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Abstract 

 

Extensive aeromagnetic surveying was initiated by Þorbjörn Sigurgeirsson in 

1968 (Jónsson, Kristjansson, & Sverrisson, 1991). This aeromagnetic data reveals a 

normally polarized band on the Reykjanes peninsula, formed during the Brunhes chron, 

with reversely polarized bands on each side, formed during the Matuyama chron. The 

rocks from the Brunhes chron contain negative magnetic anomalies within positively 

magnetized fissured swarms. These anomalies have been speculated to be due to 

shallow structures like buried hyaloclastite formations or high temperature activity 

destroying magnetite (Kristjánsson & Jónsson, 2017).  

 

Surface magnetic data was collected for four of the geothermal systems on the 

peninsula, including Reykjanes, Eldvörp, Svartsengi, and Brennisteinsfjöll. This data 

was filtered through upward continuation to remove the noise due to surface lavas. The 

surface profiles were then analyzed. A comparative analysis of surface magnetic data 

for the geothermal systems on the Reykjanes peninsula was completed to identify 

similarities of the systems. These were also compared to the existing geological, 

aeromagnetic, and resistivity data for the area.  

 

The surface magnetic data was analyzed and two of the areas showed magnetic 

lows where geothermal activity is observed with intensities ranging from 670 to 1700 

nT. Simple models were created for these two areas to determine the contrast in 

magnetization due to geothermal activity. These models were based off a simple sphere.  

Resistivity data was used to determine the depth to the top of the sources. The radii for 

the spherical models was determined by subtracting the top of the source from the depth 

to the center of the source. These were found to be just over 2000 m for Svartsengi and 

just over 1500 m for Brennisteinsfjöll. The models for Svartsengi and Brennisteinsfjöll 

showed a decreased magnetization between 2.5 and 8.5 A/m. The surface survey data 

for the Eldvörp area did not show a significant magnetic anomaly. Most of the surveying 

for Eldvörp and Reykjanes included shorth profiles that better show short wavelength 

anomalies. The anomalies observed in the surface magnetics were consistent with the 

resistivity and aeromagnetic data for each area. 

 

There are limitations in surface magnetic surveying due to the noise incurred due 



 

vi 

 

to the surface lavas. Upward continuation was applied to reduce some of this noise; 

there is the possibility of losing meaningful data if too much noise reduction is applied. 

In future work, it would be useful to accommodate gridded data over the geothermal 

areas in interest. This way 3D analysis could be performed. This would allow for a map 

showing the entire lateral extent to the anomaly. A more complete picture could be 

gained from drill chip sampling and characterization of magnetic minerals would be 

useful in validating models. 
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Samanburður og greining á segulfrávikum sem tengjast 

jarðhitakerfunum á Reykjanesskaga 

Jillian Verbeurgt 

september 2019 

 
Útdráttur 

 

Umfangsmiklar flugsegulmælingar hófust á Íslandi 1968 fyrir tilstuðlan Þorbjörns 

Sigurgeirssonar (Jónsson, Kristjánsson, & Sverrisson, 1991). Mælingarnar sýna rétt 

segulmagnað berg á ræmu eftir Reykjanesskaga, myndað á Brunhes segulskeiðinu, og 

öfugt segulmagnað berg beggja vegna ræmunnar, frá Matuyama segulskeiðinu. Innan 

ræmunnar frá Brunhes eru segullægðir innan gangnasveima. Tilgátur eru um að þessar 

lægðir séu vegna grynnri móbergsmyndana eða vegna eyðingar magnetíts sökum hás 

hita (Kristjánsson & Jónsson, 2017).  

 

Segulmælingum á yfirborði var safnað frá fjórum jarðhitasvæðum á skaganum, 

Reykjanesi, Eldvörpum, Svartsengi og Brennisteinsfjöllum. Mælingarnar voru síaðar 

til að losna við óæskilegt flökt vegna nálægðar við yfirborðshraun með aðferð sem 

nefnist “upward continuation”. Þessi gögn voru notuð til að greina sameiginleg 

einkenni jarðhitasvæðanna, og einnig voru þau borin saman við jarðfræði, 

flugsegulmælingar og viðnámsmælingar svæðanna. 

 

Við greiningu segulmælinga á yfirborði sáust segullægðir á tveimur af þessum 

jarðhitasvæðum og voru frávikin frá 670 til 1700 nT. Einföld líkön voru gerð fyrir þessi 

tvö svæði til að greina breytingu í segulmögnun bergsins vegna jarðhita. Líkönin 

byggjast á breytingu á segulmögnun í kúlulaga rúmmáli. Viðnámsmælingar voru 

notaðar til að áætla dýpið á efra borð kúlunnar, og radíus kúlunnar er mismunur dýpis 

á efra borð og dýpis að miðju hennar. Radíus kúlunnar fyrir Svartsengi reyndist 

rúmlega 2000 m og fyrir Brennisteinsfjöll rúmlega 1500 m. Líkönin sýna lækkun í 

segulmögnun bergsins um 2,5 til 8,5 A/m fyrir þessi tvö svæði. Yfirborðsmælingar frá 

Eldvörpum sýndu ekki augljóst segulfrávik. Flestar mælilínur frá Eldvörpum og 

Reykjanesi voru stuttar og sýndu aðallega frávik yfir styttri vegalengdir. Segulfrávikin 

mæld á jörðu voru í samræmi við flugsegulmælingar og viðnámsmælingar fyrir hvert 

svæði. 

 

Það eru takmarkanir við yfirborðmælingar á segulsviði vegna truflana frá hraunum 

á yfirborðinu. “Upward continuation” var notað til að draga úr þessum truflunum, en 

of mikil síun getur á hinn bóginn dregið úr markverðum upplýsingum. Næstu skref í 

þessum rannsóknum væru að fá net mælinga yfir jarðhitasvæði, búa til þrívítt líkan og 

þannig fá nánari útlínur fráviksins. Enn betri mynd gæti fengist með greiningu 

borsvarfs og segulsteinda.  
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Chapter 1 

1Introduction 

Iceland is in the ideal location for geothermal energy; it sits atop a hotspot located on 

the Mid-Atlantic Ridge. The Mid-Atlantic Ridge cuts across Iceland trending roughly SW-

NE. A portion of this ridge is referred to as the Reykjanes Ridge, which spans on land in 

Iceland. This area is known as the Reykjanes Peninsula.  

  

The Reykjanes Peninsula is known for several highly active geothermal areas. There 

are five volcanic fissure swarms located on the peninsula. These swarms include the 

Reykjanes swarm, the Grindavík swarm, the Krýsuvík swarm, the Bláfjöll swarm, and the 

Hengill swarm (Jakobsson et al., 1978). 

  

In the past, the peninsula has been investigated thoroughly through geological and 

geophysical analysis, including classical surface mapping, subsurface resistivity 

exploration, as well as aeromagnetic and surface magnetic measurements. To gain a more 

complete picture of the processes occurring in the subsurface, a multitude of analyses must 

be performed. For this investigation, magnetic analysis will be considered.  

  

Iceland has been subject to extensive aeromagnetic surveying initiated by Þorbjörn 

Sigurgeirsson in 1965. These surveys contributed greatly to the extensive knowledge about 

the geology of Iceland and the Reykjanes Peninsula. 

  

This work aims to gain a better understanding of the magnetic anomalies on the 

Reykjanes Peninsula and how these anomalies can be related to geothermal activity in the 

area. Surface data were collected for four of the five geothermal areas: Reykjanes, Eldvörp, 

Svartsengi, and Brennisteinsfjöll. For each of the areas, a comparison was completed with 

the available geologic, aeromagnetic, and resistivity data.
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Chapter 2 

2Magnetic Exploration 

The magnetic method is a passive geophysical exploration technique that makes use 

of the potential field produced by magnetized rocks. Electromagnetism is a phenomenon that 

is ever-present and varies both spatially and temporally (Hinze, Von Frese, & Saad, 2013). 

The magnetic method is a relatively complex potential field method due to the irregular 

localized variations in the magnetic field. The reasons for this complexity can be attributed 

to the dipolar nature of magnetized bodies, the variable direction, and the time dependence 

of the magnetic field (Telford et al., 1990; Blakely, 1995). 

 

The magnetic method is one of the oldest forms of geophysical exploration. The 

magnetic field was utilized early on in human history for navigational purposes. It has been 

known for more than three centuries that the Earth has its own magnetic field and behaves 

as a dipolar magnet with secular variations (Telford et al., 1990). 

2.1 The Magnetic Method 

Magnetism is a product of the motion of electric charges where the spins and orbital 

motion of electrons around the nucleus of atoms couple with the spins of other adjacent atoms 

(Hinze et al., 2013). The dipole is the base of magnetism. Dipoles consist of two poles that 

are charged positively (the north pole) and negatively (the south pole) with an attractive force 

between the two. This can be visualized with a simple bar magnet with the poles centered at 

either end of the bar as in Figure 2.1. 

 

Magnetic forces give basis of magnetic exploration in geophysics. This was first 

explored by Coulomb; his law states that magnetic force can be determined by  

 

 𝐹𝑀 = 𝐶𝑚 (
𝑝1𝑝2

𝑟2
) 

 

 (1) 

where FM, in Newtons (N), is the force on p2 due to p1. p1 and p2 are point magnetic poles of 

strength p (N/T), r (m) is the distance between them, and Cm is a magnetic constant related 

to the magnetic permeability (Hinze et al., 2013). The force between two similar poles is 

repulsive while the force between to dissimilar poles is attractive. 

 

Magnetic forces cannot be determined independently of the property of pole strength, 
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so the quantity of the magnetic field strength is more useful. Magnetic field strength (B) is 

defined as the force per unit pole and has the units of Tesla (T) 

 
𝐵 =

𝐹𝑚
𝑝1

=
𝐶𝑚𝑝2

𝑟2
 

(2) 

 

where 𝑝1 is a fictitious unit pole at the point where B is measured. 

 

2.2 The Earth’s Magnetic Field  

The magnetic method is the study of the variations in the earth’s magnetic field that 

arise from variable magnetization of crustal rocks. The Earth can be simply approximated as 

a bar magnet. Where the geographic north pole is associated with the positive (south) pole 

and the geographic south pole is associated with the negative (north) pole, as outlined in 

Figure 2.1. 

 

Earth’s total magnetic field is the measurable quantity in magnetic surveying. Earth’s 

geomagnetic field can be split into three parts: (1) the main field, which is theorized to be 

produced from movement within the earth’s outer core; (2) a small field, this originates 

outside of the earth and has small effects that vary rapidly; and  (3) weaker external variations 

of the main field, caused by local magnetic anomalies that are close to Earth’s surface 

(Telford et al., 1990; Hinze et al., 2013). 

 

The geomagnetic field is modeled and presented as the International Geomagnetic 

Reference Field (IGRF). The magnitude of the main field is 60 μT at the magnetic poles. The 

minimum field intensity is observed close to the equator at about 25 μT (Telford et al., 1990). 

Figure 2.2 shows the isodynamic map which shows the lines of equal magnetic field intensity 

Figure 2.1 Earth’s magnetic field as represented by a bar dipole. The geographic north pole 

represents the south pole of the dipole while the geographic south is represented by the north 

pole of the dipole. Magnetic current flow lines indicate the magnetic current flowing from 

the positive to negative poles (Hinze et al. 2013) 
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on Earth’s surface in 2015. These values are used to determine the residual field of 

anomalous bodies. In particular, the historical and present total magnetic intensities defined 

by the IGRF on Reykjanes Peninsula can be observed in Figure 2.3. 

