
 
 

 

 

 

 

 

 

 

 

 

3D modelling of the Reykir geothermal areas in 

Mosfellssveit, Iceland 

Daníel Einarsson 

Thesis of 60 ECTS credits 

Master of Science (MSc) in Sustainable Energy  

June 2018 
 



ii 

 

  



 

 

 
 

 

3D modelling of the Reykir geothermal areas in Mosfellssveit, 

Iceland 

 
Thesis of 60 ECTS credits submitted to the School of Science and Engineering 

at Reykjavík University in partial fulfillment of 
the requirements for the degree of 

Master of Science (M.Sc.) in Sustainable Energy  

 

June 2018 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Supervisors: 

Juliet Ann Newson, Supervisor 

Director, Reykjavík University, Iceland 

 

Bjarni Reyr Kristjánsson, Supervisor 

Geologist, Reykjavík Energy, Iceland 

 

Examiner: 

Sandra Ósk Snæbjörnsdóttir, Examiner 

Geologist PhD, Reykjavík Energy, Iceland 



iv 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright 

Daníel Einarsson 

June 2018 

 

 

 



vi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
 

3D modelling of the Reykir geothermal areas in 

Mosfellssveit, Iceland 

Daníel Einarsson 

June 2018 

 
Abstract 

The Reykir geothermal areas in Mosfellssveit has been utilized since the early 20th 

century and has been one of the main production areas of Reykjavík Energy from 

the beginning of systematic district heating. Due to the long history of exploration 

and utilization of the Reykir areas the data is extensive and still in its original state 

from when the research reports were published. The original data was preserved in 

a standardized digital form and used to revisit the area´s original conceptual model.  

From this, a three dimensional (3D) model of the area was built, to display the 

preserved data. The 3D model was created in Leapfrog Geothermal modelling 

software and includes the 3D interpretation of stratigraphic sequences, rock 

temperature isotherms, subsurface hydrothermal alteration zones, and wells of the 

Reykir geothermal areas. All geochemical data is only in 2D format, therefore, iso-

concentration maps for silica were plotted to demonstrate cold water inflow in the 

geothermal system. The resulting model shows good correlation to original data 

and coincides with the key geological features of the geothermal area. The 3D 

model presented in this study gives a representable lithological and thermal image 

of the Reykir areas serving as a digital platform for future resource management. 
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Þrívíddarlíkan af jarðhitasvæðunum í Mosfellssveit 

Daníel Einarsson 

Júní 2018 

 
Útdráttur 

Reykjasvæðin hafa verið nýtt til jarðhitavinnslu frá upphafi 20. aldar og hafa verið 

ein helstu vinnslusvæði Orkuveitu Reykjavíkur allt frá upphafi hitaveitunnar. Þar 

sem svæðin hafa verið nýtt í svo langan tíma er til umtalsvert magn af gögnum og 

er meirihluti þeirra í sinni upprunalegu mynd. Upprunalegu gögnin voru 

nútímavædd og sett á stafrænt form til þess að tryggja að þau glatist ekki og verði 

tiltæk fyrir rannsóknir á svæðunum í framtíðinni. Eftir að hafa sett gögnin á 

stafrænt form voru þau notuð til þess að búa til þrívíddar líkan af svæðunum. 

Þrívíddar líkanið var búið til í forritinu Leapfrog Geothermal og inniheldur 

þrívíddar túlkun á jarðlögum, berghita, hitaummyndun og borholum. Tiltæk 

jarðefnafræði gögn er ekki hægt að túlka í þrívídd svo að búin voru til kort með 

jafnstyrkslínum fyrir kísil til að sýna fram á kalt innstreymi í jarðhitakerfið. Nýjum 

gögnum getur auðveldlega verið bætt við líkanið. Líkanið og upprunalegu gögnin 

sýna góða samsvörun m.t.t. helstu jarðfræðilegra einkenni svæðisins. Þrívíddar 

líkanið sem hér er birt getur þjónað þeim tilgangi að sýna eiginleika svæðisins á 

stafrænan hátt ásamt því að auðvelda rekstur svæðanna í framtíðinni.    
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2  CHAPTER 1: INTRODUCTION 

   

Chapter 1  

1Introduction 

Geothermal energy plays a large role in the everyday life of the people of Iceland and 

the operations of companies. The geographical location of the island results in a unique 

geological setting with abundance of geothermal resources. This resource has been utilized 

in one way or another throughout history, ever since the first settlers in Iceland and to the 

present day. Before modern technology and knowledge, the geothermal resource was used 

for various methods of direct utilization, namely bathing and laundry. Later, with 

technological development and expertise, this energy was harnessed for electricity 

generation, heating and other advanced direct utilization. Iceland’s expertise of geothermal 

energy is the product of a period of extensive research and experiments, which puts Iceland 

at the forefront of geothermal exploration and utilization. The harnessing of this energy 

started during the first half of the last century when the first district heating systems were 

commissioned. Currently, the usage of geothermal energy covers 66% of primary energy 

use in Iceland [1]. 

Generally, geothermal resources can be classified in two categories based on the 

temperature of the water in the reservoir at 1000 m depth. This classification defines the 

resource into low- and high-temperature geothermal areas. The high temperature areas are 

located within the volcanic zones where the activity is linked to active central volcanos. 

These high temperature areas are used for electricity production or combined with hot water 

production. The low temperature areas, situated on the outskirts of the active volcanic zones 

in older rocks that have cooled as they have drifted out of the volcanic zone. The low 

temperature areas are mainly used for direct utilization 

 

The focus of this thesis will be on a low temperature resource in Iceland, namely, the 

low temperature areas in Mosfellssveit located in SW-Iceland. These areas consist of two 

geothermal localities, which are in close proximity and usually referred to as the Reykir 

areas. Generally, the areas are referred to as Reykir and Reykjahlíð when they are 

differentiated. The Reykir areas have been utilized since early 20th century when it all started 

with the first successful house heating experiment in 1908. At this time, the city of Reykjavík 
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was growing rapidly and space heating solution was demanded for the city’s population. 

Exploration started within the city in Laugarnes in 1928-1930 where the first wells were 

drilled for district heating. The potential of the Reykir areas was prominent and later the 

focus of exploration shifted towards the area. The area became the number one supplier of 

hot water for Reykjavík in the 1940’s and throughout the 20th century, until the Nesjavellir 

and Hellisheiði power plants were commissioned. Today, the Reykir areas still plays a 

significant role of Reykjavík Energy’s production.  

Due to the long history of exploration and utilization in the Reykir area the data from 

research relates to the time when the research reports were published. Notably, the majority 

of data is accessible in scanned copies of reports, with the earliest data in the form of 

typewritten reports and data. 

 For the first part of this study all related available data was gathered, digitalized, and 

standardized in terms of units and formats. The aim was to ensure that the data was preserved 

by recording it in digital form; to standardize the data such that it could be used alongside 

more recently collected data; and to use all the available data to revisit the conceptual model 

to construct a three dimensional (3D) model of the area. The 3D model was created in 

Leapfrog Geothermal 3D modelling tool. The model can serve as a digital platform for future 

resource management for the Reykir areas. 

 

In this thesis, the geothermal resources of Iceland will be reviewed among with the 

distinctive feature of Iceland’s geological setting. Furthermore, the Reykir areas will be 

introduced and its exploration and production history. Additionally the geologic and 

geothermal characteristics of the area will be discussed with the data used as reference. 

Lastly, the results of the modelling work will be presented and the correlation between the 

new 3D model and earlier data presentation.  
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Chapter 2 

2Background 

An overview of the geology of Iceland is a crucial part of this project and the amount 

of literature of that matter is abundant. However, literature on the subject of geothermal in 

Iceland such as the journal article: Geothermal energy in Iceland [2] gives a suitable outline 

for the geology of Iceland in respect to this project.  

Geothermal is an important topic of science and research for Iceland, which has led to 

various international projects on behalf of Icelandic companies. The classification of 

geothermal resources is thoroughly described in section 2.2. Furthermore, the characteristics 

of the Icelandic geothermal resource are defined explicitly by I.B. Friðleifsson [3], where 

the author explains how geothermal localities are distributed in relations to Iceland’s 

geology. The nature of the interactions between the recharge and the heat source are also 

described.  

The following section covers the most important features of the geology of Iceland 

and is followed by an overview of the geothermal resources in Iceland. Additionally, a brief 

synopsis of district heating in Iceland and for the capital area. 

2.1 Geology of Iceland 

Iceland is a highly active and relatively young volcanic island in the North-Atlantic 

Ocean. In Iceland the oldest rocks found on land is 14-16 million years old, however the 

formation of the Iceland basalt platau is believed to have started 24 million years ago [4]. 

Iceland is a subaerial formation of the Mid-Atlantic Ridge appearing as a 100.000 km2 

landmass. What is thought to be the reason for Iceland appearing subaerial on the North 

American and Eurasian plate boundaries is the existence of the Iceland Hotspot. The product 

of the active hot spot (mantle plume) is much thicker crust under Iceland than the 

surrounding oceanic crust [5]. Iceland emerges from the Atlantic Ocean with the Reykjanes 

Ridge (RR) in the south and diving back underwater in the north by the Kolbeinsey Ridge 
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(KR) [2]. Both Kolbeinsey and Reykjanes, are segments of the Mid-Atlantic Ridge, see 

Figure 2.1. 

