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Silica Transport and Deposition in Superhot Geothermal
Systems

Andri Stefansson, Samuel W. Scott, Anna B. Bjarkadoéttir, Adolph Jr.
Manadao Bravo, Sigridur M. Adalsteinsdottir & Erlend Straume

Institute of Earth Sciences, University of Iceland, Sturlugata 7, 102 Reykjavik, Iceland

Superhot geothermal resources, characterized by fluid temperatures exceeding the critical point
of water (>374°C) at depths of ~2-5 km near magmatic intrusions, represent a promising
frontier for geothermal energy production. These high-enthalpy fluids offer significant potential
for power generation. Key initiatives targeting superhot fluids include the Iceland Deep Drilling
Project (IDDP), boreholes in Krafla and Reykjanes, the planned drilling at Hengill, and the
Krafla Magma Testbed (KMT).

The formation of superhot fluids is controlled by various factors including heat transfer from
magmatic bodies, crustal permeability, and the brittle-ductile transition. These fluids exhibit
diverse compositions, ranging from nearly pure water to saline brines and volatile-rich
mixtures, with fluid chemistry influenced by surrounding lithology and magmatic inputs.
However, utilizing such fluids poses significant challenges, including extreme temperatures,
wellbore integrity issues, and complex fluid-rock interactions.

Silica transport and deposition play a critical role in the geochemistry of superhot geothermal
systems. Recent experiments demonstrate that quartz solubility varies over several orders of
magnitude, from ~10~° mol/kg in superheated vapor at low pressures to ~0.1 mol/kg in
supercritical water at 1 kbar, with even higher solubilities at greater pressures. In conventional
geothermal systems with subcritical fluids, quartz solubility is highly temperature-dependent,
with cooling and decompression induced boiling leading to silica precipitation and with such
silica scales being one of the major operational challenges in geothermal power stations. In
contrast, superhot geothermal environments experience rapid pressure and temperature changes
that can drastically reduce quartz solubility, leading to severe silica scaling. This phenomenon
has been observed in boreholes such as IDDP-1, where decompression of superhot
hydrothermal fluids caused massive silica precipitation within the well.

The transition from magmatic to hydrothermal conditions may also significantly influence silica
transport, though this process remains poorly understood. Initially confined at near-lithostatic
pressures, these fluids depressurize as they migrate into the geothermal system, triggering
quartz precipitation. The interplay between temperature, pressure, and fluid composition
dictates silica transport and deposition, with temperature exerting a stronger influence in liquid-
dominated systems and pressure changes playing a more critical role in superhot systems.

Silica transport and deposition are critical factors influencing superhot geothermal reservoirs.
Pressure and temperature changes can drastically reduce silica solubility, for example leading
to severe silica scaling, as observed in IDDP-1. Also, silica deposition can occur around
superhot reservoirs where ascending fluids cool and depressurize, potentially affecting
permeability and reservoir evolution. A deeper understanding of the magmatic-to-hydrothermal
transition and the interplay of fluid composition, temperature, and pressure is essential for
mitigating deposistion challenges and optimizing the utilization of superhot geothermal
resources.
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Hermun jardskjalftabylgna sem maeldar eru a IRIS
nedansjavarstrengnum milli Islands og Irlands

LArnar Ingi Gunnarsson, Mikael Mazur, *Valey Kamalov, “Martin
Karrenbach, °Ethan F. Williams, 8Orn Jénsson,2Nicolas. K.Fontaine,
’Roland Ryf, 2Lauren Dallachiesa and ?David T. Neilson & Vala
Hjorleifsdottir

(1) Télvunarfreedideild, Haskolinn i Reykjavik, Reykjavik, island

(2) Nokia Bell Labs, 600 Mountain Ave., Murray Hill, NJ 07974, USA

(3) Valey Kamalov LLC, Gainesville FL 32607 USA

(4) Seismics Unusual, LLC, Brea, CA 92821, USA

(5) Department of Earth and Space Sciences, University of Washington, Seattle, WA, 98195,
USA

(6) Farice, Gudridarstigur 2-4, 113, Reykjavik, Iceland

Pessi rannsékn kannar moguleika & notkun nedansjavar-fjarskiptastrengja il
jaroskjalftamelinga. Vio hermum jardskjalftabylgjur sem meldar eru a 17 koéflum a
fjarskiptastrengnum milli islands og Irlands, med adferdarfraedi sem byggir & vinnu Fichtner
o.fl., 2022. Til ad framkvaema hermunina notum vid opinn hugbinad (SPECFEM3D GLOBE)
til ad herma bylgjuframras med spectral-element adferdinni og likjum par eftir streituhrada a
péttu punktaneti medfram strengnum.

Hermunin tekur tillit til raunverulegra edlisfredilegra adstedna, par a medal ahrifa landslags,
pyngdarafls, jardskorpubyggingar, sjavaralags og legu strengsins. Utreikningarnir fara fram a
Elju - ofurtélvukerfi Haskola Islands med notkun 150 6rgjorva.

I proun er kerfi skrifad i Python til ad vinna Ur og greina hermd streitugdgn, sem gerir okkur
kleift ad bera saman nidurstodur vid raunverulegar melingar. betta kerfi leggur grunn ad
hugbunadarsafni fyrir greiningu a jardskjalftagégnum fra nedansjavarstrengjum.

Fyrstu nidurstodur gefa til kynna ad hermanir séu i samraemi vid raunmalingar, en frekari
betrumbeetur eru i vinnslu til ad leidrétta fravik sem mogulega orsakast af umhverfishavada og
ovissu i meelingum. Med pvi ad likja eftir meeldu vidbragdi strengsins vid jardskjalftum, verdur
mdogulegt ad nyta pessi gogn i hefdbundnar jardskjalftagreiningar. Pad mun hafa i for med sér
adgang ad umfangsmeiri melingum og studla ad betri skilningi a jardskjalftafredi a sveedum
sem ekki eru adgengileg hefdbundnum jardskjalftamaela-netum.
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Hradvirk greining sprungna med segulmalingum: Innsyn
fra haettusvadi Grindavikur

Rapid detection of faults and fractures using
magnetometry: Insights from the Grindavik hazard zone

Robert Alexander Askew!?, Daniel Ben-Yehoshua*, Sindri Bernholt?,
Rosemary Philippa Cole!, Gregory Paul De Pascale!, Gunnlaugur
Magnus Einarsson?, Ogmundur Erlendsson?, Catherine Rachel
Gallagher?!, Alexandra Kristin Hafsteinsd6ttir?, Irma Gna Jongeirsdottir?,
Katrin Asta Karlsdéttir2, Birgir Vilhelm Oskarsson?, Elisa Johanna Piispat
& Hannah lona Reynolds?

1 Haskoli slands/University of Iceland

2 [slenskar orkurannsoknir/lceland GeoSurvey

3 Nattarufreedistofnun islands/Natural Science Institute of Iceland
4 EFLA Consulting Engineers

The renewed tectonic and volcanic activity in the Reykjanes Peninsula led to significant
faulting, fracturing, and graben formation in the town of Grindavik. Two main graben forming
events took place in November 2023 and January 2024. During the latter event an eruptive
fissure also opened just north of the town. All of this posed severe risks to infrastructure and
public safety, particularly through the formation of sinkholes, subsidence, fractures and surface
instability. Effective mitigation required rapid and accurate mapping of the structures, both at
the surface and in the subsurface.

Magnetometry, both drone-based and ground-based, proved to be a powerful tool for detecting
and characterizing subsurface fractures, sinkholes, and graben boundary faults. The method
efficiently mapped hazardous areas by detecting magnetic anomalies arising from contrasts
between magnetized ground and nonmagnetic features such as voids and fractures, even in a
challenging urban environment. Drone magnetometry, in particular, enabled rapid data
collection over large areas, which would have taken much longer using ground-based methods.
Additionally, it allowed access to hazardous or otherwise inaccessible areas, minimizing risk
to surveyors. Our results demonstrate how magnetometry delineated fault networks, identified
potential sinkhole locations, and provided insights into the subsurface extent of deformation
features.

However, the magnetometry method has certain limitations. Environmental interference from
urban infrastructure can obscure magnetic anomalies. The method's resolution limits its ability
to detect very small fractures, though it appears to remain effective for identifying larger,
hazardous features. Detection also depends on sufficient magnetic contrast, and cavities filled
with similar materials to the surrounding rock may go undetected. Additionally, environmental
factors such as high winds and cold temperatures impacted data quality and equipment
performance or altogether prevented surveying, requiring careful planning and flexibility.

To overcome the limitations of individual methods, we combined multiple different,
complementary techniques, including remote sensing (INSAR, DEM), geophysical surveys
(ERT, GPR), and surface mapping. The integration of all these datasets helped reduce
uncertainties and allowed for a comprehensive evaluation and ranking of hazard zones, ensuring
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that each area was assessed thoroughly. The results demonstrate the usefulness of
magnetometry as part of a multi-method approach for rapid hazard assessment, decision
making, and risk mitigation in tectonically active regions.
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S.E.C.R.E.T. Volcanoes in Southeast Iceland: Geological
Mapping Reveals Silicic Volcanoes Hosting the
Slaufrudalur Granite Pluton

S.E.C.R.E.T. Eldfjoll @ Sudausturlandi: Jaréfraedileg
kortlagning afhjupar kisilrik eldfjoll sem hysa
granitberghleifinn i Slaufrudal

Robert Alexander Askew*'3; Steffi Burchardt?; Seemundur Ari
Halldérsson?; Catherine Gallagher3; Orlando Quintela?; Kristjan
Jénasson?; Olivier Bachmann* & Razvan Gabriel-Popa*

Icelandic Institute of Natural Sciences, Urridaholtsstreeti 6—8, 210 Gardabeer, Iceland
Department of Earth Sciences, Uppsala University, Sweden

Institute of Earth Sciences, University of Iceland, Iceland

Inst. of Geochemistry and Petrology, ETH Zurich, Switzerland
*Robert.a.askew@natt.is / roal@hi.is

The generation of large volumes of silicic magma in basalt-dominated crust remains a topic of
ongoing debate. Previous models (e.g. Assimilation Fractional Crystallisation vs. crustal
melting) focus on the chemical processes and may underestimate the mechanics of silicic
magma production and injection. To better understand the interplay between these processes,
we study the Slaufrudalur pluton (Cargill et al., 1928), the largest silicic pluton in Iceland (~8—
10 km3), and its surroundings in the mountains west of Papafjordur, Austur-Skatafellssysla.
Despite previous studies investigating the pluton composition (Carmody, 1991; Carley et al.,
2020) and emplacement (Burchardt et al., 2010, 2012), its existence within Iceland’s basalt-
dominated crust remains an enigma.

= The “SECRET: Structurally Enhanced
—ay Crustal Recycling explains exTensive

silicic magma production” project, a
_collaborative  effort  between the
University of Iceland, The Icelandic
~ Institute of Natural Science, Uppsala
University and ETH Zurich, is focussed
on unravelling the temporal, structural,
- and chemical relationship between the
| pluton and its host rocks. The discovery
of caldera-confined volcanic rocks
~ during a separate study led to further
| mapping by Gupta (2023, Unpublished
ST 7 MSc Thesis) and the defining of caldera
L T formations bounding the pluton. During

Fhigli)re i: Dorggirtsrftaln’:)agtalurl. SlaléfrudEIU_r %;anite_plut?ln in summer 2024 fieldwork we mapped and
e e onoloured eeke e TS sampled the rocks of these two newly
Caldera Formation. discovered central  volcanoes in
Kapaldalur — the Kapaldalur Caldera

Formation and Porgeirsstadadalur (Fig 1) — the Porgeirsstadadalur Caldera Formation. In
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addition, silicic pyroclastic and volcaniclastic rocks were identified and mapped for the first
time in Kvosir, here described as the Kvosir Caldera Formation, and further pyroclastic and
plutonic rocks on Hvammesheidi, north of Gjadalur. These formations are distinguished by the
presence of silicic volcanic rocks that are typically spatially confined and delineated by fault
structures, which separate them from the adjacent plateau basalt lava formations. The spatial
arrangement of these caldera formations suggests that pluton emplacement into the shallow
crust was strongly controlled by structures within these formations.

Furthermore, new zircon ages from these silicic volcanics are the same, or younger than, zircons
ages within the pluton. This could potentially indicate zircon recycling and suggests that the
generation of the pluton’s silicic magma may have been partly driven by the recycling of older
silicic material from buried central volcanoes, or that the emplacement of the magma was
controlled by these pre-existing formations. We are currently in the process of systematically
analysing and dating the samples from the 2024 campaign.

We present an updated high resolution geological map of the area and describe the formations
surrounding the pluton to support our hypothesis on the structural control of the emplacement
of the largest granitic pluton in Iceland.
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Jardhiti a Granlandi og rannsoknir viéo Skoresbysund

Arni Hjartarson?, Grimur Bjérnsson? & Finnbogi Oskarsson?

L3 [SOR, Urdarhvarfi 8, 203 Képavogi
2 Warm Artic ehf.

Jardhiti & yfirbordi er ekki vida kunnur a Greenlandi. Laugar og volgrur eru p6 pekktar sitt
hvoru megin vid Skoresbysund og & Diskdeyju. Einnig er vel pekktur stakur jardhitastadur og
heilsubad & eynni Unartoq i hinum fornu islendingabyggdum & Sudur-Graenlandi. Annar stadur
er i lkasagtivaq vid sudausturstrondina nalegt Tasiilag. Litlar rannséknir hafa verid gerdar a
mdoguleikum til jardhitanytingar, engar jardhitaboranir, mjog faar hitastigulsmeelingar og mjég
takmarkadar jardedlisfreedilegar malingar, enda eru flestir jardhitastadirnir fjarri mannabyggo.
ISOR hefur p6 gert frumathuganir & nytingarmoguleikum & Disko vid vesturstrond Graenlands,
rannsoknarholur voru aztladar med pad ad markmidi ad stadsetja vinnsluholu. Yfirvéld syndu
bessu po ekki ahuga svo ekki vard neitt Ur neinu. Sumarid 2022 férum vid undirritadir i
rannsoknarferd til Ittoggortoormiit vid Skoresbysund & austurstrond Graenlands til ad kanna
fysileika jarohitavinnslu par i grennd. Petta er litid 300 manna porp, vinaber Dalvikur, og ein
afskekktasta byggd Granlands.

Jardhitastadir vid Skoresbysund

Nafn N W masl | °C max. | L/s

Unarteq vid (T6binh6fda) | 70°24°54.4¢ | 21°57°02.4* | 8-10 | 60,1 | 1

Unarterajik 70°25°23.9¢¢ | 21°54°07.1°“ | O 45,0 1,6

Kape Hope 70°27°34.9¢ | 22°21°06.5¢ | 31 12,3 0.5

Kape Hope, Mosekilden | 70°27°34.3¢¢ | 22°20°58.7°¢ | 28 15,3 0.7

Heitasta laug Graenlands, Unarteq, er vid mynni Skoresbysunds 7 km austur af Ittoggortoormiit
og um 1 km austur af gdmlu vedurathugunarstédinni a Tobinh6fda. Porpid sem par var er nl
komid i eydi. Laugin er um 300 m fr& upp fra strondinni og i 8-10 m y.s. Landid er pakid
storgryti, mél og sandi en grunnt er & fast berg. Enginn hagrodur er a stadnum en graenpérungar
prifast i afrennslinu. Berggrunnurinn er gneiss. Jardhitavokvinn kemur Gt i tveimur augum,
adeins 7 m eru & milli peirra. Auk pess sést litilshattar leki i storgrytinu par skammt fra. Hitinn
i steerra auganu meeldist vidast a bilinu 58-60°C med hamark 60,1°C. Petta er adeins leegra en
uppgefio hadmark (61,8°C) a stadnum. Gasbolur koma upp med vatninu. Afrennsli, malt
nakvaemlega med plastrori og fotu, var 0,8 I/s. I minna augnu, 7 m nordar, er hamarkshiti
40,6°C, rennslid var aatlad 0,2-0,3 I/s. Heildarafrennslid er pvi rimlega 1 I/s. Vokvinn er saltur.
Brennisteinslykt er i loftinu og punn gufa sést yfir lauginni. Hvitar aberandi Gtfellingar eru &
steinunum. Misgengi og sprungur eru erfitt ad sja vid laugina sjalfa en i grennd eru aberandi
misgengi sem stefna i N147° misvisandi. Jardhitasvaedid hefur litla efnahagslegt pydingu i dag
og fair heimsakja stadinn. Heita vatnid hefur verid notad til ad sj6da og hreinsa hofudkdpur af
moskusuxum og isbjornum sem seldar eru ferdaménnum.

Unarterajik jarohitasveedio er 3 km ENE af Tébinhdfda og og 7,5 km fra Ittoggortoormiit.
Fjarleegdin ad Unarteq lauginni er 2 km. Adallaugin er vid strondina rétt fyrir ofan
storstraumsmork. Hamarkshiti par meaeldist 33,2°C. betta er nalaegt pvi sem fyrri melingar hafa
gefid. Erfitt er ad aaetla rennsli en pad virdist vera nalaegt 1 L/s. Bélustreymi er aberandi. Vatnid
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rennur til sjavar i moérgum litlum seyrum a gneiss kloppum i fjorunnni. Litlu nordvestar
uppgdtvudum vid litlar laugar i fjérubordinu. bar maldum vid allt ad 45°C hita en rennslid var
einungis 0,1 L/s. petta er 12 °C heerri hiti en mealst hefur adur & sveedinu. Par hja er volgra,
18°C heit med 0,5 L/s rennsli. Alls gefur pvi svaedid 1,6 L/s. Misgengi og sprungur eru aberandi.
Adalsprungukerfid hefur somu stefnu og strandlengjan, N355° misvisandi. Heimamenn segja
ad stor vok sé jafnan i lagnadarisnum vid strondina sem helst opin yfir vetrartimann en pad
bendir til jaréhitauppstreymis nedansjavar. Farid var med bat a stadinn og sjavarhitinn meeldur
fram og til baka vid strondina i von um ad finna uppstreymi jardhitans en an arangurs. Umraedd
vok kemur raunar vel fram & Google Map vetrarmyndum. par sést ad hin er 70 m 16ng medfram
stréndinni og 20 m breid og pekur 1200 m2. Utreikningar & pvi hve mikinn jardhita parf til ad
halda slikri vk opinni i vetrarfrostinu syna ad til pess parf ad lagmarki 1,2 L/s af 60°C heitu
vatni. Petta pydir jafnframt ad Unarterajik sveedio er 6flugra en Unarteq laugarnar.

Jardhitastadirnir & austurstrond Graenlands, sitt hvoru megin vid Skoresbysund, teygja sig yfir
500-600 km langt og mjott svedi medfram strondinni. Tralega er jardhitinn bundinn vid
siggengi sem myndudust pegar Jan Mayen skorpuflekinn rifnadi fra Greenlandi fyrir 24
milljonum ara samfara myndun Kolbeinseyjarhryggjar. Hér virdist um talsvert stéra audlind ad
reeda. HUn geeti jofnum héndum nyst i hitaveitur, til rafmagnsframleidslu med tvivokva vélum,
badldn i ferdamennsku og i vinnslu & helium, sem er aukaafurd geislavirknar klofnunar i gamla
meginlandsberginu. Eins er athyglisvert ad seltan i jardhitanum vid Tobinhéfda samsvarar 20-
25% iblondunar sjavar. Jarohitakerfin i brotunum eru pvi teeplega yfirpryst eins og meetti stla
ut fra jokulpakta halendinu allt um kring. P4 kom & dvart ad talsverdar ferksvatnslindir er ad
finna vestan vid Ittogqortoormiit, med isotopamerki um halent innstreymi. Adgangur ad heitu
og koldu vatni ar berggrunninum arid um kring virdist pvi tryggur. Hljota pad ad teljast gédar
fréttir fyrir samfélagio i Ittoqgortoormiit og vonandi vidar & Graenlandi.
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Glacial Isostatic Adjustment Modelling of Iceland: Entering
the 2020’s
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Belart?, Freysteinn Sigmundsson! Benedikt Gunnar Ofeigsson?3, Vincent
Drouin® & Holger Steffen®

tUniversity of Iceland, Institute of Earth Sciences; 2University of Uppsala, Department of
Earth Sciences, Geophysics; ®lcelandic Meteorological Office; “Icelandic Institute of Nature
Research; *Lantméteriet, Sweden

Iceland offers an opportunity to study Glacial Isostatic Adjustment (GIA) in real-time. The
ongoing deglaciation drives the present-day elastic response, which, in addition to the
viscoelastic response from the lower crust and mantle, leads to a current uplift rate of up to 35
mm/yr. A GIA model is useful for quantifying and removing this time-dependent signal when
analysing magma movements and tectonic deformation. Additionally, it is useful in computing
GIlA-induced stress changes, which influence magma production, storage stability, and the
likelihood of intrusion versus eruption. Although previous studies have examined the present-
day GIA process in Iceland, new glacial unloading models and new deformation data warrant
re-examination of the GIA modelling.

We employ a 3D Finite Element model developed in COMSOL Multiphysics, incorporating a
flat, incompressible Earth in the governing equations while allowing for material
compressibility in the rheology and neglecting self-gravitation. The model consists of an elastic
plate that overlies a linear viscoelastic halfspace, with rheological parameters that only vary
with depth.

The ice-load history spans 1890-2023, with bigger uncertainty on glacial load changes going
back in time. For Vatnajokull, we integrate two datasets: 1890-2010, based on mass balance
reconstructions with temporal resolution ranging from a few years to several decades; 2010—
2023, incorporating observational data with annual resolution and lateral variations. For
Hofsjokull and Langjokull, the complete history of mass balance is used between 1890 and
2023, calculated as spatially integrated values. In addition, we account for the mass balance of
Myrdalsjokull and 9 other smaller glaciers from 1945 and on.

The surface displacements in Iceland, observed via GNSS and INSAR since 1993, are well
reproduced by our GIA model with a mantle viscosity of 2 — 4 x 10%® Pa s and an elastic
thickness of 35 km. With this model, we predict, from the late nineties, up to three time the
production of magma we expect through the plate spreading alone, due to GIA-induced
decompression melting in the Earth mantle. Future work includes incorporating the 3D Earth
structure and refining the glacier load model. Currently, we are benchmarking GlA-induced
horizontal displacements using an axisymmetric model implemented in the software Iceage
(Kaufmann, 2004).
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Subglacial Formations in Iceland’s Western Volcanic Zone.
Geochemical and Structural Analysis of Hvalfell

Birta Blondal

University of Iceland

Hvalfell, located in the Western Volcanic Zone (WVZ) of Iceland, formed during the
Weichselian glaciation. This study examines its eruptive history, magma evolution, and volatile
content to better understand interactions between volcanic and glacial processes. Samples from
Hvalfell and nearby formations (Armannsfell, Mosfell, Sandfell i Kjos) (Map 1) were analysed
using electron microprobe analysis (EMPA) for major element compositions and Fourier
transform infrared (FTIR) spectroscopy for volatile content. Field mapping and remote sensing
techniques helped assess structural relationships and eruption environments. EMPA results
indicate two distinct magma compositions at Hvalfell. The lower pillow lava unit has higher
MgO (9.0 wt%) and lower K2O/TiO:, suggesting a primitive melt, while the upper unit has
lower MgO (7.75 wt%) and higher K-O/TiO., reflecting a more evolved composition (Figure
1). FTIR analysis shows volatile contents consistent with degassed, water-transported pillow
lavas, indicating interaction with meltwater during emplacement. The sampled layer is not from
the base of the mountain, so its formation conditions may differ from the initial subglacial stage.
While Hvalfell likely formed under ice cover, the analysed layer has undergone significant
degassing and meltwater transport. The geochemical patterns align with trends seen in other
subglacial volcanic formations in Iceland. This study contributes to understanding magma
evolution in glaciovolcanic environments and the role of glacial retreat in shaping eruption
dynamics.
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Um moguleg ahrif leirrikra millilaga & vatnsbuskap i tertiera
jarolagastaflanum

Bjarni Gautason?, Deirdre E. Clark3, Finnbogi Oskar§50n3, Helga
Margrét Helgadéttir®, Horour Tryggvason?, Sigurveig Arnadottir* &
Porsteinn Egilson?