Figure 2.2 Total field intensity of the Earth's surface in 2015 developed by NOAA/NCEI 

and CRIES (National Oceanic and Atmospheric Administration, 2019). 
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The minor static effects are the portion of the magnetic field of interest. These minor 

static effects are referred to as anomalies or anomalous fields that can be used to identify 

structures in the subsurface (Hinze et al., 2013). Sources for magnetic exploration cannot be 

resolved at great depths because at depths where the temperature is above the Curie point (~ 

580◦ for magnetite) magnetic minerals lose their remanent magnetization. Therefore, all local 

anomalies are associated with features in the upper crust (Telford et al., 1990). 

 

The orientation of Earth’s main field, as outlined in Figure 2.4, at any point is defined 

by the normal field BN, which can be broken down into the vertical and horizontal 

components, BZ and BH. The horizontal component can be further broken down into its x and 

y components. The normal field strength at a location is defined by 

Figure 2.3 Total magnetic field over the Reykjanes Peninsula calculated for 2019 and 1979 

according to the IGRF. 



6  CHAPTER 2: MAGNETIC EXPLORATION 

   

 

 
𝐵𝑁 = √𝐵𝑋

2 + 𝐵𝑌
2 + 𝐵𝑍

2 
(3) 

 

 

It can be observed, in Figure 2.1, that the horizontal and vertical components of the 

magnetic field vary in magnitude at different locations on the earth. The magnetic field lines 

at the poles are perpendicular to the end of the dipole, therefore at the poles, the magnetic 

field strength is completely composed of the vertical component. The magnetic field lines at 

the equator run parallel to the side of the dipole so it can be deducted that the magnetic field 

strength is composed solely of the horizontal component. As the magnetic field of the earth 

can be generalized as a dipole with the magnetic current going from positive to negative, the 

magnetic field in the northern hemisphere is orientated downward from horizontal, and vice 

versa for the south pole. 

 

The magnetic method is based on the measurement and analysis of perturbations of 

anomalies in the magnetic field caused by lateral variations in the magnetization of subsurface 

minerals. In the investigation for anomalous fields, the total field intensity (BT) and the normal 

field are examined to determine the change in the total field (ΔBT). The totally field intensity 

can generally be expressed as a vector sum: 

 

 
𝐵𝑇
⃑⃑ ⃑⃑  = √𝐵𝑁

2⃑⃑⃑⃑  ⃑ + 𝛥𝐵𝑇
2⃑⃑ ⃑⃑ ⃑⃑⃑⃑  

(4) 

Figure 2.4 Components of Earth´s total magnetic field vector. GN indicates geographic 

north, MN indicates magnetic north, GE indicates geographic east, and EC indicated the 

direction towards Earth´s center. D is declination and I is inclination below horizontal 

(Hinze et al., 2013). 
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2.3 Magnetic Properties of Rocks 

The magnetic properties of earth materials are determined by the vector addition of the 

induced and remnant components as outlined in Equation 5, where M is magnetization, H is 

an applied field, and k is the magnetic susceptibility (Blakely, 1995).  

 

 𝑀𝑇
⃑⃑ ⃑⃑  ⃑ = 𝑀𝑟𝑒𝑚

⃑⃑ ⃑⃑ ⃑⃑ ⃑⃑ ⃑⃑  + 𝑀𝑖𝑛𝑑
⃑⃑ ⃑⃑ ⃑⃑ ⃑⃑  ⃑ =  𝑀𝑟𝑒𝑚

⃑⃑ ⃑⃑ ⃑⃑ ⃑⃑ ⃑⃑  + 𝑘�⃑⃑�  (5) 

 

 

 

Magnetization is determined by magnetic domains and structure of the magnetic 

grains. These are regions of uniform magnetization formed by the alignment of magnetic 

moments of neighboring atoms in a material. The regions separating domains are called 

domain walls, the movement or blocking of these walls is fundamental to the magnetic 

properties of rocks. Materials can have one or more magnetic domains – this property is a 

determinant of the stability of magnetization and magnetic intensity (Hinze et al., 2013). 

 

Natural remanent magnetism refers to the amplitude and direction of magnetization of 

ferrimagnetic material that has been retained from a prior magnetic environment. There are 

multiple ways in which remanent magnetism is developed; thermoremanent magnetization 

is prominent at the geologic setting under investigation. This type of magnetization occurs 

when magnetic minerals are cooled below the Curie point in the presence of an external field 

(Telford et al., 1990). Remanent magnetism gives basis to paleomagnetic studies.  

 

The induced component of magnetization does not occur in the absence of an external 

field. Magnetic moments, outside a field, are randomly orientated, however, in an external 

field such as the Earth’s magnetic field, they are aligned causing a net magnetic moment or 

magnetization (Hinze et al., 2013) Induced magnetization is a function of magnetic 

susceptibility of materials and the magnitude and direction of the ambient magnetic field. 

Magnetic susceptibility is the property that controls induced magnetization and is the ease at 

which a substance is magnetized (Hinze et al., 2013). 

 

The Koenigsberger ratio (Equation 6) gives the relative importance of remanent and 

induced magnetization of magnetic materials.  

 

 
𝑄 = 

𝑀𝑟𝑒𝑚

𝑀𝑖𝑛𝑑
 

(6) 

 

 

Types of magnetization are separated  based on how they react to an external field. The 

types of magnetization include diamagnetism, paramagnetism, ferrimagnetism, and 

ferromagnetism. Table 2.1 outlines the properties for each type of magnetism. 

 

Most minerals that makeup rocks are either diamagnetic or paramagnetic and thus 

attribute little to magnetization. Ferrimagnetic accessory minerals in rocks cause 
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magnetization. These minerals are titanomagnetite, titanohematite, and iron sulfide series of 

solid solutions (Hinze et al., 2013). The most common magnetic mineral is magnetite. It is 

reasonable to classify magnetic behavior based on the content of magnetite in a rock (Kearey 

& Brooks, 2013). 

 

Igneous rocks typically have more magnetite and less ferromagnetic and paramagnetic 

minerals, thus a high susceptibility. Mafic rocks contain greater amounts of iron and titanium 

oxides than felsic rocks and generally have a greater remanent magnetization. Volcanic rocks 

typically have a high Koenigsberger ratio due to the smaller crystalline structure (Hinze et 

al., 2013). 

 

Magnetic anomalies can range in amplitude from tens to several thousand nT. 

Generally, basic intrusions have a magnitude of several hundred nT while magnetite ores can 

have a magnitude of several thousand nT. Common causes of magnetic anomalies include 

dikes, faulted, folded or truncated sills and lava flows, massive basic intrusions, metamorphic 

basement rock, and magnetite ore bodies (Kearey & Brooks, 2013). 

 

Table 2.1 Properties for the four types of magnetism, including the source causing the 

magnetism type, associated with susceptibility, and common minerals characterized by the 

magnetism type (Hinze et al., 2013; Telford et al., 1990). 

Type Source Susceptibility Common Minerals 

Diamagnetism Repulsive forces 

caused by Larmor 

precession of orbits of 

electrons about an 

applied magnetic field. 

k < 0 Graphite, marble, 

quartz, feldspar, 

and halite 

Paramagnetism Attractive forces caused 

by the alignment of 

electron spin moments. 

k ≈ 0 Biotite, pyroxene, 

amphibole, 

olivine, and garnet 

Ferrimagnetism Adjacent magnetic 

domains occurring in 

opposing directions with 

unequal magnetic 

moment in on direction. 

10-6 < k < 1 Magnetite 

Ferromagnetism Quantum-mechanical 

exchange of forces 

among atoms causing 

adjacent magnetic 

moments to orient 

parallel to one another. 

10-6 > k > 1 

 

Iron, cobalt, 

nickel, titanium, 

and chromium 

2.4 Data Collection 

Surface magnetic surveying is used to identify features with shorter wavelengths due to 

anomalies at shallower depths. These surveys are performed over smaller areas. Typical 
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sensitivity required is between 1 and 10 𝑛𝑇 (Telford et al., 1990). 

 

The proton precession magnetometer is often used to measure the absolute total field. It 

consists of a flask filled with hydrogen-rich fluid where the hydrogen nuclei are polarized in a 

direction normal to the Earth’s field. When the polarizing field is removed the protons precess 

around the Earth’s field at an angular frequency known as Larmor precession frequency. The 

magnetic field intensity can be determined by 

 

 𝐵 = 2𝜋𝑣/𝛾𝑃 (7) 

 

Where 𝑣 is the measured precession frequency,  𝛾𝑃 is the gyromagnetic ratio of the proton and 

the factor 2𝜋/𝛾𝑃= 23.487 ± 0.002 𝑛𝑇/𝐻𝑧. Due to the sensitivity of 1 𝑛𝑇, surveying should 

avoid sizable iron-containing objects (Telford et al., 1990). 

2.5 Data Processing 

Magnetic data is generally processed and presented as a set of profiles or as a magnetic 

contour map. These figures present data and express the anomalous field that represents the 

geological source of interest. Magnetic data must be processed to remove extraneous 

variations that result due to the cumulative nature of magnetic data. 

2.5.1 Variation Removal 

Magnetic data contains both temporal and spatial variations that attribute to the total 

intensity. These variations can be attributed to effects from the terrain, natural and man-made 

magnetic sources, geological features, instruments, and planetary sources. Each factor has 

different periods and wavelengths for temporal and spatial variations, respectively. In 

magnetic methods, larger wavelengths are associated with lager crustal sources while shorter 

wavelengths are associated with near-surface sources. It is essential to be careful in removing 

extraneous variations due to the compounding characteristic of magnetic data; one must 

ensure that anomalies of interest are not removed (Hinze et al., 2013). 

 

Spatial variations to be considered in the processing of magnetic data include global 

magnetic variations, magnetic terrain effects, surface, and near-surface effects. To obtain 

meaningful information from the observed magnetic field, the IGRF should be removed 

(Hinze et al., 2013). Magnetic terrain and elevation effects are generally negligible because 

the vertical gradient is only about 0.02 nT/m at the poles (Kearey & Brooks, 2013); however, 

for regions with crystalline rocks and rugged terrain, the effect is substantial and have 

amplitudes that can interfere with anomalies from subsurface sources. The magnetic terrain 

effect of positively polarized rocks can have a positive or negative effect on the anomalous 

field depending on if the terrain is above or below the observation location. If the rocks are 

above the observation site, they will decrease the magnetic field at the site and vice versa. 

The effect is stronger for survey areas with high topographic relief. A method for reducing 

this is low pass filtering to remove high-frequency components. Another method that can be 

used is upward continuation. Surface and near-surface effects must be removed for proper 

anomaly isolation. In aeromagnetic surveying, surface and near-surface effects are muted 
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due to the elevation at which the surveying is being completed and thus are negligible. In 

ground surveying, these effects can be removed manually through smoothing or by removing 

high-frequency components of the anomalous field (Hinze et al., 2013). 

 

Temporal variations to be considered include variations that range in time from 

seconds to days. Methods for removal range from the subtraction of variations in the field to 

highly analytical techniques for aeromagnetic surveys (Hinze et al., 2013).  

 

To reduce the observed data, the characteristics of the anomalies of interest must be 

considered. This includes the anomaly amplitude, the horizontal dimensions, the gradient, 

the associated directional attributes, and correlations with other geophysical and geologic 

data. 

