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Abstract 

The stable isotopes of water (ŭD and ŭ
18

O) and hydrogeochemistry (Cl and B) of hot and 

cold groundwater (springs and boreholes) as well as surface waters (rivers, streams and 

lakes) were used to trace the origin of these water sources, mixing of waters types, the 

degree of primary rock leaching and the presence of potential palaeowater in the region. 

The waters showed a large range in temperature (2.8-97.5 °C), pH (7.14-10.58) and Cl 

concentration (1.58 ï 1709 ppm) and generally low B concentration (<0.125 ppm). Isotope 

values were also highly variable, with ŭD content ranging from -127.8ă to -58.2ă and, 

ŭ
18

O from -17.09ă to -8.11ă. Most shallow groundwaters and small streams were traced 

to a local source while the two main rivers of the region were found to correlate with 

precipitation around Lake Mývatn (Laxá) and the northern Vatnajökull region 

(Skjálfandafljót). The chemistry and the isotopic signature of the river Laxá remained 

stable all the way from its source towards the sea, whereas the river Skjálfandafljót showed 

more variability. A linear relationship between ŭD and Cl was observed with decreasing 

deuterium and chloride content, for surface water samples and the shallow, cold 

groundwater samples as expected for pure precipitation with increasing inland and altitude 

effect. Geothermal waters with a deeper source and highly depleted deuterium content 

were found in several locations within the low lying areas in the valleys within the study 

area. This includes Húsavík, Árnes, Hafralækur, Hveravellir, Laugar and Stóru Tjarnir. It is 

suggested that a component of these water, of a variable proportion, is made up of 

precipitation that recharged the aquifers during a time when climate was significantly 

colder than today. These water samples showed a negative correlation between ŭD and Cl 

suggesting mixing between water types (modern water, pre-Holocene water and, in the 

case of Húsavík, saline water).   Hydraulic connection was found between the water in 

Árnes and Hafralækur, but the water in Árnes had never been analysed for isotopes prior to 

this project.  

Đtdr§ttur 

Í verkefninu voru stºĦugar samsÞtur (ŭD og ŭ
18

O) og efnafræði vatns (Cl og B) úr heitu og 

köldu grunnvatni (lindir, laugar og borholur) sem og yfirborðsvatni (ár, lækir og stöðuvötn) 

notað til að rekja uppruna og blöndun vatns, efnahvörf vatns við berg og mögulega tilvist 

gamals grunnvatns á svæðinu. Vatnssýnin voru afar breytileg hvað varðar hitastig (2,8-

97,5°C), pH (7,14-10,58) og Cl styrk (1,58-1709 ppm) og var B styrkur almennt lágur 

(<0,125 ppm). SamsÞtugildi voru einnig mjºg breytileg meĦ ŭD gildi milli -127,8ă og -

58,2ă og ŭ
18

O gildi milli -17,09ă og -8,11ă. Uppruni flestra sĨna ¼r grunnstÞĦu 

grunnvatni og lækjum reyndist rekjanlegur til staðarúrkomu, en niðurstöður fyrir tvær 

helstu ár svæðisins voru í samræmi við þau svæði sem áður höfðu verið talin uppspretta 

þessara áa, þ.e.a.s. í kringum Mývatn (Laxá) og norður af Vatnajökli (Skjálfandafljót). 

Efnasamsetning og samsætuhlutföll í Laxá voru stöðug frá uppsprettu að sjó, en breytileiki 

reyndist meiri í vatni úr Skjálfandafljóti. Niðurstöður sýndu l²nulegt samband milli ŭD og 



 

Cl, með minnkandi tvívetnis- og klóríðinnihaldi í sýnum úr yfirborðsvatni og grunnu, 

köldu grunnvatni með aukinni hæð og fjarlægð frá sjó, sem er einkennandi fyrir  óblandaða 

og unga úrkomu. Jarðhitavatn sem er upprunnið af meira dýpi og með mjög lágt 

tvívetnisgildi fannst á nokkrum stöðum á láglendi innan rannsóknasvæðisins. Þetta á við 

um Húsavík, Árnes, Hafralæk, Hveravellir, Laugar og Stóru Tjarnir. Talið er að hluti þessa 

vatns, í breytilegum hlutföllum, sé úrkoma sem hefur runnið í grunnvatnsgeyminn þegar 

loftslag var mun kaldara en í dag.  Þessi vatnssýni sýndu neikvæða fylgni milli ŭD og Cl, 

sem bendir til blöndunar mismunandi vatnsgerða (nútíma vatns, ísaldarvatns og í tilfelli 

Húsavíkursýnisins, sjávar). Sýnt var fram á tengingu milli grunnvatns í borholunum í 

Árnesi og á Hafralæk, en þetta er í fyrsta sinn sem samsætur eru greindar úr Árnes 

borholunni. 



vii  

Table of Contents 

List of Figures ..................................................................................................................... ix 

List of Tables ....................................................................................................................... xi 

Abbreviations ..................................................................................................................... xii  

Acknowledgements ........................................................................................................... xiii  

1 Introduction  ................................................................................................................... 15 

2 Background ................................................................................................................... 19 
2.1 Geological Setting ................................................................................................. 19 

2.1.1 Borehole records .......................................................................................... 22 
2.1.2 Tectonics ...................................................................................................... 25 

2.1.3 Glaciation ..................................................................................................... 28 
2.2 Hydrogeological Setting ........................................................................................ 30 

2.2.1 Surface water ............................................................................................... 30 

2.2.2 Groundwater ................................................................................................ 31 
2.3 Water chemistry .................................................................................................... 33 

2.4 Stable water isotopes ............................................................................................. 34 

3 Sampling and analysis .................................................................................................. 37 
3.1 Sampling Locations ............................................................................................... 37 

3.1.1 Rivers and Lakes .......................................................................................... 37 

3.1.2 Boreholes ..................................................................................................... 37 
3.1.3 Springs ......................................................................................................... 40 

3.2 Sampling ................................................................................................................ 40 
3.3 Analysis ................................................................................................................. 40 

