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Characterization and evolution of the magma reservoir
beneath the Asal-Ghoubbet rift, Republic of Djibouti

A. A. Aden'?3, E. Bali?, G. H. Gudfinnsson?, G. P. Hersir*, K. M. Ahmed*
& I. M. Galeczka®

(1) Djiboutian Office for Geothermal Energy Development (ODDEG), Djibouti, Republic of Djibouti.
(2) Institute of Earth Sciences, University of Iceland, 102 Reykjavik, Iceland.

(3) GRO GTP, Urdarhvarf 8, Képavogur 1S-203, Iceland.

(4) Independent Researcher, Reykjavik, Iceland.

(5) Carbfix, Hofdabakki 9D, 110 Reykjavik, Iceland

Determination of the temperatures and pressures of crystallization in volcanic products is
helpful for understanding magmatic system behaviour and igneous processes. While estimates
of the former give insights into the thermal evolution of magma, the latter provides an
estimation of the storage depth of magmatic reservoirs. Together they provide practical
constraints for understanding the magma storage conditions beneath active volcanic areas and
their implications in other research fields, such as geothermal exploration. The Asal-Ghoubbet
rift is one of the emergent segments of the Aden Gulf oceanic ridge, which spreads westward
on land into the triple junction zone of the Afar depression. The rift-in-rift area has witnessed
repeated magmatic and tectonic activity over its ~1 Ma evolution. Most recently, in November
1978, a one-week-long basaltic fissure eruption led to the birth of the Ardouk6ba volcano. Due
to its active and unique location, the area has been subject to geothermal exploration since the
1970s. However, although intensive geological, geochemical, and geophysical studies have
been conducted in the area, detailed knowledge is still lacking regarding the evolution of storage
conditions in the magmatic system beneath the Asal-Ghoubbet rift.

For this study, eleven samples, representing the time span from ~300 ka to today, were collected
in the rift. Geochemical and geothermobarometric analyses were conducted. Two samples
representing the oldest basalts in Djibouti (BD and BS) were also added for comparison. The
rock samples are tholeiitic to transitional basalts with MgO contents between 3.3 and 10.2 wt%.
The negative correlations of TiO2, FeO and positive correlation of CaO with MgO indicate that
fractional crystallization is an important process in the magmatic system. The crystal cargo of
the erupted lavas consists of plagioclase, olivine and clinopyroxene, in order of decreasing
amount. Anorthite contents of plagioclase vary between 45 and 89, with a main population at
~Angs. Most crystals are in disequilibrium with their carrier melts. Olivine cores and mantles
are mostly primitive, with the most common composition of Fogs. Clinopyroxenes have Mg#
ranging from 47 to 87, with crystals of Dalha basalts (BD) being the most differentiated. The
majority of clinopyroxenes and olivines are in equilibrium with carrier melts, except for BD.
Based on the clinopyroxene-melt geothermobarometer, we propose the existence of a magma
reservoir beneath the Asal-Ghoubbet rift at mid- to deep-crustal depth of 11 £ 4.3 km with a
mean temperature of 1165 + 24°C. However, some of the most primitive clinopyroxenes
indicate higher temperatures of crystallization (~1200°C), whereas clinopyroxene crystals in
BD formed at ~1110°C (Fig. 1). Olivine and plagioclase compositions indicate mean
temperatures of 1167 + 25°C and 1202 + 20°C, respectively. Our observations suggest that the
main magma storage depth has been maintained over time. Moreover, the differentiation
processes in place, the assemblage of diverse mineral compositions, and thermal variations
indicate that the reservoir might have experienced episodic replenishment of primitive melts
from the mantle. This could imply a continuous renewal of the geothermal heat source in the
Asal-Ghoubbet rift.
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Figure 1: Pressure, temperature and depth of magma storage based on the clinopyroxene-melt thermobarometer
in basalts from the Asal-Ghoubbet rift. Error bars refer to the standard error estimates (SEE) of the
clinopyroxene-melt geothermobarometer with P+1.6 kbar and T+27 °C (Neave et al., 2019)
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Trollaskagi — Urdartungur, urdarbingir og urdarjoklar

Agust Gudmundsson

Jarofraedistofan ehf

Skaginn a milli Skagafjardar og Eyjafjardar sem & sidustu aratugum hefur verid nefndur
Trollaskagi er halendasta landsvaedi islands utan jokla. Hann er sundurskorinn af délum og
hvilftum og haestu samfelldu fjallarimar fara yfir 1200 m had og haestu stakir tindar i lidlega
1400 m y.s en stok ris Kerling yfir 1500 m haed. Kynni héfundar af Trollaskaga héfust med
berggrunnskortlagningu & arunum 1975-2000 en samhlida pvi for hof. ad horfa sifellt meir eftir
sérkennilegum lausum jarélogum sem mynda oft vel afmarkadar urdartungur og mérgum hafdi
verid lyst af Sigurdi borarinssyni og sidar enn betur af Olafi Jonssyni. EKKi er ad sja ad peir
Sigurdur og Olafur hafi gengid & fjoll og lysingar peirra eru adallega fra sjonarhorninu ,,séd fra
bjodvegi“ eda gerdar lagt yfir flatlendi. Arid 2000 ritadi hofundur um samanteknar nidurstodur
sinar i MSc ritgerd sem ber nafnid Frerafjoll. S& sem skodar umraeddar urdartungur fra
upptokum i efri hluta fjalla og fylgir peim nidur hlidar, fer e.t.v. annad sjonarhorn &
myndunarsdgu peirra en hinir sem adeins horfa til peirra fra pjodvegi og telur héf. ad uppruna
flestra bingjanna sé ad leita samsvorun vid hlidstedar urdartungur sem & okkar timum eru ad
myndast 1 ,,virku astandi“ hatt 1 fjollum og a0 flesta peirra er leegra liggja megi tengja vid
sifreradastand & vidokomandi stad i fortidinni. Ekki hlutu pessar hugmyndir hdéfundar
brautargengi i jardfredisamfélaginu hérlendis.

Haustid 2001 fékk hof. Bernd Etzelmuller fra Hask. [ Osl6 til ad koma til islands og i stutta ferd
nordur i land. I framhaldinu virkjadi Bernd vinnuhdp vid Osléarhaskéla til ad setja af stad
ymiskonar meelingar & hitastigi i uréum i fjollum og skridhrada a urdum. Norski hopurinn ritadi
liklega vel & annan tug greina um verkefnid sem ma segja ad hafi lokid er sidustu hitanemarnir
voru fjarlegdir sumarid 2022. Segja ma ad yfirlit yfir verk Nordomanna og tilvitnanir i ymsar
tengdar greinar sé ad finna i grein i Quaternary Science Review 2020 (ef einhverjir vilja kynna
sér efnid).

