. However, these estimates are like lower ones since they assume that temperatures 

do not maintain or increase east of the easternmost temperature measurements in sections C and 

D. However, it is still possible that thermal groundwater flows exist further east in faults not visible 

on the surface. 

 

The heat flow is predicted through the aquifer in Figure 5.6 and is based on heat flow estimations 

at sections B, C and D and bridged with groundwater flow rate along the ÞFS modeled on the 

groundwater model (Figure 2.7) and predicted flow paths. The heat flow is presented as it is in 

chapters 4.2.1 to 4.2.4, in kW across one-meter perpendicular to the groundwater flow. That means 

each meter presents the heat flow of a 100 m2 (1 m wide by 100 m tall) vertical profile through the 

groundwater model at each location. As with Figure 5.5, uncertainties at the west side of the 

geothermal system are shown with dotted (higher estimates) and whole lines (lower estimates) and 

the amount of heat flow west along the HFF remains unquantified, if any at this depth. The 

locations of the three sections are marked with dotted yellow lines and the total estimated heat 

flow through each. Heat flow of over 400 kW/m can be seen at and south of section C, but not at 

section B, which is likely due to accumulation of thermal groundwater flow from converging faults 

(increased groundwater flow rate) and/or upstream of additional thermal fluids from below (Figure 

5.3). 

 

5.2 Heat flow through surface 

 

Excess heat flow through the surface of Þeistareykir is considerably less than the groundwater 

transported heat, estimated to be 57 ± 17 MW, which amounts to between 4-8% of the total excess 

heat flow. Although considerable uncertainties surround some of the heat flow processes and 

measurements, which are based on variations in possible extent of manifestations, mass flow of 

steam and evaporation, and unknown temperatures in some locations, it is still evident that the heat 

flow through the surface is only a small fraction of the total excess heat flow. One cause for this 

may be that above the mapped location of the geothermal system flows a relatively large, cold 

groundwater stream. Well within the boundaries of the ÞFS (at the geothermal systems latitude), 

where the most groundwater flow is expected, relatively little surface activity is observed with the 

exception of thermal ground close to well ÞR-07. The difference between the activity in the east 

and west area can be due to several reasons. A more complex structure of the system at greater 

depths can clearly be a significant contributor to the different surface heat flow intensities in certain 

areas. The lack of surface activity around Mælifell can simply be because the area's thermal 

activity is extinct, as Sæmundsson (2007) suggests. Lesser thermal activity could still potentially 
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also occur without surface activity occurring. Significant, cold groundwater flow could be a 

considerable contributor since, where the greater groundwater current is modeled above the 

geothermal system (western area), very little surface activity is observed, while where the lesser 

groundwater flow is predicted (eastern area), most of the surface activity can be seen. This 

potential effect the large groundwater flow has on the surface activity could explain the contrast 

between surface activity and overall excess heat flow. The more recent lava of Þeistareykjahraun 

could also be covering some manifestations close to the surface, making surface activity in the 

center of the ÞFS less observable. 

 

Different processes considered in this research reveal varying uncertainties. While some aspects 

of some processes are described relatively well in previous literature, other processes depend 

largely on researchers’ guesswork. Excess heat flow estimated through fumaroles and thermal 

streams has not been quantified in any reliable way and could be significantly improved with 

simple flow rate and temperature measurements. Regarding estimations on heat flow from 

evaporation and thermal soil, substantial information has already been provided, and further 

research would mostly expand and improve the results for these processes. For these two 

processes, recording their extent (e.g., water and mud pool surface areas and wider T15cm 

temperature measurements) will undoubtedly improve the result certainty. In areas where 

unsaturated ground shows temperatures above 97°C, a more detailed thermal gradient would be 

needed to better define the heat flow in these locations. 

 

5.3 Global perspective 

 

These results can be compared with researches done in other geothermal areas. For example, the 

970 ± 80 MW is a relatively low overall estimate compared with the estimates made by Björnsson 

& Guðmundsson (1993) and Reynolds (2018) for Grímsvötn volcano, which were introduced in 

chapter 1, but those researches suggested total heat flow values of between 1,600 and 11,600 MW 

and the base heat flow of approximately 1,200 MW. Compared with the total excss heat flow 

through groundwater of 915 ± 75 MW, the total surface heat flow estimates of 57 ± 17 MW are 

considerably low, only 4-8% of the total excess heat flow from the area. The surface heat flow is 

also considerably lower than the heat flow estimates of 115 MW at Lassen volcanic national park, 

suggested by Sorey & Colvard (1994), and only a fraction of the total heat flow estimated by Allis 

(1981) at Wairakei of 600 ± 150 MW. Comparing the estimates for Þeistareykir with the other 

areas shows that the total heat flow is comparable with other areas, where similar research has 

been done. However, the distribution between heat flow processes may be different, where at 