4 Results ............................................................................................................................ 43 
4.1 Stable Isotopes ....................................................................................................... 43 
4.2 Major Ion Composition ......................................................................................... 44 

4.2.1 Surface water chemistry ............................................................................... 44 
4.2.2 Groundwater chemistry ................................................................................ 47 

5 Discussion ...................................................................................................................... 50 
5.1 Tracing groundwater with ŭD, Cl and B ............................................................... 50 

5.1.1 Deuterium as a natural tracer ....................................................................... 50 
5.1.2 Chloride and the Cl/B Ratio ......................................................................... 51 
5.1.3 Regional Case Studies.................................................................................. 54 

5.2 Trends in downstream hydrochemistry ................................................................. 61 
5.2.1 Changes in deuterium content ...................................................................... 61 

5.2.2 Chloride and the Cl/B Ratio ......................................................................... 61 

6 Conclusions .................................................................................................................... 65 



viii  

6.1 Suggestions for further research ........................................................................... 66 

References .......................................................................................................................... 67 

Appendix A ï Field photographs ..................................................................................... 73 

Appendix B ï Sample coordinates ................................................................................... 79 

Appendix C ï Stiff diagrams ............................................................................................ 81 

Appendix D ï Additional isotope data............................................................................. 83 
 



ix 

List of Figures 

 Figure 1: The geology of the study area in NE-Iceland ..................................................... 21 

 Figure 2: Location of boreholes BE-01, FL-01, HA-04, AA-01 and H-1 in the 

Aðaldalur region ............................................................................................... 23 

 Figure 3: Borehole logs for section A-Aô including HafralÞkur HA-04, Árnes AA-

01 and Hveravellir  H-1. ................................................................................... 24 

 Figure 4: Borehole logs for section B-Bô including Berg BE-01 and Aðaldalur 

airport FE-01 . ................................................................................................... 25 

 Figure 5: Rifting and ice extent in Iceland over the last 5 million years ............................ 26 

 Figure 6: Tectonic setting of northeast Iceland .................................................................. 27 

 Figure 7: Modelled ice extent from Last Glacial Maximum to Preboreal.......................... 29 

 Figure 8: Deglaciation of the Eyjafjörður ï Skjálfandi area in northern Iceland with 

altitude of raised marine features ...................................................................... 29 

 Figure 9: Groundwater flow model for northeast Iceland. ................................................. 32 

 Figure 10: Distribution map of chloride concentration in precipitation in Iceland ............ 33 

 Figure 11: Deuterium distribution map for mean annual precipitation in Iceland ............. 36 

 Figure 12: Sources of isotopic fractionation of ŭ
18
O and ŭD in meteoric water ................ 36 

 Figure 13: Sampling locations for this project. Yellow represents surface water and 

cyan  groundwater............................................................................................. 38 

 Figure 14: Flowing artesian borehole AA-01 in Árnes, sample 18AD04. ......................... 39 

 Figure 15: Dug well for spring water abstraction in the hills west of Björg farm, 

sample 18AD31. ............................................................................................... 39 

 Figure 16: Isotope composition of samples from the Aðaldalur region sampled 

during summer 2018 ......................................................................................... 44 

 Figure 17: Piper plot of geothermal (red) and fresh (blue) groundwater. .......................... 47 

 Figure 18: Geographical distribution of Cl and ŭD in groundwater and surface water. .... 52 

 Figure 19: Cl/B ratio against Cl concentration. .................................................................. 53 



x 

 Figure 20: ŭD plotted against Cl concentration (ppm) for determining the mixing of 

water sources.. .................................................................................................. 53 

 Figure 21: Mixing of groundwater and seawater in the HU-01 borehole .......................... 54 

 Figure 22: A simplified conceptual model of the hydraulic connection between 

Árnes and Hafralækur borehole ....................................................................... 57 

 Figure 23: Downstream changes of Cl and ŭD for Lax§ and Skj§lfandaflj·t. ................... 61 

 Figure 24: Changes in chemistry downstream in Laxá ...................................................... 62 

 Figure 25: Changes in chemistry downstream in Skjálfandafljót ...................................... 63 

 Figure 26: Looking over the Skjálfandafljót delta and Kinnarfjöll) .................................. 73 

 Figure 27: Looking over Björg farm over the flat valley towards Húsavík ....................... 73 

 Figure 28: Looking towards Múli and Laxá from Road 87 ............................................... 74 

 Figure 29: Looking towards Kinnarfjöll and the mouth of Skjálfandafljót delta in the 

distance from Road 87. ..................................................................................... 74 

 Figure 30: Sampling of a cold artesian spring (18AD10) in Laugar in Reykjadalur ......... 75 

 Figure 31: Sampling hot runoff water from Ysti Hver, Hveravellir .................................. 75 

 Figure 32: Sampling of hot water from the Stóru Tjarnir borehole ................................... 76 

 Figure 33: Cold water borehole sampling in Berg, BE-01 ................................................. 76 

 Figure 34: Cold water spring (18AD30) sampled in Laugar ............................................. 77 

 Figure 35: Warm water spring (18AD29) sampled in Laugar ........................................... 77 

 Figure 36: Dry lake bed of Lake Höskuldsvatn (Image: Jenny Söderlindh) ...................... 78 

 Figure 37: Sampling a cold spring in Skarðaborg (18AD20). ........................................... 78 

 



xi 

List of Tables 

Table 1: Analytical methods, units and detection limits for this project. ............................ 41 

Table 2: Results from chemical analyses of surface water samples from the study 

area .................................................................................................................... 45 

Table 3: Results from chemical analyses of groundwater samples from the study area ..... 48 

Table 4: Sampling location coordinates .............................................................................. 79 

Table 5: Additional isotope data .......................................................................................... 83 

 



xii  

Abbreviations 

a.s.l = Above sea level 

BP = Before Present 

DIC = Dissolved Inorganic Carbon 

ER = Eyjafjörður Rift   

GOR = Grímsey Oblique Rift  

GZ = Grímsey lineament Zone  

HFZ = Húsavík-Flatey Fault Zone 

ICP-OES = Inductively coupled plasma optical emission  

IC = Ion chromatography 

IRMS = Isotope ratio mass spectrometer  

KR = Kolbeinsey Ridge  

LGM = Last Glacial Maximum  

MAR = Mid Atlantic Ridge  

NVZ = Northern Volcanic Zone  

TFZ = Tjörnes Fracture Zone  

 