[celandic permafrost dynamics since the Last Glacial Maximum —
model results and geomorphological implications

Bernd Etzelmiiller *°, Henry Patton °, Anders Schomacker €, Justyna Czekirda ?,
Luc Girod ?, Alun Hubbard > 9, Karianne S. Lillegren ¢, Sebastian Westermann *

Um 2015 féru ad birtast eftir Spanverja ahugaverdar greinar um urdarjokla og ymis
jokulrudnings-tengd fyrirbeeri i hafjollum trollaskaga vid Hjaltadal og vidar. ,,Spaenski
hopurinn® studdi og timasetti athuganir sinar med aldursgreiningum, adallega ,,exposure
datings®. Dalitid timafrekt getur verid ad draga saman efni Ur greinum peirra pvi par eru einir
4-5 hofundar ad birta efni ir sameiginlegum gagnasjédi og efnid skarast verulega og getur ordid
dalitid misvisandi. Athyglisvert er ad eftir 4 sumra leit ad jokulslipudum hvalbdkum fannst
ekkert slikt heerra en einn stadur i 600 m had y.s. a fjallinu Ellida. Allt berg i fjallshryggjum
eda fjallabrunum heerra i landinu var umbylt af sifrera en i skalum matti aldursgreina efni sem
flutt var fram af ymsum gerdum jokla. Medfylgjandi titill i Science of the Total Environment
2019 segir mikid um urdarjoklana ad baki Holabyrdu. Til frekari frodleiks ma rekja greinar
peirra hofunda er hér koma fram asamt vidkomandi tilvitnunum og frekari netleit.
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Unchanged surface morphology in debris-covered glaciers and rock
glaciers in Tréllaskagi peninsula (northern Iceland)

L)

Check for
updates

Luis M. Tanarro **, David Palacios ?, Nuria Andrés ?, José M. Fernindez-Fernindez ?, José J. Zamorano °,
borsteinn Semundsson €, Skafti Brynjolfsson ¢

 TROLLASKAGI Al lifll )7 - s
I UrBarbingir og urdarjdklar

chorl birt i Frerafjéllum 2000 1

10 km

{4 Frekari rannsoknir
by . tengdar sifrera
: sidasta aldarf]

Urdarbingir & Tréllaskaga
Skyringar
[_] urbarbingir - dautir urbarjoklar
[ virkir urdarjoklar
- Jokulur8ir med innri is

[ ] Joklar

I & Merkingar urbarbingja

Ur ritinu Frerafjoll. Kort af Trollaskaga med stadsetningu urdarbingja, birt &4rid 2000. Sidan hefur ordid
stokkbreyting i frambodi fjarkdnnunargangan pannig ad audvelt veeri ad vinna itarlegar upplysingar a kortinu.
Rammad er inn svadi vid Hjaltadal par sem Nordmenn og sidar Spanverjar hafa stundad athuganir i lidlega tvo
aratugi og birt ahugaverdar nidurstoour.
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Jaréfraedi- og jarohitaathuganir i Grimsey

Arni Hjartarson

Gerd er grein fyrir athugunum sem gerdar voru i Grimsey haustid 2023 fyrir [SOR. Synd verda
jardlagasnid og nytt berggrunnskort. Nidurstodur byggja ad nokkru & fyrri rannsoknum og
borunum i eynni og greinargerdoum Kristjans Seemundssonar um per.

Jardlagastaflinn sem myndar Grimsey er gerdur Ur basalthraunlégum og mispykkum setlégum
inn & milli. Elstu jardlog ofansjavar eru nedst i bjérgunum i Eyjarfetinum nordan vid
Heimskautsbauginn nyrst & eynni. bau yngstu eru vid Grimseyjarhdfn. Jardlagastaflinn, sem sja
ma ofansjavar, er ekki nema um 150 m pykkur. Nedstu og elstu 16gin sem sjast eru beltaskipt
dyngjubasalt. Einungis sjast um 25 m af syrpunni ofansjavar en hun er vafalitid talsvert pykkari.
Ofan & dyngjuna leggjast nokkur punn péleiitldg. pvi naest kemur hraunlag sem virdist hafa
runnid Ut i sjo (eda vatn). Nedri helmingur pess er ur kubbabergi og bélstrabrexiu og ber vott
um hradkeaelingu. Yfirbord lagsins er slétt og vedrad og ber merki um ad hafa sorfist all lengi af
vatni og vindum.

Basavikurset, pykkasta setlag Grimseyjar, liggur & pessu lagi. Pad er mispykkt, er t.d. upp undir
14 m i Bésavik. pad sést fyrst til pess par sem pad kemur Ur sj6 sydst i Stekkjarvik utan vid
Basa. Pad fer svo haekkandi til austurs og nordurs i samraemi vid jardlagahallann og myndar
sjavarbjorgin vio Basavik. Sidan pverar pad Eyjarfétinn rétt ofan vid Kéldugja. pad sést i bjorg-
unum nordaustast a eynni en hverfur i sjo sunnan vid Almannagja. bad er aberandi lagskipt par
sem skiptast & sandsteinn, voluberg og hnullungaberg. Allar vélur og hnullungar eru Ur basalti.
[ nedsta hluta lagsins, sem er ar finum sandsteini, finnast sma brot af punnum skeljum sem erfitt
er ad tegundagreina. Nedsti hluti Basavikursetsins er pvi sjavarset en efri hlutinn er strandset.
borholunni GR-18 ofan vid byggdina upp af héfninni kemur petta lag i 1jos 4 66—-84 m dypi og
er pvi 18 m pykkt par.

Tvo péleiitlog um 10 m pykk leggjast ofan & Basavikurset med sandsteinslagi & milli sin. pPessi
I6g sjast best vid strondina nedan vid Basa og i Basavik. bykkt og mikid hraunlag, sem vida er
fagurlega studlad, er nast i rddinni. Studlabergid setur mikinn svip a sudvestur stréndina allt
fra Grimseyjarh6fn og sudur a sudurodda eyjarinnar vid Grenivik. Pykkt pess sést ekki pvi pad
ner fra sj06 og upp a bjargbrdn medfram allri strandlinunni en han liggur mjog néalegt
strikstefnunnu & pessum kafla. betta er hart, finkorna, dilalaust poéleiit. I bjérgunum austan &
eynni er fallegt studlabergslag, hatt i 40 m pykkt, liklega petta sama lag.

