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Fracture zones and rift systems of eastern Iceland: Tectonic
and geodynamic links to extinct rifts on the Iceland-Faroe
Ridge and Iceland Plateau

Anett Blischke'?, Bryndis Brandsdottir?, Jeffrey A. Karson®, Birgir V.
Oskarsson?, Ogmundur Erlendsson® & Arni Hjartarson®

!lceland GeoSurvey, Branch at Akureyri, Rangarvollum, 603 Akureyri, Iceland.

2 Institute of Earth Sciences, Science Institute, University of Iceland, Askja, Sturlugata 7, 101
Reykjavik, Iceland.

% Department of Earth Sciences, Syracuse University, Syracuse, NY 13244, USA.

4 Iceland Institute of Natural History, Urridaholtsstraeti 6-8, 210 Gardabeer, Iceland

5 Iceland GeoSurvey, Urdarhvarfi 8, 203 Képavogur, Iceland

Large localized aeromagnetic anomalies along the Greenland-Iceland-Faroe Ridge were first
interpreted by Kristjansson et al. (1976, 1977) to represent Tertiary central volcanoes, similar
to active central volcanoes within the Neovolcanic Zones of Iceland (Fig. 1). Aeromagnetic
anomalies across these volcanic centres tend to be associated with caldera structures and are
not significantly elongated along the fissure swarms (Jonsson et al., 1991). In the wake of the
NAGTEC project (Hopper et al., 2014) and the mapping of the Jan Mayen microcontinent and
Iceland Plateau region (Blischke et al., 2019, 2022), a comprehensive study of re-processed and
new geological and geophysical data is needed to establish a detailed kinematic model of the
NE-Atlantic region. Such a model would link the tectonic evolution of Iceland to the offshore
Iceland Plateau Rifts, the Iceland-Faroe Ridge, and the Iceland-Faroe Fracture Zone regions.
Acquisition of new tectonic and structural data from extinct rift zones on land is required to
further our understanding of offshore rifts. Kinematic models indicate that Northeast Iceland
and its insular shelf formed by asymmetric spreading similar to the Iceland Plateau Rifts. These
processes created multiple volcanic rift zones, fracture zones, and strike-slip shear zones that
accommodated the breakup and formation of crustal domains north of Iceland, such as the
Iceland-Faroe Fracture Zone (IFFZ), and along the Iceland-Faroe Ridge. Structural mapping
within the Trollaskagi-Flateyjarskagi region and the Tjornes Fracture Zone have revealed
structures associated obliquely opening rift zones, indicating changes in Mid-Miocene dyke
strike directions adjacent to the Dalvik lineament and Husavik-Flatey Fault system (Young et
al., 1985, 2020; Blischke et al., 2023). Here, a N-S to NNE-SSW striking left-lateral strike-slip
fault system lies alongside a block-fault system within the Tjornes Fracture Zone tied to the
Northern Volcanic Zone within an overall right-lateral, obliquely opening rift system
(Magnusdottir et al., 2015; Karson et al., 2018). To map out structural evidence and geometries
for old and abandoned propagating rift systems onshore NE Iceland, we conducted last summer,
preliminary fieldwork in the Vopnafjérdur region. We aim to continue this work throughout the
next years. Our goals are to delineate abandoned rift segments within NE Iceland and unravel
the evolution of individual rift systems with time, to determine if younger rifts cut through or
have discordant trends with respect to older rift structures. Assessing, how onshore Miocene
rift systems (~15-6 Ma) align with older Miocene systems offshore. Furthermore, we plan to
determine the nature of the IFFZ: is it a pseudo-fault that developed gradually during rift
propagation or is this prominent feature along the NE insular margin of Iceland, a segmented
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Tertiary transform zone. This multidisciplinary approach will help to unravel more detailed
dynamics of rift zone development and transfer in proximity to the Iceland mantle plume from
Mid-Miocene.
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Figure 1. The Greenland-Iceland-Faroe Ridge Complex and adjacent igneous provinces (Hopper et al., 2014,
Hjartarson et al., 2017). Abbreviations: CEG, central East Greenland; GIR, Greenland—Iceland Ridge; IFR,
Iceland—Faroe Ridge; FI, Faroe Islands; VB and MB, Vgring and Mgre Basins; KR, R, RR, and MR Kolbeinsey,
Agir, Reykjanes and Mohn’s Ridges; JIMMC, Jan Mayen microcontinent; JMI, Jan Mayen Island; EJMFZ and
WJIMFZ, Eastern and Western Jan Mayen Fracture Zones; IFFZ and TFZ, Iceland—Faroe and Tjérnes Fracture
Zones; SVB, MIB, and OVB, Snafellsnes, Mid-Iceland and Orafajokull-Snafell volcanic flank zones; RVB,
Reykjanes oblique rift zone, SISZ, South Iceland Seismic Zone; WVZ, EVZ, NVZ, Western, Eastern and Northern
Volcanic Zones.
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Vestfirdir - Berggrunnur milli Arnarfjaréar og Djups.

Agust Gudmundsson

Jarofreedistofan ehf

Berggrunnur Vestfjarda hl6dst ad mestu upp ur basaltlogum & timabilinu fyrir 16 til 11 milljon
arum (talid fra okkar tima). Basaltlagastaflinn er samtals um 8 km pykkur og og algeng pykkt
berglaga 8-10m, pannig ad fjoldi laga i samfeldum (samsettum) jardlagasnidum er yfir 800.
Berghellunni hallar i stérum drattum til sud-austurs, minnstur er hallinn (vid sjavarmal) i
utnesjum nordan Djups 1-2° en heldur meiri eda 2-3° i Gtnesjunum ,,hinna eiginlegu Vestfjarda“
vestan Djups. Berglaga hallinn fer vaxandi inn til landsins og er vida 5-6°4 Bardastrond og &
meginhluta Stranda. | basalthellunni eru grafnar fimm megineldstédva auk priggja til vidbotar
ef med eru taldar eldstodvar i nordanverdum Breidafirdi og sunnan Steingrimsfjardar. I erindinu
er adallega fjallad um land og berg milli Arnarfjardar og Djups, i stafla sem hlddst upp fyrir 12-
16 milljénum é&ra.