 

Figure 2.1 Reykjanes Ridge and Kolbeinsey Ridge are sections of the Mid-Atlantic 

Ridge (MAR). Iceland emerges from the Atlantic Sea at Reykjanes as subaerial 

formation of the MAR and back underwater in the north represented by the 

densely solid black line [4]. 

Within the landmass of Iceland, the ridges are not continuous. To clarify, the main 

features are the Reykjanes Ridge and the Reykjanes Volcanic Belt (RVB) that connects to 

the West Volcanic Zone (WVZ) that stretches northeast to Langjökull and joins the East 

Volcanic Zone (EVZ) and the North Volcanic Zone (NVZ) through the Mid-Iceland Belt. 

Finally, the Tjörnes Fracture Zone attaches NVZ to the Kolbeinsey Ridge [4]. See Figure 

2.2. 



6  CHAPTER 2: BACKGROUND 

   

 

Figure 2.2 The volcanic systems in Iceland. Individual sections of the plate boundary 

is marked as: RVB Reykjanes Volcanic Belt; WVZ Western Volcanic Zone; 

MIB Mid-Iceland Belt; NVZ North Volcanic Zone; EVZ East Volcanic Zone; 

RR Reykjanes Ridge; SISZ South Iceland Seismic Zone; ÖVB Öræfi Volcanic 

Belt; SVB Snæfellsnes Volcanic Belt; KR Kolbeinsey Ridge; TFZ Tjörnes 

Fracture Zone [4]. 

Volcanic systems are identified with active volcanism and faulting which appear on 

the surface as fissure swarms and central volcanos. These systems are generally 15-50 m 

wide elongated zones and found within larger complexes of the hosting volcanic zones. 

Additionally there are two other active volcanic zones in Iceland. They are intraplate 

volcanic belts located in Snæfellsnes, Snæfellsnes Volcanic Belt (SVB), and in Öræfi, Öræfi 

Volcanic Belt (ÖVB) [4].  Iceland’s volcanism consists of almost all types of volcano and 

eruption types [6]. The volcanos are known to exist in subaerial, subglacial and submarine 

environments [4]. Predominantly, basaltic volcanic activity is evidential. In historical time 
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(past 1100 years), basaltic magma contributes 78% of erupted magma. While intermediate 

magma holds 16% and acid magma only 5%. The volcanic activity of the Holocene period 

is thought to be represented in the same way are on historical time and essentially within the 

same volcanic regions [4]. Other authors have also suggested similar ratio of different 

eruptive units i.e. Sæmundsson [7] suggested that the lava stack exposed in Iceland is 80-

85% basalt, while acidic and intermediate counts for 10%. The other 5-10% is volcanically 

originated sediments.  

The age of rocks increases away from the rift axis, simultaneously the scale of erosion 

increases away from the rifting axis. The age of geological formation reaches approx. 15 

Ma, its highest age, on coasts in the east and northwest of Iceland [2]. Older formation are 

found emerged under the ocean on the Iceland plateau. 

The morphology of Iceland is mostly created by multiple glaciations. There are 

various studies that suggest that (in late Tertiary and Quaternary) for the last 4-5 M.yr 

Iceland has experienced over 20 glaciations [8]. The landscape of Iceland is heavily affected 

by active volcanism during the glacial cycles. Where tuya’s and pillow ridges have formed 

when eruptions occurred under the glaciers. The glaciation cycles also resulted in heavily 

eroded landscape appearing mostly as deep excavated valleys. This valley landscape is 

clearly visible all over Iceland and especially in the eastern and northwest Iceland. There the 

general landscape is characterized by flattop mountains and deep glacier excavated valleys.  

2.2 Geothermal in Iceland 

Geothermal activity is abundant in Iceland, due to interaction between seawater or 

meteoric water and Iceland’s hot crust. The rifting and tectonic events creates fracture 

permeability in the crust where it interacts with the hot crustal rocks and heats up [9]. 

Generally, geothermal resources can be classified in two categories based in the temperature 

gradient in the reservoir at 1000 m depth. This classification defines the resource into low- 

and high-temperature geothermal fields and was introduced in 1961 by G. Böðvarsson [10] 

and followed by I.B. Friðleifsson’s in 1979 [3]. Low-temperature geothermal areas have 

temperature below <150°C at 1000 m depth and high-temperature areas have temperature 

higher than >150°C at 1000 m depth. 

The geothermal gradient in Iceland is measured with shallow wells where the change 

in temperature is recorded with depth. These wells must exceed the depth where seasonal 

changes in weather affect the measurements; usually 60-100 m deep wells are enough. The 

thermal gradient is given in degrees Celsius per kilometer (°C/km) and this gradient is used 



8  CHAPTER 2: BACKGROUND 

   

to extrapolate temperature at 1000 m depth. Several hundreds of gradient wells have been 

drilled across Iceland with the purpose of gathering data on heat flow and geothermal 

gradient and geothermal exploration [11]. Over approx. 1000 geothermal localities have 

been identified across Iceland [3]. The geothermal gradient is recorded to be on the range 

from 50 to 150 °C/km where highest gradient is found in close proximity to the volcanic 

zones [12]. In comparison, the normal crust gradient is on average 25-30°C/km [13]. 

2.2.1 Low temperature geothermal 

Low temperature geothermal areas are abundant in Iceland where the total number of 

areas is close to 250 [11]. These areas vary in size, power and whether they are utilized in 

one way or another. The existence of low temperature geothermal areas and their distribution 

all over Iceland has made it possible to have geothermal heating systems and running hot 

water in rural areas.  

These geothermal areas are located outside the active volcanic zones in Plio-

Pleistocene and Tertiary volcanics as shown in Figure 2.3. Meteoric recharge in the 

highlands circulates deep into the bedrock not exceeding the depth of approx. 5 km where 

the impermeable oceanic layer forms the base for recharge circulation. Eventually this 

manifests as a lowland hot aquifer, which may or may not be associated with surface 

manifestations. Commonly, low temperature upflow areas appear near extinct central 

volcanos [3]. 

Low temperature areas do vary in size and they generally appear with minimal or no 

surface manifestations, if any they are modest warm or boiling springs. The boundaries of 

each geothermal site can be unclear so it is often difficult to distinguish whether the surface 

manifestations are connected or not and belong to the same geothermal field.  

2.2.2 High temperature geothermal 

High temperature geothermal areas are located near or within active and young 

volcanic zone and generally these fields are linked to central volcanos or their fault swarms 

and calderas, Figure 2.3. The characteristics of the new volcanic zones are highly permeable 

rock layers where fissures and other tectonic features offer open pathways for precipitation 

to percolate deep into the strata. In the volcanic zones, the crust is saturated with small 

magmatic intrusions at shallow depth, which acts as a heat source together with the volcanic 

zones general heat flux. The groundwater heats up and a convection system forms [3] where 

the water transports heat from the deep crust to the upper layers and the surface. 
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There are 22 already identified active high temperature areas in Iceland and four 

additional sites that are categorized as possible high temperature fields [11]. The surface 

manifestations are obviously more extensive and more complex than the ones found within 

low temperature sites as the geothermal heat flow is much greater. The surface 

manifestations can appear as hot mud pools, steam vents, fumaroles. 

 

Figure 2.3 A map of Iceland showing the bedrock age and distribution of geothermal 

areas relative to the volcanic zone that runs through Iceland. The marked areas 

with text is unrelated to this project except Mosfellssveit [14] 

2.3 District heating in Iceland 

Geothermally heated water has been used in one way or another from the days of the 

first settlers in Iceland. Areas where hot water was accessible appears to have been 

promising for settling down and is suggested by how many places are named after distinctive 

geothermal features i.e. Reykholt, Reykjavík and Laugarvegur. Whereas “reykur” or smoke 

translates as geothermal steam and “laugar’’ translates as pools. Geothermal water was used 

in many ways before it was utilized for district heating. There are examples of people bathing 

in hot water springs in The book of Settlements (Landnámabók) and historical examples of 

salt production with natural hot water, laundry and cooking [15]. 

Natural hot water and its abundance will always be an unbreakable part of Icelandic 
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culture and way of living. The long era of geothermal exploration and utilization in Iceland 

has put the country in the forefront of knowledge and experience in geothermal subjects. 

Ever since the 1970’s when the usage of geothermal resources for district heating 

increased rapidly it has been fairly stable from the 80’s to the present. In 2016, the use of 

geothermal resources covered about 90% of all space heating, Figure 2.4. 

 

Figure 2.4 Geothermal resources have met the majority of demand for space heating 

in Iceland from the 1970’s [16].  

The first successful use of natural hot water for house heating was established in 

Suður-Reykir in the district of Mosfellsbær. It was Stefán B. Jónsson´s experiment in 1909, 

which allowed him to heat his house with hot water from a nearby hot spring [11]. This 

promising experiment led to further utilization of hot water in Reykjavík and later 

comprehensive hot water production in Mosfellssveit district.  