Yngstu 16gin i Grimseyjarstaflanum eru vid hofnina og i Sandvikurholti nordan hennar. petta
eru tvo poleiitldg adskilin af 2-3 m pykku setlagi Ur sandsteini og volubergi. Erfitt er ad atta sig
a hvad mikla utbreidslu pau hafa en liklega pekja pau hlidgina ofan vid byggdina.

Holufyllingar eru aberandi i berginu baedi i blodrum i hraunlégunum og sem sprungufyllingar
i sandsteinslégunum, svo sem ¢pall, kalsit, kabasit og fleiri laghitasteindir, sem benda til pess
ad nokkur hundrud metrar hafi sorfist ofan af jardlagastaflanum i Grimsey.

Setlogin virdast ymist vera straumvatnaset, strandset eda grunnsjavarset. pott Grimsey sé
aberandi jokulsorfin og jokulurd sé a yfirbordi sést hvergi jokulberg i jardlagastaflanum. betta
bendir til ad jardlagastaflinn hafi ordid til &dur en isaldarjoklar nadu verulegri utbreidslu eda
jafnvel fyrir isold. A jardfraedikortum hefur eyjan verid talin af arkvarterum aldri en rof og
ummyndun benda allt eins til pliosen. Setlogin milli hraunanna benda til pess ad upphledsla
staflans hafi verid fremur haeg. Par med mé gera rad fyrir ad talsverdur aldursmunur sé & efstu
0g nedstu l6gum jardlagastaflans. pau syna einnig ad staflinn hefur ordid til & laglendi neerri
sjavarmali.
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Melingar syna ad elstu berglégin i staflanum eru o6fugt segulmdgnud (R). Petta er
dyngjubasaltid i Eyjarfetinum. Midhlutinn er rétt segulmagnadur (N), hann tekur yfir
meginhluta eyjarinnar fra nordri til sudurs. Yngsta bergid, 16gin vid Grimseyjarh6fn og Gt med
strondinni nordan byggdarinnar og i hlidinni ofan vid hana eru 6fugt sequimégnud. Ekki er 1jst
hvada segulskeid petta eru.

Nokkur brot eda misgengi skera eyna og stefna i N-NNA. Steersta brotid sést vel i landslaginu.
pad myndar Handfestargja i bjorgunum austan a eynni og Gatdal par sudur af og teygir sig allt
til Grenivikur sydst & eynni, 2500 m langt. Almannagja og Kaldagja skerast einnig i brotalinur
i bjorgunum en erfidara er ad rekja pau brot. Jardlagahallinn er 4-8° i SV-VSV.

Jardskjalftar eru tidir i Grimsey enda er eyjan i Tjornesbrotabeltinu og par hefur lengi verid
skjalftameelir sem synir talsverda virkni undir eynni. /Atla ma ad skjalftarnir vidhaldi
sprungumyndun og lekt i berginu og skapi pannig gédar adsteedur fyrir jardhitakerfi.

Rennandi vatn er af skornum skammti i Grimsey og vatnsskortur hrjadi eyjarskeggja oft a
6ldum &dur. bar er enginn laekur, sem kalla m& pvi nafni, en smalindir finnast & stoku stad. Ein
er Gat i Gatdal og hefur um aldir pott tryggasta lindin i eynni en vatnsvegurinn er nokkud
langur. Onnur uppspretta er ofan Sandvikur og nefnist Lindin. Hun hefur alla ti® verid helsta
vatnsbél Grimseyinga enda liggur han vel vid byggdinni. Vatnsmesta og stédugasta uppsprettan
er po i Stdraskaroi i Basavik en han er langt fra baejum og illa adgengileg. Allar eru pessar
lindir hangandi og tengjast ekki hinu almenna grunnvatnslagi heldur grunnvatnslinsum sem
liggja yfir grunnvatnsbordinu. Borad var eftir neysluvatni vid Lindina 1966 og sidan hafa
Grimseyingar fengid allt sitt vatn ur borholum.

Fersk grunnvatnslinsa flytur ofan & jardsjo i Grimsey eins og jafnan er i eyjum sem liggja langt
fra landi. Ekki hafa verid gerdar miklar malingar & pykkt linsunnar. Vid strondina er han punn
en han pykknar hratt inn til landsins og geeti verid 200 m eda meir & midri ey.

Engin merki um jardhita eru & yfirbordi i Grimsey. Hins vegar er vitad um jaréhita a hafsbotni
baedi austan hennar og vestan. | gagnagrunni OS og ISOR eru 19 borholur skradar i Grimsey.
Hitastigulsferlarnir i peim eru allbreytilegir og sumir torraedir pvi lagskiptingin i ferskvatn og
saltvatn flaekir malid. Ljost er p6 ad mikill og g6dur jardhiti er undir eynni. Malingar i djupri
holu (GR-18) gefa ad vonum langmestar upplysingar um hugsanlegan arangur af borunum. Han
var borud arid 2007 og er 583 m. Holan var stadsett med pad a0 markmidi ad hitta &
misgengissprungu, pad er Almannagjarsprunguna eda framhald hennar til sudurs. Holan olli
vonbrigdum, han skar ekki meinta sprungu og gaf litid vatn en leiddi p6 i 1j6s ad har hiti er
parna 4 tiltélulega litlu dypi. Botnhitinn maldist 84,5°C og hitastigullinn i jardsjonum i nedri
hluta holunnar er 165°C/km. bessi hai stigull getur ekki pytt annad en ad jardhitakerfi sé i nand
par sem heitur jardsjor streymir upp Ur djupsteedum l6gum um opnar sprungur.
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The destabilizing effect of glacial unloading.
Svinafellsjokull, SE Iceland
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Reginald Hermanns®® & Eyjélfur Magnisson®
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The destabilization of alpine rock walls in the light of ongoing climate change has been linked
to processes such as permafrost thaw (Penna et al., 2022), extreme precipitation (Stoffel and
Huggel, 2012), and effects tied to deglaciation (McColl, 2012). Glacial retreat and thinning
expose rock walls to atmospheric erosional factors, affect the surrounding ground water and
reduce the load and buttressing from the slope. We quantify the destabilizing effect of glacial
thinning on an unstable mountain slope in SE Iceland, where an extensive fracture network has
appeared in the 2000s during a period of rapid glacial thinning (Ben-Yehoshua et al. 2023). In
our model, we consider the glacial changes since the Little Ice Age and future scenarios
resulting in complete removal of the currently 500 m thick glacier. The resulting reduced factor
of safety is a function of ice volume loss and bed topography over time between scenarios. Even
though the effects of deglaciation alone might not be sufficient to lead to slope failure, they
increase shear stresses within the slope which can affect inherent structural weaknesses, as well
as increase the vulnerability to seismic triggering, extreme precipitation, and other destabilizing
processes.
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On the ocean dynamics South of Iceland
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Water masses formed in the Arctic Ocean overflow into the North Atlantic at the bottom of the
ocean, forming the so-called upper cell of the Atlantic Meridional Overturning Circulation
(AMOC). The pathway of the currents carrying these water masses is still under debate due to
a lack of observations. In this study, we discuss in details the pathway of these bottom currents
in the specific area south of Iceland. We show that a steady current flows along the Icelandic
continental shelf, and then divide in smaller structures when reaching the southernmost tip of
Iceland. We also show that on its way, the current mixes the bottom layer of the ocean. These
findings have major implication in the understanding of heat and carbon transport at depth in
this area, which constitute an important response of the climate to anthropogenic forcing.
Furthermore we discuss why this current may have been a major component in the formation
of Kétluhryggurinn "Kata Ridge" topographic anomaly south of Iceland.
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Grimsvatnagljufur: Frumnidurstodur péttra issjarmaelinga a
jokulstiflu Grimsvatna