pekking & berggrunni Vestfjarda tok storstigum framforum med fjolpjédlegum bergsegul-
rannséknum 1975-1976 og voru nidurstodur birtar i timaritsgreininni: Magnetostratigraphy and
Geochronology of Northwest Iceland. Hofundar greinarinnar voru lan McDougall, Led
Kristjansson og Kristjan Seemundsson. Brodurpart jardlagasnidanna sem greinin byggir & a
midhluta Vestfjarda lystu ,.fotgongulidarnir Johann Helgason og Agust Gudmundsson.

igraphy of NW Iceland
Geological profiles 1975-1976

Starfsmenn vid Gtivinnu fyrir ,,Magnetostratigraphy of Northwest Iceland. Tv. eru Norman D Watkins og Leo
Kristjansson ad bora og ,stédumala“ bergsegulkjarna. I midid eru teikn. af samtengdum jardlagssnidum fra
Skalavik og sudur & Bardastrond. Til hagri eru efst: Norman D Watkins, Led Kristjansson og Bruce Ellwood. |
midrod eru Aglst Gudmundsson, Johann Helgason, Kristjan Semundsson og Agust. Nedst th. eru lan McDougall
og Leo Kristjansson.
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Jardlagastaflinn i Utnesjum Vestfjarda geymir tvo til prja Gtbreidda ,,setlagafleti* sem rekja ma
langar leidir. Nedsta setlagaflétinn ma rekja samfellt fra Kégurhlioum & Hornstrondum vestur
& Kopanes vestan Arnarfjardar. parna er kedja af setldgum sem myndudust & halfri til einni
milljon ara fyrir um 15 milljon arum. A peim tima hefur verid strjal hraunaupphledsla en
akafari eldvirkni var badi nedan og ofan setsyrpunnar. Surtarbrandur er Gtbreiddur i nedri hluta
setlaganna en mikid gjall og efnavedrun eru aberandi vida ofantil i setsyrpunni.

Aframhald vard & vinnu i berglagastaflanum milli Arnarfjardar og Djlps pegar farid var ad
undirbua jardgdng a nordanverdum Vestfjoroum og sidar & milli Dyrafjardar og Arnarfjardar.
Staflanum hefur verid skipt upp i bergsyrpur og mé tekja sumar peirra langar leidir. De&mi um
slikt mé sja a medfylgjandi teikn. bott ekki verdi farid nanar i pad hér.
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Ljosmynd af fjollum milli isafjardarbaejar og Bolungavikur. Nedar eru bergsyrpur a nordanverdum Vestfjordum
og stada ummyndunarsteinda i berginu. (Nedsta snidid er ar greininni ,,Magnetostratigraphy of NW Iceland en
onnur snid eru fra hofundi).

peer tveer megineldstodvar sem liggja i staflanum milli Arnarfjardar og Djups eru af hlidsteedum
aldri (13-14 milljon éra) en setja mjog 6lik ummerki @ umhverfi sin. Vestari eldstddin liggur i
fjallgardinum milli Arnarfjardar og Dyrafjardar og nefnd Tjaldaness-eldstddin par sem kjarni
hennar birtist i surum pykkum berggdongum og keilugdngum inni a Tjaldanesdal. Berg
eldstédvarinnar hefur vedrast nidur i hvassbrynd fjallahorn sem ganga almennt undir nafninu
Vestfirsku-Alparnir. Eystri eldstodin liggur vandlega falin i halsinum milli botns Alftafjardar i
Djupi og Lambadals i Dyrafirdi en 16g fra henni ganga gegnum fjallgardinn nordur i botnsdali
Onundarfjardar. (Hefur hofundur kosid ad nefna hana Lambadals-eldstodina (pvi adrar
megineldstodvar eru i Alftarfirdi eystra). Bergpekja fra yngri sprungugosum hafa svo lagst yfir
badar eldstodvarnar en samt myndad hadir i hraunasléttunni yfir fornu eldfjéllunum.
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Groundwater hydrological mapping and water residence
time with the young basaltic Icelandic crust

Arny Erla Sveinbjérnsdottir, Andri Stefansson & Stefan Arnérsson

Institute of Earth Sciences, Science Institute, University of Iceland. Sturlugata 7, 101
Reykjavik, Iceland E-mail address: arny@hi.is

For 60 years water isotope tracers have been used in Iceland with focus on groundwater
hydrology, the atmospheric water cycle and general climate research. In the early days
groundwater residence time within the young, basaltic Icelandic crust was considered short or
in the range from months to < 8000 years. Later studies on isotopes (11D, (1180, H, 0'3C, 4C)
and chemical composition (B, CI) have however revealed longer residence time.

Groundwater systems in Iceland are most often a mixture of waters from various sources and
of different ages (from modern to pre-Holocene ages). Such hydrology calls for a combined
interdisciplinary approach in order to define and characterize a groundwater system.

In the presentation it is demonstrated that by using chemical and isotope components of water
samples the mixing processes can be quantified. Also how water and carbon isotopes can be
used to trace groundwater flow and evaluate groundwater residence time.
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The scale of effusive volcanism in the Neogene of Iceland -
was it the same as today?

Birgir V. Oskarsson

Contact: birgir@ni.is, Icelandic Institute of Natural History

Effusive volcanism in the Miocene of Iceland is often assumed to have been similar to current
volcanism. Current volcanism defined as eruptions with effusion rates between 1 to 1000 m®/s
forming lava fields similar in size to those in Fagradalsfjall and Krafla, to larger fields as Laki,
Eldgja and Pjorsa. The morphology of lava fields formed with these effusion rates is
characterized by numerous lobes of variable dimensions, forming what is called a compound
lava field. The stacking of numerous compound lava fields would result in a stratigraphy that
is lobate and enormously complex. Nevertheless, detailed mapping of the Miocene stratigraphy,
both ground-based mapping and from aerial photography, has shown that over 70% of the lava
flows in Miocene territory comprise stacks of widespread and extensive sheets, sometimes
named simple flows or tabular flows, lava fields with flat-lying, plane-parallel contacts (Fig.
1). Individual sheets can be traced for tens of kilometers levelling the topography and implying
effusive events on scales not witnessed in modern times. One study conducted by the author
yielded effusion rates in the order of 100,000 m®/s to account for the extensive and coherent
sheets as documented (Oskarsson and Riishuus, 2014). Simple flows are found in the
stratigraphy of the oldest parts of Iceland up to the Pliocene. Of the three main types of lava,
tholeiitic, porphyritic and olivine basalt, tholeiitic groups include most simple flows, while
porphyritic includes mixtures of simple and compound and olivine basalt groups are
predominantly compound. Repeated events on these scales must imply tectonic-magmatic
conditions different from today. The effects of this volcanism must have been enormous in
terms of volcanic emissions, effects on the colonization of life in Iceland, tectonic activity,
magma influx into the crust, spreading rates, factors that have not been explored before. A new
examination of Iceland’s past is encouraged accounting for the story told by the simple flows.
Oskarsson, B. V. & Riishuus, M. S., 2014, The mode of emplacement of Neogene flood basalts in eastern Iceland:
Facies architecture and structure of simple aphyric basalt groups, J. Volcanol. Geotherm. Res., 289, 170-192.