2.5.2 Spectral Analysis 

The direct Fourier transform is used to transform the data from the spatial domain to 

the wavenumber domain. Fourier coefficients are determined using 

 
𝐹(𝑘) = ∫ 𝑓(𝑥)𝑒−𝑖𝑘𝑥𝑑𝑥

∞

−∞

 
(8) 

 

where the angular wavenumber is 

 𝑘 = 2𝜋/𝜆 (9) 

 

This transformation expresses the magnetic field as an integral of sine and cosine 

waves that are each defined by an amplitude 𝐴(𝑘) and a phase 𝜑(𝑘). The amplitude spectrum 

squared gives the power spectrum 𝐴2(𝑘). The amplitude and phase spectra are determined 

using the following equations, respectively (Telford et al., 1990) 

 

 𝐴(𝑘) = √𝑅𝑒[𝐹(𝑘)]2 + 𝐼𝑚[𝐹(𝑘)]2 (10) 

  

𝜑(𝑘) = tan−1 [
𝑅𝑒[𝐹(𝑘)]

𝐼𝑚[𝐹(𝑘)]
] 

(11) 

 

The data, in the wavenumber domain, can then be manipulated by filtering and is then 

transformed back into the space domain by the inverse Fourier transform: 

 

 
𝑓(𝑥) =

1

2𝜋
∫ 𝐹(𝑘)𝑒𝑖𝑘𝑥𝑑𝑘

∞

−∞

 
(12) 

 

2.5.3 Spectral Filtering and Upward Continuation 

Anomaly isolation and enhancement is predominantly executed by spectral filtering. 

The Fourier transform is particularly useful in magnetic analysis for upward continuation 

and general filtering. 
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In the frequency spectrum, wavelength filtering can be performed to suppress and 

enhance certain frequencies. This can be completed through low pass wavelength filtering 

where Fourier coefficients at the desired wave number are omitted. Wavelength filtering 

increases the perceptibility of residual anomalies but can distort anomalies. This must be 

kept in mind in quantitative analysis (Hinze et al., 2013). 

 

Upward continuation can be applied to profiles to estimate the magnetic signature that 

would be measured at a higher elevation than the original observation elevation. This method 

minimizes higher wave-number components, isolating anomalies with shorter wavelengths 

(Hinze et al., 2013). 

 

Upward continuation can be applied in the wavenumber domain, as discussed 

previously. This is completed by multiplying the Fourier coefficients of the measured profile 

by 

 

 𝑒−𝐻|𝑘| (13) 

where H is the change in height of observation (positive in the upward direction), and k is the 

angular wavenumber associated with the coefficient the operator is being multiplied by (Dean, 

1958; Blakely, 1995). 

 

The corresponding spatial filter is defined by the convolution of the magnetic data with 

the weighing function defined by Dean (1958). 

 

 
𝑊(𝑥) =  

1

2𝜋

𝐻

(𝐻2 + 𝑥2)
3

2⁄
 

(14) 

 

2.6 Data Interpretation 

The interpretation of magnetic data is more complex than the interpretation of other 

potential field methods, like gravity. This is because that the method is based on a dipolar 

source, which means the signature is both attractive and repulsive (Hinze et al., 2013). 

 

The interpretation of magnetic data is ambiguous as the magnetic response could be 

the same for numerous different source distributions. Additional data such as geologic or 

other geophysical data should be used to justify magnetic models (Hinze et al., 2013). It is 

important to know the geological characteristics and geophysical variables that are used to 

interpret source characteristics. Magnetic anomalies can often be generalized as a magnetic 

dipole in the form of a uniformly magnetized sphere where the magnetic potential is given, 

by Blakely (1995), as 

 

 �⃑⃑� =
4

3
𝜋𝑟3�⃑⃑�   (15) 
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where the magnetic moment is given by the volume of the sphere multiplied by the 

magnetization. Another notable concept is the magnetic effect of an infinite slab. The 

magnetic field of a horizontal, uniformly magnetized slab is zero and cannot be detected 

through magnetic investigation. If there is, however, a spherical cavity within the slab, the 

sphere will create a notable anomaly identical to that of the magnetized slab, but in the 

opposite direction. This phenomenon is outlined in Figure 2.5. The magnetic responses for 

simple geologic features in Iceland are shown in Figure 2.6. 

 

Geological data, previously existing magnetic data and survey data are used to develop 

a conceptual geologic model where residual anomalies are identified and isolated. Simplified 

inversion techniques are applied to anomalies and a constrained conceptual model is 

constructed. Forward or inverse modeling is performed, and the constrained conceptual 

model is re-evaluated. The physical model is then established and compared to the geological 

model (Hinze et al., 2013). 

 

  

Figure 2.5 Magnetic field due to a spherical cavity within a uniformly magnetized 

infinite slab (Blakely, 1995). 
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Figure 2.6 Magnetic response of typical geologic features. Re-drawn from (Georgsson & 

Jóhannesson, 1979). 
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Chapter 3 

3Geology 

3.1 Iceland Geology 

Iceland is located on the Mid-Atlantic Ridge (MAR), where new crust is continuously 

being formed. The total volcanic pile is 10-40 km thick and covers approximately 350,000 

km2, only 30% of which is above sea level (Thordarson & Larsen, 2007). It is composed of 

basalt (80-85%) and intermediate and silicic rocks (about 10%) with the remaining consisting 

of volcanic sediments There are three main lava types in Iceland which include, compound 

flows of olivine tholeiite, simple flows of tholeiite with little or no olivine, and flows of 

porphyritic in plagioclase (Sæmundsson, 1979). Figure 3.1 outlines the main geologic 

features in Iceland; including plate boundaries, plate boundary types, and the stratigraphic 

ages of rocks in Iceland, increasing in age away from the plate boundaries. 

Figure 3.1 Geological components of Iceland. This includes the major stratigraphic 

subdivisions, primary fault zones, and volcanic zones. Reykjanes Ridge (RR), Reykjanes 

Volcanic Belt (RVB), West Volcanic Zone (WVZ), East Volcanic Zone (EVZ), Northern 

Volcanic Zone (NVZ) (Thordarson & Larsen, 2007). 



3.1 ICELAND GEOLOGY  15  

  

 

 

The stratigraphy in Iceland is divided into four epochs: Tertiary, Plio-Pleistocene, 

Upper Pleistocene, and Holocene or Postglacial (Sæmundsson, 1979). The maturity of the 

rocks formed in Iceland increase with the distance from spreading zones. The stratigraphic 

table is outlined in Figure 3.2, including the modification with the local nomenclature. The 

Tertiary epoch encompasses rocks that are older than 3.3 million years. The Plio-Pleistocene 

epoch, which includes the Upper Pliocene and Lower Pleistocene, began 3.3 Ma ago and 

ended 0.8 Ma ago. Upper Pleistocene encompasses rocks from up to 0.8 Ma ago up until the 

beginning of the Postglacial period. The Postglacial period began 11,500 years before present 

and encompasses rocks up to present day (Sigmundsson, 2006).  

 

 

Figure 3.2 Stratigraphic timetable, inclining the commonly used version in Iceland. 

Redrawn from (Sæmundsson, 1979). 
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Figure 3.4 Map outlining the neovolcanic zone and the rock ages formed in Iceland. 

Redrawn from Pálmason & Saemundsson (1974) and modified to include the volcanic zone 

type according to Sigmundsson, et al. (2018). 

Figure 3.3 Post glacial lava flows in Iceland (Sigmundsson , 2006). 



3.2 REYKJANES PENINSULA GEOLOGY  17  

  

The tectonics in Iceland are controlled by the movements of the Eurasian and North 

American plates. The neovolcanic zone cuts through Iceland, as outlined in Figure 3.4. This 

zone can be divided based on the amount of spreading. Volcanic flank zones are associated 

with little or no crustal spreading. The volcanic rift zones are associated with considerable 

spreading. The rifts zone in the north of Iceland is very simple and becomes more complex 

in the south where it branches into eastern and western sections. The western section is 

divided into the Hofsjökull Volcanic Zone, the Western Volcanic Zone, and the Reykjanes 

Peninsula Oblique Rift. The volcanic zones are separated based on the differences in strike, 

boundary type, and other defining characteristics (Sigmundsson et al., 2018). 

3.2 Reykjanes Peninsula Geology 

The Reykjanes Peninsula has been an active spreading zone since 6-7 million years 

ago. It is considered an onshore continuation of the Mid-Atlantic Ridge (Sæmundsson, 

1979). The peninsula is composed of basaltic rocks with no occurrence of intermediate or 

acidic rocks west of 21o11’ (Jakobsson et al., 1978).  

 

The Reykjanes Peninsula is covered, almost completely, with rocks formed during the 

Holocene/Postglacial epoch. Surface rock on the western part of the peninsula was formed 

during the Brunhes chron. Some key characteristics of this epoch include fresh lava flows 

that have not been subject to glaciation, pyroclastic rocks, as well as sediments and soils 

formed after deglaciation (Sigmundsson, 2006). Figure 3.3 outlines the prehistoric and 

historic lava flows formed during the postglacial time. These lava flows correspond with the 

previously defined neovolcanic zone.  

 

Reykjanes Peninsula is in the SW region of the neovolcanic zone. This zone differs 

from the other volcanic zones because it is oblique to plate spreading. The Reykjanes 

Peninsula holds five volcanic fissure swarms, identified by Jakobsson, et al. (1978), that are 

arranged en echelon and outlined in Figure 3.5. These swarms include Reykjanes, Grindavík, 

Krýsuvík, Bláfjöll, and Hengill. Each of these swarms have eruption fissures that dominate 

their central axis and are observed to be built by a shallow graben. They are each associated 

with high-temperature geothermal systems of various sizes (Jakobsson et al., 1978).  

 

The geothermal areas of interest in this study include Reykjanes, Eldvörp, Svartsengi, 

Krýsuvík, and Brennisteinsfjöll. From extensive studies of the Svartsengi, Eldvörp and 

Reykjanes fields, it can be noted that they exist in the same tectonic environment and the 

hydrological conditions are similar for all the systems (Gudmundsson & Thorhallsson, 

1986). 
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3.2.1 Reykjanes 

The Reykjanes high-temperature field is the westernmost geothermal area on the 

Reykjanes peninsula. There are two predominant types of landforms found in the area. These 

are formed either through subaerial or subglacial volcanism. The subaerial landforms include 

shield volcano eruptions that lead to smooth topography in the rift zone floor. The subglacial 

landforms include high and narrow hyaloclastite ridges and steep table mountains (Dietze et 

al., 2011). 

 

The surface geology for this area is characterized by different basaltic products. The 

most predominant features in the area include Pleistocene basalts, subglacial hyaloclastite 

ridges, and post-glacial lava flows (Klein et al., 1976). Figure 3.6 shows the geologic map of 

the Reykjanes area. This area is dominated by post-glacial lavas of various ages with 

hyaloclastite ridges running through the center of the area, parallel to the active spreading 

zone. These products include postglacial and historic tholeiitic fissure eruptions and shield 

lava, picritic shield lava with intercalations of pillow basalt and hyaloclastite (Dietze et al., 

2011). 

 

The stratigraphy for two wells in the Reykjanes geothermal field shows that there are 

four distinct units. Subaerial lava flows interbedded with tuff layers underlain by pillow 

basalt dominate the first 120 m of the subsurface. The next section, from 120 – 470 m depth, 

Figure 3.5 Active volcanic systems on the Reykjanes Peninsula. Five distinct fissure swarms 

are outlined: Reykjanes, Grindavík, Krýsuvík, Bláfjöll, and Hengill. Redrawn form 

(Jakobsson, et al., 1978) 
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is dominated by hyaloclastite tuff formations interbedded with 30 m thick lava units. From 

470 – 970 m depth reworked tuff is present with a 130 m thick pillow basalt formation. Below 

970 m depth, the subsurface is dominated by crystalline basalts (Dietze et al., 2011). There 

is a low intrusive rock density (about 5-30%) observed in the area, indicating immaturity of 

the Reykjanes system (Fridelifsson et al., 2003). 

 

The structural and tectonic features in this area include faults and fissures that strike 

NE SW arranged in a sinistral en echelon pattern when considered over the whole peninsula 

(Klein et al., 1976). Subvertical dikes are observed striking NE-SW, following the dominant 

trend on the entirety of the peninsula.  