Eyjolfur Magnusson?, Finnur Palsson? & Joaquin M.C. Belart?
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2.Landmeelingar Islands

I vorfersum Joklarannsoknarfélagsins undanfarin ar hefur verid gerd gangskér i pvi ad
kortleggja betur jokulbotn Grimsvatna og nagrenni peirra. Hluti peirrar kortlagningar hefur
beinst sérstaklega ad jokulstiflu Grimsvatna austur af Grimsfjalli. bar hefur tvennt komid til. |
fyrsta lagi er petta sérstaklega paegilegt vorferdarmeeliverkefni;i pasum er & 5 mindtum haegt ad
kikja i mat eda kaffi i skalann & Grimsfjalli. | 63ru lagi pa getur kortlagning & jokulbotni par
sem hlaup sleppa Ut ur Grimsvétnum aukid skilning okkar & edli peirra, baedi fyrr og nd. |
sidustu premur vorferdum (2021-2023) hefur résklega 4 km? svaedi verid rannsakad med pvi
meela samsida issjarsnid med einungis 20 m millibili. Af peim sékum er haegt ad beita prividri
stadsetningarleidréttingu (e. 3D migration) a pa endurkastsfleti sem issjain nemur og sidan rekja
botnendurkdst med peim heetti ad ur feest samfellt botnhaedarlikan i harri upplausn (20mX20m
mdoskvastaerd). Pad synir dreetti botnlandslags i mun meiri smaatridum en vid erum von ur
hefdbundnum issjarmalingum par sem ad 6llu jofnu eru mérg hundrud metrar milli maelisnida
0og einungis er haegt ad beita tvividri stadsetningarleidréttingu & endurkastsfleti. Hluti
meelisvaedisins hefur verid meldur oftar en einu sinni, badi til ad kanna samraemi milli
meelisnida sem meeld eru hornrétt & hvort annad en einnig til ad greina breytingar vid jokulbotn
i tengslum vid jokulhlaup. Mismunur & botnhadarkortum gerd eftir issjarmalingum fr4 2021
0g 2022 syna allt ad 30 m leekkun botnendurkasts & sveedi par sem ilangt 20 m djupt ketildrag
myndadist i hlaupinu 2021. pessi leekkun jokulbotns (nedri mork iss) skyrist af temingu
vatnsgeymis i farvegi hlaupsins. S& vatnsgeymir hafdi pegar myndast i juni 2021. Samsett
botnhaedarlikan frd mealingum &ranna 2021-2023 synir tilkomumikid gljafur rétt austan vid
naverandi utfall Grimsvatna. Gljafrid er vida 300-400 m breitt og 100-250 m djupt. Athygli
vekur ad pad fellur ekki saman vid Gtfall Grimsvatnahlaupsins i nGvember 1996, i kjolfar
Gjalpargossins, en par sjast engin afgerandi merki um gljafurmyndun. Grimsvatnagljafrio fellur
mun betur ad Gtfalli Grimsvatna eins og pad var fyrir Gjalpargos. Gljufrid geeti pvi verio
myndad i 6pekktu hlaupi, sem var mun steerra en 1996 hlaupid, eda i aldanna ras i mérgum
hlaupum samberilegum vid 1996 hlaupid. Til ad na heildsteedari mynd af gljafrinu verdur
issjarmeelisveedio steekkad til austurs i naestu vorferd.
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Iceland’s Holocene explosive volcanic history is predominantly derived from investigations of
soil sections as well as written archives, following human settlement c. 877 CE. Unsurprisingly,
historically active volcanic provinces are most often the target of tephrochronological
investigations (e.g. Hekla, Katla, Bardarbunga-Veidivétn and Grimsvotn). Even despite the risk
of explosive eruptions (>VEI 4), not only locally impacting Iceland, but potentially large parts
of the Northern Hemisphere, some volcanic provinces remain relatively un-studied. The
Snafellsjokull volcano, located on a peninsula extending 100 km off the west coast of Iceland
(110 km north of the capital city, Reykjavik) is a prime example of one of these understudied
provinces. While the glaciated central volcano has no described historical eruptions, mapping
from the late 1970s and early 1980s suggests there are three explosive events (acidic) known
from the Holocene era: Sn-1 ~1.8 ka BP, Sn-2 ~4.4 ka BP and Sn-3 ~8-10 ka BP. It is assumed
that tephra from at least two of these eruptions has been identified in European stratigraphic
archives. Furthermore, numerous other (crypto-) tephra horizons have been identified in Europe
that exhibit similar geochemical properties to the Snefellsjokull province, albeit different age
estimates than Sn-1, 2 and 3. The tephrochronological potential from Snafellsjokull is limited
by our lack of fundamental knowledge on the volcanic history and the potential range in tephra
geochemistry from the stratovolcano. In a small step towards addressing this knowledge gap,
we present a lake record from the Snafellsnes peninsula to improve understanding of post-
glacial explosive volcanic activity effecting both regional and distal environments.