a Simple flows b Compound flows

S\

Figure 2 Types of architecture of lava fields in flood basalt provinces.
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The destabilizing effect of glacoial unloading Svinafells-
jokull, SE Iceland

Daniel Ben-Yehoshua, Sigurdur Erlingsson, Pborsteinn Seemundsson,
Reginald Hermanns & Eyjolfur Magnusson

Since the end of the Little Ice Age (LIA) around 1890 glacial thinning has been exposing
mountain slopes around Iceland’s outlet glaciers. Around 50% of the ice mass that disappeared
since the LIA was lost between 1995 and 2010. In the early 2000s a cluster of slope instabilities
appeared around Svinafellsjokull outlet glacier. In 2013 a debris avalanche covered 1.7km2 of
the glacier insulating it from surface ablation. The largest of the instabilities in the valley has
been named Svarthamrar slope instability and is defined by a more than 2 km long fracture
system that separates the northernmost part of the mountain south of Svinafellsjokull. In this
study we present a geological and structural assessment of the slope and quantify the effect of
glacial unloading on its stability. The complex volcanic and glacial stratigraphy of the mountain
side is characterized by an inherent structurally controlled tendency to fail along east-west
fractures — the same direction as the observed main fracture. We find that the relative loss of
stability due to glacial unloading is largely independent from the physical properties of the rock.
Based on the modelling results and the deformation history of the Svarthamrar instability we
suggest that a renewed onset of glacial thinning will likely reduce the slope stability further,
resulting in deformation and potentially failure. Extrapolating our modelling results we assume
that all deglaciated/deglaciating slopes that have gone or are going through a similar trend of
destabilization which increases the likelihood of slope deformation and makes them generally
more vulnerable to external triggers.
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Widespread fracture movements during a volcano-tectonic

unrest: the Reykjanes Peninsula, Iceland, from 2019-2021
TerraSAR-X interferometry

Cécile Ducrocq?, Théra Arnadéttir?, Pall Einarsson*, Sigurjon Jénsson®,
Vincent Drouin?, Halldér Geirsson® & Asta Rut Hjartardottir?

1: NORDVULK, Institute of Earth Sciences, University of Iceland, Reykjavik, Iceland
2: GNS Science, Lower Hutt, New Zealand

3: King Abdullah University of Science and Technology, Thuwal, Saudi Arabia

4: Icelandic Meteorological Office, Reykjavik, Iceland

Tectonic controls on dyke emplacements, eruption dynamics and locations have been observed
in multiple volcanic areas worldwide. Mapping of active structures is therefore key for
assessing potential tectonic and volcanic hazards in active regions. We used wrapped
interferograms from the TerraSAR-X satellite to map fractures that show a measurable amount
of movements over a 2-year period of a volcano-tectonic unrest at the Reykjanes Peninsula
plate boundary in SW Iceland. As of January 2024, the unrest has included at least 14 inflation
events and 7 dyke injections, resulting in three eruptions at Fagradalsfjall and two at Svartsengi.
In addition to the deformation associated with the 2019-2021 inflation events and intrusions,
the interferograms reveal fracture movements over a wide area surrounding the active plate
boundary segment. This first-order mapping of active fractures complements previously
mapped structures, as INSAR allows for the detection of subtle ground movements, even in
areas where young lava flows cover older structures. Our fracture data therefore fill in some of
the apparent voids in previous fracture and fault maps of SW Iceland. Furthermore, our
investigation reveals aseismic movement on previously unknown fractures directly beneath the
town of Grindavik, as well as a N45 E striking fracture co-located with the longest lasting
volcanic vent of the subsequent 2021 eruption. The mapping method we present in this study is
relevant for active volcano-tectonic regions where INSAR can be applied to detect small-scale
fracture movements to advance understanding of ongoing unrest and volcano-tectonic hazards.
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Af hverju erum vid enn ad rannsaka Grimsvotn?

Eyjolfur Magnusson?!, Finnur Palsson!, Joaquin M. C. Belart'?, Krista
Hannesdéttir!, Vincent Drouin®, Gunnar Sigurdsson3, Jan Wuite* &
Etienne Berthier®

Dardvisindastofnun Haskoélans
’Landmeelingar islands

3Vedurstofa Islands

“ENVEO GmbH, Innsbruck, Austurriki
SLEGOS, Université de Toulouse, Frakklandi

Grimsvotn eru megineldstdd undir Vatnajokli midjum. [ eldstédvardskjunni safnast
breedsluvatn vegna jardhita og eldgosa fyrir undir joklinum auk yfirbordsbradar. Vatnid skilar
sér i jokulhlaupum, um 50 km leid undir Skeidararjokul. Pessi hlaup hafa i gegnum tidina haft
veruleg ahrif a mannvirki Vegagerdarinnar & Skeidararsandi. Grimsvotn hafa verid rannsoknar-
efni visindamanna svo til allar gétur fra pvi pau fundust arid 1919. bar hafa margir lagt hond a
pldg og mé par nefna ad 6drum 6léstudum, Sigurd Porarinsson, Sigurjon Rist, Helga Bjérnsson,
John Nye og Magnus Tuma Gudmundsson. Pad er pvi edlilegt ad spyrja: Eftir neestum 100 ar
af rannsoknum, af hverju erum vid enn ad rannsaka Grimsvétn? Svarid er i raun tvipaett. [ fyrsta
lagi pa eru Grimsvétn alltaf ad breytast. Su vitneskja sem var i gildi fyrir 30 arum er ekki
endilega i gildi lengur. | 68ru lagi pa eru meliteeki og meeliadferdir alltaf ad batna. Vid getum
ni melt fleira og svarad spurningum sem ekki var hagt &dur. [ erindinu verda rakin deemi sem
eru lysandi fyrir petta tvennt og syna einnig ad vid erum alltaf ad lera eitthvad nytt um
Grimsvotn og jokulhlaupin padan.
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In the footsteps of Ledé Kristjansson — The current
paleomagnetic and geomagnetic research in Iceland