Figure 3.6 Geologic map of the Reykjanes area. Clipped from (Sæmundsson et al., 2010). 
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3.2.2 Eldvörp 

Eldvörp is a high-temperature field with temperatures of up to 265oC (De Freitas, 

2018). From approximately 2100 to 2500 years ago intense volcanic activity occurred in the 

2.5 km wide zone centering the Eldvörp fissure line (Franzson, 1987). Figure 3.7 outlines 

the major geological features for Eldvörp. This area is composed predominantly of 

postglacial lava flows of various ages. There is a chain of dominant craters that is of interest. 

 

The subsurface geology for the Eldvörp area is identified using exploration well EG-

2. The sequences observed in this well are easily correlated with the stratigraphic sequence 

of wells from Svartsengi. The section from this well is entirely composed of two types of 

basaltic rocks: accumulative volcanic and intrusive rocks. The former composes 75% of the 

Figure 3.7 Geologic map of the Eldvörp area. Clipped from (Sæmundsson et al., 2010). 
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section and is divided into subaerial lava sequences intersected by hyaloclastite horizons. 

Most of the intrusive rocks occur in the uppermost part of the section (Franzson, 1987). 

 

The intrusive rocks can be divided into three petrographically distinct groups. The first 

group and most dominant is dolerite found in three locations in the section at 150-400 m, 

600 m, and near the bottom of the well. This group has clinopyroxene and magnetite. The 

next group was identified as the feeder of the Eldvörp eruption. The third group is a fine-

grained basalt intrusion that is found in two places near the bottom of the well (Franzson, 

1987).  

 

The mineral alteration was determined for the well with an intense alteration stage in 

the upper half were quartz, albite, chlorite, and illite are found, indicating temperatures about 

200oC below 100 m. In the section at 125 m, a direct transient from smectite to chlorite 

occurs indicating temperatures above 230oC. From 440 – 500 m there is a disappearance of 

chlorite that could indicated a temperature reversal. The lower chlorite zone reaches 640 m 

where epidote appears, indicating a temperature of 250oC. In the lower part of the well 

between 1000 – 1200 m wollastonite, amphibole, and garnet appear inferring temperatures 

above 280oC (Franzson, 1987). 

3.2.3 Svartsengi 

The Svartsengi geothermal field is a high temperature, liquid dominated system with 

temperatures ranging from 235-240oC. The reservoir is characterized by extensive fracturing 

and high permeability (Gudmundsson & Thorhallsson, 1986). 

 

This area consists of basaltic lava series separated by distinct hyaloclastite horizons 

(Franzson, 1990). Surface geologic units include pillow lava piles, hyaloclastite table 

mountains, lava flows, and crater rows. Figure 3.8 shows the geologic map for the Svartsengi 

area. Akin to the other areas, there are many postglacial lavas of various ages that cover this 

area, however, there are larger hyaloclastite ridges in this area with basaltic caps. There are 

many hyaloclastite layers, 100 m in thickness, scattered throughout the stratigraphic profile 

for the area with one larger layer between 300-600 m depth. This is believed to act as a cap 

rock for the geothermal system. Intrusive in the profile include dikes and sills and are located 

below 800 m depth (De Freitas, 2018). 

 

The faults and fractures in this area mainly strike NE-SW (30-40o) which are 

responsible for many graben structures in the area. Two other groups of fractures strike 

NNW-SSE and N-S (0-20o) (Franzson, 1990; Pullinger, 1991). These fault systems originate 

from the same stresses associated with spreading of the MAR and are thought to be from 

around the same time (Pullinger, 1991). The N-S and NNW-SSE striking faults are directly 

related to the narrow seismic zone caused by left lateral stresses resulting from oblique 

spreading along the Reykjanes segment of the ridge (Klein, et al., 1976). All the fractures in 

the area have a near-vertical dip, attributing to the high permeability of the reservoir 

(Gudmundsson & Thorhallsson, 1986). 
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The hydrothermal alteration for the Svartsengi area is low regarding surface 

manifestations, however, they can be categorized as high, medium, and low-intensity 

alteration zones. The highly altered zone is characterized by fossil fumaroles. The medium 

and low alteration zones are characterized by the presence of opal and/or aragonite to 

different degrees (De Freitas, 2018). The alteration in the upper part of the system indicates 

the fractures are major hydrothermal flow structures (Franzson, 1990). 

 

Figure 3.8 Geologic map of the Svartsengi area. Clipped from (Sæmundsson et al., 2010). 
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3.2.4 Krýsuvík 

The Krýsuvík geothermal system is located on the southwest side of Kleifarvatn lake 

on the Reykjanes peninsula. This area is 40 km long and 6-8 km wide. Krýsuvík stands out 

from the other geothermal areas on the Reykjanes peninsula because of its size and the varied 

volcanic phenomena in the area (Hersir, 2018). 

 

The lava flows in the Krýsuvík area have been mapped extensively. These include 

three postglacial lava flows from the table mountains in the east of the area, many outcrops 

of glacially eroded lavas that may be from the interglacial period, lavas that are upper 

Pleistocene in age, and postglacial lavas of the aa and pahoehoe type (Morales, 1992). The 

geologic map, shown in Figure 3.9, is vastly different from the maps for the previously 

Figure 3.9 Geologic map of the Krýsuvík area. Clipped from (Sæmundsson et al., 2010). 
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discussed areas. This area has large hyaloclastite ridges across the area, large interglacial 

lava flows covering the surface, and a lesser amount of postglacial lavas.  

 

Normal faults and open fissures of a NE-SW strike area common in this area, similar 

to the other areas on the Reykjanes peninsula. The northeastern end of the fissure swarm is 

found in Upper Pleistocene interglacial lava formations and has the highest degree of 

fracturing while the remainder of the fissure swarm is emplaced in glacial and postglacial 

formations (Morales, 1992). Regionally, this area can be identified as a complex graben 

structure with Geitahlid and Kistufell acting as a horst structure to separate the next fissure 

swarm of Brennisteinsfjöll (Morales, 1992). 

 

Hydrothermal alteration in the Krýsuvík area is extensive, with 50 – 60 km2 of low-

grade alteration found on the surface; high-grade alteration is mainly found concentrated 

around the fissure swarms (Hersir, 2018). Some of the geothermal manifestations in the area 

include highly altered clay zones, thinly filled veins, boiling springs, warm soils, 

hydrothermal explosion craters, and mineralized waters (Morales, 1992). The three 

hydrothermal alteration grades can be identified as low, with yellowish hydrothermal 

alteration that mainly affects the hyaloclastite with some occurrence of filled veins; medium, 

with hydrothermal alteration affecting more than 50% of the rock volume appearing in 

yellow and brown colouring; high, identified by 100% alteration of the rock and commonly 

found filled veins with occurrences of carbonates, sulphur, pyrite, quartz, opal, and gypsum 

(Morales, 1992). 

3.2.5 Brennisteinsfjöll 

Brennisteinsfjöll is the least touched high-temperature geothermal system on the 

Reykjanes peninsula. The formations in this area have been developing since the last ice age, 

about 10,000 years ago. The major formations around Brennisteinsfjöll are volcanic tuffs and 

lava ridges formed from subglacial eruptions (Torfason & Sigurgeirsson, 2001). 

 

The formations at Brennisteinsfjöll are all basaltic in composition. These were formed 

during the Brunhes magnetic epoch and are therefore associated with normal magnetic 

orientation. Based on the strata visible on the surface compared to other areas, it can be 

assumed that a borehole in this area could be comparable to that of boreholes drilled in the 

Krýsuvík or Svartsengi areas (Torfason & Sigurgeirsson, 2001). The geological map for the 

Brennisteinsfjöll area is shown in Figure 3.10. The central part of this area is mostly covered 

by postglacial lavas and lava shield with larger hyaloclastite deposits found towards the NE 

and SE. Many craters are present, occurring in rows parallel to the faulting that trends SW-

NE.  

 

An important classification of the volcanic area is the mapping of tectonic movement. 

The lavas in this area are virtually undisturbed and there has not been major movement in 

the area for approximately 1000 years (Torfason & Sigurgeirsson, 2001). The fracture 

movement is analyzed based on if it affects the modern lava in the area. The individual 

fractures are almost all oriented in a NE direction, parallel to the MAR. Within the 

geothermal area, the fractures are oriented more in the N direction (Torfason & 

Sigurgeirsson, 2001). The orientations of the fractures and fissures are characteristic of the 
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fractures on the Reykjanes Peninsula as demonstrated in the previous discussion of each area. 

 

The geothermal manifestations in the area cover less than 1 km2. These manifestations 

are almost entirely water with little gas. These manifestations have an associated temperature 

of up to 98 oC (Torfason & Sigurgeirsson, 2001). 

3.3 Geothermal 

In Iceland, geothermal energy has been widely utilized. Applications include house 

heating, greenhouse farming, and power generation. Geothermal energy can be defined, 

Figure 3.10 Geologic map of the Brennisteinsfjöll area. Clipped from (Sæmundsson, et 

al., 2010). 
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simply, as thermal energy that is created and stored within the earth. Geothermal energy can 

be derived from areas with normal to abnormally high geothermal gradients. These high heat 

gradients are usually caused by volcanic systems associated with plate boundaries but can 

also be found in areas with high heat flux. The area of geothermal activity can be referred to 

as the geothermal field, system, and reservoir. These terms are defined by Kristján 

Saemundsson et al. (2013). Geothermal field refers to the surficial area where geothermal 

activity is found. This can be a surficial projection of where the geothermal reservoir is 

located. This is a geographical definition of the geothermal activity. Geothermal system is 

an all-encompassing term for the hydrological systems that is included in geothermal 

activity. This includes the recharge zone, all outflows, and subsurface aquifers. Geothermal 

reservoir refers to the components of the systems that can be directly exploited. These areas 

are the hot and permeable components of the geothermal system. 

 

Geothermal reservoirs can be classified based on their temperature, enthalpy, and state. 

Table 3.1 outlines the classification for each of the mentioned characteristics. 

 

Table 3.1 Geothermal reservoir classification (Saemundsson, 2013). 

Temperature Enthalpy Phase 

Low-temperature: 

reservoir temperature 

below 150 oC at a depth 

of 1 km. 

Low-enthalpy: reservoir 

fluid enthalpies less than 

800 kJ/kg and 

temperatures less than 

~190oC 

Liquid-dominated: in the 

reservoir, temperatures are found 

to be equal to or less than the 

boiling point at the associated 

pressure. Some vapour may be 

present. 

Medium-temperature: 

reservoir temperature 

between 150 - 200 oC at 

a depth of 1 km. 

High-temperature: 

reservoir temperature 

above 200 oC at a depth 

of 1 km. 

High-enthalpy: fluid 

enthalpies greater than 

800 kJ/kg. 

Two-phase: in the reservoir, 

vapour, and liquid co-exist. This 

indicates that the temperature and 

pressures follow the boiling point 

curve. 

Vapour-dominated: in the 

reservoir, the temperature is equal 

or greater than the boiling point at 

the associated pressure. Some 

liquid may be present 

 

3.3.1 Geothermal Areas 

The geological setting in Iceland allows for both high and low-temperature geothermal 

fields. The major geothermal fields in Iceland are identified in Figure 3.11. The five main 

exploited high-temperature systems include Svartsengi, Reykjanes, Nesjavellir, Krafla, and 

Námafjall (Ármannsson et al., 2000) 
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The area of interest in this study is the Reykjanes Peninsula. This peninsula is the host 

of five geothermal areas: Reykjanes, Eldvörp, Svartsengi, Krýsuvík, and Brennisteinsfjöll.  