12



Vorréadstefna Jardfraedafélags Islands
8. mars 2024

Kvikugangurinn mikli 10. névember 2023 og aframhaldandi
atburdaras i eldstodvakerfi Svartsengis: Samspil
kvikusvaedis, gangainnskota og eldgosa
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Kvikuinnskotid mikla pann 10. névember sidastlidinn er pad langsteersta i yfirstandandi
umbrotahrinu & Reykjanesskaganum. Samkveemt tilkun & malingum a jardskorpuhreyfingum
var aztlad hamarkskvikustreymi um 7400 m3/s, tveimur sterdargradum meir en hamarks-
kvikustreymi i gangainnskotin vid Fagradalsfjall. Heegt er ad skyra petta hrada streymi med
samspili tveggja patta: storu broti & jadar kvikusveedis, par sem kvika hefur safnast fyrir, og ad
kvikugangur leiti inn i svedi par sem mikil uppséfhud togspenna er til stadar (mynd 1).
Atburdir sem ordio hafa i kjolfarid er i &geetu samraemi vid pessa skyringu. Pann 18. desember
hafdi prystingur i Svartsengis-kvikusvaedinu aftur byggst upp og nad lagmarks prystingi sem
purfti til ad brjotast aftur inn i kvikuganginn, svo vidbétar opnun vard & honum. N&di hann pa
til yfirbords og eldgos hofst, adeins 1.5 klst eftir undanfarandi skjalfahrinu. Ad pessu sinni var
aeetlad hamarks kvikufledi inn i ganginn um ~800 m®/s. Svipadir atburdir urdu i janGar og
februar 2024. I janGar 2023 nadi kvikugangur aftur undir Grindavik. Ad pessu sinni var leid
gangsins adeins austar en 10. névember og nddi nu undir midhluta baejarins. bann 8. februar
greindust skammtima fyrirbodar eldgoss (jardskjalftar), sem voru tilkynntir til almannavarna.
Eldgos hoéfst adeins 37 mindtum seinna. Kvikuinnskotid pann 2. mars, an eldgoss, var svo pad
langminnsta til pessa. A Svartsengissvaedinu liggur kvikusveaedid sem fodrar kvikuganga & um
4-5 km dypi skv. talkun & malingum & jardskorpuhreyfingum. begar naegum prystingi er ndd
gefur jadar kvikusvaedisins sig og kvika fledir hratt inn i gangainnskot. Melingar &
jaroskorpuhreyfingum og talkun peirra benda til ad ristimabilin fimm sem urdu a
Svartsengissvaedinu fra 21. jandar 2020 til 10. névember 2023, fyrir fyrsta gangainnskotid, hafi
stafad af streymi kviku inn i kvikusvaedi sem var par til stadar og naer fra Eldvorpum i vestri ad
Sundhnuksgigarddinni i austri —og liggur par med undir Blaa l6ninu og orkuverinu i Svartsengi.
pad sveedi hefur haldid afram ad safna i sig kviku & milli sidari atburda.
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Mynd 1. Skyringarmynd af kvikugangi undir Grindavik og kvikusvadi, par sem kvika safnast fyrir 4dur en
gangainnskotin verda. Kvikugangur myndadist skyndilega 10. névember 2023, undir Sundhniksgigarddinni og
Grindavik, par sem misgengishreyfingar og sprunguopnun urdu. Rauda linan 4 yfirbordinu synir hvar gangurinn
myndi skera yfirbord jardar ef hann nadi pangad.

14



Vorréadstefna Jardfraedafélags Islands
8. mars 2024

Drone magnetometry for fracture and void mapping —
preliminary results from Grindavik
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Widespread tectonic and volcanic activity started in the Reykjanes Peninsula in January 2020,
after more than 800 years of quiescence. Initially confined within uninhabited areas, the focus
of this activity switched to the Svartsengi volcanic system in October 2023, with serious
repercussions for the nearby communities and critical infrastructure.

On the 10 November a large, 15 km long, dyke was emplaced into the crust extending from NE
Sundhnukurgigar in the NE and underneath the town of Grindavik in the SW (Sigmarsson et al.
2024). This created widespread fracturing, and triggering movement on existing faults, as a
graben formed through the west of the town above the dyke highlighted by the Ni and LMI
operational photogrammetry data. This dyking event established a weakness in the crust,
creating a main pathway from the shallow crustal storage domain to the surface, which has been
utilized by subsequent dykes. A second graben formed through the east of the town of Grindavik
on the 14 January 2024 (NI and LMI data), again associated with widespread fracturing and
movement of faults, as another dyking event occurred in area. These fractures, grabens,
sinkholes, and their unknown subterranean structures represent a grave danger to inhabitants
and workers in the area.

The cyclical nature of these dyking events bears similarities to past historical Fires events in
Iceland (e.g. Krafla, Reykjanes), which could indicate that this activity in the SW is likely to
continue for years or decades. Therefore, rapid response surveys to swiftly update hazard maps
in the area are needed.

However, detecting the size, shape, orientation, and location of the fissures, fractures etc. in
areas covered by Holocene lava flows and urban construction is not easy. INSAR, differential
DEMs, and surface mapping gives an idea of fault locations and their sense of motion, but the
subterranean shape and size of fractures and sinkholes remain elusive. From a hazard
perspective this knowledge would be integral for assessing the risks related to residents and
workers in the area. Ground penetrating radar can be an effective tool to assess underground
features, but this data set can suffer from low penetration depth, especially when flown on drone
over areas that are inaccessible/unsafe for traditional ground based GPR systems. Some of these
problems can be overcome with drone magnetometry. Here we present how drone
magnetometry can be utilized to reveal the subsurface features of these fractures, highlight the
graben boundary faults, and to provide possible locations of sinkholes. The main aim of the
project is to develop methodology for a rapid hazard response drone magnetometry, that would
aid in mapping of underground features in urban areas. This methodology adds another piece
to the puzzle to help construct a hazard assessment map for Grindavik alongside other datasets.
It will help provide the geoscience community with a clearer view of the fractures, their
locations, and sizes, that can be directly used to assess the hazards related to them.
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Halsagigar, Raudhdll og Botnahraun ~5300 ara gomul
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Rannsoknin sem hér er sagt fra var meistaraverkefni Rebeccu C. Feldman vid Jardvisindadeild
Haskdla Islands arid 2020. Verkefnid var ad kortleggja gjoskulogin fra Halsagigum og
Raudhol syori, finna aldur, rammal og efnafredileg einkenni gjoskunnar og nota
gjoskulagaskipan svaedisins® til ad tengja saman goseiningar sem tilheyrt geetu gosi i
Halsagigum sunnan i Skalarheidi 4 Ut-Sidu. Fyrri hugmyndir um aldur og tengsl goseininga &
bessu sveadi hafa verid & reiki®.