The city grew considerably during the first half of the 20th century and at the same 

time, a shortage of fuel was looming. At that time, houses were heated by burning imported 

fuels in furnaces. Earlier house heating experiments with geothermal water demonstrated 

the potential of using domestic energy sources for house heating. For decades, citizens of 

Reykjavík had done their laundry in the hot springs in Laugarnes, which at that time was on 

the outskirts of Reykjavík. Laugarnes area was the obvious area to start drilling for hot water 

given the proximity to Reykjavík. In the years 1928-1930, 14 boreholes were drilled in the 

area and marked the beginning of geothermal utilization for district heating system in 

Reykjavík [11]. The Laugarnes geothermal field was only able to provide a small portion of 

Reykjavík inhabitants and buildings with hot water. The first buildings to establish a 
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successful connection to the new district heating system was a newly built elementary school 

(Austurbæjarskóli). Later, nearby houses were connected among with a swimming pool. The 

production in Laugarnes field was only able to supply a small part of Reykjavík (70 houses) 

with hot water for space heating which led to further geothermal exploration. The attention 

turned to Mosfellsbær district for further expansion of the Reykjavík district heating system 

[11]. The geothermal fields in Mosfellssveit (the subject of this thesis) became the 

fundamental supplier for space heating for the capital. The exploration and utilization history 

is reviewed further in section 3.1.1. As the city grew, it was evidential that Reykjavík Energy 

had to meet the demand, as everyone wanted the luxury of geothermal space heating. The 

focus shifted towards Nesjavellir geothermal field and later Hellisheiði.
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Chapter 3 

3Geothermal areas of Mosfellssveit 

To be able to evaluate the scope of geothermal areas in Mosfellssveit it is an important 

part of the project to examine the history of both utilization and exploration of the actual 

site. Two main resources were used in that process; one is the book Saga Hitaveitu 

Reykjavíkur 1928-1998 [15]. The book gives an excellent overview of all of Reykjavík 

Energy’s projects from different historical aspects. The other one is the book Jarðhitabók – 

eðli og nýting auðlindar [11] where the author covers the matter in similar way but 

somewhat more detailed. These two books were used as reference in multiple cases for 

general aspects to geothermal in Iceland. 

A key challenge of the project was finding reliable data upon which to base the 

computed 3D model. Necessary data was available in professional reports. As such, reports 

from recognized organizations and companies such as The National Energy Authority 

(NEA) and Reykjavík Energy (RE) were mostly used. Given the long lifetime of the project 

site the supply of such reports are abundant. Simultaneously, there is a general lack of 

articles from scientific journals covering material based on the project site. However, the 

data reports from both NEA and RE covers a wide range of material. Everything from 

microscopic analyzed samples and drill cuttings being described in details in short intervals, 

to reports about how main stratigraphic sequences from the site are connected to nearby 

geothermal locations. 

Following is a section discussing the scope of the geothermal areas in Mosfellssveit 

and the exploration and utilization history. Additionally this review will cover the literature 

and data relevant to the project and what data was used to build the Leapfrog geological 

model.  
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3.1 The Reykir areas  

The two geothermal areas in Mosfellssveit are located about 12 to 15 kilometers from 

Reykjavík city center. The two areas are in close proximity, Figure 3.1. It is estimated that 

the size of the geothermal area is about 10 km2 where the temperature is 90°C or higher at 1 

km depth [17]. The surroundings of the geothermal fields is a mix of inhabited area, 

agricultural areas and nature. The wells are located within these areas and housed with 

modest sheds. Few mountains on the range of approx. 200-300 m a.s.l. composed of different 

rock layers towers over the geothermal fields. The mountaintops that should be mentioned 

in this context are Helgafell, Reykjafell, Mosfell, Flatafell and lastly Æsustaðafjall. 

 

Figure 3.1 An overview of the two geothermal areas in Mosfellssveit. The wells in the 

area is shown as well. The map was generated by the author with aerial image 

from Reykjavík Energy.  

The areas are divided into two areas based on geographical location. Throughout the 

time that these areas have been exploited, there have been different names appearing in 
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various reports and literature, used for the two fields. At first the fields where referred to as 

Suður-Reykir (South-Reykir) and Norður-Reykir (North-Reykir) until the mid-20th century. 

The fields have also been named after the valleys Mosfellsdalur and Reykjadalur where the 

fields are located. Reykir has also been used as a synonym for the two fields and often it is 

talked about the Reykir-area when referring to the both areas. The utility company that 

manages these fields is Reykjavík Energy, which generally uses the names Reykir for Suður-

Reykir and Reykjahlíð for Norður-Reykir. Therefore, Reykir and Reykjahlíð will be used 

when referring to individual fields in this project and Reykir-area when referring to both 

fields. However, the other names may appear throughout this chapter when place names or 

single localities are discussed. 

3.1.1 Historical summary of exploration and utilization 

Exploration started in 1933 after an agreement between the Reykjavík government and 

landowners of Suður-Reykir and Reykjahvol was established. The nature of the agreement 

was that the city had the exploration rights of the resource and call option on the utilization 

rights [18]. Exploration drilling gave promising results and continued for ten years until the 

hot water pipes to Reykjavík were completed in 1943. Once the Reykir pipeline was 

commissioned, 2700 houses in Reykjavík had been connected to the district heating system 

which supplied the city with 86°C and 290 L/s of free-flowing hot water [11].  

In the years 1933-1943, Reykjavík Energy drilled 32 wells in the Reykir field. The 

wells were primitive and shallow with steel casing the first few meters down to the bedrock 

[15]. At that time two drill rigs had been used, Gullborinn (The Gold drill) was an old drill 

rig, which was originally transported to Iceland for cold water drilling in Reykjavík. While 

drilling for cold water the drillers thought they found gold, hence the name Gullborinn (Gold 

drill), due to the misidentification the sulfide mineral Pyrite or fool’s gold. The result was a 

brief unsuccessful gold rush in Reykjavík [11]. This drill rig was capable of drilling <250 m 

wells [11] and had drilled all 32 wells at the Reykir field by the year 1942.  

In 1936 Reykjavík city bought a new drill rig which was given the obvious name Nýi 

borinn (The New drill) which made it possible to drill down to <750 m [11]. Nýi borinn 

continued drilling in Reykir field and in other fields until the sixties [15]. 

Reykjavík continued to grow in the coming years and decades and the demand for hot 

water grew simultaneously. The municipality of Reykjavík continued buying the rights for 

exploration and extraction of hot water in Mosfellssveit. In the years 1944-1962, Reykjavík 

bought many permits or estates within Mosfellssveit for exploration and utilization to 
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prepare for future expansion of the district heating system. Intelligently the previous 

landowners made sure to get their share of the water extracted as they sold their estates to 

be able to supply their homes with hot water for heating [15]. In 1947, the first wells were 

drilled at Reykjahlíð area [19]. 

Since the beginning of geothermal development in Mosfellssveit to 1960, only shallow 

freeflowing wells were drilled ranging from approx. 125 to 620 m deep. 69 wells were drilled 

in the years 1933-1960 both in Reykjahlíð and in Reykir fields [15]. However, hot water 

was needed in Reykjavík’s district heating system as the city continued to grow and cold 

snaps resulted in empty water storage tanks. In 1960 the city council invested, in co-

ownership with the national government, in a new drill rig in 1960 (Gufuborinn-Dofri) and 

that rig marked the beginning of deep wells in Reykir fields and other fields. This rig had 

the capacity of drilling down to the depth of 2312 m [15]. At this time (1961), the district 

heating system in Reykjavik had been significantly extended and 51% of Reykjavík’s 

population had hot water running through their house [15]. 

The next milestone for the Reykir fields was deep-drilling and pumped wells. Two 

wells were drilled in 1959 and 1963 that exceeded >1 km depth [20]. Reykjavík Energy (RE) 

ceased Mosfellssveit drilling in 1970, and the focus became drilling within the city 

boundaries i.e. Elliðaárdalur and Laugarnes low temperature areas. In the seventies drilling 

continued in Reykir and about 40 new wells were drilled mostly with Gufuborinn (Dofri) 

[20]. 

At this time (1970’s) RE started to activate the wells with pumps to increase the flow 

of water. Previously some pumping applications had been tried but failed due to expansion 

of rubber components and impractical lubrication system. However, these deep well pumps 

had Teflon bearing and water lubrication system that proved to be a success. With this 

method RE was able to increase the flow by considerable extent. Prior to deep well pumping 

the field was supplying about 300 l/s of free-flowing hot water and with pumping it increased 

to about 1750 l/s on average [15]. In 1971, 98% of the entire population of Reykjavík had 

access to hot water [18]. Another result of the pumping wells was that all free-flowing wells 

and hot springs in the area stopped flowing and the water level declined by 50-100 m [17]. 

Finally, these older wells where cemented and closed in the 1970’s. Exploration ceased in 

the area and the last wells were drilled in 1977 [20]. 