1RannsoOknasetur Haskola islands & Breiddalsvik, 760 Breiddalsvik.
2islenskar orkurannsoéknir, Rangarvellir 2, 603 Akureyri,

3islenskar orkurannsoéknir, Urdarhvarf 8, 203 Képavogur.
4Nordurorka, Rangarvellir 2, 603 Akureyri.

Sprungu ma skilgreina sem svadi par sem efni hefur tapad vidlodun. [ stokka hluta skorpunnar
sem byggo er upp af kristdlludu bergi, hraunlégum og innskotum, er litil von til ad bergid/efnio
nai aftur vidlodun og loki sprungum nema ad til komi utfellingar ur vatni sem fylla sprungurnar.
En fleira getur komid til sem hefur ahrif & lekt jardlagastaflans. I tertiera (miosen) staflanum
eru sums stadar all-pykk leirrik setldg. pessi 16g eru oft til vandraeda i borholum, hvort sem er
i borverkinu sjalfu, eda vid rekstur delubtnadar eftir ad borverki er lokid. Pessi leirriku 16g
vilja siga inn i borholur og stifla peer, grugga vatnid og eydileggja deelur. bad blasir pvi vid ad
leir i slikum l6gum getur audveldlega nadd aftur vidlodun og lokad sprungum. Verdi hreyfing
um sprungu (misgengi) glatast vidlodun timabundid. Leirrik millildg geta pannig skipt tertiera
staflanum i holf sem eru litt tengd hvert 60ru.

Berggangar sem skera staflann rjafa pessi 16g og ef lekt er tengd peim (primer eda sekunder)
na holfin ,talsambandi® stadbundid. Sama gildir um sprungur og misgengisbreksiur. bannig
meetti lita & pessi leirriku millilég sem eins konar regnhlifar i staflanum sem eru p6 gottéttar og
rada ekki vio ad einangra holfin alveg.

Horfum til Eyjafjardar og peirra hugmyndalikana sem sett hafa verid fram vardandi uppruna
linda og vatnsbskap grunnt i skorpunni. I skyrslu um Hesjuvallarlindir og Glerardalslindir [1]
var synt fram & ad lindirnar &ttu uppruna sinn ad mestu eda 6llu leyti i berggrunninum. Talid
var ad paer keemu fram i vatnsbélabasaltinu, sem er nedst i tiltélulega lekum stafla, vegna pess
ad undir pvi lagi veeri staflinn péttur vegna ummyndunar og utfellinga, Svipad likan var sett
fram um Hallands- og Vardgjarlindir i Vadlaheidi i addraganda gangagerdar par [2]. |
greinargerd um vatnsbuskap Hriseyjar [3] var si hugmynd sett fram ad setlag sem kemur fyrir
i borholum & um 100 m dypi veri vatnsleidandi (aquifer) og eftir pvi seytladi vatn, ad uppruna
urkoma i fjalllendinu i kringum Eyjafjord. Vatnid kemur svo upp i lind i eyjunni.

I pessu hugmyndalikani er pad leirrikt set sem liggur undir vatnshélabasaltinu sem stiflar
sprungur og veitir vatni fram i lindum badi i Hlidarfjalli (Hesjuvalla- og Gerardalslindir) og
Vadlaheidi (Halllands-, og Vardgjarlindir). Af skyrslum ma rada ad setlagio & 100 m dypi i
Hrisey sé leirrikt, enda olli leirdrulla fra pvi miklum vandraedum vid rekstur deelu i holu HR-
05. betta setlag er stemmir (aquitard) i pessu likani ekki leidari (aquifer). pad stiflar sprungur
i bergrunninum og veitir vatni i afram undan prystingi fra heerri grunnvatnstodu i fjalllendinu i
kringum Eyjafjoro.

Ein afleiding af pessu hugmyndalikani er st ad endurskoda parf jardhitaleit med grunnum
borholum. bvi par sem leirrik millilég eru & t.d. 150 — 250 m dypi er tilgangslitio ad leita ad
jardhita med 50 — 100 m holum pvi paer munu i mérgum (flestum) tilfellum adeins sja kalt vatn
sem ,,flytur* ofan 4 setinu. bvi er @skilegt ad byrja jarohitaleit, 4 tilteknu svadi, med borun
400 — 500 m djaprar holu sem leyfir ndkvaema kortlagning & efsta hluta jardlagastaflans.
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Jardfraeedikortlagning a Eyjafjardarsvaedinu hefur verid pokad afram i nokkrum aféngum fyrir
tilstudlan Nordurorku [4], Vegagerdarinnar [5], i tengslum vid Vadlaheidargdng, og sidar i
ataksverkefni Umhverfis og audlindaraduneytisins i jarofreedikortlagningu [6]. Visbendingar
eru um ad rekja megi ofangreind setldg til sudurs, og nidur i jarélagastaflann, og ad pau komi
fyrir i borholum & vinnslusvaedum Nordurorku ramlega 10 km sunnan vid Akureyri. par hafa
bessi jardlog einnig verid til vandreeda vid borframkvaemdir i einhverjum tilfellum. En hvada
ahrif hafa pessi 16g djupt i staflanum?

Heimildir:
[1] Pérélfur Hafstad, Hallddr G. Pétursson og Freysteinn Sigmundsson (1994) Vatnsveita Akureyrar vatnshol og
vatnsvernd. OS-94059/VVOD-05, 46 s.

[2] Halldor G. Pétursson (2008) Jardgong undir Vadlaheidi og hugsanleg ahrif peirra a vatnsbol og lindir i
fjallinu. Nattarufraedistofnun Islands, greinargerd 21.07.2008.

[3] Grimur Bjornsson Kristjan Seemundsson og porolfur Hafstad (1995). Vinnsla a koldu vatni tr gomlu bergi.
Erindi flutt & 15. Adalfundi SIH, Hveragerdi, 24. og 25. April 1995.

[4] Arni Hjartarson og Hafdis Eyglo Jonsdottir (1999). Akureyri Jardfreedikort 1:50.000. Orkustofnun,
Ranns6knasvid, 0S-99118. 18 s.

[5] Agast Gudmundsson (2007). Vadlaheidargéng: Skyrsla um rannséknarboranir haustid 2010 og samantekin
nidurstada jarofreedirannsoékna. Jarofraedistofan ehf. 47 s.

[6] Sigurveig Arnadottir (2021). Jardfreedikortlagning i blagrytisstafla Eyjafjardar. Fyrirlestur fluttur & Malpingi
Umhverfis- og audlindaraduneytisins, ISOR og Nattarufreedistofnunar Islands um ataksverkefni i jardfraedi-
kortlagningu og skraningu jardminja, Grand hotel, Reykjavik, 1. september 2021.
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Algae Remains from Hredavatn as Reason for Turbidity in
the Grabrékarhraun Drinking-Water Utility (Borgarbyggd,
Iceland)

Telma Jeanne Bonthonneau? 2, Steffen Mischke! & Sigrun ToOmasdottir?

1The University of Iceland
2Reykjavik Energy

The Grabrokarhraun drinking-water utility is located in West Iceland near the town of Bifrost.
The utility is located in Grabrdkarhraun, a late Holocene lava flow, and the groundwater within
it derives mainly from Hredavatn, a neighbouring lake. Although the utility generally produces
good quality water, it has faced issues regarding turbidity since its commissioning. The turbidity
in the water increases with high production rates, seismic activity and during extreme weather
conditions. In this study the turbidity sediment from the Grabrdkarhraun utility was analysed
under high magnification and compared to lake-bottom sediments from Hredavatn, as potential
source material.

A comparative analysis of the samples was carried out, with samples taken from two locations
in the utility and samples taken from Hredavatn (Figure 1). There were 3 cores collected from
Hredavatn (Figure 2). The samples from within the utility were supplied by Orkuveitan, from
well GB-15 in Grabrdkarhraun and from the distribution tank in Stéru-Skdgar. The samples
were analyzed in an optical microscope where approximate percentages of diatoms, detrital
grains and plant fragments were determined. Additionally, the samples were analyzed in a
scanning electron microscope (SEM). The SEM images were then used to identify the
taxonomy of the diatoms at the genus level.
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Figure 1 Locations of samples from Hredavatn, the Figure 2 Sediment cores collected from
Grabrokarhraun utility and the distribution tank in Stéru- Hredavatn
Skégar

The analysis revealed that both the turbidity sediment and the sediment from Hredavatn are
predominantly composed of diatoms, which are small unicellular algae with siliceous
skeletons (Table 1, Figure 3). The key difference in the sediments from the lake and the utility
is the preservation of the diatoms and the overall grain size of the clastic particles. The turbidity
sediment is finer grained and has a higher proportion of poorly-preserved diatoms compared to
the lake sediments from Hredavatn.
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Table 1 Approximate percentage of diatoms, detrital grains and plant fragments in most relevant samples

Sample Diatoms Detrital grains Plant fragments
HVS-3 50% 40% 10%
GB-15 70% 30% *
SST-2024
60% 40% *
*Below Detection limit

The diatom remains from Hredavatn are therefore considered to be the major source of the
turbidity sediment in the Grébrdkarhraun utility. Further knowledge about the nature of
groundwater flow and nutrient levels in the water could improve our understanding of the
turbidity issue. The intermittent turbidity is deeply rooted in the hydrological and geological
context of the utility and it will, therefore, be challenging to mitigate the temporary occurrence

of turbidity peaks.

HVS-3

GB-15

Figure 2. Images of samples HVS-3 (A, B, C) and GB-15 (I, I1, I11) from an optical microscope
(A, 1) and from a Scanning Electron Microscope (B, C, I, I1I). Similar species are found in both
samples.
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The nature of crustal xenoliths brought to the surface by
the 2021 Fagradalsfjall eruption.
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Nordbayern, Friedrich-Alexander-Universitat Erlangen-Nurnberg, Erlangen, Germany, 3HS
Orka, Svartsengi, Iceland, “Department of Earth Sciences, University of Cambridge,
Cambridge, UK.

Petrographic and chemical analyses of xenoliths brought to the surface by the 2021 eruption in
Fagradalsfjall provide insight into the structure and composition of the crust beneath the
Reykjanes Peninsula. Wenrich (2023)! described 9 xenoliths collected from lava flows erupted
between mid- April and mid-May. In this poster we add analysis of 14 xenoliths (total 23
xenoliths) that were collected from lava flows erupted between mid-April and mid-September.

Based on modal composition we distinguish: gabbro,
olivine-gabbro, leuco-gabbro and anorthosite (Fig. 1).
Plagioclase is the most abundant mineral in every
xenolith. In all xenoliths, plagioclase presents bimodal
size distribution, with smaller (~100 um) grains and
larger (up to 2 cm) subhedral grains (Fig. 2). Complex
zonation patterns (Fig. 2) and normal zoning are
common in all samples. Olivines, if present, are
generally smaller than plagioclase or pyroxenes, and
are mostly subhedral. Spinels are seen as inclusions in
olivines and plagioclases. Clinopyroxenes are sub- to
anhedral and found interstitial among
plagioclasezolivine (Fig.2). On a thin section scale Figure 3: Classification diagram of gabbros. PI-
(4.5x2.5 cm), the extinction of clinopyroxenes through Plagioclase, Px-pyroxene, Ol-olivine.

crossed polarized light in microscopic view confirms that there are 1-3 large clinopyroxene
crystals in each thin section, although, in reality these pyroxenes might be larger than a few cm.
The gabbros have ophitic and poikilitic texture and are holocrystalline where no glass is seen
in between grains. Impingement textures are observed that formed by random juxtaposition of
plagioclases where the space is mostly filled with the interstitial clinopyroxenestolivine
(Fig.2.). This textural feature suggests that clinopyroxenezolivine represent a melt which
occupied the free space in a plagioclase-rich crystal mush. In the anorthosites, the plagioclase
is mainly anhedral to subhedral with poikiloblastic texture and sometimes with bent albite
twinning. Their grain boundaries are irregular, which could indicate dynamic recrystallization
in a solid state.
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Figure 4. Representative Qemscan images of of A) Anorthosite and B) Olivine gabbro. Blue color represents
Plagioclase, orange/red represents clinopyroxene and green represents olivine. Black color is the groundmass/basalt
and white are vesicles. Scale bars are approximately 5mm.

Plagioclases in all xenoliths are Anorthite(An)-rich with An66 to An92. In the gabbros they
have a narrower compositional range from An75 to An90. Plagioclases in gabbros tend to have
lower K20 compared to those in the anorthosites. Olivine in gabbros have a forsterite content
of 82-95 and NiO from 0.15 to 0.30 wt%. Mg# and Cr20s in clinopyroxene ranges from 82-88
and 0.2-1.46 wt%, respectively. The composition of clinopyroxenes is similar to clinopyroxene
macrocryst compositions from the 2021 Fagradalsfjall eruption?. The composition of
plagioclases and olivines in the studied xenoliths overlap with the macrocryst compositions,
but plagioclases have a wider range of compositions, and the olivines extend to slightly higher
Fo contents compared the Fagradalsfjall 2021 macrocrysts 2.

Pressure and temperature of crystallization were calculated by clinopyroxene-melt
thermobarometry and plagioclase-melt thermometry3#, using the thermobar software®. We
matched glass and melt inclusion compositions to these minerals as potential equilibrium
liquids from the 2021 Fargradalsfjall eruption®®. Median calculated temperature from
clinopyroxene melt thermobarometry is 1208+4.1 °C (SEE of 27°). The median calculated
pressure is 3.36+0.32 kbars (SEE of 1.4 kbar). This pressure corresponds to crystallization
depth of 10.08+4.2 km (assuming the crustal density is 3.0 g/cmq) for gabbros. Plagioclase melt
thermometry did not show differences between anorthosites and gabbros, showing median
temperature of 1232+8.1 °C (SEE of 36°C) for both rock types. Textural features of plagioclase
in gabbros indicate that plagioclase crystallized before the pyroxene, which fits with
plagioclases showing distinctively higher temperatures than the clinopyroxenes. These results
suggest that these xenoliths are sourced from the lower crust and perhaps even the moho-
transition zone (e.g. refs’-). While gabbros represent a crystal rich mush material, anorthosites
likely represent solid rock, which suffered recrystallization in a solid state at high temperature.

References:

L Wenrich (2023). MSc thesis, University of Iceland. 80p; 2 Marshall et al. (2024) AGU Advances, 5,
€2024AV001310; ° Neave & Putirka (2017) Amer Miner, 102(4), 777-794;  Putirka (2008) Rev Miner
Geochem, 69(1), 61-120; 5> Wieser et al. (2022). Volcanica, 5(2), 349-384; ¢ Halldorsson et al. (2022)
Nature, 609(7927), 529-534;" Boudier et al (1996) EPSL, 144, 239-250; 8Kelemen & Shimizu (1997)
EPSL, 146, 475-488.; °Koreanga &Kelemen (1997) JGR 102, 27.729-27.749.
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Southeast Iceland, here defined as the Miocene and Plio-Pleistocene successions between
Alftafjordur in the NE and Skeidararsandur in the SW, is a geologically complex and
understudied area. At the same time, it is unique compared to other areas in Iceland: Its geology
is characterised by closely-spaced remnants of central volcanoes and dyke swarms, numerous
exposed shallow-crustal plutons (e.g. Torfason, 1979), and the deepest erosional levels in
Iceland (down to ca. 2 km; Walker, 1974). Geophysical studies indicate an extensive crustal
thickness beneath the area (ca. 40 km; Kumar et al., 2007), which led some researchers to
propose the presence of continental crust (Foulger, 2006; Torsvik et al., 2015). Petrologists and
geochemists, on the other hand, have used the area to study the formation of continental crust,
focusing on the petrogenesis of large amounts of granitic magma in the plutons (Carley et al.,
2014; Law et al., 2024).

Geochronological studies of some of the plutons and central volcanoes in the 20 century
indicated an age distribution deviating from the concept that the rocks should be getting older
with distance from the plate boundary. This led Helgason (1983) to propose small-scale rift
jumps, both towards the E and the W. More recent and reliable age dating (Martin et al., 2011,
Padilla, 2015) disagrees with the earlier patter, but contains too few dates from the area to be
conclusive (see also below).

On an even smaller scale, detailed studies of some of the central volcanoes have highlighted
that they serve as impressive analogues to the currently active volcanoes (e.g. Fridleifsson,
1983). In parallel, the plutons have been studied as analogues for shallow crustal magma
chambers beneath active volcanoes, based on petrography, geochemistry and emplacement
mechanisms (e.g. Weidendorfer et al., 2014; Burchardt et al., 2012).

Hence, Southeast Iceland is a treasure chest of geological wonders and still holds the potential
for many new discoveries. However, we are currently lacking the foundation for answering
some of the outstanding fundamental questions about the area: systematic geological mapping
and geochronology.

In recent years, two PhD projects (Rhodes, 2022 and Quintela, finishing autumn 2025.) have
studied the Reydarartindur and Slaufrudalur plutons, respectively. Rhodes et al. (2021, 2024)
reported on the emplacement, petrology, and eruption of the Reydarartindur pluton, which is a
unique example of the roots of a silicic eruption. Quintela et al. (2025, this conference) studies
the internal structure and deformation related to the incremental emplacement of the
Slaufrudalur pluton. Work on both these plutons highlighted that essentially nothing was known
about the rocks surrounding the plutons. Preliminary geological mapping revealed that the
plutons intruded remnants of multiple collapse calderas and central volcanoes not shown on
existing maps.

These discoveries spiked new research questions: What is the nature and geodynamic setting
of the host rocks? What is their age and structural relationship with the plutons? How quickly
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were the central volcanoes buried and to what depth before the plutons intruded them? What
role did the central volcanoes play in generating the pluton magma? Why are plutons stacked
onto pre-existing central volcanoes in a pattern that does not show an age trend related to the
distance from the plate boundary? When and at what rate were the plutons exhumed to their
current elevation? Why are there no plutons exposed further North? What is the role of the
plutons for crustal thickening and exhumation?

Two new research projects address some of these questions: The project “SECRET -
Structurally Enhanced Crustal Recycling explains exTensive silicic magma production”
(Askew et al., 2025, this conference) was funded by Rannis for 2024-2026. The project studies
the age, geochemical, and structural relationship between the Slaufrudalur pluton and
surrounding rocks. The project “MIGHTy — Magma-Induced deformation Generates
exHumation in exTensional settings” was funded by the Swedish Research Council for 2025-
2025-2028. MIGHTy studies the large-scale structure of the area North of H6fn to Alftafjorour
and uses paleomagnetism, structural mapping, and thermochronometry. Both projects benefit
from close collaboration with Nattdrufraedistofnun and their concurrent geological mapping of
Southeast Iceland in addition to laboratories and expertise at the University of Iceland.

Together, these efforts will hopefully unravel some of the open questions about the geology of
Southeast Iceland. Surely, many new and interesting research questions will emerge along the
way, and we welcome discussions and contributions.
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Top-down cooling: a heat transport model for the
Laugarnes geothermal field

Adolph Bravo, Samuel Scott, Halldér Palsson, Gunnar Gunnarsson

The Laugarnes field is a low-temperature geothermal resource used for space heating in
Reykjavik since the 1930s. Despite production averaging approximately 160 L s** over the past
five decades, reservoir water levels and production temperatures have remained remarkably
stable. A detailed review of historical static temperature surveys from wells in the field reveals
"top-down™ cooling in the upper few hundred meters of the system, which we interpret as
evidence of cold recharge from near-surface formations percolating into the deeper, more
productive sections of the reservoir. Energy balance calculations incorporating this temperature
decline suggest that top-down cooling could account for the field’s historical heat output. We
further evaluate this process using 3D numerical simulations, successfully replicating both the
natural state and production history. Finally, we incorporate this mechanism into a revised
conceptual model of the field. These findings indicate that shallow recharge and the associated
top-down heat extraction mechanism sustain production in Laugarnes, while also suggesting
the presence of a downward-propagating thermal front with potential implications for the field’s
long-term sustainability. Additionally, these results offer an alternative framework for
understanding reservoir processes in Laugarnes and other low-temperature geothermal systems.
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Nytt jardfraedikort af svaedinu Godaland-Fimmvorduhals i
vinnslu

Making a new geological map of the Godaland-Fimmvoérduhals area,
south Iceland

Rosie P. Colel, Birgir V. Oskarsson?, Catherine R. Gallagher?, Elisa J.
Piispal, Magnus T. Gudmundsson! & Ana Eggleston?

1Jardvisindastofnun, Haskdli islands, Sturlugata 7, 102 Reykjavik
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We present the current draft of a new geological map of the Godaland-Fimmvérduhals area at
1:10,000 scale. The map is being drawn over the period 2021-2026 as part of EU H2020- and
Rannis-funded projects to better understand pre-Holocene mountain building and evolution of
Katla and Eyjafjallajokull volcanoes throughout environmental change. The mapping area
encompasses several deep canyons that dissect the flank where the two volcanoes converge,
revealing a sequence of edifice formation. We combine traditional field mapping with
photogrammetry using drone images of the more remote areas and steeper terrain. We have
identified key stratigraphic markers, the Pérsmork ignimbrite and Vedde-composition pumices,
within the sequence, which provide important age brackets. In addition, we use “°Ar/*°Ar and
paleomagnetic dating of lavas across the area to build a chronology of volcanic eruptions and
landscape evolution.

The mapped sequence represents > 50 kyr of volcanic and glacial history, including the last
glacial-interglacial transition. A wide variety of volcanic products preserved in the mapping
area reflect eruptions occurring beneath a fluctuating ice sheet with changing hydrological
conditions. Extensive hyaloclastite-lava sheets are found at the base of the sequence, indicating
subglacial emplacement. Above them is the Pdorsmork ignimbrite. Recent studies of the
Porsmork ignimbrite have determined an age of ~ 38 ka and deposition in locally ice-free
conditions following supraglacial transport from Torfajokull. Various volcaniclastic and glacio-
fluvial sediments intercalating the Porsmork ignimbrite are indicators of environmental change.
Utigénguhofai and Morinsheidi are two distinctive topographic features in the mapping area
and are situated stratigraphically above these lower units. Utigénguhofdi, a prominent peak, is
a tuff-dominated mountain intruded by an irregular and fluidal network of columnar-jointed
intrusions formed ~ 18 ka. We interpret this formation was emplaced within an ice sheet with
a minimum surface elevation of 800 m a.s.l. Morinsheidi is a flat-topped lava delta comprised
of pillow lavas that transition laterally to steeply dipping pillow breccia. The lava delta
prograded from the west flank of Katla into an englacial lake that was partially confined by
Utigénguh6fdi and with a minimum surface level ~ 800 m a.s.l. Morinsheidi is capped by ice-
confined-to-subaerial lava flows and was formed between 14 and 11 ka. A 250 m-deep, narrow
canyon now separates Morinsheidi from the west flank of Katla. Comparable stratigraphy and
geochemistry on either side indicate the canyon was formed by very rapid incision since the
youngest subaerial Morinsheidi lavas were emplaced, probably facilitated by glacial outburst
floods during eruptions in a destabilising ice sheet. A thick sequence of thinly bedded tuff
mingled with pillow lava comprises the slope to the Fimmvaérduhals ridge. Field relationships
indicate this was emplaced before Morinsheidi, and during a subaqueous eruption. The 2010
Fimmvorduhals lava caps the sequence and cascades into the dissecting canyons.
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Our new mapping and dating are leading to better differentiation of the geology in the northern
Fimmvorduhals area, revealing the great diversity in volcanic product types that comprise the
flanks of Katla and Eyjafjallajokull. We show how detailed mapping of polygenetic volcanoes
can contribute to paleoenvironmental reconstructions over millennial timescales.