Elisa J. Piispa

Institute of Earth Sciences, University of Iceland

The location of Iceland at both a mid-ocean ridge and on top of a mantle plume has resulted in
rich research in paleomagnetism and geomagnetism. Iceland has one of the best archives of past
Earth’s magnetic field observations spanning the past 16 million years due to the well preserved
and nearly continuously erupted lavas. Many pioneering studies were conducted in Iceland in
the early days of paleomagnetism in the 1950s and the research has continued with numerous
works ever since.

The single most significant contributor to Icelandic paleomagnetism since 1960s has been Leo
Kristjansson, who would have been 80 years old this year. He left behind him a great legacy
with numerous papers both international and national, extremely well documented research
with detailed notes, and thousands of meticulously labeled samples in storage. During his time
the three main branches of paleomagnetic and geomagnetic research in Iceland were 1)
magnetostratigraphy as a tool for geological mapping and dating, 2) understanding the Earth‘s
magnetic field behavior and dynamics within the past 15 million years, 3) aeromagnetic and
magnetic surveys for both large scale and regional studies. Le6 was active in all of these and
beyond. The current research trends continue broadly within these lines, albeit with some novel
applications.

In this talk, I will go through the recent advancements in paleomagnetic and geomagnetic
research in Iceland, both in the footsteps of Led and looking into the future, where the path is
currently taking us and which directions we should investigate.
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| fotspor Leds Kristjanssonar — Nuaverandi fornsegul- og
jardsegulrannsoknir a Islandi

Elisa J. Piispa

Jardvisindastofnun Haskola islands

Stadsetning Islands badi vid midhafshrygg og ofan & mottulstrok hefur skilad af sér rikum
rannsoknum & forn bergsegulfraedi og jardsegulfreedi. Island & eitt besta skjalasafn fyrri
segulsvidsathugana jardar sem spannar sidustu 16 milljonir &ra vegna vel vardveittra hraunanna
0g nastum stoédugt gosid. Margar brautrydjendarannsoknir voru gerdar & Islandi i ardaga
bergsegulfreedinnar & fimmta aratugnum og hefur rannséknin haldid &fram med fjolda verka
sidan.

Einn mikilveegasti patttakandi i islenskri forsegulfreedi sidan & sjounda aratugnum hefur verid
Led Kristjansson, sem hefdi ordid attraedur & pessu ari. Hann skildi eftir sig mikla arfleifd med
fjolmdérgum erindum bzdi alpjédlegum og innlendum, einstaklega vel skjalfestum rannséknum
med itarlegum athugasemdum og pusundum vandlega merktra synishorna i geymslu. A sinum
tima voru prjar megingreinar forsegul- og jardsegulrannsokna & Islandi 1) segulmaling sem
teki til jardfreedilegrar kortlagningar og timasetningar, 2) skilning & segulsvidshegdun og
gangverki jardar & undanférnum 15 milljonum éara, 3) loftsegulfraedi og segulmelingar fyrir
baedi stérar og sveedisbundnar rannsdknir. Led var virkur i pessu 6llu og vidar. Nuverandi
rannsoknaproun heldur &fram i storum drattum innan pessara lina, ad visu nokkrar nyjar
umsokanir.

[ bessu erindi mun ég fara i gegnum nylegar framfarir i fornsegul- og jardsegulrannséknum &
Islandi, baedi i fotspor Led og horfa inn i framtidina, hvert leidin liggur um pessar mundir og i
hvada attir vid ettum ad horfa.
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Framlag Ledés Kristjanssonar til jardvisinda a islandi
staflinn, svidid og margt fleira

Haraldur Audunsson

Haskadlinn i Reykjavik

I erindinu verdur fjallad stuttlega um rannsoknir Leds Kristjanssonar i jardvisindum.

Ferill Leds i jardedlisfreedi hofst sumarid 1964, sem adstodarmadur i feltinu i bresk-islenskum
leidangri undir forystu bretanna George Walker og Norman Watkins. P& voru peir ad hefja stort
verkefni i bergsegulmalingum & Islandi. Parna kviknadi ahugi Leds og sotti hann sérnam i
jardeolisfreedi med aherslu & bergsegulfraedi, sem lauk med doktorspréfi 1973 fra Memorial
University i Kanada. Leo6 héf storf a Raunvisindastofnun Haskdlans 1971 og var vid stofnunina
til starfsloka 2013.

Hraunlagastaflinn & islandi er einstaklega heppilegur til bergsegulmelinga, samfelld 16ng snid,
gott adgengi, ummyndun er litil og bergid geymir upprunalegu segulmégnunina vel. Leé beitti
bergsegulmalingum i samvinnu vid jardfredinga vid ad byggja upp jardlagasnid vida um
landid og lagdi hann aherslu & staflann, en 1ét yngsta bergid ad jafnadi eiga sig. betta voru
gjarnan stor verkefni sem toku nokkur ar hvert. Framlag Leds vid kortlagningu staflans hér a
landi var einstakt og afar mikilvaegt, og ekki sidur rannsoknir hans & segulsvidi jardar &
alpjodlegum vettvangi.

Med pvi ad nyta sér sogu polskipta segulsvidsins i snidunum var heagt ad tengja saman snid
milli fjallshlida, dala og fjarda, og yfir steerri sveedi & landinu. Pannig var hagt ad byggja upp
s6gu svidsins sem spannadi timabilid 1 — 16 milljon ar, eda eins langt aftur og hagt er & islandi.
I seinni tima kortlagningu er gjarnan reynt ad tengja ny snid vid pessi eldri og aldursgreindu
segulsnid. Segultimatalid nytist pannig beint vid kortlagningu staflans & islandi og einnig sem
lysing & sbégu og hegdun segulsvids jardar. Annad mikilveegt framlag Leds var nakvemari saga
segulsvidsins og ad polskipti reyndust mun 6rari en talid var i fyrstu samkveemt malingum &
segulreemum & hafsbotninum, eda um atta pdlskipti & milljon arum. Polskiptin sjalf taka um
fjogur pasund ar. Enn annad framlag Leos voru areidanlegar meelingar & flokti sequlsvids jardar
og hvernig floktid hefur minnkad sidustu 16 milljon arin. bessar rannsoknir & Islandi & sogu
segulsvidsins eru einstakar, pvi pad er sjaldgaft erlendis ad na snidum sem spanna jafn langan
tima og hér er hagt.