In 1990, the Mosfellssveit field gave 1525 l/s of 86°C hot water from 24 wells from 

Reykir and another 12 from Reykjahlíð. However, more wells had been drilled in the area 

during the whole exploration time than the ones connected to the district heating system at 

this time. As some wells have dwindled when new wells were drilled [15]. When Nesjavellir 
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power plant was commissioned in 1990, RE was able to give the Reykir Area a much-needed 

rest after having being the main provider of hot water for the capital for decades. The 

production was decreased to replenish the Reykir fields [21]. 

The latest report on annual hot water production for the year 2016 from Reykjavík 

Energy states that the two fields in Mosfellssveit produced approx. 27 million cubic meters, 

about 38.6% of total production. In comparison, the production is similar to the high 

temperature field Nesjavellir’s contribution, which is 39.6% of Reykjavík’s district heating 

system [21]. Figure 3.2 shows the percentage of the population of Reykjavík serviced by RE 

district heating system from 1961-1993.  

 

Figure 3.2 The percentage of the population of Reykjavík with access to the district 

heating from 1961 to 1993. [22] 

3.1.2 Natural hot springs in Mosfellssveit 

Before production started in Mosfellssveit, the existence of natural hot springs led 

people to think of the area as a viable source of hot water. Prior to drilling and production, 

the free-flowing springs in the two fields gave a total natural discharge of around 120 l/s. 

Which consisted of 110 l/s from Reykir and 10 l/s from Reykjahlíð [17]. The temperature in 

these hot springs was in the range of 30-83°C. Gradually these hot springs disappeared with 

further production drilling when the water table declined [19]. Figure 3.3 shows that the 

Reykir area had numerous hot springs on the surface before production started, especially 

Reykir.  
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Figure 3.3 The bottom swarm of black dots shows hot springs in Reykir and the top 

swarm for Reykjahlíð [19]. 

3.1.3 Data for wells in the Reykir area 

The National Energy Authority keeps a database on all wells in Iceland and updates it 

regularly. The database is available to the public and consists of records for all types of wells 

including i.e. cold water production, temperature gradient, research, and hot water 

production holes. Every well has numerous parameters registered, making it accessible to 

compile information for the purposes of building your own datasets for specific wells. 

The wells in Mosfellssveit consists mainly of three series, they are MG-, SR-, and NR-

wells. Additionally, there is HS-wells, which are a series of temperature gradient wells 

drilled widely across the capital area [17]. According to the database, the total number of 

wells drilled in Mosfellssveit area is 145, when including only hot water production and 

temperature gradient wells [20]. The database is not free of errors and is lacking of certain 

parameters for few wells and also has a few ‘miscellaneous’ wells in the total number of 

wells. The majority of errors or lack of parameters appears in the ‘miscellaneous’ wells. 

Which are often named improperly, do not include coordinates or are missing general 
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information. These wells have been excluded. The total number of wells with useful 

information within the model boundary is 119. Figure 3.4 shows these wells and the model 

boundary is represented by the aerial image. The focus in this project will be on the 

production wells series MG, SR, NR and the HS gradient wells. Additionally, there is one 

single well, RL-02(B), which contributes to the rock temperature model. All data for the 3D 

model is also derived from these series. For these well series, reports have been published 

containing stratigraphic data and/or rock temperature estimations (for the SR and NR series 

there are no stratigraphic data available).  

 

Figure 3.4 A map of all wells within the model boundary. MG- and HS-wells are 

labelled. Aerial image provided by RE and map generated by the author. 

3.1.3.1 MG Wells 

This series of 39 production wells were drilled from 1959-1977 by Reykjavík Energy. 

The first two were drilled in 1959 and 1963 and the next was not started until 1970 while 

the focus was mainly on drilling in Elliðaárdalur and Laugarnes in the 1960’s. These wells 
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were drilled with Gufuborinn (Dofri) and were the first deep wells in the area ranging from 

800-2043 m deep [20]. These wells are fitted with submergible turbine pumps to increase 

the water flow. These wells are all currently used for production, excluding MG-1, MG-2 

and MG-28 [15]. The field experienced a cold inflow of groundwater in some wells along 

with a pressure drop in the geothermal system. This led to closing MG-7 and MG-10 and 

extending casings deeper in wells MG-4, MG-17 and MG-23. In general, the wells are 

productive and usually supplying 50-100 l/s of 80-100°C hot water [17]. Figure 3.5 and 

Figure 3.6 below display the active production wells in a schematic way, which summarizes 

the main characteristics of each active well of the MG-series. The importance of these wells 

for this project must be declared. Considering that, the majority of all data is derived from 

these wells. The stratigraphic model is almost entirely built from these wells among with 

few of the HS-wells. 

 

Figure 3.5 The MG-series at Reykir, demonstrating the main characteristics of each 

producing well of the series. The depth of the wells is shown with the depth of 

casings and pumps. The average flow-rate and temperature from 2016 is shown 

within each collar. Additionally the altitude is shown for each well. Modified 

from Ívarsson [21]. 
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Figure 3.6 The MG-series at Reykjahlíð, demonstrating the main characteristics of 

each producing well of the series. The depth of the wells is showcased as well 

as the depth of casings and pumps. The average flow-rate and temperature 

from 2016 is shown within each collar. Additionally the altitude is shown for 

each well. Modified from Ívarsson [21]. 

3.1.3.2 SR Wells 

This series of production wells were drilled from 1933-1947 by RE with a total number 

of 43 wells. The wells were drilled consistently over the 14-year period in Reykir area in 

Mosfellssveit. These wells were free-flowing shallow wells and the first wells to be drilled 

in Mosfellssveit with a depth ranging from 135-621 m [15]. These wells served Reykjavík’s 

district heating system at the beginning of its operation until they were cemented and closed 

in the years 1972, 1976 and 1980 because of cold water inflow. At that time, the MG-wells 

were being drilled among with installation of deep well-pumping systems causing 

drawdown [17]. 

 

3.1.3.3 NR Wells 

This series of production wells were drilled from 1948-1960 by RE with a total number 

of 26 wells in Reykjahlíð in Mosfellsdalur. NR-wells were free-flowing and shallow 

production holes with a dept. ranging 128-473 m [15]. These wells were cemented and 

closed for the same reason as the SR-wells in 1979 and 1980 [17]. 
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3.1.3.4 HS Wells 

The wells in this series are shallow temperature gradient wells that have been drilled 

in and around the capital area. Additionally, they are used to measure the influences of 

production on the water level at the margins and outside of RE’s low temperature sites. The 

first HS-well in the Mosfellssveit region was drilled in 1984 and the last one in 1999. The 

depth of these wells within the Mosfellssveit region ranges from around 65-450 m. This well 

series provides important temperature and stratigraphic data for this project as it supplies 

data for the margins of the models boundary. 

3.2 Geology of Reykir geothermal areas 

The geothermal system in Mosfellssveit is estimated to be a remnant of an older high 

temperature area from 2 million years ago. The former existence of the high temperature 

geothermal area was inferred to be a result of volcanism in the extinct Stardalur volcano [23] 

[17]. Another volcanic system, the Krísuvík-Trölladyngja system, has since started 

developing and is approx. 150-200 thousand years old. The Reykir-area geothermal system 

is believed to be located on the western margin of the active Krísuvík-Trölladyngja volcanic 

system. The volcanic system is interpreted as a fissure swarm that is estimated to be 

stretching from the south of Reykjanes peninsula all the way to Mosfellssveit and even 

further. Björnsson and Steingrímsson [17] suggest that these fissures extend into the 

geothermal systems in Mosfellssveit, affecting the water flow and feeding the system with 

colder water from the south (Figure 3.7). 
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Figure 3.7 A geological map of the Reykjanes peninsula. The Krísuvík Fissure swarm 

is shown on the map, which has been modified by the author in order to show 

the location of the geothermal fields in Mosfellssveit [24]. 

3.2.1 Geological and geothermal characteristics of the Reykir areas 

There are few reports that publishes the effort of compiling available data to construct 

conceptual model of the area and temperature models. These reports were mostly published 

in the 1990’s and at that time, significant data had been gathered. The amount of literature 

about the nature of the geothermal areas was starting to be reliable. 

Main characteristics of the geothermal areas in Mosfellssveit are described in a report 

covering temperature distribution, flow paths and cooling and iso-thermal maps [25]. 

Tómasson suggest that the main characteristics of the geothermal system is a reverse 

temperature profile where hotter water is emerging upwards with a vertical fissure and 

younger phenomenon than the colder water below at greater depths.   

According to Jens Tómasson [25], there are evidences of two main upflow zones, one 

coming from NW and the other from SE. The NW upflow is likely to be in the same direction 

as the NE-SW faults in Helgafell.  

Björnsson and Steingrímsson [17] agrees with Tómasson [25] about the nature of the 

rock temperature for the system. The temperature increases rapidly for the first 200-300 m 

and reaches maximum temperature at 500-600 m depth and slightly decreases down to 

approx. 1600-2000 m depth. At that depth, a constant temperature profile or slight 
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temperature rise is dominant. The lower and colder part is defined by horizontal permeability 

of the rock layers.  