 



xiii  

Acknowledgements 

I would like to thank Jenny Söderlindh for her company and invaluable assistance in the 

field and during alkalinity titrations at the Húsavík hostel as well as her husband Daniel 

Söderlindh for helping us carrying equipment and during sampling. Alasdair Skelton I 

would like to thank for his insights and for organizing the reconnaissance tour of the area, 

Gabrielle Stockmann for her insight and assistance in the field. I would also like to thank 

Ríkey Kjartansdóttir and Rósa Ólafsdóttir for analyzing the samples obtained in the field, 

training us in field samping and alkalinity titrations. I would also like to thank Hreinn 

Hjartarson for his assistance in sampling at Hafralækur and Húsavík geothermal boreholes, 

as well as providing us with an emergency buffer solution in the field. Thanks to the 

farmers in Björg for their time, coffee, cakes and information and assistance in finding 

nearby springs, Kjartan Stefánsson in Múli I for taking us on his 4x4 to his spring up on 

the nearby hill , Ásvaldur Þormóðsson farmer in Stóru Tjarnir for assisting us in locating 

the spring and borehole within his land, Áslaug Jónsdóttir in Árnes for confirming the AA-

01 borehole location, Sigurður Ólafsson in Sandur 2 for helping us find and giving us 

access to the BE-01 borehole and the staff members of the Haukamýri fish farm for taking 

time out of their busy workday to show us the location of their supply spring. I would also 

like to thank the civil engineer / driller Friðfinnur K. Daníelsson for his assistance in the 

interpretation of borehole logs. I would also like to thank my partner Joseph Greatorex for 

his invaluable support during the time I was working on this thesis. Last but not least I 

would like to thank my supervisors Árný Erla Sveinbjörnsdóttir and Andri Stefánsson for 

their guidance, for organizing this project and the field work and for providing the 

necessary equipment in the field.  

 

 





15 

1  Introduction 

The use of stable water isotopes and conservative elements can serve as a useful tool in the 

study of groundwater. In Iceland, the stable isotopes of deuterium and oxygen-18 have 

been used along with the conservative elements chlorine and boron to trace groundwater 

recharge areas and groundwater flow, mixing of waters of different origin water-rock 

interaction and relative dating of groundwater within a given region.  

The study of stable water isotopes is based on Craig (1961) who published the earliest 

measurements of ŭ
18
O and ŭD for freshwaters which allowed him to define the Global 

Meteoric Water Line (GMWL), ŭD= 8 Ĭ ŭ
18

O + 10 and Dansgaard (1964) who quantified 

the apparent climatic influence of the ŭ
18

O and ŭD in precipitation. Their observations 

were based on two key principles relating to the temperature dependent fractionation of the 

isotopes and the strong linear correlation between ŭ
18
O and ŭD in meteoric waters, which 

laid the foundations of isotope hydrology.  

In Iceland, the study of isotope hydrology was founded by Árnason (1976) whose research 

focused on the use of deuterium to trace the origin and flow of groundwater. His deuterium 

contour map of mean annual precipitation in Iceland based on his analyses of surface- and 

cold spring water has extensively been used to trace origin of groundwater and delineate 

groundwater flow. He also concluded that the cold groundwater is only a few decades old 

at the most, while hot water is of varying ages, generally older than the cold groundwater 

and in very rare occasions, namely in Húsavík and Hafralækur NE Iceland, from the last 

glaciation when precipitation was more depleted in the heavier isotopes than today.  

Oxygen isotope analyses became possible in Iceland in the late 1980ôs, encouraging further 

studies on isotope hydrology (e.g. Sveinbjörnsdóttir and Johnsen, 1992). Research on the 

relation between the oxygen and hydrogen water isotopes in Icelandic natural waters led to 

the definition of local meteoric water lines (LMWL) for Iceland ŭD = 6.5Ĭŭ
18

O-3.5 when  

ŭ
18

O > -10.5 and as ŭD=8Ĭŭ
18

O+11 for lighter precipitation) based on analyses of 

numerous samples of surface and cold groundwater (Sveinbjörnsdóttir et al., 1995). Studies 

on surface evaporation (Sveinbjörnsdóttir and Johnsen, 1992) and isotopic changes due to 

water-rock interaction became also possible (e.g. Sveinbjörnsdóttir et al., 2013). 

Later studies have revealed that Ćrnasonôs deuterium map of mean annual precipitation 

must be used with care to trace the origin of groundwater, as groundwater in Iceland is 

usually mixed waters of different origin and age. Also the pre-Holocene water which 

Árnason considered to be very rare and limited to a particular area in northern Iceland, is in 

fact much more common in the Icelandic bedrock than previously thought (Arnórsson and 

Andrésdóttir, 1995; Sveinbjörnsdóttir et al., 2001; Sveinbjörnsdóttir et al. 2004, Stefánsson 

et al., 2019). 

Another tool that has been used in Iceland for studying groundwater flow, origin, mixing 

and primary rock leaching is the use of the non-reactive elements boron and chlorine 

(Arnórsson of Andrésdóttir, 195; Sveinbjörnsdóttir and Arnórsson, 1998a; Stefánsson et 

al., 2019). Chloride concentration in groundwater is generally below 10 ppm Cl with 



16 

highest concentrations towards the coasts and lowest towards large mountain ranges and 

the interior (Sigurðsson and Einarsson, 1988). Concentration higher than 10 ppm would 

suggest seawater mixing or influx of geothermal water. Groundwater originating far inland 

should thus both be isotopically light compared to precipitation near the coast and very low 

in chloride concentration. Arnórsson et al. (1993a) noticed that the isotopically depleted 

groundwater in the Southern Lowlands was high in Cl concentration (500 ppm) and could 

thus not be traced to the highlands contrary to Ćrnasonôs model (Ćrnason, 1976). 