3.3.2 Magnetization in Geothermal Areas 

The magnetization that is initially imprinted on rocks when they are formed can be 

significantly altered in the presence of the heat and percolating geothermal fluid associated 

with geothermal systems. The minerals that are responsible for magnetization are titano-

magnetite, titano-hematite, and iron sulfide series of solid solutions (Hinze et al.. 2013), 

while the most common magnetic mineral is magnetite (Kearey & Brooks, 2013). These 

minerals lose their magnetization when they are heated to a certain temperature, called the 

Curie point temperature. The Curie point temperature is approximately 580oC for magnetite 

containing rocks (Telford et al., 1990). Hydrothermal demagnetization can occur in 

geothermal areas. This causes a negative magnetization contrast (Soengkono, 2016). It can 

be hypothesized that because there are higher temperatures closer to the surface in 

geothermal fields, magnetic surveying in a geothermal area would reflect a reduced magnetic 

field around past or present geothermal activity. Re-magnetization can also occur in 

hydrothermal areas due to pyrrhotite being deposited in the system, however, it does not 

occur often and is usually neglected (Soengkono, 2016). 

  

Figure 3.11 Geothermal fields located in Iceland (Ármannsson et al., 2000) 
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Chapter 4 

4Resistivity Analysis 

Extensive resistivity surveying has been completed for each of the geothermal systems 

on the Reykjanes peninsula. Resistivity is the primary method used in mapping subsurface 

hydrological systems and is thus useful in delineating geothermal systems. This surveying is 

done in the form of electrical resistivity tomography (ERT) or transient electromagnetics 

(TEM). The resistivity structure of a geothermal system in Iceland is characterized by an 

upper boundary in the form of a low-resistivity cap that transitions into a highly resistive 

core. This structure is defined in terms of the temperatures associated with alteration. The 

low-resistivity cap is associated with temperatures of 50-100°C and the high-resistivity core 

is associated with temperatures of 230-250°C (Arnason et al., 2000).  A summary of the 

resistivity analysis is provided in Table 4.1. 

 

The three westernmost geothermal areas (Reykjanes, Eldvörp, and Svartsengi) have 

been investigated in the same studies, due to proximity and similarities in the systems. 

Georgsson & Tulinius (1983) performed approximately 200 Schlumberger geo-electric 

soundings in these areas, of which two-thirds focused on shallower soundings with the 

remainder focusing on deeper soundings. The resistivity layers were found to be consistently 

horizontal, correlating to the geo-hydrological systems. Resistivities associated with ”dry” 

lava were found to be 5000 -25,000 Ωm, the freshwater lens was found to have resistivities 

of 300 - 3000 Ωm, rock penetrated by cold saline water had an associated resistivity of 6-15 

Ωm, while rock penetrated by hot saline water had an associated resistivity of 2-5 Ωm. 

Investigation from Georgsson (1981) shows resistivity lows around each of the three 

geothermal systems, as seen in Figure 4.1. Figure 4.2 shows the resistivity contours for these 

three areas determined with TEM-resistivity, by Karlsdóttir (1997), at a depth of 800 m 

below sea level. The Reykjanes geothermal system at this depth consists entirely of the high-
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resistivity core. The other high resistivity core in the Svartsengi area. 

 

Figure 4.2 Top: Resistivity contours for at 800 m below sea level for the Reykjanes, 

Eldvörp and Svartsengi geothermal areas redrawn from Karlsdóttir (1997). Bottom: TEM-

resistivity structure with depth (Karlsdóttir, 1997). 

 

Figure 4.1 Resistivity contours for 800 m below sea level for the Reykjanes, Eldvörp, and 

Svartsengi areas from surveying completed by Georgsson & Tulinius (1983). 
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Surveying in Krýsuvík was performed by Arnórsson, Bjornsson, Gislason, & 

Gudmundsson (1975), where 70 Schlumberger soundings were executed to estimate the 

resistivity in this geothermal area. The surface layers, as stated before, have a very high 

resistivity with very low occurrences (about 10 Ωm) where surface alteration is present. The 

resistivity decreases rapidly with depth. The resistivity contours for a depth of 600 m below 

sea level are presented in Figure 4.3. The two areas where the resistivity is observed to be 

less than 10 Ωm both coincide with the crests of hyaloclastite ridges and these lows may 

represent two major zones of thermal up flow (Arnórsson et al., 1975). 

 

Later magnetotelluric (MT) surveying was completed by Hersir, Árnason, & 

Vilhjálmsson (2013) where the resistivity contours show a much more complex pattern for 

the area. Resistivity contours for this investigation are presented in Figure 4.3. The 

subsurface resistivity structure for this area is shown in Figure 4.4 

 

Figure 4.3 Left: Resistivity contours at 600 m below sea level for the Krýsuvík 

Geothermal area modified from (Arnórsson et als., 1975). Right: MT Resistivity contours 

at 800 m below sea level for the Krýsuvík Geothermal area modified from Hersir, Árnason, 

and Vilhjálmsson, 2013. 
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Brennisteinsföll is the easternmost geothermal system in the area. Surveying of this 

and the surrounding area was executed by Karlsdóttir (1995). The results of this survey can 

be analyzed similarly to those of the previous areas, with a contour map of the resistivities 

and 700 m below sea level.  Figure 4.5 shows a high-resistivity core located in the center of 

the area. The resistivities are lower in the center, consistent with the general structure of a 

high-temperature geothermal field and increase further away from the center. 

  

Observations about the resistivity structures of each of the geothermal systems include 

that they each are characterized by the resistivity structures expected for high-temperature 

geothermal systems in Iceland outline by Arnason, et. al. (2000). The depth to the highly 

resistive core is observed to increases to the east due to the topography on the peninsula. 

Figure 4.5 Left: TEM-Resistivity contours for at 700 m below sea level for the 

Brennisteinsfjöll geothermal area. Right: TEM-resistivity structure with depth (Karlsdóttir, 

1995) 

Figure 4.4 Resistivity cross-section for the Krýsuvík area (Hersir et al., 2013). 
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Table 4.1 Summary of resistivity analysis for the geothermal areas on Reykjanes peninsula 

 Method Approximate 

depth to core 

from surface 

[m] 

Approximate 

extent of core 

at 700 - 800 m 

b.s.l.  

Notes 

Reykjanes ERT & TEM - 

resistivity 

200 6 km2  

Eldvörp ERT & TEM – 

resistivity 

350 24 km2 Connection 

between 

Eldvörp and 

Svartsengi 

Svartsengi ERT & TEM -

resistivity 

400 

Krýsuvík MT 750 28 km2  

Brennisteinsfjöll TEM- 

resistivity 

700 6 km2  
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Chapter 5 

5Magnetic Surveys 

5.1 Metadata 

The data available for this study includes aeromagnetic data covering the Reykjanes 

peninsula and Faxaflói bay. Surface magnetic data exists for four of the geothermal areas on 

the Reykjanes peninsula – Reykjanes, Eldvörp, Svartsengi, and Brennisteinsfjöll. The 

magnetic data available for Krýsuvík includes the aeromagnetic data at 900 and 400 m as 

well as complex surface data, partly due to topography. The Krýsuvík area will not be 

discussed further. All the survey lines can be observed in Appendix A. New data was 

collected as part of this study for the Brennisteinsföll area. 

5.1.1 Aeromagnetic Data 

The aeromagnetic data provided was collected between 1968 and 1991 by various 

scientists from Iceland: Þorbjörn Sigurgeirsson, Leó Kristjánsson, Marteinn Sverrisson, and 

Geirfinnur Jónsson. The survey lines for all the aeromagnetic data are shown in Figure A.1. 

These survey lines were all at flight altitudes of approximately 900 m, with variations due to 

mountains. An exception of this flight altitude is the survey lines off the southern shore of 

the Reykjanes Peninsula, where the flight altitude was approximately 600 m. There were, 

previously, no attempts made to correct for the differences in altitude. The lines for each 

survey were taken at a line spacing of 3 to 12 km, with the most common spacing of 6 km. 

These aeromagnetic surveys are summarized and discussed by Kristjánsson & Jónsson 

(2017). 
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The data provided included X and Y coordinates using the ISN 93 Lambert Conformal 

Conic projection system and the total magnetic intensity measurements in nT. In this study, 

the data was contoured to obtain the magnetic patterns on the Reykjanes peninsula, like that 

of Kristjánsson & Jónsson (2017) and presented in Figure 5.1. This data shows a positively 

magnetized zone along the spreading axis, produced during the Brunhes chron. Lower or 

negative intensity spots of interest are observed in this zone. These spots seem to correspond 

with areas of geothermal activity on the peninsula. 

5.1.2 Reykjanes Data 

Surface profiles used for investigation of the Reykjanes geothermal area were 

extracted from the profiles collected by Dietze et al. (2011). This includes three profiles that 

trend NW-SE and run across the tip of the Reykjanes Peninsula. Each of the profiles was 

reported to have measurements taken every 15 m. These profiles are outlined in Figure 

A.2Figure A.3. 

5.1.3 Eldvörp Data 

 

The Eldvörp data was collected as part of M.Sc. thesis project as part of the REYST 

program at  Háskólinn í Reykjavík by Atkins & Auðunsson (2013). The instrument used in 

this fieldwork was the GSM-19T Proton Magnetometer by GEM Systems. There is a total of 

11 profiles where measurements were continuously taken, every two seconds. The data 

Figure 5.1 Interpolation of aeromagnetic data from (Kristjánsson & Jónsson, 2017). 
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collected for the Eldvörp area was obtained in 2012 over four non-consecutive days. 

 

The first two profiles taken during surveying were used as a test to familiarize with the 

equipment and thus will be excluded from the analysis in this investigation. Seven shorter 

profiles were measured in the area of interest. These profiles are 1-2 km in length except for 

profile K that crosscuts the N-S profiles and is 2.5 km long. The profiles in this area are 

outlined in Figure A.2B. 

 

Two long profiles were taken to gain a general understanding of the magnetics in the 

area. Profile C, in Figure A.2A, is 17 km in length starting in Ásbrú and ending on the 

southern coast of the Reykjanes Peninsula. While this profile was being recorded there was 

a total magnetic disturbance of 205 nT, as recorded by the Leirvogur Magnetic Observatory 

in Iceland. This disturbance will be considered in the processing of the magnetic data. Profile 

D, in Figure A.2A, is 15 km in length starting near Keflavik and ending on the southern side 

of the peninsula. Section D’ to D” was made along a power line are most likely not usable 

so the data for this section was split into two sections. The recordings of the magnetic field 

for each day of surveying can be found in Appendix C. 

5.1.4 Svartsengi Data 

Three profiles were collected over the Svartsengi geothermal area from the summer of 

1994 to the summer of 1996 by Haraldur Auðunsson, Magnús Tumi Guðmundsson, and 

company. The measurements were taken with the Geometrics G-856X magnetometer. All 

profiles cut across the geothermal area of interest as outlined in Figure A.3. These profiles 

are approximately 6-8 km in length. Profile N and E have measurements recorded every 25 

m. Measurements for Profile G were recorded every 50 m. Table 5.1 contains all of the 

information associated with the surveying in this area, including the profile name, the profile 

section, date, measurement increment, variation of the magnetic field during measurements, 

and notes. 

Table 5.1 Information for Svartsengi surface surveying. See Figure A.3 Svartsengi survey 

lines. 

Date Profile Segment Δ 

[m] 

Magnetic 

Deviation 

Length 

[m] 

Notes 

June 

29, 

1994 

Profile 

E 
1 12.5 ≤ 60 nT 100 

On road, west of 

powerplant  

July 

19, 

1994 

Profile 

E 
2a 25 ≤ 60 nT 2900 

Same as Eldvörp 

1, but further 

Profile 

N 
2b 25 ≤ 60 nT 2900/2700 

From lagoon 

heading north 

along the road 

Profile 

G 
2c 50 ≤ 60 nT 5500 

From Grindavík 

heading north 

May 

26, 

Profile 

N 
3a 25 ≤ 90 nT 2475 

South of the 

powerplant  
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1995 

Profile 

E 
3b 25 ≤ 90 nT 1575 

On the tail east 

of 

Svartsengisfell, 

east of the 

powerplant 

Nov. 