Pad var Led mikilveegt ad vinna med jardfreedingum sem kortlogdu svedin og 16gdu til
tengingar milli snida, og er sU saga skrad i utgafu fjolda freedigreina. Pad var einnig eftir pvi
tekid hvad hann var 6tull vid ad fa nemendur i jardvisindum med sér i feltvinnu og meelingar.
Liklega hefur Le6 tekid patt i ad kortleggja og safna bergsynum ur yfir fimm pusund
haunlégum. Medal annarra rannsékna a segulsvidi jardar ma nefna fjolda ferda hans ut a
Reykjanesskaga par sem hann leitadi uppi og rakti hraunbledla med sérsteda segulstefnu,
einstakt fravik sem i alpjodlega segultimatalinu er kallad Skala-Malifell-atburdurinn.

Flugsegulmelingar voru einnig stor pattur i rannsoknum Leos, sem og segulmelingar a sjo.
Hann lagdi aherslu & ad pétta melinet fyrri mealinga sem Porbjorn Sigurgeirsson hafdi lagt
grunninn ad. | pessum melingum kom i ljos m.a. tilvist eldstédva undir sjo og joklum, p.a.m.
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utlinur megineldstodvarinnar vid Reykjavik, edli landgrunnsins og visbendingar um aldur
sveeda a landinu.

Leo var natinn vid ad skra sogu jardvisinda & Islandi og 4samt Kristjani syni sinum gaf hann Gt
bok um sogu rannsokna & silfurberginu hédan fra islandi. Eftir Le6 liggja fjolmargar
visindagreinar og bera per allar vitni um vandvirkni og innsei, sem var einkenni hans i
rannsoknum.

Allir sem nutu samvinnu med Le0 i feltinu eru sammala um ad par for afskaplega roskur madur
og eljusamur; brennandi ahugi og forvitni. Feltvinnan var ekki beint leikur einn, burdur med
bor og kaelivatn & tanki, oft upp otralega brattar fjallshlidar - en samt var Le6 alltaf & stigvélum,
sikatur, sama & hverju gekk.
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The Hafnarfjall-Skardsheidi central volcano in West Iceland

Hjalti Franzson

This summary describes a study of a thick central volcanic succession which accumulated
during the opening stages of the precursor of the Reykjanes-Langjokull axial rift zone in W-
Iceland, between 6-4 m.y. (Figures 1 and 2). Following the initial accumulation of olivine
tholeiite lavas within the new rift zone, which lie unconformably on an older crustal basement
10-13 m.y., a central volcano developed in the Hafnarfjall-Skardsheidi area. It was active for
some 1.5 m.y. and consists of four volcanic phases: I. The Brekkufjall phase is characterised
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Figure 1. Evolutionary episodes of the central volcano and overlying basalt successison.
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by basaltic volcanism followed by voluminous and copious extrusions of differentiated rocks
culminating in a sudden caldera collapse (c.5 km wide) in Brekkufjall. I1. During the Hafnarfjall
phase a thick extrusive sequence of basaltic to rhyolitic compositions accumulated, mainly fed
by ENE fissures. During the gradual subsidence of the Hafnarfjall caldera (7 by 5 km) a marked
decrease occurred in lava accumulation rate outside the caldera. Epicentres of three cone sheet
swarms coincide in time and space with three basinal structures of this caldera. I11. The Skards-
heidi phase is characterised by N-S fissuring and a marked bimodal basalt-rhyolite lava
accumulation. 1V. Remnants of the Heidarhorn phase include compositions ranging from
basalts to rhyolites. The western boundary of the axial rift zone is marked by large intrusives,
basalt flexuring, a sheet swarm and the disappearance of dyke swarms. The lenticular unit was
later buried by lavas of the Hvalfjordur fissure swarm, which is not dealt with here. Rocks of
the central volcano follow the bingmali trend, but relative abundance shows discontinuity
within the basaltic andesite range.

MAGNETOSTRATIGRAPHIC MAP

Legend:
Normal Polarity
D Reverse —u—

Epoch 5—Gilbert
Transition

Mammoth

Cochiti

Nunivak
Sidufjall
Thvera

GILBERT

B3

EPOCH 5

EPOCH 6
—_— 6.5

A3

A2 23 |>10

W

Figure 2. Magnetostratigraphic map of the field area

15



Haustradstefna Jardfreedafélags islands 2023
19. jantar 2024

Peculiar Earth’s magnetic field behavior during the Middle
Miocene Kleifakot reversall/instability event

Jowita Magdalena Kumek & Elisa Johanna Piispa

Institute of Earth Sciences, University of Iceland

The behavior of the Earth’s magnetic field is still not fully understood, especially during
extreme events such as reversals or other field instabilities. We have not lived through a reversal
nor excursion during the written history of humankind. Nevertheless, reversals are an exciting
topic considering the current decrease of the Earth’s magnetic field strength (e.g., Poletti et al.,
2018) and the fast movement of the North magnetic pole (e.g. Livermore et al., 2020), which
has led to a hot debate whether the Earth’s magnetic field is reversing or experiencing an
excursion or neither (e.g., Laj and Kissel, 2015; Pavon-Carrasco and Santis, 2016; Brown et al.,
2018). Nearly continuously emplaced and rapidly cooled basaltic lavas in Iceland provide an
excellent natural laboratory to study such phenomena.