Arnórsson et al. (1993a) interpreted this isotopically light and saline groundwater as 

having a component of pre-Holocene precipitation that is considerably lighter than modern 

precipitation due to the cold climate at that time and a component of seawater that 

infiltrated the bedrock during the deglaciation some 12.000 years ago when large parts of 

the Southern Lowlands were submerged. In the NW peninsula saline groundwater on low 

grounds can be explained by infiltration of seawater occurring under present-day 

hydrological conditions through seepage into the bedrock through fractures (Arnórsson et 

al., 1993b). 

The Cl and B concentration in cold and geothermal water originates from three main 

sources; 1) the atmosphere such as seawater spray and aerosols; 2) the rock and soil with 

which the water reacts and; 3) marine groundwater. The large difference in the Cl/B mass 

ratio of seawater and precipitation (ca 4350) on one hand and basaltic rocks (50-400) on 

the other, makes this ratio a particularly useful tool to study rock leaching and seawater 

infiltration (Arnórsson and Andrésdóttir, 1995). 

The aim of the present study is to construct the hydrogeology and the hydrological history 

of the Aðaldalur region, NE Iceland, by stable water isotopes and geochemistry of surface 

(rivers and streams), cold springs and low-temperature geothermal springs and wells. 

Specifically the new geochemical data will be used to trace the origin and mixing of 

natural waters and shed light on the relation between the pre-Holocene groundwater and 

the Holocene hydrology of the area. The following research hypothesis and research 

questions frame the project: 

 

Research hypotheses: 

1. The origin of the groundwater is modern precipitation mixed with a pre-Holocene 

water component in flat lying areas where hydraulic gradient is negligible.   

 

2. The origin of the water and mixing between different water components  (modern 

and pre-Holocene water) can be traced using water isotopes (ŭD, ŭ
18

O) and 

geochemistry of non-reactive elements (Cl and B).  The water isotopes reflect 

different formation temperatures (altitude effects for modern water and formation 

temperature for modern vs pre-Holocene water) and the chemical components 

reflect the degree of maturity or water-rock ratio and mixing between different 

water types (modern surface water, reacted modern groundwater, pre-Holocene 

water and saline water). 
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Research questions: 

1. Can the origin of groundwater be traced by water isotopes (ŭD, ŭ
18

O) and geochemistry (Cl 

and B)?  

2. How widespread is the pre-Holocene groundwater component within the area based on 

water isotopes (ŭD, ŭ
18

O)? 

3. How uniform is the geochemistry and isotope content of streams and rivers from their 

origin to the ocean and how does that affect our interpretation of water origin based on 

water isotopes (ŭD, ŭ
18

O) and geochemistry (Cl and B)? 
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2  Background 

The study area for this research includes the Aðaldalur valley south of Húsavík in northeast 

Iceland, its adjacent valleys to the south and nearby areas to the west and east (Figure 1). 

Surrounded by a steep mountain ridge and bounded by Skjálfandafljót river to the west and 

by Laxá river and a hyaloclastite (Icelandic: móberg) ridge to the east, the study area 

terminates in the north at sea where it meets the Skjálfandi Bay. The topography of the 

area is relatively flat with occasional N-S trending ridges protruding out of the Aðaldalur 

valley in the south, separating it into three different valleys, namely Bárðardalur, 

Reykjadalur and Laxárdalur. The geology of the study area has attracted many researchers 

looking into a variety of geological phenomena that exist within the region. Few areas in 

Iceland boast such complex geology within such a small area. Scientists from different 

specializations have studied the many aspects of the region, including Quaternary geology, 

sedimentology, volcanology, seismology and tectonics, hydrogeology and many sub-

branches there within, many of which will be discussed below. 

2.1  Geological Setting 

Iceland is in global geological terms a very young country. It emerged from the North 

Atlantic between 44 and 22 million years ago during the opening of the North Atlantic. 

Iceland is unique in that not only is it located on an active divergent plate boundary that 

separates the North American plate and the Eurasian plate, but it also sits above the Iceland 

plume (Þórðarson and Höskuldsson, 2002), a hot spot much like that found in Hawaii and 

other places, thought to be located under Central Iceland (e.g. Wolfe et al., 1997). This 

causes increased volcanic activity which has allowed the Icelandic plateau to rise over 

3000 m above the surrounding sea floor, with a crust that is 3 to 4 times thicker than 

average oceanic crust (Darbyshire et al., 1998) and covers about 350,000 km
2
 which 

includes the 103,000 km
2
 subareal landmass that forms Iceland (Þórðarson and 

Höskuldsson, 2008; Bjarnason, 2008). 

Almost all rocks and sediments in Iceland are of volcanic origin, predominantly basaltic 

(80-85%) and minor intermediate to acidic rocks. Only 5-10% of Iceland consists of 

sediment. The volcanic pile dips gently towards the volcanic belt and locally towards 

central volcanoes (Sæmundsson, 1979). Icelandic basalt consist principally of mafic 

minerals including Ca-rich plagioclase (CaAl2Si2O8) where anorthite content exceeds 50%, 

high calcium pyroxenes (Ca, Na)Mg,Fe)Si2O6 such as augite, olivine ((Mg,Fe)2SiO4) 

commonly with a forsterite content of 75-90% (Thomson and Maclellan, 2013) and oxides. 

It can also contain minor albite feldspar (NaAlSi3O8) and low-Ca pyroxene in tholeiitic 

basalts (Clark 2015; Gill 2010).  

Much of the bedrock in the study area is 0.8-3 million years old, while older rock 

formations (3-17 million years old) can be found west of the valley and younger 

formations (<0.6 million years old) towards the east within the current volcanic rifting 

zone where active volcanism occurs (Sæmundsson, 1979; Björnsson et al., 1990). Much of 

the area was formed during the Miocene and Pliocene and the geology is heavily affected 

by the intermittent climate during the Plio-Pleistocene. This period saw glaciers forming or 

advancing to the extent that much of Iceland was covered by ice, with warm periods 
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between. During cold climate, pillow basalt, various types of breccia and hyaoclastites 

would form during subglacial eruptions, while lavas would flow during warmer periods 

when glaciers retreated (Sæmundsson, 1979). 