10, 

1995 

Profile 

G 
4a 50 N/A 600 

 Extension of 

Grindavík 1 

Profile 

E 
4b 25 N/A 975 

Extension of 

Eldvörp 3 

Profile 

N 
4c 25 N/A 800 

Extension of 

Njarðvík 2 

Profile 

G 
4d 50 N/A 1000 

Extension of 

Grindavík 1 

June 

22, 

1996 

Profile 

E 
5 25 Unknown 3250 

Extension of 

Eldvörp 3 

towards the east 

 

5.1.5 Brennisteinsfjöll Data 

The data for Brennisteinsfjöll was collected during May of 2019. A total of two profiles 

were made over the know high-temperature geothermal field. These lines are shown in 

Figure A.5. 

5.2 Field Work in Brennisteinsfjöll 

Data was collected for the Brennisteinsföll geothermal area on Reykjanes Peninsula 

using A GEM-19 magnetometer. The GEM-19 magnetometer is a proton precession 

magnetometer, as described in Section 2.4. The GEM-19 operating system has a built-in GPS 

unit that records the location of each magnetic measurement. This device and the setup are 

pictured in Figure 5.2. 

Figure 5.2 Surveying setup for surface surveying in the Brennisteinsfjöll area. Pictured 

on Profile A walking east over the Kistufellshraun (H-134) lava shield. 
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Surveying in this area was conducted over one day. Two profiles were made with a 

length of approximately 6-6.5 km both trending approximately 115°SE. The GEM-19 

Magnetometer allows for measurements to be taken every two seconds. These profiles were 

selected based on Karlsdóttir´s (1995) resistivity surveying, the aeromagnetic surveying, and 

other regional magnetic surveys in Iceland. The survey lines trend across the faulting in the 

area and extend over the high resistivity core based on the resistivity analysis as well as the 

aeromagnetic low that is observed in Figure 5.1. The survey lines for this area can be 

observed in Figure A.5. 

 

The magnetic surveys in the Brennisteinsfjöll area cross various surficial geologic 

features including hyaloclastites, lava caps on hyaloclastite, lava shields, and postglacial 

lavas. The two profiles are shown in Figure 5.4 with the geologic map. Surveying started 

halfway through Profile B, heading west, the second part of this profile was collected during 

the end of the day starting from B´ on Figure A.5 and meeting up with the initial starting 

point. Profile B from B-B´ starts by going over Stapagrágrýti lava, through a succession of 

lavas greater than 2400 years old, crossing the Selvogshraun (H-138) lava field, over the 

intensely rough H-141 lava (pictured in Figure 5.5, and ending in hyaloclastite mountains. 

Profile A from A-A´ starts on a lava shield that is less than 7000 years old, Kristufellsharun 

(H-134), through Hraun (H-135), and as in Profile B over the rough lavas of Selvogshraun 

(H-138) and  H-141 lava, ending in hyaloclastite mountains. The geothermal surface activity 

of vents, fumaroles, surface alterations is observed between the two profiles at approximately 

3500 m from the start of the profiles. These manifestations can be observed in Figure 5.3. 

 

The recording of the geomagnetic field at the time of surveying was obtained from the 

Leirvogur Magnetic Observatory and can be observed in Figure C.2 in Appendix C. There 

were no significant magnetic disturbances during the surveying period. 

 

Figure 5.3 Surface manifestations in the Brennisteinsfjöll area as seen, looking north, from 

Profile A. 
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Figure 5.4 Geologic map for the survey area showing the survey lines (Tofrason & 

Sigurgeirsson, 1978). 
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5.3 Pre-Processing 

The raw data collected for Eldvörp and Brennisteinsfjöll includes a quality factor, 

given by the instrument, for each measurement ranging between 0 and 99. All the 

measurements with a quality rating of lower than 99 were discarded from the data set. This 

accounted for 5.63% of the original Eldvörp data and 3.69% of the original Brennisteinsfjöll 

data.  

 

The aeromagnetic, Eldvörp, and Brennisteinsfjöll data sets each contained total 

magnetic intensity as well as locational information in either latitude and longitude or X and 

Y Lambert Conic Conformal coordinates. The distance to each sample point from the origin 

is determined to define the magnetic profile. The method to determine this is dependent on 

the spatial coordinate systems used. For data with spatial coordinates using the ISN 93 

Lambert Conformal Conic projection, the shortest distance between measurement points can 

be calculated using Euclidean distance: 

 

 𝑑 = √(𝑥2 − 𝑥1)2 + (𝑦2 − 𝑦1)2 (16) 

 

 

To calculate the distance between points with spatial coordinates in latitude and 

longitude, the Haversine formula is used (Robusto, 1957). This formula considers the radius 

of the earth RE, latitude as denoted φ, and longitude λ. The distance between two points, 

along a great circle, is determined through 

 

 

𝑑 = 2𝑅𝐸 sin−1 √sin2 (
𝜑2 − 𝜑1

2
) + cos(𝜑1) cos(𝜑2) sin2 (

𝜆2 − 𝜆1

2
) 

(17) 

 

Figure 5.5 Rough H-141 lava on Profile A looking NW. 
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The data for Svartsengi and the extracted data for Reykjanes includes only information 

about the distance along the measured line.  

 

For data sets that were sampled at an irregular interval, the data was reduced to a 

uniform sampling rate through a simple linear interpolation. Each dataset was organized into 

a matrix with the format outlined in Table 5.2. The original profiles were then plotted against 

the point distance from the origin. 

Table 5.2 Data Structure 

Column Variable Description 

1 Line indicator Zero padded column where ones indicate the last 

measurement in the line. 

2 Distance Distance along the profile. Measured in meters for 

surface surveying and kilometers for aeromagnetic 

surveys. 

3 Magnetic Intensity Residual magnetic intensity in nT, with respect to 

the IGRF in Table 5.3 

 

5.4 Processing 

Processing magnetic data is straight forward. This consists of removing both spatial 

and temporal variations. This was completed by subtracting the geomagnetic field to isolate 

the variations in the local field, secular variations if needed, and by performing an upward 

continuation to remove shorter wavelength signals. An assumption made during the 

processing of this data was that reduction to the pole was unnecessary because the magnetic 

field measured in Iceland is near vertical with a 14° variation. 

 

The geomagnetic field depends on both the time and location of the survey. Surveying 

for this study took place at various times on the Reykjanes peninsula. The IGRF-12 model 

(National Oceanic and Atmospheric Administration, 2019) was used to determine the total 

magnetic field for each period at the respective survey site. Table 5.3 shows the total 

magnetic intensity for each survey period. The total magnetic field determined by the IGRF-

12 model was then subtracted from the respective survey data to obtain the anomalous data. 

Table 5.3 Total magnetic intensity for surveying years calculated by the IGRF-12 model at 

the respective survey sites. 

Area Time Total Magnetic Intensity [nT] 

Reykjanes Mid 2009 52,292 

Eldvörp July – August 2012 52,341 

Svartsengi June 1994 – June 1995 52,174 (Δ = 0.5 nT/yr.) 

Brennisteinsfjoll May 2019 52,365 

 

To remove noise in the profiles, filtering was performed in the wavenumber domain 
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on the raw surface survey data. This was completed by taking the Fourier transform of the 

raw data according to Equation 8 using the built-in fft() function in MATLAB. The Fourier 

coefficients were stored for further analysis. The angular wavenumber corresponding to each 

coefficient was determined using Equation 9. Upward continuation was then performed on 

each profile in the spectral domain for various heights. Equation 13 was used to determine 

the upward continuation operator corresponding to angular wavenumber. These values were 

then multiplied by the corresponding Fourier coefficients to obtain the upward continued 

Fourier values. To analyze this data in a meaningful way, it was transformed back into the 

spatial domain. This is completed through the inverse Fourier transform according to 

Equation 12. The function ifft() in MATLAB was used to perform this operation. 

 

Upward continuation was performed at varying heights above the original survey 

elevation to determine the best height for each profile. This was completed by computing the 

upward continuation for heights of 0, 10, 30, 50, 100, and 500 m. The resultant profiles were 

analyzed and the best height was determined based on the depth of investigation, length of 

the profiles, and the anticipated noise. Figures of this for each profile are available in 

Appendix B. 

5.5 Model Construction 

Simple models were constructed for select magnetic profiles in which the long-

wavelength anomalies were identified and calculated. The calculations for the models were 

executed using MATLAB. The first step in constructing the models was to analyze the profiles 

to identify the highs and lows, determine the approximate width of the anomaly, and then 

calculate the depth of the source for the anomaly. The depth of the source can be determined 

using  

 𝑧 = 2𝑥1
2⁄
 (18) 

where 𝑥1
2⁄
 is the half-width of the anomaly response at half the maximum (Sharma, 1997). 

 

An approximation of a spherical body was used to represent the source in the profile. The 

equation for an anomaly produced from a buried sphere is defined by Telford, et. al. (1990) as  

 

 
𝐵 =

1

3
𝜇0𝑀𝑅3

2𝑧2 − 𝑥2

(𝑧2 + 𝑥2)
5

2⁄
 

 (19) 
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where B is the vertical component of the magnetic anomaly (T), M is the magnetization (A/m), 

z is the depth to the center of the body (m),  x is the horizontal distance along the profile (m), 

R is the radius of the body (m), and μo is permeability of free space. The magnetization can be 

related to the magnetic moment and the volume of the source. The magnetization of a source 

is depended on both. In order to solve the problem of non-uniqueness, other geophysical or 

geological data should be used to reduce uncertainty in the model. In this case resistivity data 

was used to determine the volume of the source. 

 

To determine an appropriate radius for the spherical source, the resistivity models were 

used in conjunction with the depths to the center of the source, determined using Equation 18. 

The depth to the top of the resistivity core varies for the geothermal areas. Typical 

magnetization values for some of the lavas in Iceland were identified by Dietze et. al. (2011), 

Table 5.4. The maximum and minimum of these values were used to confine the possible 

magnetization (M) for the body. A vector containing several possible M values was iterated 

through to determine a model that best fit the measured data.  

 

 

 

 

 

 

Figure 5.6 Profile of Bz for a buried sphere. z = depth to the center of the body [m]; M = 

magnetization [A/m], R = radius of sphere [m], x1/2 = half width of anomaly [m]. 
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Table 5.4 Rock magnetic properties of basalt lithologies from Reykjanes. M = NRM 

intensity (Dietze et al., 2011). 

Lithology 
Total number 

of samples 
 

M 

[A/m] 

 Fissure Eruptions 

Stampahraun 4 18 

Min. 

Max. 

Average 

Std.Dev. 

8.6 

33.1 

17.7 

7.1 

Lava north of Gunnuhver 6 

Min. 

Max. 

Average 

Std.Dev. 

18.1 

24.5 

22.6 

2.5 

Syrfell 8 

Min. 

Max. 

Average 

Std.Dev. 

11.0 

12.8 

11.9 

0.6 

 Tephra Layer 

 3 

Min. 

Max. 

Average 

Std.Dev. 

0.02 

0.04 

0.03 

0.01 

 Shield Lava 

Skalafell 16 

Min. 

Max. 

Average 

Std.Dev. 

6.7 

33.6 

7.5 

11.1 

Haleyjabunga Picrite 8 

Min. 

Max. 

Average 

Std.Dev. 

2.5 

5.6 

3.7 

1.5 

 Feeder Dyke 

 7 

Min. 

Max. 

Average 

Std.Dev. 