This research focuses on Earth’s magnetic field’s reversal/instability event originally
documented by McDougall et al. (1984) and Kristjansson (2015), who reported a complex
excursional event at ~13 Ma recorded within the lava flows south of the Isafjardardjdp fjord in
the Westfjords. In 2022, following Led Kiristjansson’s footsteps | started to study the
geomagnetic field behavior recorded by these Westfjords lavas. From the previously sampled
profiles we picked the four most promising profiles: DU (25 lava flows), DT, DX, JO, which
we sampled in more detail. The first three profiles were shown to record the Kleifakot event
(Kristjansson 2015), but JO profile had not been studied in detail, for this reason, I will
concentrate on it in this presentation. Moreover, we collected fresh unaltered pieces of rocks
from both bottoms and tops of each profile so that we can constrain the length of the excursional
event using Ar-Ar dating. This is because currently the length of the instability event is based
on dated samples far from our profiles and cumulation of lava.

All the lavas can be characterized as tholeiites to olivine-tholeiites. The lavas within
Isafjardardjdp have experienced chabazite-thomsite zeolite alteration. However, JO profile is
located above the hydrothermal alteration zone. Thermomagnetic analysis indicates two main
magnetic mineralogy types: high Ti-titanomagnetite and low Ti-titanomagnetite. The variation
of Natural Remanent Magnetization and magnetic susceptibility between JO and DU profiles
matches in the bottom part. Stepwise alternating field demagnetization was used to obtain the
paleomagnetic directions of each lava unit, which records the Earth's magnetic field at the time
of cooling of each lava layer. For example, JO profile shows changes of the ancient position of
geomagnetic pole, a paleomagnetic pole, with a complex sequence of normal polarity -
transitional - normal - transitional - reversed polarity - transitional - reversed - transitional (N-
T-N-T-R-T-R-T). This is comparable to Leo Kristjanssson’s results, which indicates that
Kleifakot instability event is also recorded in the profile JO. However, according to Leo
Kristjansson’s results, the top of the section should record normal polarity. The coming
summer, we will sample few more lavas on top of JO profile to fully catch the end of the
Kleifakot instability event there.

These data give more information on the fluctuation of the magnetic field since we sampled
more thoroughly, but they also provide evidence that the instability event is recorded at the JO
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profile, which is 30 km SW of the others. Future work will be focused on the process of how
the strength of geomagnetic field was changing during the mentioned reversal event. A
multimethod approach is a key for success in this, and we will combine use of three different
techniques: the “1ZZI1-Thellier”, “Tsunakawa-Shaw” and “Microwave” methods.

Unfortunately, | did not have an opportunity to meet Leo6 Kristjansson in person, but I have got
to know his work since | started my PhD and it is an honor for me to do my PhD research on a
topic that he initiated.
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Hvers vegna a ad segulmala bergldg a islandi?

Jéhann Helgason

Baughusum 43, 112 Reykjavik

Steerstur hluti jardlaga & Islandi er utan gosbeltanna og er aldur peirra groft talid 1 til 18 M éar.
Liklega er ekkert land jafnvel fallid til ad rannsaka bergsegulstefnu og byggja upp segultimatal
fyrir sidustu 17-18 milljon ar en lsland. betta sau jardfraedingar skommu eftir 1960 pegar
segulreemur & Reykjaneshryggnum urdu ljosar. Fljotlega var hafist handa vid frumstaed skilyrdi
ad segulmaela hraunldg & islandi og pannig hofst kortlagning segulrema & landi. Ymsir komu
ad pvi verki en framlag Leds Kristjanssonar mun po drygst til pessa.

Hugtakid “magnetostratigraphy” metti pyda sem seguljardlagafredi en su fredigrein er
natengd vinnu vid segultimatal (e. geomagnetic time scale). Vid pa vinnu parf prennt ad fara
saman: 1) kortlagning jardlaga, 2) meling bergsegulstefnu og 3) raunaldursgreining jardlaga.
P4tt mjog mikio hafi verid gert & pessu svidi hér & landi er samt afar mikid eftir.

Steerstur hluti jardsogu Islands vardar bergid utan gosbeltanna. Jardsagan hér & landi tekur til
breytinga svo sem gosbeltaflutninga, loftslagssogu, aldurs steingervinga, timasetningu jokul-
og hlyskeida, aldurs setlaga og rofségu svo eitthvad sé nefnt. Pad er ymsum takmérkunum had
ad timasetja pessa jardsdgulegu peetti en pad mun reynast mun audveldara pegar segultimakort
liggur fyrir af landinu 6llu. Til pessa hefur kortlagning berggrunnsins verid steersti floskuhalsinn
vid gerd segultimakorts af Islandi.

[ pessu erindi munu verda synd deemi um afrakstur vinnu vid seguljardlagafradi og hvers konar
spurningum su fraedigrein getur svarad.
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Préoun seguleiginleika kélnandi hrauns - frumnidurstodur
endurtekinna segulmalinga med dréna yfir kélnandi hrauni
vio Fagradalsfjall

Jéhanna Malen Skuladéttir, Elisa Piispa & Halldér Geirsson

Haskoli islands

Eftir ad eldgosi lykur tekur vid langt timabil @ medan hraunid storknar og kolnar par til pad neer
sama hitastigi og umhverfid. betta ferli getur tekio fleiri tugi &ra og @ medan pvi stendur laekkar
yfirbord hraunsins vegna kolnunar pess. Samhlida kolnuninni proéar hraunid med sér
seguleiginleika pegar hitastig pess fer nidur fyrir Curie-punkt hraunsins. Haegt er ad fylgjast
med proun pessara seguleiginleika og kélnuninni med malingum & segulsvidi hraunsins.

Segulmalingar med dréna voru gerdar a hraununum fra 2021 og 2022 vid Fagradalsfjall i
november 2022, april 2023 og i juni 2023. Nidurstddur pessara melinga syna skyra breytingu
a segulsvidi hraunsins milli meelinga, vegna leekkandi hita hraunsins. Stor neikveed segulfravik
eru skyr @ meelingunum, og gefa til kynna ad stor hluti hraunsins hefur ekki enn nad ad kolna
nidur fyrir Curie-punkt hraunsins. Segulmalingar yfir pykkari sveedum hraunsins fra 2021 gefa
innsyn inn i flutningskerfi hraunsins, fleedieedar hraunsins koma skyrt fram sem neikvad fravik
og gefa mynd af innra landslagi pess. Jakveed segulfravik syna stadsetningu veggja hrauntjarna
innan 2021 hraunsins og endurspegla einnig fyrrum stadsetningu hraunjadarsins. Nanari
likangerd og aflégunargégn munu varpa skyrara ljosi a kolnunarferli hraunsins dsamt pvi ad
beeta talkun a peim gégnum sem safnast hafa vid segulmelingar.
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Segulmalingar med kjarnaspunamaeli vid bura i Olfusi

Katrin Asta Karlsdéttir, Halldor Gerisson, Elisa Johanna Piispa & Dario
Ingi Di Rienzo.