In the study area, the landscape and geology has been heavily influenced by a variety of 

geomorphological processes, including volcanism, tectonics and glaciations, which has 

formed the area in terms of mountains and valleys.  

The surface geology of the flat section of the area is dominated by highly vesicular and 

fractured Quaternary basaltic lava flows from the Mývatn area and loose sediment carried 

with the glacial fed Skjálfandafljót river while ridges consist of hyaloclastite tuff and 

Tertiary (Pliocene) flood basalt lavas. Young, loose fluvial sediments dominate the 

Skjálfandafljót delta (Figure 1).  

The Laxárhraun lava fields dominate the lowland scenery in the Aðaldalur valley, and 

covers much of the bottom of the valley. The lava originates from eruptions that occurred 

in the Mývatn area (Grænavatnsbruni, Þrengslaborgir and Lúdentsborgir) some 2000 years 

ago and flowed across the Mývatn area down Laxárgljúfur canyon, into the Aðaldalur 

valley and towards the sea in the Skjálfandi bay. It is dotted with hornitos and rootless 

cones, formed as lava flowed over wetland (Thorarinsson, 1979). Much of the lava is 

covered in birch, juniper and heather. In some areas such as around the central and 

southern parts of the lava field, birch forests have formed. Moors surrounding the valley 

are well covered in vegetation. The eastern margin of the valley including the Hveravellir 

area is very different in geology, with hyaloclastite tuff dominating the landscape.  

Southwest of Aðaldalur begins Bárðardalur, the longest valley in Iceland. Most of the 

bedrock is made up of basaltic lavas but hyaloclastite formations and sedimentary layers 

are found in between. The lava pile dips quite steeply towards the east. The valley bottom 

is filled with Quaternary lavas originating from the Vatnajökull area (Larsen and 

Guðmundsson, 2016), some sediments and soil. Some believe there may be an old, very 

large N-S trending fault along Bárðardalur because of the distinctly different geological 

formation west of the valley compared to the moors east of it. Physical evidence is 

however yet to be found as no sign of movement has been seen in the lavas filling the 

bottom of the valley formed some 9000 years ago (Hjartarson and Kaldal, 2004). 

Laxárdalur valley leads south of the Aðaldalur valley, nearly 30 km towards the Mývatn 

area and is located east of the Reykjadalur valley (Figure 1). The land is covered in 

vegetation such as heather, shrubland and small birch forests. The valley is relatively long 

and narrow, where Laxá river rushes downstream and cuts a 1-3 m deep channel through 

the Older Laxárhraun and Younger Laxárhraun lavas that originated from the Mývatn area 

and fill the bottom of the valley. Unlike other valleys in the region, no recent lavas have 

flowed across Reykjadalur valley, although minor lava flows have flowed towards the 

mouth of the valley (Thorarinsson, 1979).  
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Figure 1: The geology of the study area in NE-Iceland. Geology is based on the geological 

map developed by Jóhannesson and Sæmundsson (2009) 
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2.1.1  Borehole records  

Icelandôs National Energy Authority (NEA) maintains a database of boreholes that have 

been drilled in Iceland (http://map.is/os/). It contains information on borehole locations, 

drilling contractor involved, depth of borehole and many include drillerôs logs. Some are 

more complete than others. However, as a geologist is often not present during drilling and 

unless chippings are analysed in the laboratory, the drillerôs logs are the only geological 

record from that borehole. These are often limited to drilling specific descriptive terms 

describing the ease of drilling rather than the actual lithology such as ñsoftò, ñhardò, 

ñslowò, ñfastò or the description of the colour. This can be difficult for a geologist to 

decipher and is in my opinion a missed opportunity to learn about the geology of the 

country and could be greatly improved if the drillerôs second man was as an example a 

recent geology graduate, if a geologist was present during drilling to assess and log what 

comes out of the borehole or if all chipping samples would be analysed and made open 

source so that people studying the region could interpret its geology and possible 

geological processes. This practice is now standard in countries in Europe.  

For the purpose of this study, the Driller / Civil Engineer Friðfinnur K. Daníelsson from 

the drilling contractor Alvarr ehf was contacted to assist with the interpretation of drillers 

logs. From what I could gather, the term ñhardò is generally used for flood basalts and 

ñsoftò for intrusive rock when drilling with an air hammer. This can also refer to 

sedimentary rock, but many drillers do refer to the sedimentary character of the chippings 

when they see them, which helps distinguishing them from intrusive rocks. The term 

ñSeiglingsklöppò is also used in occasional logs and refers to the most common basalt in 

Iceland, what Icelandic geologists refer to as ñblágrýtiò which refers to Tertiary basalts. 

For this study, the logs for 5 different boreholes were used to understand the subsurface 

geology of the lowland valley of the study area. These are Berg (BE-01) and Aðaldalur 

airport (FL-01) in the northern section of the study area and Hafralækur (HA-04), Árnes 

(AA-01) and Hveravellir (HV-01) for the central region of the study area (Figure 2). A 

description is also included from a borehole log for HU-01 in Húsavík. 

The HU-01 borehole in Húsavík was drilled in 1961-1966. A simplified borehole log  

describes it as primarily consisting of conglomerate from ground level to approximately 

310 m, basalt lavas from 310 m to 430 m conglomerate from 430 m to 780 m, sedimentary 

rock of low-grade metamorphism with zeolites beween 780m to 1150m and basalt lavas to 

the botom of the hole down to 1505 m (Orkustofnun, 1969).   

HA-04 borehole log for Hafralækur (drilled 1996) reports at least 3 distinct layers of lava 

flows, separated by oxidized material or soil horizon (mýrarrauði in report) down to 21 

meters, where sandy clay or clayey sand takes over down to 30 meters and sandstone from 

30 to 36 meters before reaching another lava flow that is found between 36 m and 123 m 

(final depth) (Figure 3). Cold water entered the hole close to the top which then became 

tepid and by 60 m they hit 60°C water. The rock sample at 81 m is described in the report 

as fine-grained basalt which is much more fresh compared to other basalt samples and it 

also assumes it to be intrusive basalt. The report states hot water comes from above this 

layer and colder water from below it. The majority of samples are described as olivine 

basalt type. Another entry of water was recorded at 105 m (Alvarr ehf, 1996). 
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Resistivity measurements from Sæmundsson et al. (1976) showed low resistivity for Árnes 

(AA-01) on par with that of Hafralækur, which is why hot water was expected to be found. 