Halsagigar spretta fram Ur pverhnipinu syost i Skalarheidi. Gigarnir eru & um 2 km langri
gossprungu, pad sem sést, en gossprungan geeti hafa nad lengra til sudurs. beim var fyrst lyst
af Joni Jonssyni arid 1953°. Sjalfir Halsagigar voru ekki skodadir i pessari rannsokn en
samkvamt lysingu Jéns eru peir gjall- og klepragigar med um 30 m hdum bérmum en hraunid
fra peim hverfur undir arframburd. Miklar gjalldyngjur eru i kringum gigana naest Skalarheidi,
einkum vestanmegin, en sydsti gigurinn er ad mestu horfinn undir arframburd. Um 4 km nordan
vid Halsagiga, ofarlega i Holtsdal, er um 600 m 16ng gossprunga, Bunuhdlar, med prem litlum
gigum og gjalldreif vestan vid uppvorpin. Fra pessum hluta rann hraun sem fylgja méa nidur i
Holtsdal par sem pad hverfur undir arframburd®. Raudhdll, stor gjallgigur med gigskalina moti
austri og vikur- og 6skugeira til vesturs, er 1,5 km nordar®.

Rumlega 40 jardvegssnid voru mald i Skaftartungu, & Siduheidum og Alftaversafrétti haustid
2019. Gjobskulagid ur Halsagigum, nefnt HAG, og gjoskulagid ur Raudhol, nefnt RAG, finnast
& sama stad i gjoskulagaskipan sveedisins. Gjoskan fra Halsa-gigum er fremur audpekkt, hun
er tiltélulega gréf og i henni er gjall, branleitt og fraudkennt ad innan med svarta, gljaandi
glerhud. Gjdskan fra Raudhol er svort i jardvegssnidum og kornin yfirleitt mott. HAG og RAG
voru timasett i tveim lykilsnidum samkvemt pykknunarhrada jardvegs milli leidargjoskulaga
af pekktum aldri, Heklu-4, SILK-N2 og SILK-N1.

Gjoskan fra Halsagigum barst til vesturs og sudurs og myndar tvo afmarkada geira (Mynd 1),
en gjoskugeirinn til sudurs er ad hluta hulinn yngri hraunum og framburdi Skaftar. Rammal
gjoskunnar er metid um 0.03 km®. Kornagerd bendir til ad sprengivirknin i Halsagigum hafi
verid af strombdlskri gerd en dreifing og kornastaerd (F%, sundrunarhlutfall) skilgreina gosid
sem sub-pliniskt. Hed gosmakkar, metin Gt fra dreifingu sterstu korna, var um 7 km, svipad
og meeldist i Eldfellsgosinu 1973.

Gjoskan fra Raudhol myndar geira til vesturs og liggur ofan & Halsagigagjoskunni par sem paer
finnast saman, t.d. & NUpsheidi (Mynd 1). Kornagerd Raudholsgjoskunnar breyttist med tima i
gosinu, ur finkorna, lagskiptri og 6skurikri gjosku yfir i grofara gjall, sem bendir til ad vatn hafi
haft ahrif & sprengivirknina i fyrstu. RUmmal Raudhdlsgjéskunnar er litid en var ekki metid.

Gjoskan fra Bunuhdlum (snid Jons Jonssonar®) og gjoskan fra Halsagigum eru & sama stad i
gjoskulagaskipan svaedisins. Fjoldi ljosleitra leidarlaga & svaedinu er miklu meiri en Jén midadi
vid pegar hann birti nidurstddur sinar um o6likan aldur Halsagiga og Bunuhola. Rummal
Bunuhdlagjosku er épekkt.

A Botnahrauni i Medallandi eru & stoku stad bingir ar grofri gjosku med somu Gtlitseinkenni
og efnasamsetningu og gjéskan Ur Halsagigum. Steersti bingurinn er a hraunflaka austan vid
fiskeldisst6dina i Botnum og par er nama grafin i hann. Gjoskan par er um 70 cm pykk en
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hreyfd, med votti af raudoxun og virdist bléndud i yfirbord hraunsins. Einfaldasta skyringin er
ad gjoskan hafi fallid & hraun sem var & hreyfingu néleegt gosstédvunum og borist med pvi, eins
konar Flakkari. Botnahraun telst pvi samtimamyndun og er &ttad ar Halsagigum. Rummal
Botnahrauns er 3,4 km® midad vid 12 m pykkt ad medaltali skv. borholu SKA-04.
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Mynd 1. bykktarkort af Halsagigagjosku og Raudhdlsgjosku, melt & rimlega 40 stodum. Jafnpykktarlinur fyrir
sudurgeira Halsagigagjosku eru ad hluta aztladar (brotin lina).

Efnasamsetning gjosku ur Halsagigum og Raudhdl var fengin med efnagreiningum i érgreini
Jardvisindastofnunar Haskolans og er deemigerd fyrir Grimsvatnakerfid. Engar breytingar med
tima fundust i gjéskunni fra Halsagigum en syni Ur badum geirunum voru greind. Samsetning
gjoskunnar ar Raudholi breytist litillega med tima. Efnasamsetning bergsyna (XRF greiningar)
ar Botnahrauni og Bunuhdlahrauni er pekkt ar fyrri rannsoknum?®#® og er  vidunandi samraemi
vid glerefnagreiningar midad vid adra greiningaradferd. Tuttugu og sex syni af leidarlégum og
6drum gjoskuldgum ar lykilsnidunum voru greind til ad tryggja oruggar tengingar vid
gjoskulagaskipan a Kétlusvaedi og nagrenni.

Nidurstada rannsoknanna er ad gjoskulég fra Halsagigum, Bunuhdlum, Raudhdli sydri og
Botnahraun i Medallandi eru samtimamyndanir ar gosi sem vard a um 8,5 km langri en slitrottri
gossprungu fyrir um 5300 a&rum. Rammal gjosku eins og han er i jardvegi nu reiknast ad
lagmarki 0,03 km? (0,01 km? sem fast berg) en er vafalitid harra. Gjoskan er samt sem &dur
adeins litill hluti af heildarmagni gosefnanna.