View of the mapping area from the Fimmvorduhals track. Utigénguh6fdi in centre and Morinsheidi to the right.
porsmork and Tindfjallajokull in far distance.
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Patterns of Uplift around Greenland’s Periphery during the
Early Holocene

Clinton P. Conrad?*2

! University of Oslo, Norway
2 Visiting Scientist, University of Iceland

Around the periphery of the Greenland ice sheet, Global Navigation Satellite System (GNSS)
stations have recently recorded ground uplift nearly everywhere, with rates that can exceed 10
mm/yr in some locations. This uplift largely reflects Earth’s response to mass unloading due to
deglaciation, which has accelerated in recent decades. Uplift rates are fastest uplift along
Greenland’s southeast coast. It is noteworthy that this region of Greenland passed over the
Iceland plume more than 40 Myr ago. If the plume heated the sub-lithospheric rocks here, then
the observed rapid uplift may be explained as glacial isostatic adjustment (GIA) that has been
accelerated by unusually low viscosity of the nearby upper mantle.

Deglaciation of Greenland at the start of the Holocene also drove coastal uplift of Greenland,
and was recorded by various geologic indicators of sea level. Examination of this sea level data
can tell us about past uplift rates, which we can also relate to the geological and volcanic history
of different parts of Greenland. To measure uplift rates in a systematic way, we fit simple curves
to Holocene sea level data from a recently-published compilation, for locations around
Greenland. From these curves we placed constraints on uplift rates, which found to be several
times faster than modern uplift rates. Circum-Greenland patterns of uplift rates reveal some
similarities to patterns of modern uplift rates, but also some differences. The differences may
reflect different patterns of early Holocene deglaciation, compared to recent deglaciation
induced by modern climate change. The Holocene rates may also help us to infer near-future
GIA uplift rates for a deglaciating Greenland.
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The mobility of trace metals upon CCS. An experimental
study of CO: injection at ambient temperature using
freshwater and seawater

Daniel Duque?, lwona Galeczka'? & Andri Stefansson?

Institute of Earth Sciences, University of Iceland, Askja, Sturlugata 7, Reykjavik 101, Iceland
2Carbfix, Hofdabakki, 9D, 110 Reykjavik, Iceland

Climate change is a global concern. Since the 19" century, the atmospheric CO2 levels have
been increasing, leading to environmental problems such as ice cap melt, ocean warming, and
extreme weather events. According to the Intergovernmental Panel on Climate Change (IPCC),
it is estimated that to mitigate the impact of the CO2 emissions and limit global warming to
1.5°C by 2100, 100-1000 Gt of CO2 needs to be removed from the atmosphere (Rogelj et al.,
2018). In 2024, only 49 Mt of CO2 were removed using carbon capture and storage (CCS)
compared to 41 Gt of anthropogenic COz emissions. Therefore, the development and scaling
up of CCS is necessary to avoid irreversible consequences of climate change. One of the ways
to store emissions underground is to dissolve COz2 in water and pump it into basaltic subsurface
where COz2 precipitates as carbonate minerals mimicking the chemical weathering process. This
methodology was successfully implemented by Carbfix in various geological sites in Iceland
(e.g., Matter et al., 2011). Because this technology requires a lot of water to dissolve the CO2,
seawater as an alternative CO2 solvent has been tested in the laboratory and in the field (e.g.,
Voigt et al., 2021). In this study, we aim to investigate the trace metal behaviour during the
dissolution of basaltic rock in freshwater and seawater under controlled temperature and pH
conditions. Different parameters like relative mobility and leaching rates allow to identify the
behaviour of trace elements during the fluid-rock interaction. This understanding is important
for the environmental assessment of COz2 injection into the subsurface. The rock powders used
in the experiment were collected from the drill cuttings of the potential injection well CSI-01,
located in Straumsvik area, southwest of Hafnarfjordur. The area is the proposed storage site
for the Carbfix’s Coda Terminal project where CO2 from Europe will be received and injected
into the bedrock. The terminal is projected to gradually increase the injection of CO2 over the
years, reaching 3Mt annually in 2032. Here, both freshwater and seawater will be used for the
COz2 dissolution.

Three flow through Teflon reactors were used for dissolution of rocks in fresh and seawater.
These rocks represented three lithologies in Straumsvik: 1) glass basalt, 2) fine grain basalts
and 3) sediment. The experiments ran for approximately 5 weeks at a constant pH of 3 at
ambient temperature. The process tried to mimic the water rock interaction occurring at depth
upon CO:2 injection. The mineralogical composition of the samples from the CSI-01 well
consisted of clinopyroxene, Ca-plagioclase, olivine, glass fragments, ilmenite, magnetite and
zeolites. Throughout the experiment, most of the elements decreased in their concentrations in
the sampled water during the first 16 days, followed by a steady decrease. After approximately
21 days, the rock powder attained steady-state of the elemental leaching rates (Figure 1). The
steady-state values were higher for the fine grain basalt and glass basalt compared to sediment,
although they followed the same trend. From the trace elements Mn, B, Ti, Ni, Cr, Cu, Zn and
Sr showed slightly higher leaching rate compared to the other trace elements. Only Al, Fe, Mn
and Cu exceeded the environmental limits guidelines for drinking-water as defined by The
World Health Organization (WHO) and the Icelandic Ministry of Environment limits for metals
in surface water category I1l. Concentrations of the other trace metals were below the guideline
values during the experimental duration. The outcome of this study shows that the potential risk
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associated with the mobilization of the metals in freshwater during the COz injection into basalts
is relatively low. Further study will reveal if the same applies to the seawater as the reactive
solution.
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Figure 5. Leaching rates of elements for the three different lithologies. Glass basalt, fine grain basalt and sediment.
Both basaltic rocks display higher leaching rates than the sediment and follow a similar release trend, being the
major elements with higher leaching values, followed by trace elements and REE’s with the lower leaching rate
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Non-double-couple earthquakes in Krafla 2020-2024

Egill Arni Gudnason?, Porbjorg Agustsdottirt, Rognvaldur Lindal
Magnusson! & Anette K. Mortensen?

Islenskar orkurannséknir (ISOR), Urdarhvarfi 8, Képavogi, island
Landsvirkjun, Katrinartani 2, Reykjavik, Island

The Krafla central volcano is one of five active volcanic centers of the Northern VVolcanic Zone
(NVZ) in NE Iceland. It is approximately 20 km in diameter, with a 90 km long, NNE-SSW
trending, rifting fissure swarm extending through it. The central volcano has developed an
eroded and partly filled caldera, and within the caldera structure is a NW-SE elongated high-
temperature geothermal area, closely associated with a magma domain delineated at ~3-7 km
depth by an S-wave shadow during the Krafla Fires in 1975-1984. This magma domain is
interpreted to represent a network of basaltic sills and intrusions, further evidenced by the
drilling of wells KJ-39 and IDDP-1 in Krafla, which both encountered rhyolitic magma.

Seismicity within the NVZ is mostly confined to the central volcanoes, often spatially
coinciding with the known high-temperature geothermal areas. In Krafla, seismic monitoring
dates to the early seventies. In 2006, Iceland GeoSurvey (ISOR) installed the first seismic
stations of a permanent network, operated for Landsvirkjun, that today consists of 12 seismic
stations within the caldera, both surface and borehole sensors. Seismic monitoring by
Landsvirkjun and ISOR has provided a large and consistent catalogue of earthquakes in Krafla,
which enables us to analyse long term changes in seismicity.

The seismic characteristics of Krafla are defined by a rather constant rate of micro-earthquakes
with majority of events of ML < 1.0. Seismicity occurs within four spatially separated clusters,
separated by areas of little or no seismicity. Three of the clusters originate within the fissure
swarm transecting Leirhnjukur, aligning with the path of dike intrusions during the Krafla Fires,
while the largest and most seismically active cluster is confined to the geothermal well field,
slightly east of the fissure swarm. Seismicity is almost non-existent within other parts of the
caldera, except during rifting episodes. Earthquake depth distribution suggests that the brittle-
ductile transition (BDT) in Krafla is very shallow, at around 2 km b.s.l., compared to other areas
in Iceland.

Focal mechanisms in Krafla are indicative of the local stress field, and the majority of calculated
mechanisms display radiation patterns consistent with a double-couple source model, i.e.,
events that are caused by shear slip along a planar fault surface. While normal, thrust and strike-
slip shear events are intermixed, most mechanisms exhibit normal to oblique normal faulting
characteristics.

Some earthquakes, however, are caused by a volumetric change, instead of shear slip, and are
referred to as non-double-couple in the literature. Such events are rare observations but have
nonetheless been reported from a few volcanic and geothermal areas in Iceland for the last
decades, such as Krafla. Here, we present over 100 pure, non-double-couple earthquakes
observed in Krafla from 2020 to 2024. These non-shear faulting events involve either positive
(explosive) or negative (implosive) volume change. Interestingly, all non-double-couple events
in Krafla occur at the deeper end of the depth range, i.e., close to or at the BDT, or the expected
melt-rock interface, which suggests that geothermal fluids play an important role in their source
processes.
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Ris Bardarbunguoskjunnar 2015-2024 samkvamt
endurteknum issjarmalingum

Eyjolfur Magnusson & Finnur Palsson

Jardvisindastofnun Haskdlans

Morg af eldfjollum islands eru ad verulegu leyti hulin jokli. betta flaekir mjog beinar meelingar
jardskorpuhreyfingum pessara eldfjalla par sem paer oft einskordast vid fjallsraetur eda stoku
jokulsker sem syna ekki endilega hreyfingu ahugaverdustu svaedanna. bannig er pvi varid fyrir
Bardarbungu. Beinar melingar & hreyfingu hennar Gt frd gervihnattamyndum (bylgju-
vixImyndum) na bara yfir nedra hluta fjallshlidanna ad nordvestanverdu og i sému hlidum eins
ofarlega og heegt er rekur Vedurstofan GNSS-st6d a Kistu. EKKki er haegt ad gera slikar malingar
& fostu landi, & 6skjubranunum eda innan Gskjunnar. I Holuhraunsgosinu 20142015 seig golf
Bardarbungudskjunnar um roska 60 m par sem mest var undir ~800 m pykkum is. A medan &
oskjusiginu stod var rekin GNSS-st6d (BARC) a jokulyfirbordinu i midri dskjunni, enda voru
adsteedur ad pvi leiti einstakar ad hreyfingar jardskorpunnar undir joklinum voru mun hradari
en hreyfingar jokulsins af 6drum sokum. Eftir ad siginu lauk var rekstri stddvarinnar hett enda
kostnadarsamt og auk pess talid omogulegt ad greina hreyfingar skorpunnar fra 6drum
hreyfingum jokulsins pvi peer veeru aftur ordnar mun sterri en jardskorpuhreyfingarnar.
Upplysingar um pad hvort eda hversu mikid 6skjugolfid hefur hreyfst i tengslum vid verulega
og vaxandi jardskjalftavirkni i Bardarbunga eftir Holuhraunsgosid hefur pvi verid byggd a
6beinum malingum & hreyfingunni fengnum med endurteknum pyngdarmelingum. pessar
malingar sem Magnuis T. Gudmundsson og Pordis HOgnadottir hafa gert, gefa til kynna
verulegt ris 6skjugolfsins af streedargradunni metrar & ari. Vorid 2015, eftir Holuhraunsgosio,
voru gerdar umtalsverdar issjarmealingar yfir Bardarbungudskjunni. Til ad na beinni melingu
a hadarbreytingum 06skjugolfssins sidan pa var akvedid vorid 2024 ad endurmela pau
issjarsnid. Ad auki var akvedid ad reka ad nyju sumarlangt GNSS-stodina BARC 4 sama stad
&dur. I erindinu verdur sagt fra nidurstodum pessara nyju meelinga. Endurteknu issjarmaeling-
arnar stadfesta talkun pyngdarmalinga um verulegt ris dskjugolfsins. Par sem pad er mest, a
svipudum slédum og mesta sigid i Holuhraunsgosinu, gefa isjarmelingarnar til kynna 1-2 m
ris & ari ad jafnadi fra 2015. Feerslur sem maldust i GNSS-stddinni BARC gefa til kynna ad
nokkur hluti pessa riss sé tengt steerstu skjalftunum i Bardarbungu, en stddin lyftist um 16 cm
og hreyfdist larétt um 14,5 cm til SV i jardaskjalfta af steerdinni 5,0 M pann 3. september 2024.
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Refining the age of Iceland’s Saksunarvatn Ash: new
constraints on the G10ka Series
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The Saksunarvatn Ash, originating from the Grimsvotn volcanic system in Iceland, is a
prominent and widespread tephra layer in the North Atlantic. However, due to the Grimsvétn
system’s frequent Early Holocene eruptions with consistent geochemical composition, both the
number of the contributing eruptions and the age of the Saksunarvatn Ash has been debated.
Recently, the characteristically thick and dark colored basaltic ash layer has been suggested to
reflect 13 phases of eruption, spanning 1,000 years, between 10,400 and 9,400 cal. yr BP. We
review and quality assess previously published age constraints on the Saksunarvatn Ash derived
from marine, lacustrine and soil archives from the North Atlantic. Furthermore, we introduce
eight new, well dated proximal locations (distributed around Iceland). Age constraints are
added to the lower and upper bounds of the distinct tephra with radiocarbon dated macrofossils
collected precisely (<3 cm) from the boundaries. We further constrain the age of the distinct
Early Holocene tephra with two robust lake record age depth models (located East and West of
Grimsvotn) as well as two independently dated silicic Early Holocene tephra marker layers,
Askja S and Reitsvik 8 (approximately 10.8 and 10.0 cal. ka BP, respectively). We place these
age constraints in hand with ice core data and ultimately suggest a refined age for the marker
layer. We find no evidence of a Grimsvétn tephra being deposited between Askja S and c. 10.2
cal. ka BP. Furthermore, the Reitsvik tephra overlays the Saksunarvatn ash both in the east and
west of Iceland suggesting the G10ka eruption(s) from the Grimsvétn system had ended prior
to 10.0 cal. ka BP.
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Heat released by steaming to the atmosphere by boiling of
groundwater in effusive fissure eruptions during the 1975-
1984 Krafla fires, Iceland
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The heat transfer dynamics in volcanic geothermal areas determine the options for geothermal
energy exploration. Intrusive and eruptive events provide thermal energy into the geothermal
system, as cooling and solidification of the magma heats the surrounding host rock and water
in the porous matrix. The associated evaporation of the water leads to convection and an
advective rise of steam in the fissures. Steam rises further and diffuses into the atmosphere
depending on wind conditions. The heat lost by steam released to the atmosphere is in many
cases one of the significant parameters that determine the heat budget of a geothermal system.
In this study, we analyzed the size of steam clouds in a series of air photos taken during the
Krafla fires to determine heat released by steaming. This was compared to the total heat input
of the part of the composite dyke that was formed within the Krafla geothermal system. The
geometrical parameters of the dyke were estimated by previous seismic and geodetics studies.

The Krafla fires describe a period of volcanic activity at the Krafla volcano in North-East
Iceland from 1975 to 1984 with nine volcanic eruptions and several more intrusive events. They
were associated with approximately 10 m widening the plate boundary within the Krafla
caldera, where a high-temperature geothermal system is located. The rifting resulted in the
formation of a composite dyke with an estimated volume within the geothermal reservoir of
0.18-0.41 km?3, releasing thermal energy of 0.6-1.4 x 10*J. The method of Hochstein and
Bromley (2001) for assessing heat loss to the atmosphere by steaming, was tested in 2024 at
selected locations in the Krafla area where steam flow could be measured directly. The results
verified the applicability of the method at Krafla, where effects of e.g. variations in air humidity
for the range of values observed are minor. Analyses of vertical air photos obtained at Krafla
several times in the period 1976-1985, notably during and after the eruptive events, show that
steaming was mainly prevalent in the vicinity of the eruptive fissures. The heat loss to the
atmosphere within the geothermal area was ~0.9 MW/m during eruptions, declining to a more
long-term value (~0.05 MW/m) in 50-100 days. This enhanced steaming after the dyke
injection/ eruption is considered to be caused by the interaction of the groundwater/shallow
geothermal fluid with the uppermost 100-300 m of the dyke and appears to account for about
one-third of the total heat lost in this way to the atmosphere. The remaining two-thirds were
lost gradually throughout the Krafla fires. The total heat lost to the atmosphere (5-10% of the
total energy) was an order of magnitude smaller than the thermal energy added to the
geothermal reservoir by the dyke (similar to 90-95% of the total energy).
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Efnafraedi jardhitavatns vidé Skoresbysund

Finnbogi Oskarsson?, Arni Hjartarson® & Grimur Bjérnsson?

{slenskar orkurannséknir, 2Warm Arctic

Jardhita & yfirbordi er ekki vida ad finna & Graenlandi. Heitar laugar og volgrur finnast po,
einkum a basaltsvedum Granlands, vid Skoresbysund a austurstrondinni og & Diskdeyju &
vesturstrondinni. Litlar rannséknir hafa verid gerdar a moguleikum til jardhitanytingar a
Graenlandi. Arid 2005 gerdi ISOR frumathuganir & nytingarmoguleikum jardhita & Diskoeyju
vid vesturstrond Graenlands, en ekki vard framhald & peim rannséknum, né heldur leiddu paer
til jardhitaborana eda nytingar. I agust 2022 foru héfundar pessa erindis i rannséknarferd til
Ittoqgortoormiit & Austur-Greenlandi til ad kanna jardhita par i grennd. borpid Ittoggortoormiit,
sem &dur hét Skoresbysund, stendur vid botn litillar vikur & nordurstrond Skoresbysunds
(Kangertittivaqg). | porpinu, sem er ein afskekktasta byggd Graenlands, bua rimlega 300 manns.

Skammt fra Ittogqortoormiit, & Tobinhofda, er heitasta pekkta laug Granlands, Uunarteq, um
60°C heit med afrennsli rimlega 1 L/s. Um 2 km i ANA, handan vid litla vik, er 6nnur laug,
Uunarterajik, sem er um 33°C heit med afrennsli um 1 L/s en par i kring veetlar talsvert heitt og
volgt vatn til sjavar, heitast um 45°C. Ad auki eru jafnan vakir i lagnadaris undan Uunarterajik
ad sogn heimamanna, sem bendir til pess ad heitt vatn komi einnig upp undan strondinni. Hinu
megin vid porpid i Ittoggortoormiit er yfirgefin byggd & Vonarhofd (Itterajivit) og par i
nagrenninu eru einnig nokkrar volgrur, med hitastig allt ad 16°C og heildarafrennsli um 1-1,5
L/s. Skammt undan fannst vatnsmikil lind med hitastig 6°C og metid afrennsli 20-25 L/s. bott
bad geti ekki talist heitt vatn, er pd greinileg velgja i vatninu enda grunnvatnshiti & sveedinu
adeins um 3°C. [ leidangrinum 2022 var alls sj6é synum safnad dr 6llum ofangreindum laugum
og volgrum, og auk pess baedi af kdldu lindarvatni og yfirbordsvatni til samanburdar.

Vatnid i laugunum & Tébinhofda er salt; synid Ur heitustu lauginni (Uunarteq) hefur kléridstyrk
um 5400 mg/L en kaldari laugarnar (Uunarterajik) hafa kloridstyrk um 4000 mg/L. Kisilstyrkur
er teplega 70 mg/L i heitustu lauginni en teplega 60 mg/L i peim kaldari. Vottur af
brennisteinsvetni greinist i vatninu og radonvirkni meelist 13-67 Bg/L — og laekkar med
heekkandi hitastigi. Vatnid Ur heitustu lauginni er snaudara ad tvivetni en kalt yfirbordsvatn a
svaedinu (8D = -122%o samanborid vid -105%o). Par ed sjor hefur 6D = 0%o er dsennilegt ad
seltan i laugarvatninu sé ad teljandi hluta tilkomin vegna bléndunar vid sjo. Utreikningar &
steindajafnveegi gefa einnig til kynna ad ekki sé um ad raeda blandad vatn heldur proskad
jardhitavatn. Djuphiti vatnsins reiknast a bilinu 85-90°C (midad vid jafnveegi vid kalseddn).
Hins vegar benda badi efnastyrkur og samseetuhlutfoll til pess ad vatnid ar kaldari laugunum
geti verid blanda af vatni Gr heitustu lauginni og fersku yfirbordsvatni/arkomu. Djuphiti
reiknast um 80°C. Vatnid hentar til hitaveitu med varmaskiptum.

I volgrum og lindum vid Vonarhéfda (Ittaajimmiit) er hins vegar 6salt vatn, med kloridstyrk &
bilinu 2-14 mg/L, syrustig heerra en 9 og Kisilstyrk 20 mg/L eda leegri. Pad er léttara en vatnid
a Tobinh6fda, med 6D ~ -130%o, og radonvirkni er naerri 5 Bg/L. Pétt & vatninu séu fremur skyr
jardhitamerki gefa efnahitameelar ekki vaentingar um mikid haerra hitastig pott leitad veeri dypra.
Vatnid i heitustu volgrunni reiknast naerri jafnveegi vid steindir & bord vid kalsit og kalseddn.
Segja méa ad volga vatnid vid Vonarhofda sé likara volga vatninu & Disk6eyju hinu megin &
Greaenlandi en laugunum a Tobinhofda sem eru adeins 15 km austar. Kalda vatnid er efnasnautt
0g virdist ageett neysluvatn.
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The pre-injection characterization of the Coda Terminal CO:
storage site, Iceland

Iwona Galeczka'?, Martin Voigt', Thomas Ratouis*, Kjartan
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Carbfix, H6féabakki 9D, 110 Reykjavik, Iceland, Iwona.Galeczka@carbfix.com
University of Iceland, Institute of Earth Sciences, Sturlugata 7, 102 Reykjavik, Iceland

The underground CO: storage using the Carbfix technology relies on neutralization of the
injected acidic CO2-charged water through its interaction with basalt. The COz2 solubility and
alkalinity trapping and subsequent carbonate mineral precipitation has been confirmed in
projects that utilized this technology (e.g., Matter et al., 2016; Clark et al., 2020). Unfortunately,
CO: storage through carbon mineralization has only marginal contribution into the CCS
activities. The current global operating CO2 capture capacity is 51 Mt/y with 80% of the
captured CO2 used for enhanced oil recovery (Global CCS Institute, 2024; Zhang et al., 2024).
To increase the role of carbon mineralization, a substantial expansion in the number of projects
is necessary. One example is the Coda Terminal project, located in Straumsvik, within the
Hafnarfjorour municipality in southwest Iceland. Preparations for the project began in 2021 on
the frontend engineering design, licensing processes and reservoir characterization. Full-scale
injection of 3 MtCO:x is planned to be reached in 2032.

The bedrock of the storage reservoir in Straumsvik consists of five lithological units: Holocene
basaltic lava flows, basaltic lavas, glassy basalts, hyaloclastites and sediments. These layers
exhibit similar mineralogical and petrological characteristics. To date, seven wells have been
drilled in the injection area intersecting all but the hyaloclastites. The deep wells include the
injection well
CSI-01 with a vertical depth of 982 m, and two monitoring wells CSM-01 and CSM-02 with
depths of 618 and 700 m, respectively. The main minerals identified in the collected drill
cuttings are plagioclase, pyroxene, olivine, zeolites (analcime, chabazite, clinoptilolite) and
quartz. The average oxide content of divalent cations for CaO, MgO, and Fe20s is 11, 9, and
12 wt%, respectively and it is similar to the composition of the host rock in storage sites
currently operated by Carbfix.