The geothermal gradient in the hole is about at 80°C/km which was lower than expected 

this close to the volcanic zone. It is a flowing artesian well that yields a total of less than 1 

l/s. The low resistivity of the region was explained by the 206 m thick pile of silt- and 

sandstone sediments underlain by mixed palagonitic sediment discovered in the borehole 

(Figure 3) (Sæmundsson et al., 1976). These sediments have not been dated but it is 

suggested that they accumulated during Bølling-Allerød to the Preboreal. Plant remains 

that were found beneath the top lava are located at almost 25 m below current sea level and 

the sand layer is probably the same as the one found at similar depth in HA-04 in 

Hafralækur (Figure 3).  

 

 
Figure 2: Location of boreholes BE-01, FL-01, HA-04, AA-01 and H-1 in the Aðaldalur 

region. Logs are found in Figures 3 and 4.   

 

Little similarity is between Hveravellir (HV-01) which is located in the Palagonite 

Formation and the Árnes (AA-01) and Hafralækur (HA-04) boreholes, which are located in 

the valley bottom (Figure 2, Section A-Aô and Figure 3). Hveravellir (HV-01) is a 450 m 

deep borehole located 200 m north of the geyser Ystihver, drilled summer of 1974 with hot 

water inlets at 422 m and much larger quantities at 448 m, to such an extent that water 

erupted constantly out of the borehole, which could not be stopped so drilling had to be 

terminated. The water temperature measured in 1964 was 125°C with a total yield 

measured in 1980 of 44.4 l/s (Arnórsson, 1980). It has been in use by Hitaveita Húsavíkur 

since 1974 (Georgsson et al., 1982). 

At the Berg (BE-01) borehole, driller reports lavas down to 8 meters mixed with scoria and 

23m thick layer of coarse sand, followed by a layer of fractured lava (31-33 m) (Figure 4). 

The bottom of the sand layer is rich in fossilised shells and is coarser towards the top that 
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is mixed with scoria. Driller reports abundance of water coming from above the second 

layer of lava (Alvarr ehf, 2001).  

According to logs for the Aðaldalur airport borehole (FL-01), scoria dominates the first 

meter. Underneath the scoria the drillerôs description suggests there may be two lava flows, 

each with top and bottom breccia before the drill hits a water-filled cavity. The 

sedimentary layer found in other boreholes across the valley is not present in the FL-01 

borehole (Alvarr ehf, 1993) (Figure 4). 

 

 

Figure 3: Borehole logs for section A-Aô including HafralÞkur HA-04, Árnes AA-01 and 

Hveravellir  HV-01. Logs based on Georgsson et al., 1982; Sæmundsson et al., 1976 and 

Alvarr ehf, 1996. Blue triangles represent water inlets, grey vertical lines represent casing. 
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Figure 4: Borehole logs for section B-Bô including Berg BE-01 and Aðaldalur airport FE-

01 (Alvarr ehf, 2001 and 1993). Blue triangles represent water inlets, grey vertical lines 

represent casing. 

2.1.2  Tectonics  

The tectonics of Iceland consist of the interplay between the Mid Atlantic Ridge (MAR) 

and its associated volcanism, the relative location of the mantle plume, ridge jumps 

associated with the eastward drift of the mantle plume relative to the spreading axis and the 

formation of zones of offset between the MAR and the on-land spreading ridge in Iceland 

and their associated seismic activity (Sæmundsson, 1979; Einarsson, 2008). The two main 

offsets of the Mid Atlantic Ridge include the South Iceland Seismic Zone (SISZ) and the 

Tjörnes Fracture Zone (TFZ) (Einarsson, 2008). Two major ridge jumps have been 

recorded in Iceland; 1) The eastward ridge jump from the Westfjords to the Skagi 

Peninsula around 16 million years ago and; 2) The eastward ridge jump from Skagi 

Peninsula to the present Northern Volcanic Zone (NVZ)  between 3 to 7 million years ago 

(Sæmundsson, 1979). This can be seen in Figure 5. As a result, the study area would have 

been at the center of the spreading ridge some time between 3 and 7 million years ago, but 

the present day spreading zone is to the east. 
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Figure 5: Rifting and ice extent in Iceland over the last 5 million years (Image Source: 

Geirsdóttir and Eiríksson, 1994) 

 

Figure 6 demonstrates that the tectonics of the study area consist of the spreading axis of 

the Northern Volcanic Zone (NVZ) characterized by volcanism, normal faulting and 

fissure swarms and the 120 km long and 70 km wide Tjörnes Fracture Zone which 

represents the offset of the on-land and submarine Mid Atlantic Ridge. It is then further 

subdivided into three dextral strike-slip faults, namely the Grímsey Oblique Rift (GOR), 

the Húsavík-Flatey fault zone (HFZ) and the Dalvík lineament zone (DZ) (Einarsson, 

2008; Sæmundsson, 1979). This is the area where much of the regionôs seismicity occurs 

in the form of strike-lip and normal fault motion, occasionally causing up to 7 magnitude 

earthquakes (Guðmundsson et al., 1993).  
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Figure 6: Tectonic setting of northeast Iceland as described above; the Tjörnes Fracture 

Zone (TFZ), the Northern Volcanic Zone (NVZ), the Kolbeinsey Ridge (KR), Eyjafjarðaráll 

Rift (ER), the Grímsey Oblique Rift (GOR), the Húsavík-Flatey Fault Zone (HFZ) and the 

Dalvík lineament Zone (DZ). GS represents the Grímsey Shoal. Inset map of Iceland shows 

the current volcanic belt (Einarsson and Sæmundsson, 1987) and the study area relative to 

the whole of Iceland. Holocene fractures and faults are shown in red (from Hjartardóttir et 

al., 2015), earthquake epicenters of the last 5 years with grey dots (from the Icelandic 

Meteorological Office). The submarine topography is from Magnúsdóttir et al. (2015) 

(Image Source: Einarsson et al., 2016) 

 

The Grímsey Oblique Rift (GOR) is entirely offshore and with an overall NW-SE trend 

bound by the Krafla fissure swarm in the southeast and the Kolbeinsey Ridge (KR) to the 

northwest. It is characterized by an echelon fissure swarms, transverse bookshelf faults, 

earthquake activity and geothermal areas (Einarsson, 1976; Einarsson, 2008; Hjartardóttir 

et al, 2012).  