Jardvisindadeild, Haskoli islands

Vorid 2023 vann ég BS verkefnid mitt med segulmalingum vid bura i Olfusi. Verkefnid ber
titilinn ,,Segulmelingar vid Purd i Olfusi: Framlag til jardhitarannsokna‘“ og likt og titillinn
gefur til kynna var markmidid verkefnisins ad nota segulmelingar til pess ad finna mégulegt
jarohitasveedi til vidbotar vio eldri jardedlisfredilegar rannsdknir & sveedinu. Jarohiti er
mikilveaeg audlind sem nytist & fjolmargan hatt, svo sem til hushitunar, raforkuframleidslu og til
idnadar og vegna pessa hefur eftirspurn eftir jardhita aukist med &runum. Heimildir geta pess
ad i nagrenni vid burd, t.d eins og a Bakka sé jardhitavinnsla og pvi rokrétt ad rannsaka sveedio
betur. Med segulmalingum & jorou reyndi ég ad finna samband & milli segulfravika og jardhita
i von um ad stadsetja hvar hann sé ad finna i landi burar. Gagnaséfnunin tok fjéra daga par sem
gengid var yfir allt malingarsvadid sem spannadi um tepa 90 hektara og um 30 m bil var &
milli linanna. Urvinnsla gagnanna for adallega fram i Excel og med QGIS forritinu sem er
hugbunadur fyrir landfreedileg upplysingakerfi. Sudvestur af landi buréar eru b6roddstadalaugar
og par hafa eldri melingar synt fram & ad par sé gangur. Nyju segulmelingarnar syndu
hugsanlegan berggang sem geti einnig verid sami gangurinn og s& sem fannst vid
péroddstadalaugar. Einnig bentu segulmalingarnar til pess, asamt eldri viondmsmaelingum ad
merki um jardhita sé ad finna & sudvestanverdu sveedi burdr. bvi voru settar fram tveer tillégur
um svaedi sem vert er ad rannsaka betur. Til ad fullyrda hvort jardhita sé ad finna vid bura pyrfti
pbo fleiri jardedlisfreedilegar meelingar sem lita til annara eiginleika jardhitasvaeda til pess ad
stadfesta pad. Daemi um slikar maelingar eru viondmsmeelingar og pyngdarfraviksmeelingar sem
i sameiningu geta gefid ndkvaemari upplysingar um rannsoknarsveedio.
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Mynd 1: Hra gogn af segulmeelingum vid bura med dilkaflokkudum litskala. Melingarnar voru framkvemdar
med kjarnaspunameli frA GEM systems. Radu linurnar afmarka landsvaedi burér.
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Can the “Stacked Sill’ mode explain the Deep Conductive
Layer (DCL) in the Icelandic crust? Is the Palmason model
basically wrong?

Knutur Arnason & Arnar Mar Viilhjaimsson

ISOR

MT resistivity soundings in the late 1970’ies and early 1980’ies reviled a Deep Conductive
Layer (DCL) under most of Iceland. When first observed, the DCL was interpreted as partial
melt below a thin and hot crust. In contrast, seismic and gravity studies convincingly indicate a
thick, dense and relatively cold crust, with the DCL as an intra-crustal layer, in the upper part
of the lower crust, below the brittle/ductile transition. The DCL domes up beneath central
volcanos with high temperature geothermal systems and the only low temperature area in
Iceland studied by MT to date. Similar highly conductive intra-crustal layers, outside Iceland,
seem to be related to mantle plumes.

Recent findings indicate that the DCL is (at least in some places) electrically and seismically
anisotropic, suggesting ductile flow in the lower crust. The DCL has not been accounted for in
the thick crustal model. The fundamental question is: What is the DCL and what can it tell us
about the origin and nature of the Icelandic crust? A clue may be found in a borehole drilled
into exposed gabbro on the SW Indian Ridge, finding highly conductive layer rich in oxides
(magnetite). The abundant oxides have been explained as being an end-product of repeated
fractional crystallisation of ultra mafic magma ascending through a stack of sill in the crust,
ending up too heavy to be buoyant. Such a process is thought to have formed the major Fe and
Ti (oxide) ore bodies, like in the Emeishan (SE China) and Bushveld (South Africa) large
igneous provinces.

Recent seismicity north of Vatnajokull has been interpreted to reflect upwards migration of
magma between sills in the lower crust. This idea has been taken further to conclude that only
a fraction of the magma from the mantle plume makes it to the surface; most of it stalling as
sills (gabbro) in the lower crust, making it exceptionally thick and heavy. This model has been
called a “Stacked Sill” model. This model could explain the presence of the DCL in the upper
part of the lower crust as consisting of oxide rich and conductive ductile rocks from highly
fractionated residual magma. The crustal flow, inferred from anisotropy of conductivity and S-
wave velocity, would enhance connectivity of conductive phases. This also indicates that the
so-called “homogeneous gabbro” of oceanic crust is not present in the Icelandic crust.

The estimated temperature/depth profile of the crust also lends support to this “Stacked Sill”
model. The temperature is assumed to increase nearly linearly (heat conduction) from surface
(~0 °C) to about 700 °C at the ductile/prattle boundary (d/b-b) at the depth of about 7 km. The
temperature at the base of the crust, at 30-40 km depth, has been estimated to be about 950 °C.
This small temperature increase from the d/b-b to the base of the crust indicates that heat
transport in the lower crust is strongly advective, not just conductive.