Björnsson and Steingrímsson [17] also presents a temperature model of the geothermal 

system in Reykir and Reykjahlíð. The main components, are that the Krísuvík-Trölladyngja 

fissure swarm is the dominant factor, which controls water streams in the rock. Arnórsson 

[26] agrees that the Krísuvík-Trölladyngja active fissure swarm intersects the plate 

boundaries, which leads to recent fracturing in older crust. Arnórsson suggest that the Reykir 

areas is a result of groundwater convection in these fractures. Björnsson, Thordarson and 

Steingrímsson [27] acknowledges this theory and claims that it is likewise for the other 

geothermal systems located in the capital area. 

Evidence that the Reykir areas are a remnant of the extinct geothermal environment 

of Stardalur Volcano is in the high temperature alteration minerals found in the area. The 

alteration at Reykir can be divided into four periods [28]. The oldest alteration period is 

characterized by high-temperature alteration minerals epidote and chlorite, formed 1.5-2.5 

million years ago. The next period probably formed in the last glaciation, where low-

temperature minerals like laumontite forming at temperature above 120°C is the distinctive 

feature. The third in line is from the end of last glaciation where the alteration indicates 

lower temperature then at present state. Lastly, the present geothermal system with stilbite 

and mesolite as the distinctive alteration minerals. Tómasson [28, 29] presents cross-sections 

of these alteration minerals, which will be discussed in section 3.3.4. 

The geochemical characteristics of the areas are presented in report that summarizes 

changes of different chemical concentration and temperature from the beginning of 

production [30]. The main results are given for both areas individually. During the 

production period, Reykjahlíð area has experienced little or no changes in both temperature 

and chemical concentration, which indicates a state of equilibrium between the water and 

minerals. Additionally, there is no indication of mixing processes with colder water in the 

geothermal system. In contrast Reykir shows mixing of cold water and geothermal waters 

whereas water temperature, silica and fluoride concentration have decreased significantly 

from beginning of production. The evidence is found in changes in concentration of Silica, 

which indicates that cooling in the system is because of cold water inflow. This inflow is 

appearing through fractures in the rock and in downflows from shallow, cooler aquifers in 

unused wells. This water is coming from the south and is constantly spreading further into 

the system; see Figure 3.8. Although there is evidence for cold water mixing, the chloride 

concentration has been stable in the area. Which leads to the conclusion that the inflowing 

colder water and the present geothermal water have similar chloride concentration.  
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 (A)

(B) 

Figure 3.8 (A): The yellow square represents the area in (B), aerial image was provided 

by RE. (B): Silica iso-concentration map at Reykir area with measured values 

from 2004, [30]. 
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3.3 Modelling data 

As briefly mentioned in the introduction of this section the majority of necessary data 

for this project is from professional reports from both RE and NEA or conjoint reports from 

the two organizations. These are series of reports with results from different geological, 

geochemical and geophysical exploration methods. Some of these reports are published as 

first editions as a preliminary results before all data has been evaluated. Later, these reports 

have been re-published with new evaluations or when all data has been inspected and 

reevaluated. An example of this are the reports from [31] and [32] by Jens Tómasson where 

he connected stratigraphic sequences in cross-sections in the two areas Reykir and 

Reykjahlíð. Then later when all related data had been fully analyzed, two new reports [28] 

and [33] where published with new revised stratigraphic sequences and cross-sections. The 

following section will acknowledge all data from reports used in the process of constructing 

a 3D model of the geothermal fields using the Leapfrog Geothermal modelling tool. 

3.3.1 Well data 

The well data was gathered from a public database provided by the National Energy 

Authority of Iceland [34]. This dataset contains general surface information for every well 

drilled in Iceland. The downhole data provided is depth, depth of casing and well orientation. 

The dataset has 13.700 drill hole records. Although, these records are not all of geothermal 

purpose as the dataset contains recordings for different types of drill holes. It contains i.e. 

cold water wells, construction wells, research drill holes, ground electrode holes and many 

other drill hole types. Among those are wells drilled for various geothermal purposes. Each 

well has information of different categories whereas the following categories are the most 

important for this project:  

 Identity number 

 ISN93 Coordinates 

 Well name 

 Well purpose 

 Well depth 

 Regional name  

 Initial drilling date 

 End of drilling date 
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 Well orientation 

The well data is a fundamental part of the modelling phase. It provides a foundation 

that other downhole data like stratigraphy and rock temperature is linked with in the process 

of building the 3D model. Table 3.1 gives a general overview of the well data used for this 

project. 

Table 3.1 Statistical summary of every well series within the models extent, data: [34]. 

Well 

series 

number 

of wells 

max 

depth (m) 

min 

depth (m) 

ave depth 

(m) 

Total 

length 

(km) 

reason drilled 

MG 39 2043 800 1641 64 Hot Water prod. 

SR 43 621 135 351 15.1 Hot Water prod. 

NR 26 473 128 315 8.2 Hot Water prod. 

HS 10 447 67 291 2.9 Temp. Gradient 

RL 1 291 - - 0.3 Hot water prod. 

Total 119 - - - 90.5 
 

3.3.2 Rock Temperature 

For the Leapfrog 3D model, a numerical model was built using data from rock 

temperature estimations, which were derived from actual water temperature measurements 

in the wells in the geothermal areas [17]. Every temperature measurement for each well in 

the Reykir and Reykjahlíð areas and in the vicinity was plotted with depth. From the 

diagrams, the estimated rock temperature was plotted as shown in Figure 3.9. 
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Figure 3.9 Rock temperature curves for every MG-well at Reykir, displaying the 

reverse temperature profile [17]. 

The rock temperature is an estimation on how the temperature in the system would be 

if no drilling or any other alteration had been practiced. Therefore, the unaltered temperature 

curve is called rock temperature. The data from the Björnsson & Steingrímsson (1995) report 

was supplied by RE for this project in spreadsheet format. A dataset was built in applicable 

format for Leapfrog and then used to construct a numerical temperature model with outputs 

for every 10°C from 3.2-10°C then for every 10°C and lastly from 90-100.6°C. 

3.3.3 Stratigraphic sequences and cross sections 

The previously mentioned reports in section 3.3, which consist of data about the 

stratigraphic sequences of the project site, were used to create the stratigraphy for the model. 

Initial individual reports [32] [31] were published for Reykir and Reykjahlíð where 

stratigraphic sections had been simplified and reevaluated from previous work. It must be 

addressed that only the “MG” well series was inspected in these reports and the older well 

series “NR” and “SR” is not part of this work. There is no report available containing 
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stratigraphic analysis for the NR and SR well series. The available stratigraphy data for HS-

Wells is part of the same stratigraphic sequences as the MG-Wells [35] [36]. 

The work method used to generate the simplify the stratigraphy is described in this 

section. Drill cuttings were analyzed in around thousand thin slices and sorted. All 

stratigraphic sections from “MG” wells were reviewed and stratum layers with a thickness 

of 10 m and greater were accounted for. Thinner layers were joined with the layer below. 

These layers are then used to draw cross sections. Further simplification were applied as the 

layers were joined in two main types of stratigraphic sections, either basalts (B) or tuff (M). 

Each of these sections are then given a corresponding number of identification of where they 

appear in the strata. The top basalt sections is given the name B-1 and the lowest basalt 

section is then B-4. Consistently for the tuff section the top layers is given the name M-1 

and the lowest unit M-3 [32] [31]. Further refinement of these sections will be addressed in 

section 3.3.3. The 1993 [31] report covers the Reykjahlíð area and has the advantage over 

the 1992 [32] report that in 1993 all of the thousand thin slices have been examined. 

Therefore, the rock layers are better acknowledged and defined in the 1993 report. 

Additionally another report [28] was published where the work from 1992 for Reykir had 

been revised after all thousand thin slices had been examined. This report contains improved 

cross-sections whilst the description of the stratigraphic sequences remains the same as in 

the 1993 report. Main stratigraphic sequences in the two fields where published in a report 

showing the upper boundaries of each stratigraphic section for each well [33]. The report 

presents the data in tables and from these tables an applicable data sheet was made to build 

the stratigraphy in the Leapfrog model. The stratigraphic model can also be generated from 

drawing surfaces using the cross-sections as reference. However, due to convenience and 

accuracy the tables were used for the model.  In these tables, the stratum is divided in the 

same order for Reykjahlíð as done in the 1993 report. The way that the strata is divided in 

the tables for Reykir is different than originally published in 1992. However, no similar 

tables have been recognized since the report from 1999 [28] was published. An example of 

the tables is showcased in Figure 3.10. 
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Figure 3.10 An example of the tables used to build the 3D stratigraphic model [33].  

 

3.3.3.1 Stratigraphic sequence description 

The following is a description of each stratum layer within the stratigraphic sequences. 

As described in section 3.3.3, the stratigraphic sections are divided into either basaltic (B) 

or tuff (M) sequences. The stratigraphy is described [31] as follows without tracing the 

appearance of each sequence in each well: 

B-1 is the uppermost section and consist mostly of non-porphyritic tholeiitic basalts 

with interbeds of tuff and few thin layers of olivine-tholeiitic basalts. Although B-1 is a 

basaltic sequence, thick layers of tuff are found within the sequence in few wells in the 

Reykjahlíð area. The thickness increases towards the east in Reykir and Reykjahlíð 

M-1 is tuff and appears more or less the same as M-1 in Reykir and it is the first tuff 

section in the stratum. This section is categorized as sedimentary tuff. It reaches the surface 

at the NW part of Reykir and the western part of Reykjahlíð. The thickness gradually 

increases towards the east for both areas. 