Approximately 40 km south of the GOR is the Húsavík-Flatey Fault Zone (HFZ). It is a 

NW-SE trending fault zone traceable more than 25 km on land, characterized by dextral 
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strike-slip faulting, possibly associated with tens of kilometres  of right lateral offset and 

insignificant volcanism (Einarsson, 2008; Sæmundsson, 1979). It is bounded by the 

Þeistareykir fissure swarm to the southeast and the Eyjafjarðaráll Rift (ER) to the 

northwest (Sæmundsson, 1974; Guðmundsson et al., 1993). Höskuldsvatn along with 

Botnsvatn and Húsavík harbor form pull-apart basins brought about by the local 

extensional and transform motion of the HFZ (Guðmundsson et al., 1993). The HFZ 

transform fault is of particular interest as it passes through Húsavík town and has the 

potential to produce highly destructive earthquakes. The last major earthquake took place 

in 1872, causing significant property damage in Húsavík (Einarsson, 2008; Víkurblaðið, 

1997).  

The Dalvík lineament zone (DZ) is located approximately 30 km south of the HFZ 

(Einarsson, 1976), characterized by seismicity involving earthquakes as large as 7 in 

magnitude. While seismicity occurs underground and the zone is clearly defined by the 

location of epicenters, surface topographic evidence is lacking (Einarsson, 2008). The 

Dalvík Lineament is the least active of the three seismic zones, as seen in Figure 6, where 

locations of epicenters are labelled with grey dots.  

2.1.3  Glaciation  

Past glaciations have played a key role in the geomorphology of the study region (e.g. 

Norðdahl et al., 2008; Norðdahl and Pétursson, 2005). Total of nine glacial and interglacial 

stages are identified in the Plio-Pleistocene Formation, indicating that each glacial-

interglacial cycle lasted for approximately 200,000 years on average. During glaciation 

periods, subglacial eruptions became more common, forming hyaloclastite tuff ridges. 

Larger glaciers also had more erosive power, forming broad steep-sided valleys and jagged 

ridges. During periods of glacial retreat, basalt lava formations are dominant, filling the 

bottom of glacier-eroded valleys (Sæmundsson, 1979).  

Figure 7 shows the modeled ice extent from Last Glacial Maximum (LGM) to Preboreal 

(Norðdahl et al., 2008). During LGM the thickness of ice over Iceland was generally about 

2000 m (Norðdahl, 1991). At that time, there would have been ice shelfs extending out into 

the ocean. Between LGM and Allerød (13-12.5 ka BP), a rapid rise in sea level occurred, 

flooding much of the lowlands, causing instability in the ice sheet and extremely fast 

deglaciation in Iceland. Evidence of this is found in raised shorelines at very high altitudes 

that have been dated to around 12.5 ka BP (Norðdahl et al., 2008).  

During Younger Dryas, the ice cap readvanced and during its glacial maximum a large 

outlet glacier flowed into Skjálfandi bay as far as Húsavík, suggested by moraine 

sediments which have been found out at sea north of the current Aðaldalur shoreline 

(Norðdahl and Pétursson, 2005).  

The retreat of the Younger Dryas ice cap during the Preboreal can be traced southward by 

following the Preboreal moraines that have been identified in Aðaldalur and the raised 

shorelines as the sea level rose. Figure 8 demonstrates that raised Preboreal shorelines have 

been found as high as 45 m above current sea level, as far inland as 4.5 km south of 

Hafralækur towards Lake Vestmannsvatn (Norðdahl and Pétursson, 2005). This would 

have caused sea-water infiltration and accumulation of marine sediments in lowland areas, 

which is consistent with borehole records in the region, e.g. BE-01.  
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Figure 7: Modelled ice extent from Last Glacial Maximum to Preboreal. LGM (A) was 

13,000 to at least 20,000 BP, Bølling (B) was 12,000-13,000 BP, Younger Dryas (C)  was 

10,000-11,000 BP and Preboreal (D) was 9,000-10,000 BP (Image Source: Norðdahl et 

al., 2008) 

 
Figure 8: Deglaciation of the Eyjafjörður ï Skjálfandi area in northern Iceland with 

altitude of raised marine features. Coloured lines represent moraines of retreating glaciers 

moving inland and Fnjóskadalur appears as an ice dammed lake. SVT stands for Skógar-

Vedde Tephra (Image Source: Norðdahl and Pétursson, 2005) 
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2.2  Hydrogeological Setting 

The Aðaldalur region is among the driest areas in Iceland, seeing mean annual 

precipitation of less than 800 mm/year. In Húsavík which is by the coast, the mean annual 

precipitation was 833.9 mm in the years 1961-1994. The winter months from September to 

January see the most precipitation, around 80-100 mm/month although much of this is in 

the form of snow or sleet after November due to low temperatures in winter. In the nearby 

mountain ranges east and west of the valley, the mean annual precipitation is within the 

range of 800 to 1,600 mm/year (Reynisson et al., 2012). 

2.2.1  Surface water  

Several rivers and streams flow through the study area and the most important are 

Skjálfandafljót, much of which consists of sediment-laden glacial meltwater that originates 

from northwestern Vatnajökull glacier and the spring-fed Laxá, whose water originates 

from the area around Lake Mývatn in the south-eastern boundary of the study area. Mean 

discharge of the predominantly glacier-fed Skjálfandafljót is around 100 m
3
/s and 37.5 

m
3
/s in the spring-fed Laxá (Sigurðsson and Sigbjarnarson, 1984; Jónsson, 2016). 