Major feed zones in the wells were identified below 300 m depth based on well logging data
and step rate injection tests. The water discharged from CSI-01 is saline with a conductivity of
approximately 40,000 uS/cm. In contrast, water from the main feed zones in CSM-01 and CSM-
02 ranges from fresh to brackish with a conductivity of 600-1000 puS/cm. Samples collected at
various depths in CSM-01 and CSM-02 using a deep sampler show chemical composition
different from the composite water discharged from the wells. The dissolved elemental ratios
in the water indicate a substantial depletion of B and Na relative to Cl in brackish to saline
samples compared to seawater. In contrast, an enrichment in B and Na relative to Cl is observed
in fresh samples. Enrichment in Ca relative to Cl is seen in both fresh and saline samples.

The results of the reaction path models carried out to assess the potential of CO2 mineralization
in the Coda storage reservoir show that the predicted water chemical compositions and
secondary minerals are similar to what has previously been observed during basalt weathering
and its low temperature alteration. Mixing of the COz2 injection water and the chemically
variable reservoir water does not affect the overall chemical and mineralogical trends and
mineralization efficiencies. The results of the simulations confirm high CO2 mineralization
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potential with up to 100% of the injected CO2 mineralized as calcite. However, the spatial and
temporal evolution of this modelled process is unknown.
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Repeated dike-intrusions often occur in zones where extensional stress has accumulated. In
such situations, surface-deformation models can be employed to infer the dimension and
orientation of the forming intrusion. However, although this provides information about the
possible location and geometry of a dike, the models typically do not provide direct information
on the processes driving magma emplacement, e.g. if a dike is driven largely by magmatic
overpressure or tectonic stress.

We explore here the contribution of tectonic stress as a driving mechanism for dike opening in
a three-dimensional viscoelastic Finite-Element deformation model. We use the February-
March 2021 dike at Fagradalsfjall on the Reykjanes Peninsula, SW Iceland, as a case study due
to detailed observations of pre- and co-diking surface deformation. In our model, tectonic stress
first accumulates due to oblique plate motion over a time period of 800 years and is then
partially released by the opening of a two-segmented dike. We find that the model can largely
reproduce observed surface deformation without requiring magmatic overpressure if the dike
releases approximately 60% of the previously accumulated stress through a mixture of opening
and shearing of the dike plane. Partial release of tectonic stress is consistent with the
emplacement of three subsequent dikes between 2021-2023. Furthermore, a large contribution
of tectonic stress compared to magmatic overpressure is consistent with low initial eruptive
flow rates, widespread triggered seismicity and distributed shallow fault movements. Our
model helps to better understand volcanotectonic interaction in the onset of a magmatic rifting
episode.
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"Is the Western Volcanic Zone still spreading? A geodetic
model of plate motion in South Iceland”,

Guodbjartur Helgi Kristinsson & Halldor Geirsson

Jardvisindastofnun Haskélans, Haskdli islands

The Western Volcanic Zone (WVZ) is one of the volcanic zones in Iceland and has been active
since approximately 7-9 Ma, when the spreading ridge jumped from the Snafellsnes Volcanic
Zone (SVZ), forming the WVZ and the Reykjanes Peninsula Rift (RPR). Over the past 1.5—
3 Ma, volcanic activity and deformation in the WVZ has dwindled as the Eastern Volcanic
Zone (EVZ) developed. Various estimates of spreading rate have been put forth in recent
decades, based on geodetic data, ranging from 2.5 to 7.1 mm/yr. Up to 35 documented post-
glacial eruptions have occurred throughout the WVZ, including in its northernmost part where
the spreading rate is very low. The most recent eruption occurred around 782— 860 AD, when
Hallmundarhraun erupted in the northern section of the WVZ. In this study, we investigate
whether spreading is still occurring over the WVZ and at what rate. We use GNSS and INSAR
data together with the elastic block model TDEFNODE to run inversion models solving for
spreading rate and locking depth in the WVZ. The GNSS data, which span 1992 to 2025, are
processed using the GIPSY-OASIS 11 software. A major problem for assessing the spreading
rate across the WVZ is deformation from various additional sources, such as earthquakes,
magma movements, anthropogenic subsidence due to geothermal power plants, as well as
glacial isostatic adjustment (GIA) due to retreating ice caps, all of which can lead to some bias
in the results. To avoid co-seismic and co-eruptive displacements associated with the current
tectonic event in the Reykjanes Peninsula, the GNSS sites located in and around this region
were truncated at 2020.0. The INSAR data for Reykjanes Peninsula was also excluded for the
same reason. We also correct for transient deformation signals recorded between 1992 and
2020, such as the 2000 eruption in Hekla and subsequent inflation, both the 2000 and 2008
South Iceland Seismic Zone earthquakes, the March 2010 eruption at Eyjafjallajokull, and the
2014-15 Holuhraun eruption. Preliminary results using only uncorrected GNSS velocity fields
suggest that spreading across the WVZ is less than 4 mm/yr. Inversion models using the
corrected GNSS velocity field and InSAR data will provide a more accurate estimate of the
spreading rate across the WVZ. A strain map for western Iceland will be made to delineate the
most likely plate boundary for WVZ. Most magmatic and tectonic activity occurs in the
southern part of the WVZ. This includes the eruption at Nesjahraun and the Sandey cinder cone
in bingvallavatn around ~70 AD, as well as possible rifting episodes in 1339 and 1789. Seismic
activity continues within the WVZ, particularly in the Hengill volcanic system, which saw
intense seismic activity between 1993 and 1998, and more recently due to the reinjection of
geothermal fluids from nearby geothermal power plants. Interestingly, the SVZ experienced
renewed volcanic activity around 2 Ma, despite tectonic activity ceasing 7-9 Ma. This suggests
that volcanic activity in the WVZ could persist long after plate spreading there nears zero.
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Basisk sprengigos a jokulpakta hluta Bardéarbungukerfis og
gjoskustabbinn a Vikrakambi
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Bardarbungukerfid er er steersta eldstédvakerfi landsins, um 190 km langt og allt ad 25 km breitt
(1). Pad skiptist i megineldstédina Bardarbungu og tveer sprungureinar, Veidivatnarein til SV
og Dyngjuhalsrein til NA. Um 70 km af eldstédvakerfinu, megineldstodin og hluti
sprungureinanna beggja vegna (fra sydstu Holuhraunsgigum ad Kerlingum i Tungnaarjokli),
eru undir nordvestanverdum Vatnajokli. Bardarbunga ris um 2000 my.s. og i henni er isfyllt
65 km? askja (2).

Eldgosasaga Bardarbungukerfis er nokkud vel pekkt vegna kortlagninga a hraunum og
gjoskuléogum. Eldgos a jokulpekta hluta Bardarbungukerfis eru sprengigos sem skilja eftir
gjoskuldg i jardvegi, setlogum og jokulis. Feera ma rok fyrir ad yfir 400 slik sprengigos hafi
ordid undir jokli & sidustu 11.000 arum (3-5).

Efnafreedileg einkenni Bardarbungukviku eru pekkt og pvi er haegt ad tengja gosefnin vid
Bardarbungukerfio med efnagreiningum (6). betta er mikilvegt fyrir sprengigosin og
gjoskuldgin pvi gosstddvarnar eru huldar jokli og vardveisluskilyrdi fyrir gjosku innan 50 km
fra Bardarbungu (midri) eru nanast hvergi nema i Nyjadal — i um 30 km fjarlaegd.

Sprengigos & jokulpakta hluta Bardarbungukerfis — drstutt gossaga

A ségulegum tima eru pekkt um 25 basisk sprengigos & jokulpakta hluta Bardarbungukerfis
(gjoskulagarannséknir og heimildir (7)). Morg gjoskulaganna hafa adeins fundist i isnum i
Vatnajokli, adeins steerstu gjoskuldgin barust at fyrir jokulinn og 6groin eda uppblasin svedi
umhverfis hann. Gjoskuldg sem koma fram & leysingasveedum Vatnajokuls, i 400 m I6ngum
borkjarna & Bardarbungu og jardvegssnidum hafa verid efnagreind, alls 23 16g en tvo gos eru
adeins pekkt af heimildum. Fimm sprungugos a Bardarbungukerfi utan Vatnajokuls uréu a
sogulegum tima, tv0 peirra voru sprengigos vegna harrar vatnsstodu (877, 1477) og prju
flaedigos (4 13. 6ld, 1862-4, 2014-15).

Flest gos & jokulpakta hluta Bardarbungukerfis sidustu 11 aldir virdast hafa verid fremur litil.
Til pess bendir hatt hlutfall Bardarbungugjoskulaga sem eingéngu finnast i is i Vatnajokli og
fateeklegar frasagnir annéla/gamalla heimilda benda til hins sama. Prju af hverjum fjérum
gjoskulégum fra sdgulegum tima finnast eingdngu i isnum i Vatnajokli. Gjéskuldgin segja po
adeins hve stor hluti gosefna nadi upp ar joklinum. Gostidnin a jokulpakta hlutanum er 1-4 gos
a 6ld nema & 18. 6ld pegar gosin eru a.m.k. 12 talsins.

Steerstu gjéskuldg Ur sprengigosum & jokulpakta hluta Bardarbungukerfis eru ar gosum um 950
og 1717. Med samanburdi vio pykktardreifingu Grimsvatnagjosku fra 2011 ma alykta ad
nyfallin gjoska i gosinu 1717 hafi verid 0,6-0,8 km3. Gosin geta stadid med hléum i nokkrar
vikur eda manuai.

pykkt (~3 m) og groft gjoskulag liggur & haedarkambi milli Balkajokuls og Bardarjokuls VNV
i Bardarbungu (7). Gjoskan hefur efnasamsetningu Bardarbungukerfis og grofleiki bendir til
naleegra gosstodva. Utlit og vardveisla bendir til fremur ungs aldurs og pvi var kannad hvort
petta gjoskulag tengdist hugsanlega timasettum gosum og/eda hlaupum. Sérstaklega var
athugad hvort gjéskulagid tengdist gosi a Bardarbungukerfi 1766, en pad sumar voru
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vatnavextir i bjorsa taldir stafa af hlaupum i Tungnaa (8). Einnig hvort gjoskulagid geeti tengst
gosi a Bardarbungukerfi 1716, en pé barst gjoska til NV. EKKki tokst ad syna fram & tengsl vid
gos & ségulegum tima med tilteekum gdgnum. Liklegast er ad pad tengist um 1300 ara gémlu
gjoskulagi i Nyjadal.

Gj6skustabbinn & kambinum sem vid viljum kalla Vikrakamb. Horft til vesturs yfir Vonarskaro.

A forsdgulegum tima eru gjoskuldg vardveitt i jardvegi og setldgum en upplysingarnar verda
slitréttari med hakkandi aldri (3-5). Alls hafa fundist um 100 gjéskulég med einkenni
Bardarbungukerfis, pau elstu um 11.000 &ra. Sé notad sama hlutfall og gilti um gos &
sogulegum tima geetu gos & jokulpéktum hluta Bardarbungukerfis hafa verid um 400 & 10.000
arum eda 4 gos a 6ld ad jafnadi. Hér parf ad hafa i huga ad jokulpakti hlutinn hefur verid
breytilegur ad steerd og i upphafi Nutima var mikil jokulpekja. Steerstu forsdégulegu gjoskuldgin
voru af svipadri steerd eda ivid sterri en G-2011 (9) midad vid pykktardreifingu i 50-100 km
fjarlaega.

Nakvaem lega gosstddva & jokulpakta hluta Bardarbungukerfis er ekki pekkt i neinu gosi &
sogulegum tima pott til séu mid & gosmokk og leidir jokulhlaupa vegna gosa séu pekktar i
nokkrum tilfellum. Sama gildir um gos & forségulegum tima. Upptdk pykka og grofa
gjoskulagsins vid jokuljadarinn nordvestan i Bardarbungu eru i farra kilometra fjarleegd og geetu
tengst ,,gigar60* sem er ad koma i 1j0s 1 nordvesturhlid hennar. Gigleifar, sem flust hafa med
isskridi ad jadri Dyngjujokuls vid Urdarhals, mynda par mikla gjoskumuga. Afstada peirra til
bekktra gjoskulaga bendir til goss & 16. 6ld.

Jokulhlaup geta gefid visbendingar um gosstodvar. Med érfaum undantekningum hafa 6ll pekkt
jokulhlaup vegna eldvirkni & Bardarbungukerfi komid i Jokulsa & Fjollum, eitt kom lika i
Skjalfandafljot og eitt olli vatnavoxtum i Pjérsa (8). Pad pydir ad sprengigos sem valda
hlaupum verda flest austantil & jokulpakta hluta kerfisins eda tengjast 6skju Bardarbungu.
Forsdguleg hlaup i Jokulsa a Fjollum sem tengjast eldvirkni & Bardarbungukerfi eru pekkt fra
timabili fyrir ~7000 arum par til fyrir um 2000 arum — hér er att vid hlaup sem baru fram glerrikt
set med einkennum Bardarbungukerfis, en glerid i setinu hefur sému einkenni og gjoskulég fra
sama timabili (10-11). Ummerki eftir 20 hlaup eru pekkt, 18 eru fra timabilinu 7100-4100.
Mat & hamarksrennsli er & bilinu 30-100 pasund m?/s. Flest forsogulegu hlaupin eru fra timabili
begar joklar voru i lagmarki, litlir eda engir nema e.t.v. & hastu fjollum. Basisk sprengigos
pburfa vatn eda is. Pad bendir sterklega til ad gosin sem ollu hlaupunum hafi verid i
megineldstddinni Bardarbungu, annad hvort i hlidum hennar eda i 6skjunni sjalfri.

1) Haukur Joéhannesson og Kristjan Seemundsson 1998. 2) Magnds T. Gudmundsson o.fl. 2016. 3) Bergrin A. Oladottir o.fl.

2011. 4) Esther R. Gudmundsdattir o.fl. 2016. 5) M. Wastl 2000. 6) Sveinn P. Jakobsson 1979. 7) Gudrdn Larsen o.fl. handr.
8) Sigurdur Pdrarinsson 1974. 9) Magnus T. Gudmundsson o.fl. 2012. 10) R.B.Waitt 2002. 11) Gudrun Larsen o.fl. inns.

37



Vorradstefna Jardfreedafélags islands
14. mars 2025

Hvad tefur Heklu?
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Sprengigos Heklu stafa af uppséfnudu gasi i kviku fyrir gos og mynda gjosku. Feera ma rok
fyrir ad minnkandi rammal gjosku sidustu fimm gosa Heklu stafi af minnkandi samséfnun gass
fyrir hvert gos. EKki er haegt ad safna og efnagreina gas i sprengigosum. pess i stad ma mala
uppsofnun & samsatunni 21°Pb i gosefnum Heklu sem endurspeglar uppstreymi, samséfnun og
geislavirkt nidurbrot edalgassins radons (?22Rn). Radon-222 myndast vid klofnun 2%Ra i 238U-
kedjunni og klofnar sidan sjalft og myndar 210Pb, m.6.0. (38U) ->... (**Ra) -> (***Rn) -> ...
(?1%Pb). Geislavirkni hverrar samsetu (taknad med sviga utan um samsztuna) er ein og hin
sama pegar kedjan er i jafnveegi og pvi hlutfallid samsata, t.d. (*°Pb/??°Ra), jafnt og 1. Ef radon
tapast med 6drum eldfjallagésum ur kviku verdur (°Pb/??5Ra) < 1 i afgasadri kvikunni og > 1
i gasinu. Ef 2%?Rn neer aftur & moti ad safnast saman og risa med gasblodrum upp i efstu 16g
kvikunnar pa mun pad brotna nidur (helmingunartiminn er adeins 3,8 dagar) og mynda %'°Pb.
Hlutfallid (**°Pb/??°Ra) yrdi pvi > 1 gasrikri kvikunni.

Til ad sannreyna pé vinnukenningu ad Heklugos hefjist vegna uppsdfnunar a eldfjallagasi hafa
hraun og gjoska Ur Heklugosum fra 1947 verid tekin til malinga 4 skammlifum samsaetum 238U-
kedjunnar. Oll hraunin eru i geislavirku jafnveegi og sama a vid um gjosku tr gosum fra og med
1980. Aftur & moti hefur fyrsta gjéska gosanna 1947 og 1970 hlutfallid (?1°Pb/??°Ra) > 1, sem
bendir til uppséfnunar a gasi fyrir gos. Hvers vegna gjoska yngri gosa hefur ekki malanlegt
geislavirkt 6jafnveegi er liklega vegna stutts goshlés, sem veeri of stutt fyrir naegjanlega radon
uppsofnun.

Vitad er ad vegna skamms helmingunartima eru fa radon atom i kvikunni og ad pvi nar radon
ekki ad mynda eigin gasblddrur. pvi er talid ad blodrur fylltar CO2 flytji radon af einum stad til
annars i kvikunni. Hraunin 61l hafa hlutfallid (*:°Pb/??°Ra) = 1 og pvi hefur 2?2Rn hvorki tapast
Ur né baest vid kvikuna sem rann sem hraun. Liklegast verdur pvi ad telja ad uppsafnada gasid
komi enn dypra ad eda fra basaltmodurkviku peirrar isiru sem Hekla gys. Einfalt likan a
myndun (?*°Pb) > (??°Ra) i gjésku Heklu bendir til minnkandi uppstreymis radons (og par med
COz2) sem fall af tima, sem kann ad skyra samtimis minnkandi rammal gjosku. Jafnframt ma
leida likur ad pvi ad endurnyja pyrfti gasforda djupsteeda basaltsins fyrir naesta Heklugos.
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Controls of ice-surface structures during the 1991 surge of
Skeidararjokull, Iceland, on the post-surge glacial
landsystem

Chelsea J. Hill , ivar Orn Benediktsson ! & Wesley R. Farnsworth %2

! Institute of Earth Sciences, University of Iceland. Reykjavik, Iceland.
2 Globe Institute, University of Copenhagen. Denmark.

Investigations ~ of  surge-type  glaciers are  important  for  understanding
glacier dynamics and providing analogues to modern and palaeo-ice streams.
However, the link between surge-related surface structures to a post-surge
glacier landsystem is poorly understood. This study investigates the influence of ice surface
structures during the 1991 surge of Skeidararjokull on the post-surge glacial landsystem, using
accessible imagery and data from 1991 and 2012. The research is focused on the western limits
of Skeidararjokull and its forefield, where surge-suggested landforms are well preserved.
Common features in the forefield of Skeidararjokull include an end moraine, hummocky
moraine, flutings, drumlins, eskers, and crevasse-squeeze ridges. The structural architecture of
the western frontal margins reveals a complex network of crevasses, grouped into distinct
domains based on orientation, where longitudinal crevassing is the dominant feature on the ice
surface. A lateral shear margin is proposed at the interface between the surge lobe and passive
ice, causing the observed counterclockwise rotation in longitudinal crevasses. Additionally,
thrust and normal faults are identified and discussed in context of surge dynamics. A correlation
is observed between the proximity of thrust faults during the surge to hummocky moraine in
the post-surge landsystem. Based on these findings, a conceptual model is proposed, where the
surge-driven thrusting is a control on the formation and development of the hummocky moraine
in the forefield of Skeidararjokull.
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Saga jokulhorfunar a Mio-Nordurlandi

Hreggviour Norddahl? ,Halldér G. Pétursson? & Skafti Brynjélfsson?

D Jardvisindastofnun Haskoéla islands
2 Nattarfreedistofnun

Fyrir um 23 000 arum (cal. ka BP) gekk meginjokull islands vestur yfir Rosmhvalanes vid
Faxafloa i att ad ystu bran hans & sidasta jokulskeidi (LGM). Ummerki um mestu sterd hans
er ad finna & landgrunnsbraninni umhverfis landidog stydja likanreikningar einnig pessa sterd
hans. Ekki er vitad hve lengi jokullinn hélt pessari miklu sterd sinni, en fyrir um 18 000 arum
hafdi bran hans horfad inn i Djapal og fyrir um 16 000 arum var hlysjor ati fyrir Nordurlandi.
Petta tvennt bendir til pess ad a pessum tima hafi hlyir sjavarstraumar & ny nad strondum
landsins. Fyrir um 15 000 arum hoérfadi jokullinn ar Jokuldjapi og skdémmu seinna var brin
hans komin inn fyrir naverandi strond landsins a Vesturlandi. par meetti sjarvarbord landi og
efstu og elstu fjorumork & Vesturlandi myndudust fyrir um 14 700 arum. Fjérumork af
svipudum aldri finnast vida um Vestur-, Nordvestur- og Nordurland, ofan vid fjorumork af
yngri Dryas og Preboreal aldri.

A Mid-Nordurlandi 14 bran jokulsins ymist innan ndverandi strandar eda skammt undan landi,
nema pé helst i Eyjafirdi. bar i ndgrenninu — i Fnjéskadal, eru visbendingar um ad nyrsti hluti
dalsins hafi snemma ordid jokullaus og i honum myndast 6 jokullon med affalli til nordurs yfir
Flateyjardalsheidi. Ummerki fjogurra elstu lénanna eru eingéngu vardveitt i setldgum
Fnjoskadals. En ummerki peirra tveggja l6na sem skildu eftir sig strandlinur i hlidum dalsins
eru lika varoveitt i setlogum Fnjoskadals. Jardlagafraedilegar rannsoknir hafa leitt i 1jos ad pessi
16n urdu til hvert & feetur 6dru pannig ad eitt 16n teemdist og pad naesta vard til. Til pess ad petta
geeti ordio pa vard jokulstifla i Dalsmynni ad veikjast pad mikid ad vatn geeti fundid sér leid ur
I6ninu og til Eyjafjardar og eflast svo & ny pannig ad nytt I6n med affalli um Flateyjardalsheidi
vard til 1 Fnjoskadal.

I Ut-Fnjoskadal, p.e. nyrst i dalnum safnadist gifurlegt magn sets fyrir og i peim eru ummerki
um fjogur elstu I6nin. Sum pessara setlaga hafa aflagast pegar jokull i Fnjoskadal gekk itrekad
nordur yfir pau. Greinilegar strandlinur urdu til vid strendur tveggja neestu jokulléna og vid
pbeaer safnadist set sem myndudu dseyrar. Astladur aldur pessara tveggja l6na og strandlina
beirra er & bilinu 15 000 til 13 000 &r. pessu nast horfudu joklar landsins inn til midhalendisins
0g & peim tima vard stor hluti landsins jokullaus og afstatt sjavarbord vard hvad legst. A
pessum tima runnu & Nordausturlandi hraun sem sidar féru undir jokul pegar joklar steekkudu
a yngri Dryas.

A yngri Dryas gekk jokull i Eyjafirdir ut yfir Hrisey og lokadi Dalsmynni. A sama tima gekk
jokull ut Béardardal, lokadi Ljésavatnsskardi og nadi ut i Skjalfandafléa. Pa myndadist 16n i
endildngum Fnjoskadal og Ut i pad barst mikid magn af gjosku, sem kennd hefur verid vid
Skdga og er su sama og svonefnd Vedde gjéska, um 12 100 ara gomul. betta 16n teemdist og
annad 16n, og jafnframt pad yngsta, myndadist fyrir um 11 700 &rum. Sidan horfudu joklar
talsvert og nadi bran jokulsins timabundid i sjo vid Espihol i Eyjafirdi sem og i mynni
Horgardals og Svarfadardals. Atladur aldur pessarar stodu joklanna er um 11 200 ar. Ny og
yngri stada frambrina pessara jokla var svo fyrir um 10 900 arum, en pa myndudust
Melgerdismelar framan vid Eyjafjardarjokulinn.