1 R.C. Feldman 2020. Halsagigar Eruption Tephra dispersal, geochemistry, volume, and age. MS thesis, Faculty
of Earth Sciences, University of Iceland, 149 p. 2 B.A. Oladottir et al. 2008. Katla volcano, Iceland: magma
composition, dynamics and eruption frequency as recorded by Holocene tephra layers. Bull. Volc. 70: 475-493. 3
Jon Jonsson 1953. Halsagigir. Nattarufr. 23: 51-53; 1978. Eldstddvar og hraun i Skaftafellspingi. Nattarufr. 48:
196-232. 4 S.P. Jakobsson 1979. Petrology of Recent basalts of the Eastern VVolcanic Zone, Iceland. Acta Nat. Isl.
26: 1-103. 5 M. Carpenter. Obirt gogn.

17



Vorréadstefna Jardfraedafélags Islands
8. mars 2024

The influence of variable host rock cohesion and magma
viscositiy on intrusion-fault interaction: Insights from
laboratory models

Sonja H. M. Greiner*23, QOlivier Galland*, Freysteinn Sigmundsson?,
Steffi Burchardt?3, Halldor Geirsson! & Rikke Pedersen?

! Nordvulk, Institute of Earth Sciences, University of Iceland, Reykjavik, Iceland

2 Department of Earth Sciences, Uppsala University, Uppsala, Sweden

3 Center for Natural Hazard and Disaster Science (CNDS), Uppsala/Stockholm/Karlstad, Sweden
4 NJORD Center, Department of Geosciences, University of Oslo, Oslo, Norway

*Email: shmgreiner@hi.is

Volcanic activity frequently occurs in areas affected by tectonic structures, such as faults.
Numerous examples of pre-existing faults serving as magma pathways are known, but many
aspects of these processes are not well understood. Understanding the influence of faults on
magma transport dynamics is important for studying volcanic plumbing systems in the upper
crust, as they may affect and alter an inferred path of magma descent.

We present laboratory experiments, which investigate how pre-existing strike-slip faults affect
intrusion emplacement. Dry mixtures of fine-grained silica flour and micro-glass beads of
variable cohesions and angles of friction represented brittle, dominantly plastically deforming
host rock. We injected two liquids simulating low and high-viscosity magmas, respectively into
both intact and pre-faulted model crust. The temporal evolution of surface deformation was
monitored with photogrammetry to assess how the intrusions interacted with the pre-existing
faults.

In high-cohesion materials, intrusions formed sheet intrusions, and some of their segments
clearly propagated along pre-existing faults. Low-cohesion materials produced subcircular
laccoliths that grew by prominent doming of the model crust. The growth was accommodated
by newly formed structures that were barely affected by the pre-existing faults. Models of
intermediate cohesions exhibit hybrid behaviour where the intrusions both generated new
fractures and partly followed pre-existing fault segments. Intrusions with both tested viscosities
exhibited similar trends, but the hybrid behaviour occurred only when the model magma was
of low viscosity. Furthermore, magma-fault interactions appear slightly less prominent for high-
viscosity magmas.

These analogue models demonstrate that the structural control of pre-existing faults on magma
emplacement is variable and highly dependent on the host rock cohesion. Magma viscosity
seems to play a secondary role for the reactivation of fault structures during magma ascent. Our
findings may be helpful for areas which are dominated by very strong host rock such as basalt,
e.g. Iceland.
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Deformation patterns of the Reykjanes Peninsula unrest
2020-2024, Iceland: evidence for interconnected
neighboring volcanic systems

Halldér Geirsson?, Michelle Parks?, Freysteinn Sigmundsson?, Vincent
Drouin?, Benedikt Ofeigsson?, Chiara Lanzi, Aslaug Gyda Birgisdatir?,
Cécile Ducrocq'?®, Andrew Hooper#, Pall Einarsson?, Kristin Jonsdottir?,
Sigrun Hreinsdottir®, Sonja Greiner! & Hildur Maria Fridriksdottir?

1: NORDVULK, Institute of Earth Sciences, University of Iceland; 2: Icelandic Meteorological
Office; 3: GNS Science, New Zealand; 4: University of Leeds, UK

Neighboring volcanic systems sometimes show evidence of interconnection, for example by in-
flating or deflating either in phase or in anti-phase. We review here the ongoing unrest on the
Reykjanes Peninsula (RP) since approximately 2020, through spectacles of volcano geodesy.

There are several volcanic systems on the RP, from west to east: Reykjanes, Svartsengi,
Fagradalsfjall, Krysuvik, Brennisteinsfjoll, and Hengill. All these volcanic systems, except
Brennisteinsfjoll, have shown deformation signs of unrest in the past years and decades: Three
uplift episodes occurred at Svartsengi during 2020; one or two subtle deformation events further
west on Reykjanes in 2020, and further uplift episodes at Svartsengi in May 2022, October
2023, November 2023, and December 2023 - March 2024. Inflation was detected at Krysuvik
during the summer of 2020; and a M5.6 earthquake occurred in Krysuvik in October 2020.

As of March 4, 2024, three eruptions have occurred at Fagradalsfjall (in 2021, 2022, and 2023)
and three eruptions at Svartsengi (December 2023; January 2023; February 2023). Each
eruption has been preceded by a dike intrusion, often intertwined with complex patterns of
faulting, near-surface fracturing over wide areas, and creep along segments of the plate
boundary. Additional dike intrusions in December 2021 in Fagradalsfjall and in Svartsengi in
November and March 2, 2023, did not breach to the surface. The dike growth has spanned
timescales of just around an hour to several weeks; furthermore, small dikelets accompanied
new vent openings during the 2021 eruption. The dikes were emplaced in the brittle crust, above
~6-8 km depth, spanned several decimeters to meters in thickness, and released locally a great
amount of plate-tectonic stresses. Re-inflation following each eruption or dike intrusion is
usually observed; however, the temporal style of uplift rates varies considerably from time to
time. Co-eruptive deflation was observed during the 2021 Fagradalsfjall eruption, but the other
eruptions have been smaller in volume with little or no detected co-eruptive deformation.