Skjálfandafljót river is a 178 km long direct runoff stream that becomes a braided river 

when it reaches the lowlands. It originates from Vonarskarð west of Bárðarbunga in 

Vatnajökull glacier at 1000 m a.s.l. Direct runoff streams have a flux of snowmelt entering 

the stream and are as a result generally low in dissolved solids, cold, often have a high 

hydraulic gradient and support little biological production. Flow rate changes dramatically 

with seasons and become very small streams during winter. Several spring-fed streams also 

contribute to Skjálfandafljót river within the Bárðardalur valley including Suðurá, Svartá, 

Hrauná and Tungulækur (Hjartarson and Kaldal, 2004). 

East of Skjálfandafljót, the character of the hydrology is different. Flow of water across the 

Aðaldalur lava field is limited, except for Laxá originating from the Lake Mývatn area, 

which has a very clearly defined flow and strictly follows the margin between the 

Holocene lavas and the Palagonite Formation to the east (Figure 1). Rivers are known to 

find the path of least resistance from their source to the sea. When there is low gradient, 

rivers often form meanders but this is not the case with Laxá, which takes sharp bends 

following the Palagonite formation. It is worth considering the possibility of this being an 

expression of a fault between the two formations. It is also probable that the river flows 

underground to some extent, as the lava field is highly permeable. A large water filled 

cavity was reported when drilling took place near the Aðaldalur airport in 1993, which 

indicates that lava tubes may be present in the area. The expression of a high water table is 

also present across the lava field, with water seen sitting in ponds in many places. 

Lake Mývatn is unique in that almost all the inflow is supplied through the groundwater by 

artesian springs. Hardly any surface water is encountered in the area which is covered by 

young and porous lava fields and transected by faults. The effluent from the Bjarnarflag 

geothermal system affects the biological conditions and the water chemistry of the lake 

especially by providing continuous and ample sources of silica and sulphate 

(Kristmannsdóttir and Ármannsson, 2004). 
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Several lakes are located within the study area of which the lakes Botnsvatn and 

Höskuldsvatn are among the largest. Both sit in subsided areas of the Húsavík-Flatey fault 

(Figure 1). Botnsvatn is located east of Húsavík 180 m.a.s.l. and is known to be fed by 

several springs that contribute about 220 l/s to the lake while the lake discharges 230 l/s to 

its main discharge point and 10 l/s to a smaller stream (Hjartarson, 1982). Höskuldsvatn 

which is at 262 m a.s.l is located 6 km southeast of Botnsvatn.  

2.2.2  Groundwater  

While the young lavas in Iceland are quite porous, permeability is greatly affected by faults 

and fractures that increase the speed at which the groundwater flows and may even connect 

two or more aquifers together. Dykes, sills and hyaloclastite formations can hinder flow 

and further increase anisotropy in the flow regime. Flow rates range greatly across 

different geological units and in fractured rock it can be as high as 1.0 m/s (Sigurðsson and 

Einarsson, 1988). Hyaloclastite tuff acts as an aquitard with flow rates ranging between  

10
-2

 and 10
-6

 m/s, pillow lavas and regular lava flows can be decent to good aquifers with 

flow rates of 10
-4

 - 10
-1

 m/s and 10
-3

 ï 10
-1

 m/s respectively (Sigurðsson and Sigbjarnarson, 

1984). The young rock formations have much higher flow rates than the older Tertiary 

rocks which have suffered compaction by burial and vecicles and cracks have been filled to 

a large extent with secondary minerals with common flow rates range between 10
-7

 and 10
-

3
 m/s. As a result the groundwater table tends to be high in the Tertiary rocks as water is 

less likely to percolate into the bedrock (Arnórsson et al., 1983; Sigurðsson and 

Sigbjarnarson, 1984). Cold springs (2-3°C) are common in the region and frequently 

appear at the boundary between geological units or in faulted zones. These are often used 

by farmers or for fish farming, as well as by towns and villages in the region (Hjartarson, 

1982). 

The geological setting will determine the flow path of groundwater, its abundance and 

chemical composition. Icelandic groundwater is generally considered to be low in essential 

minerals while also low in contamination. In general, the flow of Icelandic groundwater is 

fracture dominated and while Icelandic basalt, which makes up much of the islandôs 

geology, is quite porous, permeability highest in brecciated and faulted zones 

(Kristmannsdóttir, 2004). Given the geological circumstances in the study area, it can be 

assumed that much of groundwater fluid flow will occur a) subhorizontally through 

unconsolidated sedimentary layers, fractured porous sedimentary rock or along the 

boundary between changes in strata, b) subvertically along steep-angled faults, dykes and 

fractures in the basalt bedrock, c) subhorizontally through fractured basalt breccia 

(Icelandic: kargi), a-a lavas or along sills and d) along lava tubes within the pahoehoe lava 

fields.  

Due to the variable flow pathways and variable topography of Iceland, groundwater in any 

given place can be assumed to be a mixture of waters from different origins, age and 

chemistry. Generally, much of the cold groundwater is only a few decades old at the most, 

while hot water is generally older than the cold groundwater and in occasions from the last 

glaciation. The proposed ice age water in Iceland has been found to be a mixture of 

Holocene and Pre-Holocene waters, found in various groundwater systems across Iceland, 

including Skagafjörður N-Iceland, Húsavík, Aðaldalur and Þeistareykir NE-Iceland and the 

southern lowlands (e.g. Árnason, 1976; Sveinbjörnsdóttir et al., 2007; Sveinbjörnsdóttir et 

al. 2013). 
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The consultancy firm Vatnaskil has produced an updated groundwater flow model for the 

study area, which can be seen in Figure 9. Larger arrows indicate larger quantities of water, 

i.e. higher transmissivity and water flow, and shows Aðaldalur valley as the dominant 

aquifer compared to the more dense rocks surrounding the valley. It also shows the various 

flowpaths causing mixing of water of different origin, with different waters flowing into 

the valley from the west, south and east.  

 

 

Figure 9: Groundwater flow model for northeast Iceland. The model takes into account the 

transmissvity of the surface rock types and the general topography  (Guðmundsson et al, 

2015).  

  