Nokkud er vitad um aldur samsetts berghlaups (Leyningshola) sydst i Eyjafirdi, en elsti hluti
bess féll & og barst pvert yfir hlutfallslega punna jokultungu og ad fjallshlidinni austan dalsins.
Jokultungan nadi nordur fyrir Hélavatn, en vatnsstaedi pess vard til pegar jokullinn hérfadi fra
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umfangsmiklum jokulgéroum nordan vatnsins. Aldur berghlaupsins er ad minnsta kosti 10 200
ar, sem er aldur svartrar gjosku (Saksunarvatn) sem fundist hefur ofan 4 hlaupinu.
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Tolfredilegt mat a jardskjalftum a islandi 1904-2022.

Ingi Porleifur Bjarnason.

Jardvisindastofnun Haskéla islands.

Nylega voru gefnir Ut tveir listar yfir jardskjélfta fra arinu 1904 og fram & okkar daga. Annars
vegar er alpjodlegur listi fra International Seismological Center (skammstafadur ISC GEM).
Hann neer yfir alla jardskjalfta yfir vissa steerd, sem ordid hafa & jordinni a timabilinu 1904—
2022. Hinn listinn er frd arinu 2022, sem Kristjan Jonasson (1), og samstarfsmenn toku saman
og nefnist ICEL-NMAR. ICEL-NMAR listinn ner yfir timabilid 1904-2019, en takmarkast pd
vid skraningu & jardskjalftum & islandi og annars stadar & Nordur-Atlantshafshryggnum & milli
45°-75° breiddargradu. ISC GEM listinn gefur upp steerdir samkvamt vagissterdarkvardanum
Mw, en ICEL-NMAR listinn er auk pessa med steerdirnar reiknadar ut fra P-bylgju (mb) og S-
bylgju (MS).

Pegar skodud eru stoplarit med fjolda skjalfta eftir steerd, ma atla, ad 1ISC GEM listinn sé
nokkud temandi fyrir islenska jardskjalfta eftir 1917 med veegissterdir Mw > 5,6, og ICEL-
NMAR listinn &lika teemandi fyrir sterdir Mw > 5,0 fra 1904, og verdur pad ad teljast gott.
pridji listi er til, sem ba&dir ofangreindir listar seekja til. Pad er alpjodlegi Global Centroid
Moment Tensor listinn (GCMT). Hann ner yfir jardskjalfta fra timabilid 1976-2022 og virdist
na yfir jardskjalfta af sterdinni Mw > 4,7 & Islandi. Fjordi listinn, sem notast er vid hér i pessari
greiningu, er listi fra International Seismological Center yfir jardskjalfta a arabilinu 1963—
2022. /Etla m4, ad hann nai ad skra flesta jardskjalfta, sem urdu pa & Islandi af steerdinni MS>
3,7.

Hagt er ad beita Gutenberg og Richter 1ogmali (jofnu) til pess ad rannsaka tolfreedilega
jardskjalfta & Islandi & timabilinu 1904-2022 og spa fyrir um endurkomu steerri jardskjélfta.
Gutenberg og Richter 16gmalid er veldisfall, sem lysir pvi, ad fyrir hvern skjalfta af akvedinni
steerd M megi blast vid 10 skjalftum ad medaltali & jordinni, sem eru & sterdarbilinu M-1 til
M. Greining ofangreindra gagna bendir til, ad fyrir hvern jardskjalfta & islandi af sterd 7,0
megi buast vid 8+ 1 jardskjalftum af steeréum & milli 6,0 og 7,0.

Naerri helmingur skjalfta fra islandi i ofangreindum listum (gagnagrunnum) er um skjalfta fra
Bardarbungu & arunum 2014 og 2015. Akvedid var fyrir greiningu hér ad sia ut
Bardarbunguskjalfta fra upphafi melinga. bannig endurspegla gognin betur hreina tektoniska
skjalfta. begar ofangreind gdgn eru skodud, kemur i 1jos fyrir island sem eitt svadi, ad
jaroskjalftar af steerd (Mw eda Ms) > 6,5 verda ad medaltali & 25 + 5 ara fresti (dreifing er gefin
i tveimur stadalfravikum og endurspeglar liklega lagmarks ovissu). Ef gert er rad fyrir svipadri
endurkomu skjalfta af pessari sterd & Nordur- og Sudurlandi, pa ma gera rad fyrir endurkomu
beirra & hvoru landsveedi a 50 + 10 &ra fresti. Endurkomutimi skjalfta af steerdinni Mw > 7.0
telst pa vera 70 + 22 ar fyrir landid i heild, eda 140 + 44 &r & hvoru landsvadi. Ekki var kannad
hér, hvort munur veeri & pessum landsvaedum, en pad er verdugt naesta skref.

A=tlad er, ad steerstu jardskjalftar & Islandi & ségulegum tima hafi verid af sterdinni 7,1 (MS).
Samkvaemt Gutenberg og Richter 16gmali ettu slikir jardskjalftar ad verda a 220 + 90 ara fresti
hér & landi. Jardskjalftar af steerdinni MS eda Mw = 7,0 &ttu ad endurtaka sig & 195 +60 ara
fresti. Likindi pess ad fa tvo jardskjalfta af steerd MS 7,0 eins og gerst hefur a sidustu 115 arum
(pad eru 1910 og 1912 skjalftarnir) eru um 35%. N0 eru tep 25 ar, sidan jardskjalfti af sterd
Mw = 6,5 reid yfir Sudurland. Midad vid reiknadan endurkomutima staks skjalfta Mw > 6,5
geetu lidid onnur 25 ar, pangad til svipadur eda steerri jardskjalfti endurteki sig. Hins vegar er
Sudurlandsskjalftum oft lyst sem hrinu tveggja eda fleiri adalskjalfta. Arid 2000 voru tveir
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meginskjalftar af steerdinni Mw ~6,5 (17. juni skjalftinn Mw=6.5 og MS=6,7; 20. juni skjalftinn
Mw=6.4 og MS=6.6). Ef gert er r&d fyrir pari af skjalftum Mw > 6,5, p4 ma blast vid peim eftir
75+ 20 ar.

| pad minnsta i 25 ar fyrir 2000 skjalftann i Holtum (17. jani 2000) var mesta vidverandi virkni
smaskjalfta (sterdir u. p. b. 1.5-4.0) & Sudurlandsundirlendinu einmitt par. Var pess vegna talid,
ad Holtin veeru liklegasta stadsetning naesta Sudurlandsskjalfta, sem reyndist rétt. A sidustu 25
arum hefur baedi dregid Ur virkni eftirskjalfta sioustu Sudurlandsskjalfta, en lika ordid aukning
smaskjalfta af sterdinni 1.5-4.6 & sveedum Sudurlands, sem voru réleg fyrir 2000 skjalftana.
Petta eru annars vegar Fl6i og hins vegar i Landssveit og & Rangarvéllum og Vatnafjallasveedid
sudur af Heklu. Med svipudum rékum og adur ma atla, ad pessi aukna virkni smaskjalfta
endurspegli aukna spennu i jardskorpunni, og pessi svaedi séu liklegustu upptok nestu
Sudurlandsskjalfta.

(1) A harmonised instrumental earthquake catalogue for Iceland and the northern Mid-Atlantic Ridge. Kristjan
Jonasson, Bjarni Bessason, Asdis Helgadottir, Pall Einarsson, Gunnar B. Gudmundsson, Bryndis Brandsdottir,
Kristin S. Vogfjord and Kristin Jonsdéttir

https://doi.org/10.5194/nhess-21-2197-2021 - Data sets ICEL-NMAR Earthquake Catalogue Kristjan Jonasson
and Bjarni Bessason https://doi.org/10.17632/7zh6xg22¢cv.2
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The impact of historical land-use changes on Icelandic lake
ecosystems reconstructed from Chironomidae head
capsules

Emily Koenders; Peter G. Langdon; Mathis L. Blache; Egill Erlendsson;
Steffen Mischke

Land use in Iceland has histrorically been shaped by pastoral farming, with sheep grazing as a
dominant activity. Over the past few centuries, however, agricultural land has increasingly
given way to summerhouses and recreational areas, especially near lakes. This shift has
introduced new anthropogenic pressures on lake ecosystems, including erosion, changes in
plant coverage and nutrient loading.

In order to investigate the influence of summerhouses on the lake ecosystems in Iceland, two
lakes have been selected. The first one, Hafravatn, is located within the city limits of Reykjavik
and is a well-known recreational area for locals, with many summerhouses along its shore. Data
from Hafravatn will be compared with those from Graenavatn, a less accessible lake ca. 35 km
south-west of Reykjavik. From each lake, short sediment cores were taken, to investigate the
changes in Chironomidae head capsules composition and geochemical parameters for the last
ca. 200 years.

The relative uniform chironomid species composition in the sediment core from Hafravatn
suggests that the lake, due to its large size, is relatively well-buffered against most
anthropogenic pressures and climate change. In contrast, Greenavatn shows large shifts in the
Chironomidae composition that correspond to changes in mean temperature and precipitation.
For Hafravatn, only large shifts in the sediment accumulation rate, often caused by the building
of large infrastructure in the catchment, resulted in short-term shifts in the Chironomidae
composition. However, smaller-scale shifts in the Chironomidae composition at Hafravatn
including the decrease in oligotrophic species were probably caused by the building and
presence of an increasing number of summerhouses around the lake.
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The first Icelandic DAS Deployment for Real-Time
Earthquake and Volcano Monitoring/ Fyrsti islenski
Ljosleidaravakinn

Kristin Jénsdottir*, Yesim Cubuk-Sabuncu?, Einar Bessi Gestsson?,
Palmi Erlendsson?, Jiaxuan Li?, Ettore Biondi3, Vala Hj6rleifsdottir4,
Ingvar Kristinsson!, Matthew James Roberts! & Kristin Vogfjora?*

!Icelandic Meteorological Office, Reykjavik, Iceland.

2Univeristy of Houston, Department of Earth and Atmospheric Sciences, TX, USA.
3California Institute of Technology, Pasadena, CA, USA.

“Reykjavik University, Reykjavik, Iceland.

We present the first Icelandic Distributed Acoustic Sensing (DAS) deployment, operated by the
Icelandic Meteorological Office, a significant advancement in real-time monitoring of volcanic
and seismic activity in Iceland. DAS methodology utilizes continuous optical fibers, covering
tens of kilometers, as highly sensitive arrays of seismo-acoustic sensors. This exceptional
spatial and temporal resolution of DAS enables the detection and characterization of subtle
volcanic and seismic signals with high accuracy, making it suitable for eruption monitoring in
the Reykjanes Peninsula. Thus, to enhance monitoring of the ongoing volcanic crisis at
Grindavik, we installed a real-time early warning system that utilizes the DAS data and delivers
alerts to the Icelandic Meteorological Office natural hazards monitoring room. We deployed an
ASN OptoDAS interrogator, a long-range and low-noise instrument with low-frequency
detection capability. We simultaneously monitor two telecommunication fiber-optic cables in
collaboration with Ljosleidarinn, using a combined length of roughly 150 km, extending from
Asbru-Keflavik to porlakshdfn in the south, as well as to Hafnarfjérdur in the north. The high
sensor density, with measurements every 10 meters and a temporal sampling frequency of 100
Hz, allows the detection of diverse signals, including volcanic processes and microseismicity.
The DAS dataset, acquired over two months, demonstrates the significance of DAS in ensuring
continuous volcano monitoring during periods of intense weather noise degrading traditional
seismometer performance. We discuss our overall operational experience, specifically the
application of the early warning system (collaborative work with Reykjavik University,
University of Houston and Caltech), initial results, and quality checks performed on the dataset.
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Post glacial relative sea level changes in west Iceland

Ka Yan (Hilary) Kwok*?, ivar Orn Benediktsson! & Wesley R.
Farnsworth?

Institute of Earth Sciences, University of Iceland, Sturlugata 7 Reykjavik, Iceland.
*Corresponding Author: kyk5@hi.is; ivarben@hi.is; WesleyF@hi.is

The thin, dynamic crust of Iceland is particularly sensitive to the loading and unloading of land
by glaciers and ice sheets, making it a key region for studying postglacial sea-level change.
Despite decades of work, relative sea level (RSL) histories remain poorly resolved due to patchy
coverage, poorly constrained sea level index points, and chronological uncertainties. The
objective of this master’s project is to develop an open-access database of sea level index points
and limiting constraints for west Iceland. Existing data (n = 174) have been compiled, quality
assessed and integrated into a standardized database, providing a more robust reconstruction of
RSL changes. Over half of the data correspond to the Late Pleistocene — Early Holocene
transition, while Holocene radiocarbon ages are skewed toward the early Holocene. The
database is supplemented with new geochronological (tephra and radiocarbon) data from
submerged coastal peatlands located in west Iceland, specifically the classic site of Seltjorn,
Grotta (-4.2 m beneath hightide; porarinsson 1956). The section is interpreted as terrestrial
limiting constraint representing an Early Holocene low-stand. The strata exhibits a diatom
assemblage dominated by freshwater, and the presence of the G10ka tephra has been identified.
These results are compared with Porarinsson (1956)’s original findings, providing additional
insights into the deglaciation of the Icelandic Ice Sheet and the timing of the Early Holocene
sea level low-stand.

References:

Porarinsson, S. 1956: Morinn i Seltjorn [English summary: The submerged peat in Seltjorn]. Nattarufreedingurinn
26, 179-193.
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Transient ground deformation observed by GNSS and
INSAR during and following the 2021 Fagradalsfjall
eruption, Iceland

Chiara Lanzil 2, Halldor Geirsson?!, Michelle Maree Parks?, Vincent
Drouin? & Freysteinn Sigmundsson?

Nordic Volcanological Center, Institute of Earth Sciences, University of Iceland, Reykjavik,
Iceland
2Icelandic Meteorological Office, Reykjavik, Iceland

Geodetic observations, coupled with modelling of the detected signals, can help discriminate
between different processes contributing to measured surface deformation during a volcanic
eruption, providing insight into its evolution, the associated magma transport, and processes
occurring in the subsurface. We use Global Navigation Satellite System (GNSS) geodesy and
Interferometric analysis of Synthetic Aperture Radar (INSAR) satellite images to map overall
gradual deflation during the six-month-long 2021 eruption in Geldingadalir at Mt.
Fagradalsfjall, in SW-Iceland. The co-eruptive deflation shows three temporal phases: T1, 19
March — 10 May; T2, 11 May — 31 July; T3, 1 August — 18 September, correlating with changes
in the effusion rate, eruptive style, and geochemistry of the erupted basalt. Effects of lava
loading are evident in the geodetic observations. We remove this signal with a Finite Element
Method model and infer geodetic sources responsible for the observed ground deformation. Our
observations are best explained by a deflating sill-shaped source at ~12—-13 km depth with
volume contraction of 21-27 Mm3, around 4-5 times lower than the estimated bulk volume of
the erupted material. Inflation was detected after the eruption and can be modelled at a similar
depth as the co-eruptive source. Understanding co- and post-eruptive ground deformation
patterns and their correlation with other observables at volcanoes e.g., effusion rate and
geochemistry is essential to unveil the architecture of the underlying magmatic plumbing
system and hazard assessment, considering also the possibility of reactivation of neighboring
volcanic systems, known from earlier volcanic activity periods on the Reykjanes Peninsula.
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How much heavy metal is released by a crystalizing lava
field?

Nicolas Levillayer

Haskoli islands

Eruptions of basalt are known to emit a gas phase composed of water, carbon, sulphur, halogens
and rare gases but also of toxic heavy metals. While the gas composition released during an
eruption is relatively well known, the post-eruptive gas emission from a cooling lava field
remains less well characterised, and its environmental impact is largely unknown. During the
Fagradalsfjall eruptions (2021-2023), gas was collected from an active crater and the post-
eruptive gas from actively degassing but extinct crater and from the cooling lava field. A
compositional shift is observed from a sulphur dominated syn-eruptive gas phase (mass ratios
S/Cl and S/F > 10) to a halogen-dominated secondary gas phase (S/Cl and S/F < 0.1) from the
cooling lava. The shift in major volatile composition affects the trace element volatility,
resulting in a depletion post-eruptively of elements emitted as sulphide or in their elemental
form such as Te and Cd. The solidifying lava emits gas rich in chloride-forming species (Sb,
Pb and Zn) whereas the gas from the extinct crater is rich in elements forming fluoride species
such as Mo and Ru. Estimation of the trace metal emissions reveals significant liberation of a
few toxic metals from the cooling lava, up to 100 tons of Zn. Syn- and post-eruptive heavy
metal emissions are markedly different and the secondary gas emissions from basalt eruptions
have local environmental impacts.
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Origin and age of the near-rift Fjallgardar Volcanic Ridge
revealed by noble gas geochemisty and geochronology

Noémi Léw?, Seemundur A. Halldérsson?, Christoph Beier?, J6hann
Helgason?3, Julia Ricci#, Joshua M. Curtice®, Mark D. Kurz® & Peter H.
Barry®

Nordic Volcanological Center, Institute of Earth Sciences, University of Iceland, Iceland
2Department of Geosciences and Geography, University of Helsinki, Finland
*Baughiisum 43, Reykjavik, Iceland
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High-He domains in Iceland may originate from a deep, primordial mantle component in the
Icelandic mantle plume®. In the neovolcanic zones, the highest 3He/*He values (Rc/Ra, relative
to air, Ra, and corrected for air-derived He) occur near the northwestern boundary of
Vatnajokull, coinciding with the inferred location of the Icelandic mantle plume. This region is
characterized by 3He/*He well above 18 Ra, reaching values as high as 26 Ra, reflecting its
proximity to the plume center. In contrast, He/*He values of 8-11 Ra typify most of the
Northern Rift Zone (NRZ)?.

The 200 km-long Fjallgardar Volcanic Ridge (FVR), consisting of subglacially erupted
tholeiitic basalt, was emplaced parallel and ~20-40 km to the east of the NRZ. Previous studies
studies®* suggest that the FVR erupted either during a temporary eastward jump or a widening
of the NRZ, with magma input largely sourced from the NRZ, implying that the FVR should
preserve NRZ source fingerprints. The FVR is thought to have erupted entirely during the
Brunhes geomagnetic polarity chron (< 780 kyr). However, absolute age constraints are limited
to Ar-Ar ages from subaerial lava flows (n=4: 558 + 85 kyr to 1340 + 140 kyr) and subglacial
formations (n
=7: 153 + 29 kyr to 453 + 152 kyr) obtained from the Kérahnjdkar region® which may be linked
to the construction of the FVR, and one single age in the center part of the FVR (81 + 9 kyr)®,
highlighting the need for additional Ar-Ar dates from the entire FVR,

Here, we present new He isotope data of glassy pillow rims (n=17) and new “°Ar-**Ar ages on
subglacial lavas (n=11), together with published major and trace element data on the same
glasses and lavas from the FVR’. He isotope data were obtained by crushing glass chips under
ultra-high vacuum, and “°Ar-3°Ar ages by incremental heating of groundmass separates, with
one to two aliquots per sample.

Undegassed FVR glasses display some of the highest He isotope values (max 3He/*He = 22 Ra)
ever obtained from the igneous rocks north of Vatnajokull, comparable to 3He/*He values from
the inferred center of the mantle plume. Glasses with higher 3He/*He values correspond to lower
incompatible minor and trace element ratios (e.g., K2O/TiO2 = 0.07-0.17, La/Yb = 2.0-3.8),
similar to basalts from central Iceland, whereas lower 3He/*He values (~8 Ra) are observed in
samples with higher ratios (K20/TiO2 >0.18, La/Yb= 5.0-5.8). This latter group is identical to
basalts from Kverkfjoll, a volcano located adjacent to the southern tip of the FVR. Groundmass
“OAr-Ar ages (Plateau ages) range from 97 to 702 kyr, confirming the previously inferred
Brunhes age of the FVR. Notably, lavas with higher La/YDb are younger than 250 kyr, whereas
the ages of lavas with La/Yb < 4 span~200 to 700 kyr.
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Our new dataset suggests that, rather than being linked to mantle source(s) feeding the bulk of
the NRZ, a significant portion of the FVR magmas originates from a high-*He/*He plume
component currently only evident beneath central Iceland. This observation places new
constraints on lateral dispersion of plume material from central Iceland towards the north over
the past ca. 0.8 Ma. Importantly, the “°Ar-*°Ar dates suggest that the geochemically more
depleted, high-3He/*He magmas, erupted all across the entire FVR over a time period of several
hundred thousand years. The injection of more enriched magmas (La/Yb > 4) with lower
3He/*He values (~8Ra), best resembled by Kverkfjoll magmas, into the FVR area seems to be
a more recent (< 250 kyr) phenomenon.
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Hratt ris Bardarbunguoskjunnar i kjolfar oskjusigsins 2014-
2015
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Oskjusig eru tiltolulega sjaldgefir atburdir og tengjast oft storum eldgosum. Fra upphafi 20.
aldar eru pekkt niu tilfelli. bar af eru prju sem tengjast steerstu sprengigosum sem ordid hafa &
pessu timabili, Katmaii i Alaska 1912, Pinatubo & Filippseyjum 1991 og sidast Hunga Tonga i
sunnanverdu Kyrrahafi 2022. | pessum tilfellum voru gosefnin sdr eda istr. Hin gosin sex hafa
Oll tengst basiskum eldgosum. Petta eru Fernandina & Galapagoseyjum 1968, Tobachik &
Kamchatka 1976, Miyakejima i Japan 2000, Piton de la Fournaise a La Reunion i Indlandshafi
2007, Bardarbunga 2014-2015 og Kilauea & Hawaii 2018. Bardarbunga er ein steersta
megineldstod landsins, pakin jokli og er annad hasta fjall & islandi. Han hefur ad geyma stora
oskju, um 65 km? og af 6skjum hér & landi eru pad adeins Torfajokulsaskjan og Kotluaskjan
sem eru steerri. Askjan i Bardarbungu er djup og aflokud og isinn innan hennar vidast hvar 700-
800 m pykkur. A halfu ari, samhlida gosinu i Holuhrauni, leekkadi botn hennar um 65 metra
par sem sigid var mest. Kvikan streymdi larétt undan Bardarbungu, rdmlega 40 km til
nordausturs ad gosstodvunum milli Dyngjujokuls og Oskju. Oskjusigid maldist tepir 2
rumkilémetrar sem er alika og samanlagt rammal Holuhrauns og gangsins sem myndadist i
umbrotunum. Eldgosid i Holuhrauni er pad stersta sem ordid hefur & Islandi fra stérgosinu i
Laka 1783-84. Atburdirnir 2014-15 voru fyrsta tilfellid par sem hagt var ad rekja i rauntima
larétt fleedi kviku undan megineldstdd samhlida 6skjusigi. Helstu gdgnin voru
afléogunarmalingar (GPS, INSAR), jardskjalftameelingar og mat & steerd og rummali 6skjunnar
og hraunsins sem myndadist, einkum med endurteknum malingum Gr flugvél isavia. Gognin
syna ad kvikan sem kom upp i Holuhrauni var frd Bardarbungu. Alls urdu 77 jardskjalftar
sterri en M 5 (steersti M 5.8) og samhlida sumum pessara skjalfta féll askjan um 20-40 cm.
Gosid og sigid fjaradi ut i febrdar 2015. Fljotlega eftir pad byrjadi jardskjalftavirkni aftur i
Bardarbungu og hefur haldist téluverd. Han hefur reyndar feerst nokkud i aukana undanfarin
1-2 &r. Til ad fylgjast med préuninni i kjolfar dskjusigsins, hafa verid gerdar endurteknar
byngdarmalingar i 25-55 punktum, sem samanlagt na yfir alla Béardarbungu og néagrenni
hennar. Samanburdur milli ara, par sem leidrétt hefur verid ad fullu fyrir ahrifum breytinga i
I6gun jokulsins milli meelinga, syna ad jakveett pyngdarfravik hefur myndast og vaxid nokkud
stddugt med tima. Endurspeglar 16gun pess vel 6skjusigid sem vard 2014-2015. Pessar
melingar eiga sér adeins eina mogulega skyringu: AJd botn Bardarbungu sé ad risa og ad
umtalsverdur hluti pess sigs sem vard hafi pegar gengid til baka & adeins atta arum.
Visbendingar um petta hrada landris koma einnig fram i endurteknum issjarmeelingum. bessi
hegdun Bardarbungu skyrist med hrodu innfledi kviku ad nedan inn i kvikuholfid sem liggur
undir 6skjunni. Petta innfleedi virdist hafa byrjad nanast strax eftir ad gosinu i Holuhrauni lauk.
Nidurstddurnar syna ad basiskar dskjur i mjog virkum eldstédvum geti att pad til ad risa hratt,
og mun hradar en hingad til hefur verid talid. Petta setur eldvirkni i mjég virkum
megineldstodum/eldstédvakerfum i nytt samhengi — ad basiskar dskjur geti att pad til ad ytast
upp og siga & vixI & timaskala sem er mun styttri en hingad til hefur verio pekktur. Ppetta kann
einnig ad skyra ad stor eldgos hafa endurtekid att sér stad a sprungusveimum
Bardarbungukerfisins a sidustu 1200 arum.
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Carbon isotope fractionation during the 2022-2023
Fagradalsjfall eruption tracks magma degassing
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Carbon dioxide (COz) is the first major volatile to exsolve from magmas as they rise towards
the surface. This progressive degassing not only affects the volatile content of the magma, but
also its stable isotopic composition. Carbon dioxide loss induces isotopic fractionation of
carbon in the CO2 with §'3C progressively becoming lighter, therefore providing an opportunity
to track magma degassing.