9.0 

15.1 

12.4 

2.0 
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Chapter 6 

6Results 

6.1  Reykjanes 

Surface surveying for the Reykjanes geothermal system was completed and analyzed 

by Dietze, et al. (2011). Upward continuation was performed for these profiles the results of 

which are shown in Figure 6.1, Figure 6.3, and Figure 6.4. In-depth modeling was completed 

by Dietze, et al. (2011), where it was determined that  the lava shield structure contributed 

greatly to the short and intermediate wavelength anomalies observed. In this, they attributed 

the short negative wavelength anomalies to feeder dikes. The interpretations of the magnetic 

profiles presented here can be observed in the paper by Dietze et al. (2011).. 

 

The aeromagnetic survey data shows that there is not a great variation over the 

Reykjanes system. Figure 6.2 shows a slight high at the very end of the peninsula. There is 

approximately a 300 nT change toward the southeast end of the profiles. Other than the short-

wavelength anomalies that are present in the surface surveying, the aeromagnetic and surface 

surveying are in agreement. The high resistivity core observed at 800 m b.s.l. in Figure 4.2 

covers the entire end of the peninsula that overlaps both the high a low magnetic variations. 
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Figure 6.2 Aeromagnetic interpolation map and all profile lines for the Reykjanes area. 

Figure 6.1 Reykjanes Profile 1, from NW to SE, annotated with the surface formations and 

geologic structures along the line. Upward continuation height = 10m. 
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Figure 6.4 Reykjanes Profile 3, from NW to SE, annotated with the surface formations 

and geologic structures along the line. Upward continuation height = 10m. 

Figure 6.3 Reykjanes Profile 2, from NW to SE, annotated with the surface formations and 

geologic structures along the line. Upward continuation height = 10m. 
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6.2 Eldvörp 

The surface data for Eldvörp is divided into long profiles and short profiles Figure 6.5. 

The long profiles show a general increase in magnetic intensity from the northern part of the 

peninsula to the southern part of the peninsula.  Lots of noise is present in the sections due 

to the surface lavas. Figure 6.6 and Figure 6.7 show the long magnetic profiles annotated 

with the surface lavas and known geologic features identified.  

 

The short profiles do not show any obvious information believed to be relevant to the 

geothermal system. These profiles cover a very small area and may be useful for information 

about faulting or dikes in the area, but there are no general trends observed in the data. All 

of the surface lavas associated with the short profiles are historical lavas younger than 870 

AD (Sæmundsson, et al., 2010). These profiles are included in Appendix D. The short 

profiles for Eldvörp are slightly off-center of a regional magnetic high identified by the 

aeromagnetic surveying – these profiles do not show much of a change in the general 

intensity which is consistent with the aeromagnetic surveying Figure 6.5 

 

The long profiles start on the northern part of the peninsula with negative total 

intensity. The total magnetic intensity increases across the peninsula into a positive intensity 

area. The southern parts of these survey lines are around a regional magnetic high with low-

intensity areas on either side as shown in Figure 6.5 

 

As previously discussed, resistivity surveying has been completed for this area. There 

is no observed high resistivity core at 800 m b.s.l. located in the area of surface magnetic 

surveying, as shown in Figure 4.2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.5 Left: Aeromagnetic interpolation map and all profile lines for the Eldvörp 

area. Right: Aeromagnetic interpolation map and short survey lines in the Eldvörp area. 

C 

C 

D 
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Figure 6.6 Eldvörp Profile C, from north to south, annotated with the surface formations 

and geologic structures along the line. Upward continuation height = 50 m. 

Figure 6.7 Eldvörp Profile D, from north to south, annotated with the surface formations 

and geologic structures along the line. Upward continuation height = 50 m. 
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6.3 Svartsengi 

 

The surface magnetic surveying for the Svartsengi area is presented in Figure 6.9, 

Figure 6.11, and  Figure 6.10 show Profiles G, E, and N, respectively. These profiles are 

annotated with the surface lavas, known geologic feature identified, and modeled data based 

on different magnetization values for each anomaly. The long-wavelength anomalies were 

modeled for each of the profiles based on a buried magnetized sphere. The radius for each 

spherical source was determined such that the top of the sphere corresponded to the top of 

the resistive core, at approximately 400 m  below the surface for Svartsengi.  

  

Profile G, from south to north, shows one long-wavelength anomaly centered at 3154 

m along the profile with an approximate intensity of -1700 nT. The depth to the center of the 

anomalous body was determined to be 2740 m based on the half-width method, defined in 

Equation 18. The radius used for modeling was 2340 m. The magnetization contrast for the 

anomaly was determined to be negative between 3.0 and 3.5 A/m.  

 

Profile E, oriented from west to east, has a negative anomaly centered at 3640 m along 

the profile line. The approximate intensity of this anomaly is -1000 nT and based on the half-

width method, the source is centered at a depth of 1600 m. The radius used for modeling this 

anomaly was 1200 m. There is a high observed immediately after the low anomaly at 

approximately 5000 m along the profile. As indicated by the geologic map for this area 

(Sæmundsson, et al., 2010), this is where the profile intersects a crater row. The 

magnetization contrast for this anomaly was determined to be negative 2.7 to 3.7 A/m, as 

determined by the model. The depth to the center of this anomaly is much shallower than the 

other two profiles for this area. 

 

Profile N is composed of two separate profiles where there is a section missing where 

the Svartsengi powerplant is currently located. The profiles are taken from SE to NW. The 

long-wavelength anomaly in this area appears to be within this gap between the two profiles, 

as there is a decrease and the end of the first section and at the beginning of the second 

section. The anomaly is approximately centered at 3200 m from the start of the line. The 

approximate intensity of this anomaly is -1600 nT. The depth to the source, determined by 

the half-width method is approximately 2530 m. The radius of the spherical source was 

determined to be 2130 m. The magnetization contrast of this anomaly was determined to be 

negative 2.8 to 3.5 A/m, based on the spherical model. There is a spike in this profile at 1250 

m that is attributed to crossing the crater row, like that in Profile E. 

 

The aeromagnetic data in this area, as outlined in Figure 6.8, shows a regional low of 

approximately 300 nT located around the intersection of the profiles. This low is evident in 

Profile G and Profile N, however, it is not as obvious in Profiles E due to localized peaks in 

intensity due to topography. 

 

The magnetic low observed in the Svartsengi area correlates well with the location of 

the low resistivity determined by Georgsson & Tulinius (1983), at 800 m below sea level, 

outlined in Figure 6.8. 
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Figure 6.8 Aeromagnetic interpolation map, resistivity contours, and profile lines for the 

Svartsengi area. 

Figure 6.9 Svartsengi Profile G, from south to north, annotated with the surface formations 

and geologic structures along the line. Coloured lines indicate long wavelength anomalies 

determined with M vales between 3.0 and 3.5 A/m. Upward continuation height = 30 m; 

z = 2740 m, R = 2340 m, Bmax= 1700 nT. 
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Figure 6.11 Svartsengi Profile E, from west to east, annotated with the surface formations 

and geologic structures along the line. Coloured lines indicate long wavelength anomalies 

determined with M vales between 2.7 and 3.7 A/m. Upward continuation height = 30 m; z 

= 1600 m, R = 1200 m, Bmax= 1000 nT. 

Figure 6.10 Svartsengi Profile N, from south to north, annotated with the surface 

formations and geologic structures along the line. Coloured lines indicate long wavelength 

anomalies determined with M vales between 2.8 and 3.5 A/m. Upward continuation height 

= 30 m; z = 2530 m, R = 2130 m, Bmax= 1600 nT. 
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6.4 Brennisteinsfjöll 

 

Surface surveying for the Brennisteinsfjöll geothermal area consists of two profiles. 

Simple models were created for these profiles to outline the properties of the long-

wavelength anomalies observed. These long-wavelength anomalies were modeled based on 

a buried magnetized sphere, defined in Equation 18. Magnetization values were iterated 

through to determine the best fit. Figure 6.13 and Figure 6.15 show the magnetic profiles for 

Profile A and Profile B, respectively. The coloured lines on the profile indicate different 

models based on different magnetization values determined for the anomaly. As before, the 

radius for the spherical sources were determined such that the top of the sphere corresponds 

to the top of the resistivity core, which is approximately 700 m below the surface in 

Brennisteinsfjöll. The surface profiles have many short and intermediate wavelengths 

anomalies. Much of these anomalies can be attributed to changes in the surface topography.  

 

Profile A is the southern profile. This profile shows two long-wavelength anomalies, 

high and one low. The first anomaly was identified to center 2000 m into the profile with an 

approximate intensity of 1800 nT. The depth to the source of this anomaly was determined 

to be 2280 m.  The radius of this anaomaly was not clear as the source is speculated. A radius 

of 1000 m was used for the model. The magnetization contrast for the first anomaly was 

determined to be positive between 27 and 34 A/m. The second anomaly was identified with 

a center located at 4340 m with an intensity of -670 nT. The depth to the center of this 

anomaly was determined to be 2600 m through the same method as the first anomaly. The 

radius used in modeling was 1900 m. The second anomaly was determined to have a negative 

magnetization contrast between 2.5 and 3.0 A/m. 

 

Profile B is the northern profile. There is one long-wavelength anomaly identified in 

this section. The general trend of the magnetic field decreased from the NW to SE of the 

profile as indicated by the black line in Figure 6.15. Figure 6.14 shows the data with the 

general trend removed. The long-wavelength anomaly in this section has an intensity of 

approximately -1700 nT from the general trend.  This anomaly is centered at 3200 m along 

the profile at an approximated depth to the center of the body is 2200 m, based on the half-

width method. The radius used for the spherical model was 1500 m. Based on the model 

calculated for this profile, the long-wavelength anomaly has an associated negative 

magnetization contrast between 6.5 and 8.5 A/m. 

 

The results of the surface surveys are consistent with that of the aeromagnetic data as 

outlined in Figure 6.12. There is a magnetic low located between approx. 2000 and 4500 m 

along Profile B and between approx. 2800 and 5300 m along Profile A. There is also an 

observed high near the beginning of Profile A. 

 

Resistivity analysis in this area from Karlsdóttir (1995), outlined in Figure 4.5, shows 

that there is a highly resistive core at 700 m below sea level in the same location as the 

magnetic low observed in both the surface and aeromagnetic data (Figure 6.12).  
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Figure 6.12 Aeromagnetic interpolation map, resistivity contours, and profile lines for the 

Brennisteinsfjöll area. 

Figure 6.13 Brennisteinsfjöll Profile A annotated with the surface formations and geologic 

structures along the line. Coloured lines indicate long wavelength anomalies determined 

with M vales between 2.5 and 3.0 A/m. Upward continuation height = 20 m; z = 2600 m, 

R = 1900 m, Bmax= 670 nT. 
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Figure 6.15 Brennisteinsfjöll Profile B annotated with the surface formations and geologic 

structures along the line. Black line indicates the general trend (y = -0.1714 x + 1100). 

Figure 6.14 Brennisteinsfjöll Profile B with the general trend removed form the survey data. 

Coloured lines indicate long wavelength anomalies determined with M values between 6.5 

and 8.5 A/m. Upward continuation height = 20 m.; z = 2200 m, R = 1500 m, Bmax= 1700 

nT. 
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Chapter 7 

7Conclusions 

Aeromagnetic data shows that there are localized areas within the normally polarized 

magnetic zones along the Reykjanes peninsula that contain local negative magnetic 

anomalies, often within the positively magnetized fissure swarms. These anomalies are 

speculated to be due to, shallow structures like buried hyaloclastite formations, or high 

temperature activity destroying magnetic minerals (Kristjánsson & Jónsson, 2017).  

 

A comparative analysis of surface magnetic data for the geothermal systems on the 

Reykjanes peninsula was completed to identify similarities of the systems and relate this to 

the aeromagnetic and resistivity data for this area.   