B-2 This section is mostly tholeiitic basalts with few continuous layers of olivine 

tholeiitic basalts. The section is interbedded with tuff layers, mostly thinner than 10 m with 

the exception of approx. 100 m thick tuff layer appearing in MG-36. Within this section, 

there are signs of alteration whereas epidote and calcite are present. In general this section 

is similar as B-1. For both areas, this section thickens towards east.  

M-2 is a tuff layer, has similar characteristics as M-1, and classified as sedimentary 

tuff. This layer is thicker at Reykjahlíð than it is at Reykir although it gets about 300 m thick 

in some wells at Reykir. The thickest it gets in Reykjahlíð is approx. 500 m in well MG-19 

in the northern part of Reykjahlíð.  
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B-3 is similar to the basaltic sections above especially for Reykir area with thickness 

between 100-700 m and appears to be the thickest in the eastern most wells. In Reykjahlíð, 

this section appears both as coarse grained basalts and finely grained tholeiitic basalt. The 

coarsely grained part have been identified as dolerite and is thought to be either lateral 

intrusions or even olivine-tholeiitic shield volcano lava flows. 

M-3 is a sedimentary tuff similar as sections M-1 and M-2. The thickness ideally 

varies from 150-300 m and gets thicker in the most eastern part of Reykjahlíð (Helgadalur) 

where it is found to be 500-600 m thick. Basaltic intrusions are found within this section. 

B-4 consists mostly of olivine-tholeiitic basalts among with interbedded tuff layers 

and dykes. This section have not been recognized in Reykir area. This section appears to be 

the thickest in the most western part of Reykjahlíð, where it reaches the thickness of about 

1000 m. In the eastern part of the area, the thickness is only about 100 m. Thin layers of both 

basalts and tuffs also characterize this section, which is identified in most of the drill cuttings 

where the cuttings seem to be very mixed. 

3.3.4 Alteration minerals  

The hydrothermal alteration is presented by J. Tómasson [28, 29] in cross-sections; 

see Figure 3.11, of these alteration mineral zones, which were used to build a 3D 

interpretation of the smectite and epidote-prehnite zones in Reykir areas. The presence of 

epidote and prehnite indicates temperature above 240°C [37] at the time when the area was 

inside the volcanic zone. The 3D interpretation of the alteration is modelled in this study to 

indicate the extent of the previous high temperature zones. These can then be seen in 

comparison to the present temperature state.  
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Figure 3.11 An example of the cross-sections used for 3D interpretation of the 

alteration in the Reykir areas [28], legends modified by author. 

3.3.5 Geochemical data 

Geochemical data is in the minority of data within the model due to a lack of usable 

data. The concentration of silica from different times was plotted in iso-concentration 

contour map. The contour maps were then georeferenced in Leapfrog to generate surface 

overlays to demonstrate the chances in silica concentration from the years 1988-1989, 2002-

2004 and 2009-2017. Silica was chosen with regards to the decrease of silica concentration 

indicating cold water inflow from the beginning of production [30]. The data was provided 

by RE [21]. 

3.4 Summary 

In this chapter the main characteristics of the geothermal system in Mosfellssveit was 

discussed in order to frame the geological setting of the area. Additionally the exploration 

and utilization history was thoroughly reviewed. Lastly, the main aspects of each dataset 

was described. 
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Chapter 4 

4Methods and modelling approach 

This section will briefly discuss the methods used in data extraction and how data was 

chosen for the leapfrog 3D model. The properties of Leapfrog geothermal 3D modelling tool 

will be reviewed and explained. Additionally, the main functions used for the construction 

phase of the model will be reviewed. 

4.1 Leapfrog modelling tool 

Leapfrog Geothermal is the modelling tool used for this project. This software is 

popular in various professions such as mining, geothermal exploration and industries. 

Leapfrog have released different versions for the various users such as Leapfrog Geo, Hydro 

and Works (civil engineering and environment). ARANZ GEO Limited developed the 

software but has subsequently been renamed Seequent. According to the Leapfrog webpage, 

the software is a 3D implicit modelling tool. Implicit modelling is according to Leapfrog’s 

webpage  [38]“Implicit modelling is the fast and automated formation of surfaces such as 

grade, faults and alteration directly from geological data”. The software allows the user to 

build surfaces for various types of geological phenomenon without having to perform 

manual digitization. Essentially Leapfrog is a 3D geological modelling tool which has a vast 

number of possibilities for its users. It is capable of processing data and shapes from 

geographic information systems (GIS) i.e. topographic data, georeferenced images and 

maps. Moreover, its features allows the user to construct three-dimensional models in 

different categories like structural, geological and numerical. Seequent provide academic 

licenses for Leapfrog Geothermal for Reykjavík University student projects and research.  
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4.2 Workflow processes of importing, preparing and 

manipulating the data 

The data used for this project comes from various sources as described before. Certain 

preparation and data manipulation methods were applied in the process of constructing the 

3D geologic/conceptual model. Essentially, there were four types of data imported into 

Leapfrog. The various types of data inputted to construct the model is shown in Table 4.1. 

Table 4.1 Overview of different types of data imported into Leapfrog Geothermal. 

Data Explanation 

Surface  Topography, surface geology map, aerial image  

Well  Lithology/stratigraphy, directional/orientation, 

collar, location, depth 

Well logging Temperature and wellhead geochemical data 

Other  Alteration and stratigraphic cross-sections 

 

Leapfrog reads many different types of data formats and certain types of data must be 

prepared in a specific form for leapfrog to recognize the data properly. Following is a brief 

description of the preparation processes used for each dataset and additionally the Leapfrog 

processing methods:  

First, the general boundaries of the model is determined. The area within the model 

covers all production wells drilled in this region as a part of this geothermal site. The model 

area is given a generous surface extent for incorporating nearby thermal gradient wells (HS-

wells). The reason for including the surrounding thermal gradient wells is to scatter the 

density of the subsurface data. Therefore, the temperature and stratigraphic model has data 

values scattered better over the model extent. Vertically, topography and the depth of the 

deepest wells determine the extents. The vertical extent of the temperature model is 

extrapolated down to 2500 m depth. 

GIS data is imported to Leapfrog using its straightforward GIS data functions. Contour 

lines are added to construct the topography. The contour lines, georeferenced aerial image 

and a geologic surface maps were clipped to the model boundaries.  

Downhole data is imported into Leapfrog in three different files called Collar, Survey 

and Dummy interval. The well dataset is provided by the NEA [20] where all wells drilled 

in Iceland is gathered in one spreadsheet. These datasets were prepared and filtered in Excel 

and imported to Leapfrog as .csv (comma delimited) files. The well dataset builds the 

foundation for all other downhole data by setting the location, depth of wells, 

orientation/direction/azimuth and well name. Afterwards all other downhole data can be 

linked directly to the well name making it easy to work with. In this case, other downhole 
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data is rock temperature and stratigraphic data. 

Constructing Stratigraphic sequences for the model is derived from a report discussed 

in section 3.3.3. An excel .csv spreadsheet was made for the stratigraphy in order to be able 

to import the data into Leapfrog in an applicable format. This file sets the lithology for the 

geologic model. The stratigraphic chronology is defined from the lithology of the geologic 

model. Additionally, a georeferenced geological surface map was added for the purpose of 

correlation of the stratigraphic model and surface geology. 

Numerical interpolant model was built for the rock temperature. The main aspects of 

the rock temperature data was discussed in section 3.3.2. The model is presented in three-

dimensional isothermal surfaces for appropriate interval values using the RBF interpolant 

function in Leapfrog.  

A selection of cross-sections were added to the model for the purpose of supporting 

the primary data of the model. These cross-sections are georeferenced according to the 

surface and at least one point representing the vertical location. These cross-sections are 

from Tómasson [31] and [28] reports where stratigraphic cross-sections for the areas are 

presented. Alteration cross-sections were added to the model for building surfaces for 

epidote and smectite alteration zones. Polylines and structural discs were drawn on the cross-

section, which Leapfrog then interpret as alteration surfaces in 3D. The alteration zones were 

modelled for both Reykir and Reykjahlíð. 

Geochemical data was imported as iso-concentration contour maps for silica generated 

in Surfer from Golden Software [39]. The maps were georeferenced accordingly in 

Leapfrog. 

4.3 Summary 

Now that the main functions and data processing methods have been reviewed, a 

general synopsis of the modelling phase is clear. The model of the geothermal fields in 

Mosfellssveit includes a number of components from data such as stratigraphic sequences 

and a rock temperature model. The following section discusses the result of the modelling.   
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Chapter 5 

5Modelling Results 

In this chapter, the modelling of data described in chapter 4 will be presented in 

various forms of figures and cross-sections. The work showcased here is the product of 

working with the data gathered in this project and how it was used to build a 3D model in 

Leapfrog Geothermal. The new 3D model will be compared to earlier data presentation and 

the correlation between the two will be examined. Furthermore, the challenges of working 

with the available data for this project will be discussed. 