The so-called “Palmason model” has/is often been taken as a valid model for the Icelandic crust.
This model assumes that the crust is mainly formed by extrusive volcanism, with only minor
contribution of intrusions and dikes. As extrusive rocks are added at the surface in volcanic
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zones, the crust subsides and moves away by the crustal spreading. The Palmason model does
not offer any mechanism for producing a DCL in the upper part of the lower crust. The DCL
can, on the other hand be consistent with the “Stacked Sill” model.
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,Merkasta framlag islands til vestraennar menningar*
rannsoknir Leds Kristjanssonar a islensku silfurbergi

Kristjan Ledsson

Sidustu 25 &rum avi sinnar vardi Le6 Kristjansson i ad rannsaka afdrif islensks silfurbergs,
adallega ur Helgustadanamu vid Reydarfjord, og ahrif pess & proun visinda og tekni i Evropu
og vidar, fra ofanverdri sautjandu 61d og fram & pa tuttugustu. Rannsoknir sinar tok hann saman
i skyrslu sem hann endurbeetti allt fram & sidustu daga og taldi hin pa ramar 500 sidur med
visun i hatt i 4000 skradar heimildir. Pessi samantekt er einstok & heimsvisu, enda hafdi enginn
adur gert sér grein fyrir hinu gridarmikla umfangi rannsokna a og med islensku silfurbergi. i
grein um avi franska verkfreedingsins Etienne-Louis Malus, sem einmitt Iék lykilhlutverk i
sogu silfurbergsins, komust héfundar pannig ad ordi: ,,We know a great deal about the Iceland
spar industry from its singular historian, Kristjansson® [1].

I ségulegu samhengi taldi Le6 Helgustadanamu vera merkasta stad & Islandi og silfurbergid
merkasta framlag landsins til vestreennar menningar. | erindinu verdur fjallad um ahrif
silfurbergsins & freedigreinar & bordi vid edlisfreedi, jarofraedi, efnafraedi og leeknisfraedi, og um
s6gu ndmuvinnslunnar sem hefur ad geyma kunnugleg stef um togstreitu milli stjornmala og
einkarekstrar, graedgi, spillingu, og asékn erlendra adila i nattaruaudlindir landsins.

geymslu i Taekniskolanum i Reykjavik &rid 2021.

[1] Kahr, B., & Claborn, K. (2008). The Lives of Malus and His Bicentennial Law.
ChemPhysChem, 9(1), 43-58. d0i:10.1002/cphc.200700173
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Borkjarnasafn Natturufraedistofnunar islands: Rikuleg
heimild um berggrunn Islands

Maria Helga Gudmundsdottir'#, Hrafnkell Hannesson*, Kristjan Jonasson®
& Birgir V. Oskarsson?®

I Nattarufreedistofnun islands, Saebergi 3, 760 Breiédalsvik; 2Rannso6knasetur Haskola islands
a Breiddalsvik, 760 Breiddalsvik; ° Nattarufraeedistofnun Islands, Urridaholtsstreeti 6-8, 210
Garoabee.

Nattarufreedistofnun Islands (NI) starfraekir borkjarnasafn sitt & Breiddalsvik & Austurlandi.
Borkjarnasafnid tekur vid og vardveitir afurdir jardborana & Islandi — borkjarna og borsvarf —
og gerir afurdirnar og pa pekkingu sem af peim er leidd adgengilega visindasamfélaginu og
almenningi. [ safninu er ad finna efni ar yfir 3700 borholum, par af 70 km af borkjarna tr um
1800 holum og borsvarf ar yfir 1900 borholum med um 400 km heildarlengd. Safnid vardveitir
einnig nidurstédur meelinga og greininga a safnkostinum. Er par medal annars ad finna kjarna
ar mikilveegum rannséknarverkefnum, svo sem borkjarna ur Surtsey frd 1979 og 2017 og hinn
1919 metra langa Reydarfjardarborkjarna sem boradur var 1978 af Iceland Research Drilling
Project. Borkjarnarnir og svarfid veita fjélbreytta innsyn i berggrunn islands og spanna allt fra
elstu jarologum landsins, yst a Vestfjardakjalka, til nyrunnins hrauns i Heimaey 1973.

Safnkostur borkjarnasafns Ni er adgengilegur sem efnividur i freedilegar og hagnytar rannsoknir
og er hagt ad 6ska eftir adgangi ad honum bedi til malinga og synatoku. Starfsfolk
borkjarnasafnsins er rannsakendum innan handar vid ad bera kennsl & efnivid i rannsoknir og
taka syni ar kjornunum. Uppbygging innvida vid safnid & undanférnum arum, par & medal
vinnslustofa fyrir synatoku Gr og ljésmyndun & borkjéornum og vensladur gagnagrunnur i
PostgreSQL, hafa gert safnkostinn mun adgengilegri og studlad ad aukinni nytingu beedi
innlends og erlends freedafolks. Upplysingar um borkjarna i safnkostinum er haegt ad nalgast i
jardfraedikortasja Ni (http:/jardfraedikort.ni.is). A arinu 2024 stendur til ad beeta borsvarfi
kortasjana og ad ljuka vinnu vid ad gera gogn um borkjarnana adgengileg i samevrépskri
gagnagatt EPOS (European Plate Observing System).

Borkjarnasafnid er starfreekt i nanu samstarfi vid RannsOknasetur Haskola islands &
Breiddalsvik og bydst rannsakendum adstada & rannsoknasetrinu medan & synatdoku og
meelingum stendur. A arinu 2023 hofst samstarf vid jardfreedideild Haskola islands um nytingu
borkjarnasafnsins i kennslu grunnnema, og kennsla og pjalfun komandi kynsloda er mikilveegur
lidur i framtidarsyn borkjarnasafnsins.
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Mynd 1: Kort af uppruna safnkosts borkjarnasafns Ni. Blatt: svarfholur, rautt: kjarnaholur. Gul stjarna: Stadsetning

borkjarnasafnsins & Breiddalsvik. Grunnkort: Alta radgjof.
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Tvaer sogur ur lifi minu par sem Léo kemur vid sogu

Pall Imsland

Afdankadur jarofreedingur og eftirlaunapegi

Vinnur heima hja sér, ef hann gerir eitthvad

[ pessu erindi er engin nidurstada, enda er erindid ekki rannsoknarskyrsla,
heldur minningar og saga.
Umfjéllunin er minningar og frasagnir af samskiptum okkar Leos Kristjanssonar.

Slik umfjollun lytur ekki reglum visindalegrar adferdar heldur duttlungum hugarfarsins. Enginn
veit pvi fyrirfram hvert slik umfjéllun leitar eda hvar hin endar.

Uppistadan i erindinu eru tveer stuttar sogur ur lifi minu, par sem Le6 kemur vid sdgu.
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