This talk presents carbon isotope results from the 2022 and 2023 Fagradalsfjall eruptions.
Samples collected during the 2023 eruption from the volcanic plume show §'3C values similar
to that of the Icelandic mantle (-5 and - 9%.). Samples collected after the end of the 2022 and
2023 eruptions from vents and lava field display light *C values (~ -16%o). These results show
that the source of eruptive CO:z during Litli Hratur eruption was from fresh, relatively
undegassed magma and distinct from that of the extensively degassed magma left after the end
of the eruptions. These observations show that samples that are collected prior to, during, and
following an eruption like the ones that have occurred in 2022 and 2023 on the Reykjanes
peninsula and are rapidly analyzed for 5'3C values, give insights into eruption dynamics,
magma supply, and potentially timing of eruption cessation.
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Potassium and rubidium isotopic composition of Icelandic
basalts: Implications for moderately volatile elements in
the primitive mantle
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Potassium (K) and rubidium (Rb) have similar physical and chemical properties. They are
moderately volatile, lithophile elements and highly incompatible in magmatic processes and
therefore enriched in the crust relative to the mantle. In low temperature crustal environments,
they are easily mobilised by fluids. Stable isotopes of K and Rb are increasingly applied to
studies of geologic material and processes, such as mantle heterogeneity and crustal recycling
processes, low-T hydrothermal processes as well as the evolution of the Solar System. Previous
studies show that K and Rb isotopes can fractionate in low-T processes but are subject to limited
fractionation during igneous processes and magmatic evolutionl,2. Thus, they may be suitable
for tracing the presence of recycled crustal material in mantle sources, and any resolvable
variability in K and RDb isotopic composition (expressed as d41K and d87Rb) suggests
heterogeneity in source3,4.

To identify possible mantle heterogeneity, this study presents d41K and d87Rb composition
oflcelandic basalts (n=31) measured with MC-ICP-MS equipped with a collision cell (Sapphire
by Nu Instruments). We test large-scale d41K and d87Rb heterogeneity in the Icelandic mantle
by analysing well-characterised and largely primitive basalts from all active rift-zones and two
off-rift alkalic volcanic zones. We also test small-scale, local d41K and d87Rb mantle
heterogeneity by analysing lavas from the Fagradalsfjall 2021-2023 eruptions, where a clear
mantle control has been identified for generating compositionally heterogenous lavas5,6.

The measured values fall mostly within the estimated mantle average for both isotope systems,
d41K = —-0.42 £0.08%0 (2SD)1 and d87Rb = —0.12 +0.08%o0 (2SD)2. Two samples, however,
from the Reykjanes Peninsula/Western Rift Zone have positive d87Rb values (+0.02%0) and
are therefore enriched in 87Rb compared to the estimated mantle value. Within the sample set
of this study, these two samples are the most incompatible element depleted and have
radiogenic isotope ratios that signify minimal modification by crustal recycling. Furthermore,
a primitive sample from Vestmannaeyjar has d41K%o higher than the estimated mantle value
(-0.42 £0.08%0). All these samples have 3He/4He above that of a typical MORB value (~8 Ra)
which suggests they contain a component originating from an ancient, relatively undisturbed
and primitive mantle.

These elevated d41K and d87Rb values are similar to d41K and d87Rb values measured in CV
chondrites7,8,9. The d41K and d87Rb could be representative of a primitive mantle component
sampled by the Icelandic mantle plume, with limited influence from recycled or MORB mantle
material. These observations may thus have implications for understanding the inventory of
moderately volatile elements in the primitive mantle.
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Remote Sensing based detection of changes in Surface
Thermal Anomalies from 2014 to 2023 and in relation to
periods of tectono-volcanic unrest at Reykjanes Peninsula,
SW- Iceland

Muanza P.1, Jonsdottir 1.1, Einarsson G.2, Kristinsson S.2 & Thordarson
T.1,

1Faculty of Earth Sciences, University of Iceland, Seemundargata 2, 102 Reykjavik, Iceland
2lceland GeoSurvey (ISOR), Urdarhvarf 8, 203 Képavogur, Iceland

This study investigates surface temperature anomalies (STAS) on Reykjanes Peninsula, SW
Iceland using thermal infrared (TIR) remote sensing data from the Landsat, ASTER MODIS
satellites images obtained between 2014 and 2023. The objective is to assess the relationship
between land surface temperature (LST) and volcanic unrest and thus enhancing our
understanding of the geothermal and magmatic processes shaping this dynamic region.

Focusing on the geothermal fields of Reykjanes, Svartsengi, Krysuvik, and Hengill, we
analyzed temporal variations in surface temperature and classified thermal anomalies based on
their intensity and characteristics. Our findings reveal a correlation between thermal anomalies
and volcanic activity during unrest periods from 2019 to 2023 in some of the investigated
geothermal fields. These fluctuations suggest the presence of a magmatic heat source beneath
these geothermal fields, was, at least in parts, recharged during this period, highlighting their
sensitivity to subsurface activity.

This research underscores the value of remote sensing in geothermal monitoring by integrating
satellite data with ground-based observations to improve the accuracy and reliability of
geothermal assessments. Through systematic observations of thermal anomalies in this active
volcanic region, this study provides insights into potential developments of early warning
systems as well as sustainable management of geothermal energy in SW-Iceland.

55



Vorradstefna Jardfreedafélags islands
14. mars 2025

Tilvisun til jaréfraedifyrirbaera i Landnamu og fleiri
fornritum

Olafur G. Flévenz,

Sjalfsteett starfandi jardvisindamadur, oflovenz@gmail.com

Landnamabok er talin ritud um 1120-1130. Han segir fra landnami islands i smaatridum & 9.
og 10. 6ld og atburdum i tengslum vid pad. Talid er ad ritdld hefjist & Islandi upp ar
Kristnitokunni &rid 1000 pannig ad Landnama greinir fra atburdum sem gerdust 100-250 &rum
fyrir ritunartimann. Fraségn Landnamu byggist pvi ad mestu leyti & munnlegri sagnageymd en
tralega einhverjum ritheimildum fra pvi upp ar arinu 1000. Menn hafa lengi deilt um
heimildargildi Landndmu. Elsta gerd hennar er Sturlubdkl fra pvi upp ur 1250 og sidan
Hauksbdk?2 fra pvi upp ar 1300. Adrar heillegar gerdir hennar eru mun yngri en geetu p6 byggst
& eldri en tyndum handritum. | Landnamu segir naer ekkert fra jardfraedilegum fyrirbserum nema
rétt i framhjahlaupi til skyringa a fraségnum af folki. Med pvi ad kanna hvort pessar érfau
frasagnir af jardfreedi-fyrirberum sem eru i bokinni geti stadist samkvemt
jardfraedirannséknum nitimans maetti fa visbendingar um areidanleika ritsins. I grofum dréattum
ma skipta pessum jardfraedifyrirbeerum i prennt; eldgos, skriduféll og loks fljot, firdi og
furdufyrirbeeri.

I Landnamu eru sagnir sem talid hefur verid ad segi fra premur eldsuppkomum, i Hnappadal,
Eldgja og Heimaey.

Eldgjéargosid gerdist sannanlega & landndmsold og Haukur J6hannesson3 feaerdi sannfeerandi rok
fyrir pvi ad sognin i Landnamu &tti vid Raudhalsahraun sem hefdi runnid & 10. 6ld. Til vidbotar
rokum Hauks ma nefna ad baerinn Landbrot stendur undir jadri hraunsins sem bendir sterklega
til pess ad hraunrennsli hafi brotid parna land eftir landnam enda eiga ner 61l landbrotsérnefni
i Islandi annad hvort vid um land sem menn hafa séd hraun eda votn brjota.

Alyktun sem &dur var dregin um ad Helgafellshraun & Heimaey hefdi runnid eftir landnam
byggist 4 eftirfarandi texta i Hauksbok2: ,,Herjolfr, sonr Bardar Barekssonar, brodir Hallgrims
svidbalka, byggdi fyrst Vestmannaeyjar ok bjé i Herjélfsdal fyrir innan Agisdyr par sem nu er
hraun brunnit. Hans sonr var Ormr audgi, er bjé & Ormsstddum vid Hamar nidri, par sem nd er
blasit allt, ok atti einn allar eyjarnar®. Hér parf ad hafa hugfast ad i texta hinnar eldri Sturlubdkar
er ekkert nefnt um ,,hraun brunnit” né ,blasid allt“. Rannsoknir Trausta Einarssonar4 og
Gudmundar Kjartanssonarb bentu sterklega til pess ad Helgafellshraunid veeri um 5000 ara
gamalt. Hugsanlegt er p6 ad i Hauksbok sé att vid ad grédur hafi verid horfinn af hrauninu &
ritunartima hennar vegna uppblésturs og eftir standi adeins brunahraunid bert pannig ad su
talkun texta Hauksbokar ad Helgafellshraun hafi runnid eftir landnam se réng.

Auk eldgosalysinganna i Landnamu méa benda a ad lysingar a Kristnitokuhrauninu i Kristniségu
og Hallmundarhrauni i Hallmundarkvidu Bergbuapattar6 seu liklega réttar.

I Landnamu eru fjégur deemi um skridufoll, i Haukadal, Vatnsdal, Skriddal og Lodmundarfirdi.
[ 6llum tilvikum er pjodsagnakenndur bleer & frasdgnunum eins og draumfarir manna, ad praelar
hafi fellt skridu & bee (Haukadalur) eda skrida hafi verid felld med fjélkynngi (Vatnsdalur). I
6llum pessum tilvikum hafa skridur fallid & umraeddum stédum en 6vist er um aldur peirra. Arni
Hjartarson7,8 fjalladi um skridurnar i Lodmundarfirdi og & Skriddal og komst ad peirri
nidurstodu ad skridan i Skriddal hefdi fallid fyrir &rid 1362 en eftir 6skulagio H3 fyrir 2900
arum. Eins telur hann ad Lodmundarskridur séu 1000-2000 ara gamlar og geti sognin i
Landndmu pvi verid sénn.
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[ pridja flokknum hef ég skodad fimm tilvik par sem jardfraedifyrirbarum er lyst. bar eru horfin
votn i Alftaveri og horfinn fjordur vestan vid Hjorleifsh6fda sem standast jardfraediskodun,
feersla Hvitar vio Hraunshofda sem er 6likleg en ekki utilokud og vatnadeilur brasa i Skogum
og Lodmundar & Sélheimum sem Sigurdur Porarinsson taldi geta verid endurémum fra hlaupum
sudur ur Myrdalsjokli. Fimmta sognin er um illan ilm ar jordu i Dufansdal vid Arnarfjord.

[ Landnamul segir ad An raudfeldr, ,herjadi a frland ok fekk Gréladar, dottur Bjartmars jarls.
pau foru til Islands og kému i Arnarfjord vetri sidar en Orn. An var inn fyrsta vetr i Dufansdal.
Par potti Grélodu illa ilmat Gr jordu™ Af pessum sdkum segir Landndma ad pau hafi flutt ar
Dufansdal og gert bu ad Eyri milli Langaness og Stapa. ,,par potti Grélodu hunangsilmur 6r
grasi“. Pott pessi frasogn s¢ med olikindable getur hiin vel stadist. Pannig hattar i Dufansdal
ad volgar laugar eru i dalnum sem adeins seytlar ur. Upp med Laugara, i um 2 km fjarlegd fra
baenum, er hitinn um 45°C. bar er geysimikid kisilhradur og finnst par aberandi brennisteinslykt
i lofti9. Efnagreiningar a synum ar pessum laugum syna 6venju haan styrk brennisteinsvetnis
eda um 0,5 mg/L. Samkvamt ségunni dvéldu An og Gréléd einn vetur i Dufansdal en pad er
einmitt i froststillum ad vetri til sem liklegast er ad mest verdi vart vid lyktina i dalnum.
Brennisteinsvetnid er pung lofttegund og skridur med jordinni. Uppkoma jardhitans og par med
Iyktarinnar er i Laugargili i um 200m had pannig ad blast ma vid ad leid hveraloftsins sé greid
ad banum vid rétt vedurskilyrdi.

Af 12 jardfraedifyrirbaerum sem ég hef séd lyst Landnamu ma segja ad 4 tilvik standist, 3 tilvik
eru likleg, 3 eru hugsanleg en eitt tilvik, Helgafellshraun, stenst ekki en geeti verid mistulkun &
texta Hauksbodkar. Ekkert tilvik er pannig ad pad geti ekki stadist. Ef hofundar Landndmu hefdu
notad jardfraedifyrirbaeri sem peir pekktu, til pess ad bua til ségur i kringum, verdur ad telja afar
oliklegt ad peir hefdu hvergi lent i pvi ad spinna ségur um mun eldri jarofraedifyrirberi en fra
landndmstima. Pvi mé &lykta ad Landnéama sé bysna géd sagnfraediheimild.
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Hraunflaedi nidur i opnar gjar og gjavellur
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I nokkrum af gosunum i Kroflueldum 1975-1984 vard folk vitni ad pvi ad hraun rann nidur i
opnar gjar. Fyrsti atburdurinn af pessu tagi sem tekid var eftir vard i gosinu i Gjastykki i jali
1980. ba rann hraunstraumur fra gosstodvunum vid Ethola um tveggja kildmetra leid nordur
eftir Gjastykki og hvarf par i breioum fossi nidur i eitt af jadarmisgengjum sigdalsins vestan
Hratafjalla (1. mynd). Petta st6d i 18 klukkustundir. Stér hluti hraunsins sem upp kom i gosinu
rann parna nidur i jardskorpuna aftur. Sprungan sem tok vid hrauninu glidnadi mikid og nadi
glidnunin talsvert nordur eftir Gjastykkinu. Parna vard til berggangur sem fékk efni sitt ofan fra
og breiddist Ur baedi larétt og nidur & vid. Svipud atburdards sast i sidari eldgosum i Gjastykki,
sérstaklega i jantar-februar 1981 og september 1984. ba sast einnig hvar hraun, sem runnid
hafdi nidur i gj& kom upp ur henni aftur og gaus pannig i annad sinn. Stungid hefur verid upp
a nyyrdinu ,,gjavella“ fyrir slik hraun. Stundum nadi hraunid ekki ad losna vid allt gasid adur
en pad rann nidur i gja. Myndadist pa haugur af gjalli umhverfis stadinn par sem hraunid
streymdi nidur i gjana. Einnig matti sja hvar uppistada halfstorknads hrauns teemdist pegar gja
undir pvi glidnadi og teemdi fljotandi hluta hraunsins nedan fra. Eftir pvi sem best er vitad eru
bessar athuganir fra Krofluumbrotunum paer fyrstu sinnar tegundar i heiminum. Svipadar
athuganir hafa sidan verid gerdar & Hawaii, i sambandi vid gos i Kilauea 2014 (Orr et al., 2024).
Reynslan fra Kroflu hefur verd notud nokkrum sinnum vid talkun a jarologum i gosbeltum
Islands. Tvo hraun i Kelduhverfi stinga i stif vid umhverfi sitt og bera bergfraedileg einkenni
Kroflueldstodvarinnar. Faerd eru rok fyrir pvi ad hid yngra, Skinnstakkahraun, sé upprunnid i
svokdlludum Hverfjallseldum fyrir u.p.b. 2600 arum, hafi runnid nidur i gjar skammt nordan
Kroflu og komid upp aftur i Kerlingarhdl eftir meira en 15 km ferdalag eftir sprungusveim
Kroflukerfisins. Eldra hraunid, Hraungardahraun, ber einkenni Krofluhrauna fra Krofluhalsi
sem talin eru 8-11 pusund ara gdémul. Fjarlegd milli gosstédvanna og uppkomustadar
Hraungardahrauns er um 30 km. Borin hafa verid kennsl & ad minnsta kosti prja stadi til vidbotar
par sem hraun hafa runnid i sprungur. [ Seljahjallagili i Myvatnssveit rann hraun fra sydsta gig
brengslaborga ofan i naerliggjandi sprungu i svelg. A Hellisheidi, austan vid Storameitil, mé sja
hvar hraunuppistada hefur temst vid rennsli nidur i sprungu. A Reykjanesskaga er ad finna
ummerki um svipada atburdaras i Stora-Hamradal. Einnig eru visbendingar um slikt i gosinu &
syori hluta Sundhnukagossprungunnar i jandar 2024. Naudsynlegt er ad hafa hraunrennsli i og
eftir sprungum i huga pegar honnud eru varnarvirki til ad verja innvidi gegn hraunrennsli.

Heimild:

Orr TR, Llewellin EW, Anderson KR, Patrick MR (2024) Pre-existing cracks as lava flow pathways at Kilauea in
2014. Bull Volcanol 86:41. https://doi.org/10.1007/s00445-024-01725-9
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Preliminary investigations of cryptotephra in South
Greenland
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Investigations of cryptotephra (i.e., non-visible) horizons, outside the extent of visible fallout,
has further extended the potential of tephrochronology as an application for dating and
correlation. The widespread spatial potential and temporal precision allows for the investigation
of synchronicity or lag-response to climate forcing across different sedimentary archives
(terrestrial, lacustrine, marine and ice cores).

Iceland is the largest source of volcanic ash within the North Atlantic. The eastward transport
of Icelandic tephra to European stratigraphic archives is relatively well documented however,
fewer investigations have studied the distal dispersal westward. Important tephrochronological
investigations have been made on Greenland’s Ice cores with increasing studies focusing on the
low concentration, non-visible tephra. However, no continuous cryptotephra investigation has
focused on the full Holocene. While tephrochronological investigations have been conducted
on the SE Greenlandic shelf, no study has yet detailed cryptotephra from a high-resolution lake
sediment archive.

Here we investigate the presence of tephra (at cm scale resolution) in a full Holocene lake record
(~2.2 m composite) from S. Greenland. The lacustrine record was collected from a five-meter-
deep unnamed lake basin (Griso24013x14) located c. 49 m a.s.l., within a catchment
approximately 0.32 km?. Tephra influenced by west-ward atmospheric transport, from Iceland’s
explosive eruptions presumable will be encountered within the lake archive. Furthermore, given
the setting, there is the potential to identify tephra from explosive eruptions from North America
and other more distal volcanic provinces. This study initiates the development of a tephro-
chronostratigraphic framework for S. Greenland and the Western-North Atlantic. Furthermore,
this region has the potential to be a key “cross-roads” connecting the North American and
Northern European tephrochronological frameworks. Such correlations would provide a
valuable foundation for conducting Holocene palaeoclimate studies on a broader,
intercontinental scale.
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FLUID INCLUSION ANALYSES IN GRANITE CUTTINGS
FROM BOREHOLES AT HOFFELL/MIDFELL AREA IN
GEITAFELL CENTRAL VOLCANO

Byron Pilicita! & Enikd Bali?

1.2 |nstitute of Earth Sciences, University of Iceland, Sturlugata 7, 101 Reykjavik, Iceland

Geitafell is a fossil central volcano located in southeastern Iceland, formed within a rift zone in
central Iceland and recognized as a low-temperature geothermal system. From 2012, five deep
exploration and production wells have been drilled in Hoffell, along with several gradient wells.
The drilling cuttings indicate the presence of a thick granite layer from 1,000 to approximately
1,590 meters, encased by a series of basaltic lavas and mafic intrusions. Although lithology
characterization and reservoir evaluation have been conducted for this system, the fluid
processes related to the felsic intrusions, such as the composition and origin of fluids resulting
from fluid-rock interaction or magmatic fluid influx, have not been fully understood.

Granite cuttings are composed of plagioclase, K-feldspars, and quartz (= 1 mm in length) with
disseminated magnetite. Subhedral and colourless quartz grains contain different clusters of
fluid inclusion assemblages (FIA). Based on petrographic observations, several types of
inclusions have been identified. Early inclusions are located at the growth zone border of the
quartz crystal and consist of spherical to elongated vapor-rich (V1) inclusions, as well as
negative to irregularly shaped brine inclusions with more than one solid phase (B1), along with
holocrystalline decrepitated melt inclusions. The late inclusions are mainly located in crystal
fractures and can be categorized as follows: Late inclusions (1) include irregularly shaped brine
inclusions with a single solid phase (B2) and irregular elongated liquid-rich (L-rich) inclusions
(L1). Late inclusions (2) include sub-spherical to highly irregularly shaped liquid-rich
inclusions (L2), as well as isolated, regularly shaped liquid-rich (L3) inclusions. Late inclusions
(3) consist of highly irregularly shaped liquid-only (L-only) inclusions (L4).

Microthermometry analysis of a significant number of individual fluid inclusions reveals two
primary ranges of homogenization temperatures (Th). The first range includes Th values greater
than 580°C for V1, B1, and certain B2 inclusions. The second range spans from 220 to 300°C,
corresponding to the Th values of various types of L-rich inclusions. Microthermometry and
Raman spectrometry measurements also indicate two ranges of fluid salinity: from 33 to 71
wt% NaClequiv (peak at >71 wit% NaClequiv ) and from 0 to approximately 21 wt% NaClequiv
(peak from 0 to 5 wt%NaClequiv ), corresponding respectively to the Th ranges.

Liquid-vapor/brine element ratios based on Laser-ablation ICP-MS analysis indicate that brine
inclusions (B1-B2) exhibit higher concentrations of most elements due to their high salinity
compared to the L-rich (L1-L2-L3) and V-rich (V1) inclusions. Nevertheless, the element/Na
vs. Cs/Na plots indicate similar element concentrations for the most FIAs, except for the B2
inclusions, which show an enrichment in Cs/Na ratios. Normalized data expressed as molar
proportions of the most abundant cations (Fe-K-Na) reveal that the majority of the FIAs are
restricted to the Feo-24, Ko-52, and Nasi-100 compositions.