 

The surface magnetic data in conjunction with the geology of each area showed that 

not all the geothermal systems and surface manifestations are associated with a magnetic 

low. In many cases the heat associated with geothermal activity, including the heated 

reservoir and circulation of hot fluids can affect the magnetization by dissolving 

titanomagnetite (Franzson, 1987). This is not evident for every case in the surface surveys 

that were completed for each system. There were distinct lows for both the Svartsengi and 

Brennisteinsfjöll geothermal areas that can be explained by the reduction of magnetic 

minerals due to the heated and percolating fluid in the geothermal systems. The modeling of 

these sources was completed using simple spherical sources. More complex modeling was 

not justified due to the complex geology. The magnetic anomalies observed all consistently 

showed a reduced magnetization between 2.5 and 8.5 A/m. This reduction in magnetization 

is consistent with the hypothesis that the heat associated with the geothermal reservoirs 

reducing the magnetization in the geothermal areas. These values can be compared values 

for surface lavas on the Reykjanes peninsula determined by Dietze,et al. (2011) of 4 – 24 

A/m. 

 

Limitations in surface magnetic surveying are observed due to highly magnetized and 

rough surface lava on the Reykjanes peninsula. These lavas introduced a fair amount of noise 

into the data. To remove the noise, upward continuation was applied to each of the profiles. 

This method of filtering removed some of the noise in the profile; however, there is a trade-

off between noise reduction and loss of meaningful data. Through analysis of the profiles in 

conjunction with field observations and geologic maps, many short and intermediate 

wavelength anomalies were introduced into the surface data were directly related to the 

topography of the area. However, all the data sets displayed a good correlation between the 

location, extent, and depth of the sources. The high-resistivity cores are consistent with the 

locations of the low anomalies observed in the aeromagnetic data. The depths determined 

from the simple models for the Svartsengi and Brennisteinsfjöll systems were consistent with 

that of the resistivity data. The other two systems did not provide basis for simple modeling 
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for deep sources. The geothermal system in Eldvörp did not show a distinct magnetic 

anomaly which could be due to the limited maturity of the system. The available data for 

Reykjanes did not allow for deep source modeling. 

 

Future analysis of these systems would benefit from more extensive surveying and 

analysis of the magnetic properties for the geothermal systems on the Reykjanes peninsula. 

Some of which include 

• Intensive surveying; a better picture of each of the systems could be gained from 

a heat map of the local anomalies for each geothermal system. Data for such 

analysis does not yet exist. Due to the inaccessibility and rouged terrain of these 

areas, surveying is difficult and would require prolonged data collection. 

• Sampling of drill chips and characterization of magnetic minerals in each of the 

areas. 

• Analysis of the noise incurred on the magnetic data due to the specific lava types. 
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Appendix A Survey Lines 

 

Figure A.2 A) Long survey lines in Eldvörp. B) Short survey lines in Eldvörp. Data from 

Atkins & Auðnsson (2013). 

Figure A.1 All aeromagnetic survey lines. Data from various sources, see text. 
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Figure A.3 Svartsengi survey lines. From personal communication with Haraldur 

Auðnsson. Data collected 1994-1995 by Haraladur Auðnsson and Magnús Tumi 

Guðmundsoon. 

Figure A.4 Reykjanes survey lines. Modified from Dietz et al., 2011. 
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Figure A.5 Brennisteinsfjöll survey lines. Data collected as part of this study in May 2019. 



62    

   

Appendix B Magnetic Profiles 

 

 

Figure B.1 Upward continuation of Profile C from Eldvörp for various heights. 

Figure B.2 Upward continuation of Profile D from Eldvörp for various heights. 
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Figure B.3 Upward continuation of Profile E from Eldvörp for various heights. 

Figure B.4  Upward continuation of Profile F from Eldvörp for various heights. 
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Figure B.5 Upward continuation of Profile G from Eldvörp for various heights. 

Figure B.6 Upward continuation of Profile H from Eldvörp for various heights. 
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Figure B.7 Upward continuation of Profile I from Eldvörp for various heights. 

Figure B.8 Upward continuation of Profile J from Eldvörp for various heights. 
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Figure B.9 Upward continuation of Profile K from Eldvörp for various heights. 
 

 

Figure B.10 Upward continuation of Profile E from Svartsengi for various heights. 
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Figure B.11 Upward continuation of Profile G from Svartsengi for various heights. 

Figure B.12 Upward continuation of Profile N-N’ from Svartsengi for various heights. 
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Figure B.13 Upward continuation of Profile N’-N” from Svartsengi for various heights. 

Figure B.14 Upward continuation of Profile 1 from Reykjanes for various heights. 
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Figure B.15 Upward continuation of Profile 2 from Reykjanes for various heights. 

Figure B.16 Upward continuation of Profile 3 from Reykjanes for various heights. 
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Figure B.17 Upward continuation of Profile A from Brennisteinsfjöll for various 

heights. 

Figure B.18 Upward continuation of Profile B from Brennisteinsfjöll for various 

heights. 
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Figure B.19 Eldvörp Profile E annotated with the surface formations and geologic 

structures along the line. 

 

Figure B.20 Eldvörp Profile F annotated with the surface formations and geologic 

structures along the line. 
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Figure B.21 Eldvörp Profile G annotated with the surface formations and geologic 

structures along the line. 

 

Figure B.22 Eldvörp Profile H annotated with the surface formations and geologic 

structures along the line. 
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Figure B.23 Eldvörp Profile I annotated with the surface formations and geologic 

structures along the line. 

 

Figure B.24 Eldvörp Profile J annotated with the surface formations and geologic 

structures along the line. 
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Figure B.25 Eldvörp Profile K annotated with the surface formations and geologic 

structures along the line. 

Appendix C Magnetic Recordings 

Figure C.1 Recording from Leirvogur Magnetic Observatory on 28/07/2011. 
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Figure C.3 Recording from Leirvogur Magnetic Observatory on 31/07/2012. 

Figure C.2 Recording from Leirvogur Magnetic Observatory on 14/08/2012. 
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Appendix D Practical Examples 

D.1 Buried Sphere 

The processing that was performed on the actual surface magnetic data was first 

performed on a model of a simple sphere. This was an exercise that was completed to ensure 

all methods were executed accurately. 

 

Data were modeled for a simple sphere with a radius (R) of 200 m with the center of 

the sphere at a depth (z) equal to 1000 m. The model was created using Equation 20 where B 

is the vertical component of the magnetic anomaly (T), M is the magnetization (A/m) z is the 

depth to the center of the body (m),  x is the horizontal distance along the profile (m), R is 

the radius of the body (m), and μo is permeability of free space (Telford et al., 1990). 

 

 
𝐵 =

1

3
𝜇0𝑀𝑅3

2𝑧2 − 𝑥2

(𝑧2 + 𝑥2)
5

2⁄
 

(20) 

Figure C.4 Recording from Leirvogur Magnetic Observatory on 25/05/2019. 
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The first step was to take the Fourier transform of the data. This was completed using 

the theory described in Section 2.5.2. The Fourier transform was taken using the fft() function 

in MATLAB. The amplitude spectrum was then determined by taking the absolute value of 

the Fourier coefficients for plotting and analysis purposes. The original profile showing the 

magnetic response due to a buried sphere is illustrated in Figure D.1a and the amplitude 

spectrum is presented in Figure D.1b. 

 

The upward continuation was then applied to the data based on the methods described 

in Section 2.5.3. The upward continuation was first applied in the spatial domain. Weights 

were determined using Equation 14 and the conv() function in MATLAB can be used to take 

the convolution of the weights with the magnetic data. The results from the upward 

continuation through convolution can be observed in Figure D.2. 

 

Figure D.1 a) Magnetic profile of a simple buried sphere at a depth of 1000 m. b) Amplitude 

spectrum from the Fourier coefficients obtained from the magnetic data of a buried sphere. 

Figure D.2 a) Magnetic profile of a simple buried sphere (blue). Upward continued 

magnetic profile (red). b) Amplitude spectrum from the Fourier coefficients obtained from 

the magnetic data of a buried sphere (blue). Filtered amplitude spectrum (red). Upward 

continuation filter (black). 
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A function was designed to perform the upward continuation in the spectral domain. 

Equation 13 is multiplied by the Fourier coefficients for a height (H) above the surface. In 

this case, the height was set to be 100 m above the surface. The effects of the upward 

continuation on the amplitude spectrum are illustrated in Figure D. 3b in red and where the 

upward continuation filter is represented in black. The inverse Fourier transform was then 

taken using the ifft() function in MATLAB. The real components are represented in Figure 

D. 3a by the red profile.  

 

D.2 Dike 

The same methods as described for the buried sphere example were applied to the 

magnetic data from a dike or a thin vertical sheet. 

 

Data were modeled for a vertical dike with a thickness (t) of 20 m with top of the body 

at a depth (z) of 1000 m. The model was created using Equation 21, where 𝜇𝑜 is the magnetic 

permeability of free space, and M is the magnetization (Hinze, Von Frese, & Saad, 2013).  

 

 𝐵 = 2
𝜇𝑜

4𝜋
𝑀𝑡

𝑧

𝑥2 + 𝑧2
 (21) 

 

The first step was to take the Fourier transform of the data. This was completed using 

the theory described in Section 2.5.2. The Fourier transform was taken using the fft() function 

in MATLAB the amplitude spectrum was then determined by taking the absolute value of the 

Fourier coefficients for plotting and analysis purposes. The original profile showing the 

magnetic response due to a vertical dike is illustrated in Figure D.4a and the amplitude 

spectrum is presented in Figure D.4b. 

Figure D. 3 a) Magnetic profile of a simple buried sphere at 1000 m depth (blue). Magnetic 

profile of a simple buried sphere at 1100 m depth (black). Upward continued magnetic 

profile (red). b) Amplitude spectrum from the Fourier coefficients obtained from the 

magnetic data of a buried sphere (blue). Filtered amplitude spectrum (red). Upward 

continuation filter (black). 
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The upward continuation was then applied to the data based on the methods described 

in Section 2.5.3. The upward continuation was first applied in the spatial domain. Weights 

were determined using Equation 14 and the conv() function in MATLAB can be used to take 

the convolution of the weights with the magnetic data. The results from the upward 

continuation through convolution can be observed in Figure D.5. 

 

A function was designed to perform the upward continuation in the spectral domain. 

Equation 13 is multiplied by the Fourier coefficients for a height (H) above the original 

survey elevation. In this case, the height was set to be 100 m above the surface. The effects 

Figure D.4 a) Magnetic profile of a vertical dike 20 m wide at a depth of 1000 m. b) 

Amplitude spectrum from the Fourier coefficients obtained from the magnetic data of a 

vertical dike. 

Figure D.5 Magnetic profile of a vertical sheet 20 m wide at 1000 m depth (blue). Magnetic 

profile of a vertical sheet 20 m wide at 1100 m depth (black). Upward continued magnetic 

profile (red). 
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of the upward continuation on the amplitude spectrum are illustrated in Figure D.6b in red 

and where the upward continuation filter is represented in black. The inverse Fourier 

transform was then taken using the ifft() function in MATLAB. The real components are 

represented in Figure D.6a by the red profile. 

As observed in Figure D.5 and Figure D.6. The results of the dike model were more 

accurate than that of the spherical model. This is due to the   fact that the sphere is only 

considered in two dimensions where in reality, the spherical source is three dimensional.

Figure D.6 a) Magnetic profile of a vertical sheet 20 m wide at 1000 m depth (blue). 

Magnetic profile of a vertical sheet 2 m wide at 1100 m depth (black). Upward continued 

magnetic profile (red). b) Amplitude spectrum from the Fourier coefficients obtained from 

the magnetic data of a buried sphere (blue). Filtered amplitude spectrum (red). Upward 

continuation filter (black). 



 

  

 