 

5.1 Stratigraphic model 

The stratigraphic sequences are discussed thoroughly in section 3.3.3. The earlier 

presentation of stratigraphic data is in the form of cross-sections and tables. The Tómasson 

[33] report presents the data in tables and from these tables an applicable data sheet was 

made to build the stratigraphy in the Leapfrog model. The following is a result of the 

modelling work done in Leapfrog Geothermal. Figure 5.1 is a general interpretation of the 

stratigraphy for the Reykir areas. 
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Figure 5.1 A general preview of the stratigraphic sequences. The stratigraphy is built 

from using the data from Tómasson [33]. 

The data and literature available only allows one way of reviewing the correlation of 

earlier data presentation and the new 3D model. That is, by setting up a scene where a 

stratigraphic cross-section is displayed within semi-transparent stratigraphic block. In this 

case, Figure 5.2 demonstrate the correlation of a cross-section from Reykjahlíð and the 3D 

stratigraphic model. It must be noted that on the cross-section faults are shown but for the 

3D stratigraphy no faults have been interpreted. It can be seen that the correlation is 

acceptable, represented by the stratigraphic surfaces following the sequences as they are 

drawn on the cross-section. 

 

Figure 5.2 Correlation of a cross-section from Reykjahlíð and the 3D stratigraphic 

block model. 
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Continuing the same theme for Reykir, it is possible to compare the 3D stratigraphic 

data to eight cross-sections while Reykjahlíð only has two. In Figure 5.3 the correlation is 

not as clear as for the one from Reykjahlíð. Firstly, according to the cross-section the B-4 

layer does not appear on it although B-4 is present in this area in the 3D model. The reason 

for this mismatch lies in the fact that the cross-sections [28] were published two years later 

than the tables [33] used to build the stratigraphy for the 3D model. In the cross-sections 

from 1999, B-4 is interpreted as intrusions within the M-3 layer. The tables are based on 

earlier interpretation of the stratigraphy [32] and [31] where B-4 is considered an individual 

layer below M-3. For this project, the stratigraphic tables from 1997 were used to construct 

the stratigraphic model due to convenience of importing interval tables of the stratigraphy 

instead of manually drawing surfaces from multiple cross-sections. Another factor is the 

density of data in a rather small area which could be causing disturbance in the 3D model. 

 

Figure 5.3 Correlation of a cross-section from Reykir and the 3D stratigraphic block 

model. 

5.2 Rock Temperature model 

The rock temperature model was built using the Radial Basis Functions (RBF) 

interpolant in Leapfrog, which uses known data points to estimate unknown data points in 

order to create surfaces [38]. Previous presentation of temperature data is in the form of 

cross-sections showing isothermal contours. Additionally, the distribution of temperature 

was displayed for various depth; Figure 5.4 shows an example of the two. 
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Figure 5.4 An example of earlier presentation of rock temperature [17]. Temperature 

distribution at 200 m depth (left). Cross-section showing isothermal contours 

(right). 

The correlation between earlier data presentation and how the data is presented in the 

3D model is shown in the following figures. In most of the temperature cross-sections, the 

vertical and horizontal scale is different. Therefore, the most promising way estimate the 

correlation is to look at the 3D temperature model and the cross-sections side-by-side. Figure 

5.5 shows the approximate location of each cross-section. The cross-sections are from 

Björnsson & Steingrímsson [17] and it must be noted that some of cross-sections exceed the 

models extent. 
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Figure 5.5 The approximate location of each cross-section and their representing 

cross-section from the 3D temperature model. Aerial image was provided by 

RE. 
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Evidence of reasonable correlation is visible when viewing line 1, Figure 5.6. The 

shape of the highest temperature is pushing upward from the same direction and at similar 

depth. The temperature reaches about 100°C in the northern part of at a depth of 500-1000 

m. While the southern part of the cross-section is much colder. One of the main 

characteristics of the rock temperature in the Reykir areas is reverse temperature profile 

indicating that most of the wells are drilled into a sub-horizontal outflow of the hot water. 

The correlation regarding that matter is clear in Figure 5.6. 

 

 

Figure 5.6 Line 1. Above: A 3D interpretation of the rock temperature for line 1. 

Below: The red square represents the same area in the upper figure [17].
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Line 2 is a cross-section covering both Reykir and Reykjahlíð. Although, the models 

extent is only a small portion of the older cross-section. As seen in Figure 5.7 the reverse 

temperature profile is visible in the 3D cross-section but appears differently than in the older 

cross-section, since the 3D model has to be consistent in three dimensions whereas 2D cross-

sections are not constrained. The maximum temperature peak is stationed in the north-east 

and stretches somewhat to the south. The peak diminishes slightly below the southern 

boundaries of Reykir. 

 

 

Figure 5.7 Line 2. Above: A 3D interpretation of the rock temperature for line 2. 

Below: The red square represents the same area in the upper figure [17]. 
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Continuing the same theme but now for line 3. Now the older cross-section displays a 

much wider area and exceeds the models extent. The Figure 5.8 shows the eastern part of 

Reykjahlíð and the outskirts of Reykir where the temperature appears as shallow high 

temperature peak of 90-100°C at about 300 m depth below both areas. The plunging 

isotherms in the east and west marks the extent of the model where the temperature fades 

out.  

 

 

Figure 5.8 Line 3. Above: A 3D interpretation of the rock temperature for line 3. 

Below: The red square represents approx. the same area in the upper figure 

[17]. 
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Line 4 is presented in Figure 5.9 where the line cuts through the Reykjahlíð. The 

temperature reaches the maximum of 90-100°C right underneath the Reykjahlíð area and 

gets colder near the models extent. The correlation of the two cross-sections can be seen, 

and is reasonable. The hot pockets in the older cross-section are at similar depth as the 

highest temperature in the 3D interpretation. 

 

 

Figure 5.9 Line 4. Above: A 3D interpretation of the rock temperature for line 4. 

Below: The red square represents approx. the same area in the upper figure 

[17]. 
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Lastly, line 5 is a cross-section of the Reykir area, Figure 5.10. This cross-section is 

the only one that does not exceed the models extent and represents approximately the same 

area as the cross-section generated from the 3D model. The temperature peak is penetrating 

upwards and reaches maximum below Reykjalundur, this is clear on both cross-sections. 

The temperature peak penetrating upwards is considered as probable vertical upflow zone. 

 

 

Figure 5.10 Line 5. Above: A 3D interpretation of the rock temperature for line 5. 

Below: The cross-section represents the same area in the upper figure [17]. 
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Another way of displaying the temperature model is where the model is sliced at a 

horizontal plane of certain depth. In that way it is possible to display the rock temperature 

distribution and for different depth. Figure 5.11 (above) displays rock temperature at 500 m 

depth. Evidentially, at that depth the rock temperature reaches its maximum in general for 

Reykir area. For comparison, Figure 5.11 (below) shows the rock temperature at 200 m 

depth. 

 

(a) 

 

(b) 
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Figure 5.11 (a): 3D interpretation of the rock temperature at a depth of -500 m. The 

well labels are visible in order to show where the two geothermal areas are 

located. The figure is north oriented. The upper right swarm of wells is the 

Reykjahlíð area and the lower swarm slightly left of the middle is the Reykir 

area. The HS-wells labelled at the outskirts are the shallow gradient wells in 

the area. (b): 3D interpretation of the rock temperature at a depth of -200 m, 

with well labels excluded. 

5.3 Hydrothermal alteration model 

The hydrothermal alteration zones in Reykir area was discussed in sections 3.3.4. In 

the following section 3D interpretation of the alteration will be presented, Figure 5.12. Two 

individual geologic models were made in Leapfrog for each area. The vertical boundaries 

were extended approx. 250 m below the deepest well in order to interpret the alteration for 

greater depths. The horizontal boundaries are set to incorporate all cross-sections in each 

area. Therefore, the alteration models do not intersect with each other. The intention of 

including alteration mineral zones in the model is it serves the purpose of correlating present 

temperature state and the former high-temperature state.  

 

Figure 5.12 3D interpretation of the alteration minerals, smectite (grey) and epidote-

prehnite (purple). The figure shows the alteration in both areas, Reykjahlíð 

(left) and Reykir (right). 

The alteration and current rock temperature state at Reykir is presented in Figure 5.13. 

The smectite zone is found from the surface to a depth of about 600-700 m. The current rock 

temperature at that depth interval is at range of approx. 0-100°C at Reykir. The smectite 
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indicates much higher temperature or ranging from 150-200°C at this depth when the high-

temperature state was present [37]. 

The epidote-prehnite zone is present at the approx. depth of 800 m and below. The 

current rock temperature at this depth interval is on the range of 80-100°C. Epidote and 

prehnite is known to form in high temperature environment with temperature higher than 

240°C [37]. Thus, this represents a former isotherm dating from approx. 2 million years ago 

when this area was part of the Stardalur volcano. 

 

 

Figure 5.13 Alteration mineral zones at Reykir for epidote-prehnite (purple) and 

smectite (grey). 