These observations suggest the presence of two distinct fluids in the system: 1) one
characterized by high Th, salinity, and elevated element concentrations (e.g., the average
concentrations of Pb and Zn in the B1 inclusions are 3,900 and 56,000 ppm, respectively),
potentially of magmatic origin, and 2) another with intermediate Th, low salinity, and lower
element abundances, probably related to meteoric sources. Additionally, there is evidence of a
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mixing and re-equilibration process, as indicated by the necking down effect observed in Th
within some Late FIAs.

The petrographic features and microthermometry results suggest, that the high temperature
brine inclusions were trapped at vapour and salt saturation. This allows us to calculate the
pressure at the time of fluid inclusion entrapment using the model of Driesner and Heinric
(2007) and Bakker, (2018). The estimated pressure is approximately 0.38 kbars, which
corresponds to a depth of ~4 km depth. Late inclusions exhibit temperatures similar to those
that produced the pervasive alteration of Geitafell, forming the epidote and chlorite zones
reported by Fridleifsson (1983). These temperatures are also comparable to those associated
with hydrothermal activity stablished by the interaction of meteoric water with the 5-6 Ma
intrusive gabbro at 1.5 km, as reported by Liotta et al. (2020). Therefore, this suggests that the
granite intrusion is at least coeval with or older than the Geitafell gabbro and may indicate an
active geothermal system at the time of the granite intrusion.
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Tracing deformation, hydrothermal alteration and
mineralization around the Slaufrudalur pluton, Southeast
Iceland
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Magma emplacement in the shallow crust often causes host rock deformation by means of
fracturing and faulting. Host rock deformation around magma bodies such as plutons is
manifested within a zone referred to as structural aureole with implications for heat and fluid
transport. Analysis of structural aureoles is thus important to understand the permeability and
alteration processes in hydrothermal ore deposits and geothermal systems. Here, we focus on a
granite pluton in Southeast Iceland, the Slaufrudalur pluton, in order to quantify and describe
host rock deformation surrounding the pluton. The pluton has a NE-SW long axis and a NW-
SE short axis in map view. In sectional view, the pluton shows a sharp transition between steep
walls and flat-lying roof, above which the basaltic host rocks are intensely fractured. We
employ photogrammetry techniques and 3D virtual outcrop mapping in order to analyze the
orientation of layering in the host rocks, fracture sets, as well as silicic and basaltic sheets. We
further investigate the distribution of hydrothermal alteration and mineralization within and
around the pluton. The layering is dominantly flat-lying to gently-dipping with subtle variations
near the contacts to the pluton. Fractures cluster in sets that strike (1) NE-SW, (2) NW-SE, as
well as (3) N-S. Silicic sheets above the pluton roof are often parallel to the fractures. Basaltic
sheets in turn show variable strikes and dips, while a prominent NE-SW-striking set is most
likely associated with the regional stress field. Our results suggest that the structural aureole is
limited to conjugate fracturing at the pluton contacts. Hydrothermal alteration and
mineralization are mostly associated with fault and fracture surfaces. Our results show the
interplay between magma emplacement and is of significance for understanding the formation
of ore deposits such as porphyry and epithermal systems above granite plutons, as well as
fracture-controlled geothermal systems.
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DeeplCE: Monitoring Oceanographic processes using
Operational Subsea Cables around Iceland
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There are about 500 Subsea Cables around the world and at least four of them are connected to
Iceland (Figure 1). Historically, subsea cables have been explored as potential environmental
sensors. In the early 1900s, resistance-based measurements from communication cables were
used to estimate average bottom temperatures (Hansen et al., 1994; A. Flosadéttir 1997). Today,
advances in fiber-optic technology have expanded their potential far beyond temperature
measurements. This global fiber-optic-based network has been calling out for alternative
functions other than transmitting data.

Recent developments in Distributed Acoustic Sensing (DAS) have been successfully used to
translate changes in the propagation time of light along an optical fiber into elastic deformations
and even temperature variations. The source of the elastic deformations on the cable that result
in a disturbance on the light’s travel time can be attributed to environmental processes.
Particularly, oceanographic processes spanning ocean currents, eddies, internal waves, surface
waves, and even extratropical storms are responsible for generating perturbations that modulate
the light path resulting in signals that could be then associated to those processes. Several of
those processes have been characterized using standard DAS systems; however, those
measurements are limited in length, i.e., they could monitor only 60-80 km of the total length
of the cable. Novel and currently under-development technologies built by Nokia Bell Labs
allow multi-span laser interferometry to be used over the entire length of the cable.

Our team is working across disciplines to interpret these signals, with the goal of expanding
research to other subsea cables (Mazur et al., 2024). To illustrate the capabilities of this
technology, we present recent data from the cable connecting Iceland and Ireland (IRIS). We
include the recent Storm Eowyn, which hit Ireland on the 21st of January 2025. The storm built
a swell and ocean wave field visible in the closest section of the cable near Ireland. Once the
core of the storm passes, the cable appears to detect residual wave energy, suggesting wave
trapping on the continental shelf.
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Figure 1. (A) Subsea Cables connecting Iceland (https://www.submarinecablemap.com); (B) Storm Eowyn wind

speeds (https://vedur.is/); (C) Spectrogram during the storm Eowyn and significant wave height (HS) snapshots
showing the storm core location over the span 16 of the IRIS cable (Copernicus Marine Service).
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The chemistry of volcanic gas emissions fluctuates in response to magma recharge and storage,
yet their relationship with eruption dynamics remains poorly constrained. Understanding how
magma degassing influences eruptive behavior is particularly important at persistently active
and reawakening volcanic systems, where magmatic gas input or loss at depth can precede and
modulate eruption dynamics. The 2023-2024 Sundhnuksgigar eruptions on the Reykjanes
Peninsula provided a unique opportunity to link volcanic gas emissions to magma transport and
storage processes.

Our open-path Fourier Transform Infrared Spectroscopy (FTIR) measurements show that early-
erupted gas during the initial eruptive event in December 2023 was depleted in CO2 and SOz,
suggestive of magma that had undergone prolonged storage and outgassing at upper-crustal
depths. As the eruptive sequence progressed, gas compositions became increasingly COz-rich,
likely reflecting continued influx of fresher, less degassed magma. More recent gas
measurements from the November 2024 eruption show a decline in CO2 content, suggesting a
waning magma supply.

Extensive pre-eruptive CO2 outgassing appears to correlate with lower eruption volumes,
potentially reflecting that deeply exsolved CO:2 that remains within the magma rather than
outgassing at depth contributes to the buoyancy needed to bring magma to the surface. These
results underscore the value of gas measurements for forecasting eruption dynamics and
emphasize the key role of subsurface magmatic CO2 degassing in controlling volcanic behavior.
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Sikidang area is located at the southern part of Dieng geothermal field. Exploration has been
done since 1977, and the drilling campaign was completed in 1995. Since then, there are 27
wells in the area that are currently non-productive. This is due to acidic condition that has been
found in several of the wells. This study aims to investigate in greater detail the subsurface
geology of selected wells in Sikidang to determine the extent of acid fluids and characterize
hydrothermal alteration processes in the subsurface. Cuttings from five wells (Fig. 1) and a
silica scale sample from one well was analyzed in this study. Methods used include petrography
analysis to describe in detail the lithology and alteration minerals at depth; ICP-OES to
determine the whole rock composition and the element mobility; microthermometry analyses
of fluid inclusions from silica scale, quartz and calcite samples, to determine temperature by
homogenization of the inclusions (Th) and fluid salinity in NaClequiv concentrations by freezing
and melting. The salinity was calculated assuming NacCl as the only solute (Bodnar and Vityk,
1994).

Petrographic analysis shows that native sulfur was present continuously in the cuttings. Alunite,
an acid-sulfate alteration mineral, was identified in the shallower part in well JS-1, which was
drilled towards the Pangonan crater (Fig. 1). The ICP-OES result of well JS-1 reflects the
changes in rock composition due to hydrothermal alteration in the form of pyritization and Fe-
oxide enrichment at greater depth near the total depth of well from 1550-1759 mMD (meter
measured depth), and several events of silicification, illitization, calcitization and Ca-
enrichment at both the shallower and deeper part of the well (Fig. 2).

Microthermometry analysis of fluid inclusions from a scale sample at a depth of 1087 mMD in
well JS-5 revealed homogenization temperatures (Th) with a median temperature of 179.9 + 14
(1o stddev) °C. This temperature is very close to that measured at 1100 mMD in the borehole
(180.9°C). Salinity ranged between 1.64 and 6.17 wt% NaClequiv.

Fluid inclusions from well JS-2 at a depth of 638-641 mMD exhibited Th with a median value
of 234 + 40 (1o stddev) °C. At a slightly larger depth of 659-662 mMD, the median Th is 178
+ 32 (1o stddev) °C. In this well the measured temperature at 650 mMD is 221.9°C, differs by
only 12°C from the median Th of fluid inclusions slightly shallower, but the Th values from
slightly deeper sample show a larger difference of 43.9°C. Salinity varied between 0.53 and 7
wt% NaClequiv. When we compare salinities between the two depths, lower salinity values were
more frequent in the shallower sample, with 0.5-1 wt% NaClequiv 0ccurring more often. In
contrast, in the deeper sample, salinity values in the range of 1.5-2.5 wt% NaClequiv Were more
prevalent. Despite this variation, both depths exhibit relatively low salinities.

Based on fluid inclusion analyses, we can conclude that although median temperatures derived
from fluid inclusion homogenization reproduce reasonably well the measured borehole
temperatures, the variation of Th and salinities suggest some T and compositional fluctuations
in both studied boreholes.

66



Vorradstefna Jardfreedafélags islands
14. mars 2025

Our next step will be to combine fluid inclusion data with fluid and gas samples collected at the
well head of the five wells to estimate aquifer fluid composition. These data will be further
utilized to calculate the saturation indices of acid alteration minerals using the geochemical
speciation programs WATCH and PHREEQC.

375000 376000 377000 378000 379000 380000 381000

8
=3
]
=
N
o
]
* & Fumarole 1S
7 =
~ \ - 4 i "4 6 Hotspring )
# \ M‘O‘h Steaming Ground
', Moeng PowerPlant | g
! e \Nell Trajectory LS
v S
I.lgrd‘adm . q S
rater
= J}' 3

1‘] 158 Ielaga
g '\ '“
P37 /” Penglon,
J & N

JS:3 suangy ¥ 3

380000 381000

377000 378!000 379000

376000

375000

Figure 1. Dieng Geothermal Field Map. The trajectories of the selected wells are highlighted in red. Wells JS-3
and JS-5 are vertical, and their locations are marked by their well names.
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Figure 2. Log of the composition changes versus depth in well JS-1 indication several events of silicification,
pyritization, calcitization, and illitization.
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Vinnslusvadi Hellisheidar- og Nesjavallavirkjunar, saga,
nustada og framtid

Production Fields of Hellisheidi and Nesjavellir Power
Plants: Past, Present, and Future"
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Orkuveitan

Orka Nattarunnar, dotturfyrirteeki ~ Orkuveitunnar, rekur tveer jardhitavirkjanir &
Hengilssvaedinu. Nesjavallavirkjun med uppsett afl upp & 120 MW. og 340 MWmw og
Hellisheidarvirkjun med uppsett afl upp @ 303 MWe og 200 MWi. Framleidsla hofst i
Nesjavallavirkjun arid 1990 og i Hellisheidarvirkjun arid 2006. Framleidslan og ahrif hennar
a jarohitageymana hefur verid voktud a vinnslusvaedum beggja virkjana fra upphafi, sem hefur
skilad verdmatum gognum um edli og préun audlindana, gogn sem medal annars eru nytt i
fordaspagerdir og akvardanatokur i audlindastyringu. Arid 2024 nam massavinnsla teepum 37,6
milljonum tonna & Hellisheidi og um 18,9 milljonum tonna & Nesjavollum, um 70% af unnum
massa for til nidurdaelingar & badum vinnslusvaedum. i erindinu verdur gerd nanar grein fyrir
vinnslusdgu Ur jardhitageymunum, vinnslupéttleika, préun nidurdrattar, massavinnslu og
orkuinnihalds unnins massa, magni gastegunda i jardhitavokvanum og nidurdealingu &
koltvisyringi og brennisteinsvetni. Auk pess sem teept verdur & peim orkudflunarverkefnum sem
fyrirhugud eru & vegum Orku Nattarunnar og Orkuveitunnar a Hengilssveedinu & naestu arum.

ON Power, a subsidiary of Reykjavik Energy, operates two combined heat and power (CHP),
geothermal power plants located on each side of the Hengill Central VVolcano. Nesjavellir Power
Plant has a current capacity of 120 MWe and 340 MW, while Hellisheidi Power Plant has a
capacity of 303 MWe and 200 MW+ Production began at Nesjavellir in 1990 and at Hellisheidi
in 2006. Production and its impact on the geothermal reservoirs have been monitored at both
well fields since the start, providing valuable data for production forecasting and resource
management decisions. In 2024, mass extraction amounted to approximately 37.6 million
metric tons at Hellisheidi and about 18.9 million metric tons at Nesjavellir, with around 70%
of the extracted mass being reinjected at both production fields. The presentation will provide
a detailed overview of the production history of the geothermal reservoirs supplying the two
power plants, production density, drawdown trends, mass extraction, and energy content of the
extracted fluid, as well as the quantity of gases in the geothermal fluid and the reinjection of
carbon dioxide and hydrogen sulfide. Additionally, the presentation will provide a brief
overview of planned energy development projects by ON Power and Reykjavik Energy in the
Hengill area over the coming years.
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Comprehensive models of volcanic deposit distribution can be built by correlating ground-
penetrating radar (GPR) data with geological and stratigraphic observations. GPR has many
applications in geophysical and geological research. However, its use for studying volcanic
deposits remains underdeveloped. The unique nature of volcanic materials poses challenges in
interpreting radar profiles, and therefore, the development of a standardised method for
applying GPR methodology to volcanic materials is preferable. The Eldgja eruption, part of
Iceland’s Katla volcanic system, stands out as one of the most notable explosive basaltic
eruptions in historical times, occurring between 937-940 CE. The Eldgja fissure is one of the
largest in Iceland, located in the southern Icelandic highlands. However, the proximal vent
deposits are unclear about the vents, particularly within the Eldgja eruptive units. Are the
canyon walls crater rims or graben faults, as suggested by some previous researchers? To
achieve this, traditional geological fieldwork observations and GPR surveys were conducted
during the summer of 2024. The GPR successfully mapped various volcanic units in key
locations such as the Eldgja Canyon and Skeelingar, ranging from proximal tephra fall to fire
fountain deposits, with the latter varying from spatter and lapilli to rheomorphic lava layers.
Field calibration of the GPR indicates proximal fire fountain deposits that thin rapidly 60-70
metres from the cliff edges in the northern section of the Eldgja Canyon. Accordingly, we
propose that these cliffs are not graben faults but rather crater rims of the Eldgja 934 eruption.
The findings enhance comprehension of volcanic stratigraphy and evaluate the applicability of
GPR methodologies in similar geological contexts.
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Data processing workflow for UAV magnetometry with
applications in rapid hazard assessment of tectonically
disrupted areas
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Einarsson? & Katrin A. Karlsdottir?
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Recent volcano-tectonic unrest in and around the town of Grindavik, Iceland has resulted in
many hazardous faults and fractures, requiring rapid hazard assessment. Among the methods
used to survey these formations were magnetic surveys carried out using an unmanned aerial
vehicle (UAV). Here, we used a MagArrow magnetometer bird produced by Geometrics inc.
attached to a frame built around the landing legs of a DJI M600 Pro hexacopter with the leg
springs removed. UAV magnetic surveys are a fast, efficient, and low-cost alternative to
traditional ground surveys, especially useful in areas deemed unsafe for walking and where fast
execution of surveys is paramount.

Due to the inherent similarities in their methods, UAV magnetometry is subject to all of the
same sources of error as ground magnetometry: (1) Diurnal magnetic field variations due to
magneto- and ionospheric effects; (2) Unwanted detection of the magnetic anomalies of
utilities, buildings and other anthropogenic sources, potentially masking fainter geological
signals; (3) Ambiguity in interpretation of magnetic anomalies, due to the inherent non-
uniqueness of magnetic sources and their anomalies. However, we also encountered some
unique challenges with UAV magnetic surveys, the most significant ones among them being:
(4) Occasional inaccuracy in the recorded GPS position of the MagArrow bird, with the largest
errors up to 20 m; (5) Magnetic interference from the UAV body itself.

Here we present a Python-based data processing program tailored for UAV magnetic surveys
that corrects for, filters out, or otherwise minimizes as much as is possible, the aforementioned
sources of error. The default graphical user interface (GUI) for the data processing is a Jupyter
Notebook, a free Python software, with custom interfaces for each data processing step. The
Python processing functions work independently of the user interface, maximizing the potential
for user customization. Processed datasets have improved quality in both the magnetic data and
positioning data. The program handles a wide range of data formats, due to its in-program
configuration of the data formatting settings with options for saving the settings and sharing
them with team members. Due to its versatility and customizability, this program can be used
to process UAV magnetometry data for a wide range of applications.
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Development of the Eyjafjallajokull ice cap (Iceland) after
the 2010 summit eruption
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Although research on glaciovolcanism has increased significantly in recent years, studies
usually focus on eruption processes and their direct hazard implications, while long-term
effects, e.g., on the overlying glacier cover, receive little attention. For example, numerous
studies exist on the 2010 Eyjafjallajokull eruption itself, but few follow-up studies have been
published on how the glacier cover has evolved and how the vent areas have changed since
then. During the eruption, three different areas of the Eyjafjallajokull ice cap were affected: (i)
the summit caldera with the volcanic vents active for six weeks; (ii) the short-lived eruption
fissure on the south flank; and (iii) the Gigjokull outlet glacier north of the caldera, which was
affected by a subglacial lava flow. We provide a comprehensive overview of how these areas
have changed with time and illustrate differences in their recovery. While signs of the eruption
on the southern flank have completely vanished, the glacier within the caldera has not fully
recovered. Observations from October 2024 also indicate the formation of a new minor
cauldron near the northern rim. Gigjokull showed great fluctuations since 2010 with the glacier
terminus alternating between advance and retreat, although overall the Eyjafjallajokull ice cap
is retreating. Our results are primarily based on aerial photographs from overflights, visits of
the investigation area, and different types of remote sensing data. Our studies are critical for
understanding how single events can impact long-term glacier developments and their recovery
in times of global warming.
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Magnetic monitoring station at Sylingarfell: Setup and
preliminary results

Solborg Birgisdottir, Elisa Piispa,Gunnlaugur Bjérnsson & Sindri Bernholt

Haskoli islands

Monitoring active volcanoes is critical for minimising risks and hazards associated with
eruptions. Effective monitoring relies on various techniques to detect and analyse changes in
volcanic behaviour. The use of magnetic monitoring stations is a possible new tool for detecting
volcanic unrest and monitoring the volcanic here in Iceland.

Changes within volcanic systems can alter the local magnetic field through several mechanisms.
This can be detected with simple magnetic monitoring equipment and previous studies have
demonstrated the possibility of using magnetic monitoring to detect changes within volcanic
systems. There are three main mechanisms that contribute to detectable changes within the
magnetic field surrounding a volcanic system. Magma above the Curie temperature is
essentially non-magnetic and subsurface movements of magma can affect the magnetic field
measured at the surface by “replacing” magnetic rocks®?. Changes within the geothermal
systems such as temperature changes, can also generate a detectable magnetic change through
the electrokinetic effect®#. Finally, stress changes, such as those associated with the propagation
of a dyke can generate a change in the magnetic field through the piezomagnetic effect®.
Measurements of the time varying magnetic field surrounding a volcanic system could thus
potentially serve as an early warning tool by identifying changes indicative of magmatic
movement and provide valuable insights into subsurface volcanic processes.

In late 2023 volcanic activity began on Sundahnlkagigarédin. In May 2024, a magnetic
monitoring station was installed near Sylingarfell, consisting of various magnetometers, GPS,
solar panels and batteries. Instruments at the station continuously monitored the Earth‘s
magnetic field. The instruments installed were: one GSM 19 Overhauser total field
magnetometer, one Geomag 3-axis fluxgate, two small digital EZIE-Mag magnetometers
measuring 3-axis components of the field, and one small digital Conejo magnetometer.
Additionally, three other Conejos were installed within the area: one half-way up the borbjdérn
hill, one in between Porbjérn and Svartsengi powerplant down below and one on the small hill
right east of Sundahnukagigar6d. Here we present the station setup and preliminary magnetic
data from the May 2024 eruption. Future steps of the project will also be discussed.

1.Biasi, J., Tivey, M. & Fluegel, B. Volcano Monitoring With Magnetic Measurements: A Simulation of Eruptions
at Axial Seamount, Kilauea, Bardarbunga, and Mount Saint Helens. Geophysical Research Letters 49,
€2022GL100006 (2022). 2.Negro, C. D. & Ferrucci, F. Magnetic history of a dyke on Mount Etna (Sicily).
Geophys. J. Int. 133, 451-458 (1998). 3.Zlotnicki, J., Le Mouél, J. L., Delmond, J. C., Pambrun, C. & Delorme,
H. Magnetic variations on Piton de la Fournaise volcano. Volcanomagnetic signals associated with the November
6 and 30, 1987, eruptions. Journal of Volcanology and Geothermal Research 56, 281-296 (1993). 4.Blanco-
Montenegro, I., Arnoso, J., Sanchez, N., Montesinos, F. G., Gémez-Ortiz, D., Nicolosi, I., Vélez, E., & Benavent,
M. (2024). Volcanomagnetic signals related to the 2021 Tajogaite volcanic eruption in the Cumbre Vieja rift (La
Palma, Canary Islands). Journal of Volcanology and Geothermal Research, 455, 108200.
https://doi.org/10.1016/j.jvolgeores.2024.108200 5.Napoli, R., Currenti, G., Del Negro, C., Greco, F. & Scandura,
D. Volcanomagnetic evidence of the magmatic intrusion on 13" May 2008 Etna eruption. Geophysical Research
Letters 35, 2008GL035350 (2008).
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Light volatile isotopic constraints on the origin of thermal
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The East African Rift System (EARS) is Earth’s largest active continental rift system. Seismic
tomography investigations and noble gas volatiles studies have identified the African
Superplume, a continental-scale, thermochemical mantle plume originating at the core-mantle
boundary, as the primary driver of topographic uplift, magmatic heat and volatiles throughout
the EARS, including its Western Branch. To date, there are limited noble gas and volatile
isotope studies of either rocks or geothermal fluids to substantiate these findings for this part of
the rift. The Albertine Rift in SW Uganda hosts several geothermal areas and active volcanoes
with mafic igneous rocks and, thus, facilitates assessments of deep vs. shallow volatile inputs
into a region undergoing continental extension.

We report He-CO2-N2-SOz2 isotope and relative abundances in thermal fluids from 16 localities
from the Albertine Rift. The localities include the three major geothermal areas of this region,
Katwe-Kikorongo, Buranga and Kibiro, that have been extensively explored but lack
comprehensive and combined volatile isotopes studies. We supplement the fluid data with He
isotope data from olivine crystals separated from mafic lavas.