Þeistareykir, the groundwater transported heat flow may be a more prominent fraction of the total 

excess heat flow than in many other areas. 
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Figure 5.1: Figure 4.3, a resistivity map at 50 m.a.s.l., with arrows presenting potential significant groundwater flow paths. Red 

arrows represent thermal groundwater flow, while blue represents cold groundwater entering the system. The yellow line is the 

outer margin of the geothermal area at 500 m.b.s.l. (Karlsdóttir et al., 2012). 
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Figure 5.2:Figure 4.2, a resistivity map at 200 m.a.s.l.,  with arrows presenting potential significant groundwater flow path. Red 

arrows represent thermal groundwater flow, while blue represents cold groundwater entering the system. The yellow line is the 

outer margin of the geothermal area at 500 m.b.s.l. (Karlsdóttir et al., 2012). 
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Figure 5.3: Figure 4.7 with arrows presenting potential significant groundwater flow paths from south (left) to north (right). Red 

arrow represents thermal groundwater, and the white line at the top of the graph represents the topographical surface of the area, 

with Mt. Bæjarfjall being the highest point. The yellow dotted line represents the rough vertical location of where the HFF intersects 

this profile at the surface. 

 

 



80 

 
Figure 5.4: Possible major faults affecting the groundwater flow to and from the top of the Þeistareykir area. Blue arrows represent 

cold groundwater flow into the system, red thermal groundwater flowing from the system, and yellow lines the potential rows of 

faults directing the flow. White area represents the extent of the geothermal system at 500 m.b.s.l. according to Karlsdóttir et al. 

(2012). 
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Figure 5.5: A rough estimation of isotherms in groundwater at 50 m below groundwater table. Isotherm locations are based on 

temperatures through section B-D, surface fractures, and resistivity projections. Two scenarios are presented, the higher estimate 

scenario is presented with the dotted lines and the lower estimate scenario presented with the whole lines.  
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Figure 5.6: A prediction of heat flow in groundwater through the depth of the groundwater model. The predictions are based 

on heat flow estimations at sections B, C and D and bridged groundwater flow rate along the ÞFS modeled on the groundwater 

model (Figure 2.7). Heat flow is predicted as it is in chapters 4.2.1 to 4.2.4, in kW across one-meter perpendicular to the 

groundwater flow. That means each meter presents the heat flow of a 100 m2 (1 m wide by 100 m tall) vertical profile through 

the groundwater model at each location.  
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6. Conclusion 

In order to estimate the total natural state excess heat flow from Þeistareykir geothermal system, 

the heat flow is divided into different heat flow processes, through thermal groundwater and 

surface. The natural state excess heat flow refers to flow beyond the general ambient heat flow in 

the surrounding area and prior to any geothermal utilization. Excess heat flow through 

groundwater is estimated by interpolating groundwater temperature, flow rate and resistivity 

survey interpretations in the area, which is used to calculate heat flow through different cross-

sections through the aquifer. Heat flow through the surface in Þeistareykir is further divided into 

four sub-processes: through thermal soil, steam, evaporation from water surfaces, and thermal 

streams. Heat flow through soil is estimated by the interpolation of soil temperature measurements 

and locations of known thermal ground, while the other three processes depend on the 

interpretations of less-detailed data from various sources. 

 

The estimated cumulative excess heat flow through thermal groundwater and surface amounts to 

approximately 970 ± 90 MW. The uncertainties area based on variations in certain sets of values 

relevant to each heat flow process, but the suggested total uncertainty is closer to ± 200 MW, based 

on subjective estimations and comparison to similar researches. The modelled groundwater flow 

rate within the aquifer is up to 13.3 m3/s and this stream presents transmissive sections with 

relatively high groundwater temperatures. Sharp temperature gradients between different 

temperature regions within the aquifer suggest that potential, significant faults within the fissure 

swarm have a considerable influence on the flow direction and heat distribution. The heat carried 

by groundwater through the cross-section closest to the geothermal system, which is here assumed 

to be closest to the total excess heat flow from by groundwater from the geothermal system, is 

estimated to be 915 ± 75 MW. Along the fissure swarm, the heat loss is estimated to be 865 ± 80 

MW more over a 20 km flow distance. Six km north of the geothermal system, the groundwater 

transported excess heat has dropped down to 640 ± 4 MW, and at the estuary, 23 km north of the 

system only 51 ± 4 MW remain. From this the average heat loss from the groundwater stream to 

the surrounding rock formations over the 23 km along the Þeistareykir fissure swarm to the Lón 

estuary is estimated to be 43 MW/km, likely by diffusion towards the surface through the 

surrounding formations above the aquifer. Heat flow through the surface at Þeistareykir is more 

challenging to estimate with certainty but is estimated at 57 ± 17 MW, which is between 4-8% of 

the total natural excess heat flow. 
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