The 3D interpretation of the alteration zones at Reykjahlíð appears differently than at 

Reykir. Considering, the amount of data used to build the alteration models is much more at 

Reykir than in Reykjahlíð. Only two cross-sections are available for Reykjahlíð compared 

to eight for Reykir. Therefore, the data interpretation is simpler for the Reykjahlíð Area. 

The alteration and current rock temperature state at Reykjahlíð is presented in Figure 

5.14. The smectite zone is found from the surface to a depth of about 950 m. The current 

rock temperature at that depth interval is at range of approx. 0-90°C at Reykjahlíð. The 

epidote-prehnite zone is present at the approx. depth of 800 m and below. The current rock 

temperature at this depth interval is on the range of 80-100°C.  

With this exercise, we have presented the 150-200°C and 240°C isotherm from past 

geothermal activity, linked to the 1.5-2.5 million year old high temperature environment. 

Other alteration minerals could be added to the model to generate summarized model of the 
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geologic timescale of the Reykir geothermal areas.  

 

Figure 5.14 Alteration mineral zones at Reykjahlíð for epidote-prehnite (purple) and 

smectite (grey). 

5.4 Geochemical data presentation 

The availability of usable geochemical data for 3D interpretation is limited. All 

geochemical data is only in 2D format, namely, the concentration of geothermal chemical 

compounds is gathered from wellhead measurements. It is impossible to reliably know 

which level in the well the silica came from. The resulting value is therefore, only connected 

to the wellhead location without the third dimension. Therefore, the only way of presenting 

geochemical data in the Leapfrog model for this project is to generate surface overlays. 

Consequently, for this project the concentration of silica was plotted and displayed in iso-

concentration contour maps, Figure 5.16. Individual maps were created from samples 

collected from Reykir area in 1988-1989, 2002-2004 and 2009-2017 (all samples from 2016 

or 2017, except from 2 wells from 2009 and 2011). Aradóttir [30] suggest that decreasing 

concentration of silica throughout the production time indicates cold water inflow at Reykir. 

The figure 5.16 shows how the cold inflow is coming from the south-west and stretching 

further into the area represented by the generally decreasing concentraion of silica with few 

exceptions. For the northernmost wells (MG-13, 16 and 25) the concentration is steady or 

slightly decreasing and possibly still not affected by the cold inflow. MG-04 was re-cased 

in 1993 resulting in increasing concentration of silica, however, the last sample collected in 
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2011 indicates decreasing concentration. MG-17 was re-cased in 1992, increasing the silica 

concentration which has since then been stable. Simultaneously, there is no indication of 

mixing processes with colder water at Reykjahlíð. 

 

Figure 5.15 The yellow square represents the area mapped in figures 5.16 A-C. Aerial 

image was provided by RE. 
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Figure 5.16 Iso-concentration contour maps for Reykir, presenting the silica concentration from samples collected in the year 1988-1989 

(A), 2002-2004 (B) and 2009-2017 (C), data: [21]. 
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Chapter 6 

6Conclusion and discussion 

The Reykir areas have been utilized since the 1930’s when the first phase of 

exploration drilling started and in 1943 a pipeline to Reykjavík was been commissioned. As 

the areas were explored and utilized further during the 20th century significant amount of 

reports have been published. The majority of the reports examined for the purpose of this 

thesis, were published by NEA and RE in the 1990’s. These reports provide a detailed 

overview of different geothermal characteristics of the area such as alteration processes, 

stratigraphic and rock temperature models. Reports regarding geophysical and geochemical 

aspects are limited. 

The stratigraphy consists of sequences of basaltic lava flows and tuff formations, 

which is presented, in a simplified model. The most distinctive aspect of the area is the 

reverse temperature profile where hotter water is emerging upwards with a vertical fissure 

flowing over colder water below at greater depths. The temperature increases rapidly for the 

first 200-300 m and reaches maximum temperature at 500-600 m depth and slightly 

decreases down to approx. 1600-2000 m depth. At that depth, a constant temperature profile 

or slight temperature rise is dominant. The lower and colder part is defined by a horizontal 

permeability of the rock layers. Alteration minerals suggest that Reykir area is a remnant of 

earlier high temperature geothermal environment when it was within the volcanic zone, 

which has now cooled. The area is now located on the margins of the Krísuvík-Trölladyngja 

volcanic system. Its fissure swarm is believed to extend into the geothermal systems in 

Mosfellssveit, affecting the water flow and feeding the system with colder water from the 

south. 

This study used the majority available data on the geothermal systems in 

Mosfellssveit. Early data has been interpreted, and updated to a digital format in order to be 

integrated into a 3D model. The main components of the model are presented in this thesis 

and the correlation to earlier presentation of data. Additionally, the modelling approach and 

methods is briefly discussed. 
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6.1 Discussion 

For the first part of this study all related available data was gathered, digitalized, and 

standardized in terms of units and formats. The aim was to ensure that the data was preserved 

by recording it in digital form; to standardize the data such that it could be used alongside 

more recently collected data; and to use all the available data to revisit the conceptual model 

to construct a three dimensional (3D) model of the area. The 3D model was created in 

Leapfrog Geothermal 3D modelling tool. The components modelled in the 3D model is 

limited by the available data possible to format for 3D interpretation. The model consist of 

stratigraphy model, rock temperature, alteration zones and surface overlays for the 

concentration of silica at different times of production.  

The stratigraphic 3D model was built using previously refined stratigraphic sections 

from the available data. The 3D model was compared to earlier data presented in cross-

sections and tables, which proved to be good for Reykjahlíð but not as good for Reykir. The 

possible reason is that the Reykjahlíð area consists of fewer wells than Reykir. The well 

distribution at Reykir is also more complex than at Reykjahlíð. Additionally, only two cross-

section where available for comparison at Reykjahlíð but eight at Reykir. Resulting in a 

much more density of data within Reykir, affecting the correlation of earlier data and the 3D 

model interpretation. The earlier data presentation includes manually interpreted faults, 

which were not included in the model. However, that does not affect the model at all as 

shown in the results. However, the stratigraphy has now been preserved and recorded in 

digital form, which can be beneficial for future modelling work of the area.   

The rock temperature is presented as subsurface isotherms in the 3D model that shows 

good correlation with earlier data. Previous studies states that the key factor characterizing 

the temperature in the Reykir areas is a reverse temperature profile. The reverse temperature 

profile is present in the 3D interpretation and the correlation with older rock temperature 

cross-sections is good. Indicating that most of the wells are drilled into a sub-horizontal 

outflow of the hot water. Other characteristics of the nature of the rock temperature are also 

present in the 3D model. Such as, the main upflow zones and the general location of 

maximum temperature in the system. Although faults were not included in the model, there 

is an orientation of the subsurface temperature that suggest flow in a possible fracture zones. 

Hydrothermal Alteration zones were modelled to serve the purpose of showing the 

former high-temperature environment and to compare it to current temperature state. In 

Leapfrog, the smectite and epidote-prehnite zones were manually drawn in 3D using existing 

cross-sections as reference. The reliability of the modelled alteration zones would increase 
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if well data with the alteration had been available. The results shows the smectite zone 

present in the first 900 m which indicates a former temperature as high as 150-200°C where 

it is currently on the range of 0-100°C. The epidote-prehnite zone is found at greater depths 

which indicates maximum temperature of 240°C or higher where the current temperature is 

80-100°C. With this exercise, we have presented the 150-200°C and 240°C isotherm from 

past geothermal activity, linked to the 1.5-2.5 million year old high temperature 

environment. Other alteration minerals could be added to the model to generate summarized 

model of the geologic timescale of the Reykir geothermal areas.  

The interpretation of geochemical data on digital format is limited because all 

geochemical data is only in 2D format, namely, the concentration of geothermal chemical 

compounds is gathered from wellhead measurements. The resulting value is therefore, only 

connected to the wellhead location without the third dimension. However, the silica 

concentration was plotted on individual iso-concentration maps from samples collected from 

Reykir area in 1988-1989, 2002-2004 and 2009-2017. These maps show a general trend of 

decreasing silica concentration indicating the cold water inflow into the system. Moreover, 

that it is coming from the south and stretching further into the system as the time passes. 

Simultaneously, there is no indication of mixing processes with colder water at Reykjahlíð. 

Additionally, no geophysical data examined in this project is applicable for 3D interpretation 

and therefore, excluded from this study. 

The correlation of the 3D model to earlier data presentation has demonstrated that 

modernizing and digitalizing older data is possible with modern modelling approach. The 

3D model presented in this study gives you a highly visualized and representable, 

lithological and thermal image of the Reykir areas. It is clear, that in order to build a 3D 

model using the available data for a project of this type is challenging. Certainly, this work 

has its future benefits, that is, the work could be continued and new data can be added to the 

model, limited by the capability of Leapfrog. There is sufficient data to extend the scope of 

this work for the whole Reykjavík area since there are other geothermal localities in and 

around the city. All the data gathered and digitalized in the project is now in the same format 

as new data obtained in the future. Furthermore, the 3D model can provide a digital platform 

for future reservoir management of the Reykir area and serve a purpose in securing their 

sustainable future.  
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