Fluids show a large range in *He/*He (Rc/Ra) but many samples are characterized by highly
radiogenic values (> 0.02Ra). The highest *He/*He is from a thermal spring from the Buranga
region (3.2Ra). In contrast, olivine crystals show consistently higher and remarkably uniform
3He/*He (7.67+0.44Ra; n= 12, 15). CO2/°He span about six orders of magnitude while 8'3C-
CO:2 values show two distinct populations whereby samples with 3He/*He >1Ra cluster at —5%o
and samples with more radiogenic values (<1Ra) extend towards highly negative §!3C-CO2
values (> —17.9%o). Only one locality has highly negative 8°N-N2 values and irrespective of
3He/*He, all other localities show uniform values (mean value of +1.5+2.2%o; n= 17, 1c). A
large range is evident in both 534S and A%3S values of SO4 and §3*S shows a negative correlation
with 3He/*He. In this case, highly radiogenic values extend to positive §%*S values (< +18.75%o).
In contrast to studies from the northern EARS (e.g., Ethiopia), extensive modifications of
mantle-derived fluids that appear to largely reflect upper mantle volatile domains is thus evident
in this part of the EARS.
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Ljosleidaravaki varar vid eldgosum
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Fra nov 2023-ndv 2024 var ljésleidaravaki (DAS Interrogator) vido melingar & ljosleidara
fjarskiptafyrirteekisins Ljosleidarinn & milli Keflavikur og porlékshafnar. Segja ma ad vakinn
breyti ljosleidaranum i pétta r6d skynjara sem meeli hvort sé ad teygjast & ljosleidaranum eda
hann ad pjappast saman. Fyrri rannsoknir hafa synt ad med ljosleidaravokum megi greina
mismunandi upptok hreyfinga i jordinni, svo sem jardskjalfta, skridufdll, snjoflod, bila og
gangandi folk. T feb 2024 tokum vid eftir pvi ad skyrt merki birtist & ljosleidaranum meira en
30 minatum &dur en eldgos hofst og var fljotlega hafist handa vid ad proa adferdafraedi sem
nytir petta merki til pess ad vara vid yfirvofandi eldgosi.

Adferdin er afar einfold og felst i pvi ad merkid er laghleypisiad vid 100 sekandur, medaltal
tekid yfir siada merkid a 500 metra kafla a ljosleidaranum par sem hann liggur austan
Grindavikur og svo ad lokum hlaupandi medaltal yfir fimm minutna glugga. Med pessari
adgero feest einfaldad merki sem heaegt er ad fylgjast med Gtslaginu a i neer rauntima. Pegar
einfaldada merkid fer yfir 1 nanostrain/sec er gefin Gt vidvorun. Med pvi ad keyra pessa adgerd
aftur i tima feest ad han naer ad vara vid 6llum eldgosunum, en einnig gefur hin bara eina falska
vidvorun; pegar gangainnskot vard sem nadi ekki til yfirbords. [ sidasta gosi sem mealingar na
yfir, i aglst 2024, nadi kerfid ad senda Gt vidvorun 26 minGtum &dur en gos hofst. 1 pessu erindi
verdur adferdinni lyst og hun borin saman vid adrar adferdir til eldgosavidvarana.

75



Vorradstefna Jardfreedafélags islands
14. mars 2025
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Reykjanes Peninsula
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Widespread fracture movements have been observed on the Reykjanes Peninsula since volcano-
tectonic unrest began in 2020. TerraSAR-X data were processed to create 57 interferograms
spanning September 2021 to July 2024 from which fractures were mapped manually. While
many of these movements can be explained by favorable stress changes associated with diking
and coseismic deformation, the observed fracture distributions, particularly those associated
with the 10-11 November 2023 Grindavik dike intrusion, extend well beyond the regions of
positive Coulomb stress change where fracture movements are expected, assuming normal
faulting. A pair of unwrapped ascending and descending interferograms spanning the Grindavik
dike intrusion were decomposed into near-vertical and near-east displacement maps and high-
pass filtered to reveal the displacement patterns along fractures. Systemic variations in the sense
of motion along fractures striking approximately N40°E are observed: a) In regions of positive
co-diking normal stress change, or unclamping, near-east displacements show opening and a
significant component of vertical displacement along fractures, as observed in the town of
Grindavik. b) In regions of negative normal stress change, or clamping, near-east displacements
show closing and a small component of subsidence along fractures. The former a) is consistent
with triggered slip along normal faults, while the latter b) is consistent with shallow closing
dislocations. The fracture movements in regions of clamping are therefore interpreted as strain
localization along zones of weakness at depths of <100 m. As diking puts portions of adjacent
fissure swarms under compression, the resulting deformation is concentrated along weak zones
at the surface: open tensional fractures and normal faults. The densest region of fracture
movements within the Reykjanes fissure swarm has a characteristic spacing of approximately
200 m, and decomposed line-of-sight (LOS) displacements indicate that the amplitude of
closure along fractures in this area is no more than 10 mm, corresponding to about -50 pstrain,
significantly larger than the observed annual tectonic strain rates in this region.

Persistent fracture movements are also observed within the northeastern portions of the
Krysuvik and Brennisteinsfjoll fissure swarms. These do not appear to be directly related to co-
diking stress changes but rather are coincident with small earthquake swarms (Mmax = 3.1).
Ascending and descending LOS displacement maps for these events are symmetric, indicating
that deformation is primarily vertical and related to shallow normal faulting. Leveling
observations across several of the active fractures within Burfellsgja in the Krysuvik fissure
swarm confirm centimeter-scale deformation for the 2012-2024 period. These observations
suggest that fracture movements, albeit small, can occur over a much larger area than indicated
by stress changes favorable for faulting.
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Fractures 9/2021 - 7/2024

Figure 1. Active fractures mapped in the vicinity of Grindavik from September 2021 to July 2024. These consist
of structures activated during diking at Fagradalsfjall in 2021, 2022, and 2023, inflation at Svartsengi in May —
June 2022, and inflation and diking at Svartsengi in October 2023 - July 2024. Note prominent graben-bounding
faults within Grindavik and characteristic spacing (several hundred meters) of fractures.
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Dreifing vetrarsnavar a Satujokli maeld med snjosja

Porsteinn porsteinsson, Bergur Einarsson, Hrafnhildur Hannesdottir,
Vilhjalmur Kjartansson & Témas Jéhannesson

Vedurstofu islands, Bustadavegi 9, 107 Reykjavik thor@vedur.is

Hofsjokull er pridji steersti jokull & Islandi og fer hann 6rt ryrnandi likt og adrir joklar landsins.
Vid lok 19. aldar nam flatarmal hans 1038 km? en hefur ni minnkad i um 790 km?,

A nordanverdum Hofsjokli hefur verid afmarkad isfleedisvid sem nefnt er eftir mobergsfjallinu
Satu og neer pad yfir tepan tiunda hluta af flatarmali alls jokulsins. Melingar & legu
jokuljadarsins na aftur til 1950 og hefur spordurinn hopad um 1000 m & timabilinu 1950-2023.
Isasvid Satujokuls naer na yfir haedarbilid 8501720 m og mesta breidd pess er 7 km. Flatarmal
bess hefur ryrnad Ur 78 km? i 72 km? & érabilinu 1988-2023. Fra pvi rennur leysingarvatn til
Vestari Jokulsar sem fellur nidur i Skagafjord.

Reglulegar afkomumeelingar hofust a Satujokli 1988 og sidan hefur vetrar- og sumarafkoma
isasvidsins verid meld arlega i 8-15 punktum. Gdognin eru adgengileg i Joklavefsja. Sprungur
hindra for um hluta jokulsins og eru melipunktarnir pvi bundnir vid Orugg svedi.
Vetrarafkoman (Bv) er meld med snjéborunum gegnum vetrarlagid ad vori og sumarafkoman
(Bs) med aflestri af leysingarstikum vor og haust. Summa Bv og Bs gefur arsafkomu, sem er
neikveed ef massatap hefur ordid. Fra upphafi malinganna hefur arsafkoman adeins 5 sinnum
malst jakveed, en 32 sinnum neikvaed. Til samanburdar vid punktmeelingar hefur afkoma einnig
verid reiknud yfir akvedin arabil Gt fra landlikénum, sem gera kleift ad meta rammalsryrnun og
par med massatap. Skv. peim nidurstddum reynast hinar hefdbundnu punktmalingar vanmeta
ryrnun Satujokuls um 0.25 m/ari (vatnsgildi) og medal-afkoman 1988-2023 svarar til pess ad
arlega hafi ad jafnadi tapast um 0.8 m pykkt vatnslag af isasvidinu 6llu.

Til ad skilja orsok vanmats Gt fra punktmelingum hafa nakveemar melingar a dreifingu
snjopykktar a Satujokli fario fram sidan 2015. Notud er snjésja (GPR-radar) af gerdinni
IceMap, sem sendir 500 MHz rafsegulbylgju nidur i yfirbordslog og greinir endurkdst sem stafa
fyrst og fremst af snérpum breytingum & péttleika. Teekinu er komid fyrir i sterkbyggdum
plastkassa og er allt sambyggt i einni einingu: Sendir, mottakari, GPS-teki og rafhlada.
Kassanum er komid fyrir i plastbat, sem dreginn er af vélsleda & hradanum 20-40 km/klst. Ad
jafnadi naest ein pykktarmaling med 0.4 m millibili. Samanlégd lengd ekinna melilina &
Satujokli hefur & hverju ari verid nalseegt 100 km og nést pvi 250.000 snjopykktarmealingar med
snjdsjanni & pessum hluta jokulsins i hverri vorferad.

Endurkast fra hausthvérfum a um 550 cm dypi a um 400 m l6ngu snidi naerri habungu Hofsjokuls.
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bylgjunnar pekktur ma reikna dypt snevar ofan flatarins. Meelt snjodypi nidur & jokulis eda
hausthvorf er notad til ad akvarda medalhrada rafsegulbylgjunnar i vetrarlaginu & hverju vori.
Hradinn hefur reynst vera & bilinu 208-214 m/us. Reglulega er kannad hvort endurtekin maeling
a tilteknu snidi skilar samberilegri nidurstodu og fyrri maling. Munur @ medal-snjopykkt Gr
tveimur malingum & sama snidi hefur reynst vera & bilinu 0.5-2.0%. Ennfremur hefur verid
kannad hvernig pykktarmalingum beri saman pegar tvdé meelisnid skerast og reyndist mismunur
areiknudu dypi i 32 slikum skurdpunktum ad medaltali 1.2%. Af pessum samanburdi er alyktad
ad snjosjarmeelingin gefi gdda mynd af pykkt snjolags vetrarins. Erfidleikar geta p6 komid upp
vid talkun endurkasts fra hausthvorfum innan akomusvaadisins, pvi blotar snemma vetrar leida
oft til myndunar islaga i nedsta hluta vetrarlagsins og gefa slik 16g ekki minna &berandi
endurkdst en hausthvorfin.

A arabilinu 2015-2024 hafa malingar a pykkt vetrarlags farid fram & Satujokli i éllum
vorferdum (utan 2017). I ljos kemur ad snjosofnun er med mjog apekku méti 6l arin, pott
mismikil sé. Sérstaka athygli vekja reglubundnar sveiflur i snjopykkt & snidi sem melt er fra
habungu Hofsjokuls (1790 m y.s.) nordur ad jadri Satujokuls. Talid er ad peer orsakist af
skafrenningi & joklinum. Snjéinn skefur af hniskum & yfirbordi jokulsins og sest hann sidan til
hlémegin. Hnaskarnir virdast orsakast af stallalandslagi i hlidum &skjunnar, sem Hofsjokull
hylur. T 1j6s hefur komid ad nokkrir malipunktanna, sem notadir hafa verid vid
afkomumalingar fra 1988, eru stadsettir i snjopykktarhamoérkum og hefur pad haft ahrif a
nidurstoour afkomureikninganna.

I kynningu pessari verdur lyst dreifingu snjopykktar & Satujokli og notkun snjésjargagna til ad
meta patt vetrarafkomu i ofangreindu vanmati & ryrnun jokulsins.

800
=
S
& 600
£
E 3 7 y b J : [ X Ay
E 400 1.5 Y AN THNY G - B N
= § v
= 2015 — 2016 _ , S :
2 200 2018 2020 : W Aernrerthad -
2021 — 2022 5 v 5
o L——_Mesalferil | j | i |
0 2 4 6 8 10x10

Vegalengd fra habungu (m)

Reglubundnar sveiflur koma fram i pykkt vetrarlags maeldri a S-N snidi a Satujokli. Snjopykktin getur allt
ao prefaldast & innan vié 1000 m vegalengdarbili. Stadsetning hamarka a ferlunum breytist mjog litid
milli ara. Sé studst eingdngu vid nidurstédur borana sem (sumar hverjar) lenda i snjépykktarhamaérkum
skekkir pad myndina af vetrarafkomu jokulsins.
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The 937-40 AD Eldgja flood lava eruption in Iceland (21 km?3) took place on a ~70-km-long
vent system trending northeast from the Katla central volcano. It features four distinct vent
segments: Eldgja South, Central, Chasm, and North. The South segment is partly beneath the
Myrdalsjokull glacier, but the reminder of the vent system was subaerial. The eruption produced
>16 eruption episodes each featuring phreatomagmatic or magmatic explosive activity of sub-
Plinian to Plinian intensities. The tephra fall from these explosive phases covers >20,000 km?
and has a cumulative volume of >6 km?® (1.3 km® DRE). The lava volume is 19.6 km3. The
eruption started on the South segment, ~10-15 km NE of the Katla caldera and for the first ~1.5
yrs the eruption shifted between vents just outside and beneath the glacier producing stratified
phreatomagmatic tephra sequence interspersed with sporadic magmatic tephra units. This part
represents the Wet Phase of the eruption. In the final 1.5 yrs the activity propagated towards
the northeast, away from the Katla volcano, producing magmatic tephra (and lava) representing
the Dry Phase. Eldgja magma is rather evolved (MgO: 4.9-5.7 wt.%), mildly alkalic basalt.
Analyses of samples representing all eruption episodes show that the most primitive magma
(MgO: 5.5-5.7 wt.%; Zr: 220-235 ppm) erupted during the initial Wet Phase. The erupted
magma became more evolved (MgO: 4.9-5.5 wt.%; Zr: 240-280 ppm) during the Dry Phase,
indicating extraction of magma from shallower levels within the crustal storage zone during the
latter half of the eruption.
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Brimnes: Nytt laghitakerfi a hofudborgarsvaedinu stadfest
med borunum

prainn Fridriksson?, Audur Agla Oladottir?, Sigurdur G Kristinsson?, Bjarni
Reyr Kristjansson?, Irma Gna Jongeirsdaéttir> & Magnus A. Sigurgeirsson?

! Orkuveitan, 2 ISOR

NU i vetur hafa Veitur 14tid bora tveer rannsoknarholur & Brimnesi, sunnanvert vid Hofsvik &
Kjalarnesi. Rannsoknir og melingar a pessum holum standa enn yfir og drvinnslu er ekki ad
fullu lokid. bessar boranir hafa po stadfest ad parna er ad finna jardhitakerfi sem er 95 til 105°C
heitt. Fyrstu nidurstddur benda til pessa ad efnasamsetning vokvans sé heppileg m.t.t. nytingar,
b.e. pH virdist vera hatt, >9, og selta virdist vera lag, eda a bilinu 50 til 100 mg/kg (skv.
leidnimalingum). Fyrri rannséknarholan, SV-08, var borud nidur & 800 m dypi og reyndist
mjog geef. HUN hitti & lekar &dar 4 250 m, 350 m og 700 m dypi og fengust ur henni >50 I/s i
blasturspréfi i borlok af teeplega 90°C heitu vatni vid um 60 m nidurdrétt. Seinni holan, SV-10,
sem borud var nidur 4 900 m dypi var mun tregari og gaf hdn rétt um 10 I/s vid 120 m nidurdratt.
SV-10 virdist hins vegar orlitid heitari en SV-08. Hitastig 4 600 m er um 103°C i SV-10 en um
97°C i SV-08.

Engin yfirbordsvirkni er a Brimnesi og vid jardhitaleitina var fyrst og fremst studst vid
hitastiguls-rannséknir. Pegar yfirstandandi rannsoknarfasi héfst, arid 2022, voru einungis fimm
holur & Kjalarnesi sem til voru notheafar hitamelingar ur. bar af voru prjar & nordanverdu
Kjalarnesi, nalegt gangnamunna Hvalfjardarganganna og tveer a sunnanverdu nesinu.
Hitastigulskort byggt & hitamalingum ur pessum holum syndi samfellt hitafravik med nordur-
sudur stefnu eftir endilongu Kjalarnesi undir vestanverdri Esju sem var tengt hitafraviki sem
kom fram i Hvalfjardargdbngunum. Sidan pa hafa Veitur 1atid bora 29 hitastigulsholur (60 til
100 m djupar) vidsvegar a Kjalarnesi og inn eftir Kollafirdi og nt er komin fram mun skyrari
mynd af hitafari i berggrunni & sveedinu. NU hefur komid i 1jés ad vid vestanverda Hofsvik er
vidfedmt og sterkt hitastigulsfravik. Haestu hitastigulsgildin, um 380°C/km, maldust yst a
Brimnesi vid sunnanverda Hofsvik og par voru rannsoknarholurnar settar nidur.

Stefnt er ad pvi ad gera skammtima deelupréf & holu SV-08 i ar. P& er gert rad fyrir ad virkja
holuna med deelu og daela ur henni i nokkrar vikur ur i sjo og fylgjast med vatnsbordi, hitastigi
og efnasamsetningu vokvans. Kanna parf hvort 6haett sé ad blanda vatni fra Brimnesi vid annad
laghitavatn i hitaveitu hofudborgarsvaedisins m.t.t. Utfellingaheettu. Ef pad er ohatt og
skammtimapraéfun leidir ekki til kolnunar eda haekkandi seltu er stefnt ad pvi ad virkja holuna
varanlega og tengja vid flutningsloégn Veitna & Kjalarnesi. Holan verdur sidan keyrd af fullum
krafti inn a dreifikerfi hitaveitu hofudborgarsveedisins og lita ma a pa keyrslu sem annan &fanga
i afkastaprofun sveedisins.

Aformad er bora fleiri holur & nastu arum & Brimnesi til ad kanna umfang og vinnslugetu
svaedisins. Hversu margar paer verda & endanum raedst af nidurstodum ar vinnslupréfunum a
SV-08 og arangri af borunum en ntverandi aztlanir gera rad fyrir a.m.k. tveimur holum. Onnur
verdur gronn, 1200 m djap, rannséknarhola a nordanverdu nesinu, austan vid holu SV-08 til ad
kanna utbreidslu audlindarinnar i pa att. Pa er gert rad fyrir einni 1500 m djupri, stefnuboradri
holu til nordurs undir Hofsvik.

Hitastigulsboranir & Kjalarnesi voru unnar af Bergborun en Raektunarsamband Floa og Skeida
boradi rannsoknarholurnar tveer. Jardfreediradgjof og borholumalingar hafa verid i hondum
ISOR. GeoEnergy og COWI hafa séd um verkefnisstjornun rannséknarborana fyrir hénd
Veitna.
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Jarokonnun Grindavikur

Ogmundur Erlendsson?, Magnus A. Sigurgeirsson?, Gunnlaugur M.
Einarsson?, J6hann O. Fridsteinsson2, Jon Haukur Steingrimsson3,
Gregory Paul De Pascale 4, Elisa Johanna Piispa*, Catherine Rachel
Gallagher4, Hallgrimur O. Arngrimsson?, Steinunn Hauksdottir! & Daniel
Ben-Yehoshua®

! [slenskar orkurannséknir 2 VERKIS 2 EFLA * Haskodli islands

Oflug skjalftahrina, tengd flekahreyfingum, hofst i oktober 2023 & svaedinu & milli borbjarnar
og Sundhnuks, sem leiddi til myndunar sigdals og kvikuhlaups undir Grindavik pann 10.
névember. 1 Kkjolfarid fylgdu eldgos & Sundhnuksgosreininni, par af nokkur sem ollu
sprunguhreyfingum i Grindavik. Tveir megin sigdalir myndudust i og vid beinn, adgreindir af
rishrygg. Vid pessi umbrot opnudust margar sprungur og skemmdir urdu & byggingum, vegum
og 63rum innvidum. Landsig meldist mest um 1,5 m. [ kjélfar atburdanna foru Almannavarnir
bess & leit ad itarleg jarokénnun faeri fram & sveedinu sem nu er lokid. Jarokonnun Grindavikur
hefur verid samstarfsverkefni ISOR, VERKIS, EFLU, Hi og Vegagerdarinnar.

Lokaskyrsla um jardkonnun Grindavikur asamt fjolda minnisblada liggur fyrir par sem gerd er
grein fyrir nidurstédunum. Ein meginafurd verkefnisins er itarlegt sprungukort af Grindavik.
Koma par fram sj0 adskilin sprungubelti sem hreyfst hafa i yfirstandandi umbrotum, p.e.
Stampholsgja, Hopssprunga, Austurhopssprunga, Vidihlidarsprunga, Brottuhlidarsprunga,
Stakkavikursprunga og Strandhdlssprunga (meodfylgjandi kort). Stampholsgja er dypsta og
breidasta sprungan, allt ad 3 m & breidd og yfir 30 m djup. Auk pess malist meira en 20 m dypi
a sprungum innan sprungubelta Hopssprungu og Brottuhlidarsprungu. Mikilveegt er ad hafa i
huga ad Stamphdlsgja og Hopssprunga eru nokkur pasund ara gamlar sprungur og pessi mikla
glidnun & peim er ekki oll til komin i ndverandi atburdum. A gémlum loftmyndum sést ad
Stampholsgja var talsvert opin adur en bearinn byggdist upp. Engin ummerki eru um
Austurhdpssprungu, Vidihlidarsprungu, Broéttuhlidarsprungu og Stakkavikursprungu a eldri
loftmyndum og eru per pvi taldar hafa myndast i yfirstandandi atburdum. Vid Strandarhol
meelist mjog mikil glidnun & Strandhélssprungu, um 2,4 m. par m4 greina veeg merki um
sprunguna a eldri loftmyndum en engu ad sidur hefur parna att sér stad ein mesta glidnunin sem
hefur verid meld i Grindavik i ndverandi atburdum. Algengast er ad sprungur séu um 20-60
cm breidar og 1-5 m djupar. Hlutfallslega fair stadir eru med >80 cm breidar og >8 m djupar
sprungur. Mikilveegt er ad hafa i huga ad vida er mikid efnishrun ofan i sprungur og oft sjast
adeins daeldir og sig a yfirbordi sem gefa visbendingu um opna sprungu undir yfirbordinu. Vid
jarokénnunina var ymsum rannsOknaradferdum beitt s.s. loftmyndatilkun, LiDAR-
hedarmalingum, jardsjarmaelingum, seguimalingum, vidnamsmaelingum og sjonskodun. Allar
gotur i Grindavik voru meldar med jardsja i pvi skyni ad skima eftir visbendingum um holrymi
undir yfirbordinu. | framhaldinu foru fram frekari rannsoknir 4 svaedunum par sem
jardsjarmeelingar gafu visbendingar um holrymi med beaedi segul- og vidnamsmeeli til frekari
stadfestingar.

I gryfjum sem grafnar voru i tengslum vid vidgerdir & gotum fékkst gott teekifeeri til ad skoda
nokkra metra ofan i berggrunninn og sja hvernig hann er samsettur. bessar athuganir hafa leitt
i ljos ad i efstu 4-10 m berggrunnsins eru fjogur hraunlog fra eftirjokultima adgreind af
setlbgum og jardvegi. Ekki saust i myndanir fra isold, s.s. mdberg eda gragryti, sem eru pa &
meira dypi. Yngsta hraun a yfirbordi er Sundhnidkahraun (~2000 ara). Gamlar pekktar gjar i
Grindavik eru dberandi i eldri hraunum (>8000 &ra) en sjast litid sem ekkert i Sundhndkahrauni.
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Pd ad jarokonnun innan Grindavikur sé lokid er mikilvaegt ad hafa i huga ad jaréhrzeringar i og
vid Grindavik eru enn i gangi og moguleiki & frekari sprunguhreyfingum i framtidinni. Auk
bess eru sprungur & yfirbordi enn ad breytast og ny ummerki ad koma i ljos. Ljost er ad laus
jardefni eru a hreyfingu i sprungunum og pvi mikilvaegt ad fylgjast vel med éllum breytingum.
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