The detailed deformation observations and modeling for the unrest periods reveal complex
interactions of tectonics and magmatism across several volcanic systems on the RP. During
2020-2024, localized deformation and seismicity have alternated between different volcanic
systems on the RP, such that only one system is inflating or erupting at a time. This observation
may be interpreted in terms of deep pressure coupling between the systems. Furthermore, the
deformation events cause significant stress changes at neighboring volcanic systems, affecting
the probability of dike propagation and seismicity as well as conditions for magma
accumulation.
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The Hafnarfjall-Skardsheidi central volcano in West Iceland

Hjalti Franzson

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

Hreggvidur Norddahl?, Halldér G. Pétursson? & Skafti Brynjolfsson?

D Jardvisindastofnun Haskola islands
2 Nattarfreedistofnun Islands

Fyrir um 23 000 arum (cal. a BP) gekk meginjokull islands vestur yfir Rosmhvalanes i att ad
mestu steerdar hans a sidasta jokulskeidi (LGM). Ummerki eftir pessa mestu steerd hans er ad
finna & brdn landgrunnsins allt i kringum landid en likanreikningar stydja einnig vid slika staerd
islenska meginjokulsins. EKKi er vitad hve lengi jokullinn hélt pessari miklu steerd sinni, en
fyrir um 18 000 arum hafdi bran hans horfad inn i Djapal og fyrir um 16 000 &rum var hlysjor
ati fyrir Nordurlandi. Petta tvennt bendir til pess ad a pessum tima hafi hlyir sjavarstraumar a
ny nad strondum landsins. Pad var svo fyrir um 15 000 arum ad jokullinn horfadi upp ur
Jokuldjupi og skémmu seinna var bran hans komin inn fyrir naverandi strond landsins a
Vesturlandi. Til pess ad jokullinn héldist botnfastur, allt par til fyrir um 15 000 &rum, verdur
hérfun hans ad hafa verid med peim heetti ad brun hans hefur eitthvad dregist inn fyrir brin
landgrunnsins, en mest massaminnkun hans hefur ordid vid pynningu pess hlutar hans er var
nedan paverandi sjavarbords. bessi gerd massaminnkunar er forsenda pess ad flotjafnveegi
jokuls og skorpu héldist allt par til jokultungan hvarf ar Jokuldjapi, sjarvarbord meetti landi og
elstu fjorumork & Vesturlandi urdu til fyrir um 14 700 arum i 150 m had yfir sjé i Stora-
Sandholi i mynni Skorradals. Fjorumdrk af svipudum aldri eru pekkt & Vestur-Melrakkasléttu,
i innanverdum Breidafirdi og a utanverdum Reykjanesskaga. Vida a Vestur-, Nordvestur- og
Nordurlandi eru ha fjorumork ofan vid fjorumork af yngri Dryas aldri. Ef pessi hdu fjorumork
hafa 61l myndast vid svipadar kringumsteedur og voru & Vesturlandi fyrir teepum 15 000 arum,
ba ma nota legu peirra til ad gera sér mynd af steerd og I6gun islenska meginjokulsins pegar sa
hluti hans sem var nedan paverandi sjavarbords hrundi og hvarf.

A Mid-Nordurlandi 14 bran jokulsins ymist innan ndverandi stranda eda skammt undan landi
nema pa helst i Eyjafirdi en par, nanar tiltekid i Fnjoskadal, eru visbendingar um ad nyrsti hluti
dalsins hafi snemma ordid jokullaus og i honum myndast jokullon med affalli nordur yfir
Flateyjardalsheidi. | Fnjoskadal eru ummerki um allt ad 10 jokulstiflud 16n med affalli nordur
yfir Flateyjardalsheidi. Ummerki fjégurra elstu I6nanna eru vardveitt i setldogum en ummerki
tveggja yngri lona eru vardveitt beaedi i setlbgum og strandlinum i hliGum Fnjoskadals.
Jardlagafraedilegar rannsoknir hafa leitt i [jos ad pessi 16n urdu til hvert a faetur 60ru pannig ad
eitt 16n teemdist og pad neesta vard til. Til pess ad petta geeti ordid pa vard jokulstifla i
Dalsmynni ad veikjast pad mikid ad vatn geeti rutt sér leid Gr 16ninu og til Eyjafjardar og eflast
SV0O a ny pannig ad nytt 16n med affalli um Flateyjardalsheidi vard til i Fnjoskadal. bPetta
endurspeglar ad & timum pessara l6na var sterd og pa um leid stiflumeetti jokultungunnar i
Dalsmynni breytilegt, jokull ymist hérfadi eda gekk fram.

Jardsaga pessa svaedis er vardveitt baedi i setldgum og landformum. A Flateyjardalsheidi hefur
jokull i fyrstu horfad til sudurs og upp & vatnskil heidarinnar en pa myndudust jokularaurar
framan vid jokulbrdnina en i joklinum sjalfum myndadist gridarlega mikill malaras, sem til
nordurs greindist fyrst i tvo malaras og svo i flokid net smarra malarasa. | Ut-Fnjoskadal
safnadist gifurlegt magn sets fyrir og i opnum vid Mela eru ummerki um fjogur elstu l6nin.
Sum pessara setlaga hafa aflagast pegar jokull i Fnjoskadal gekk itrekad nordur yfir pau.
Greinilegar strandlinur urdu til vid strendur tveggja naestu jokullona og vid peer safnadist set og
myndadi Oseyrar, adra austur undan Vikurskardi og hina austan I6nsins gegnt Dalsmynni.
Strandlinur pessara tveggja I6na fara haekkandi til sudur og er hvor peirra med sinum halla.
Med pvi ad notfaera sér pekkt samband halla strandlina og tima kemur i 1jos ad aldur pessara
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tveggja lona og strandlinur peirra myndudust fyrir um 15 000 og 13 000 arum sidan, aldur sem
beint tengir pessi jardsog i Ut-Fnjoskadal vid hrun meginjokuls Islands og upphaf sidjokultima.
Pessu nast horfudu joklar landsins inn til midhalendisins og a peim tima vard stor hluti landsins
jokullaus og afsteett sjavarbord vard hvad leegst. A Nordausturlandi runnu hraun sem sidar foru
undir jokul yngri Dryas timans.

- 5 - 7R
7 &k / \\ - N\ / \\
4 / /N N X Y, y
// / 7 / L . S b 2 _#y
= \ C
7 | (4 / / | )N 30 )
7 / // [ ) | : A ®/60° * /
/ -8 /S [ b \*LGS - g 2" i
/ l B Y éO* = o o
x Iy L A 4
( ? * 65 A
& A *x o
_ N 90 Y’ ‘ * o
s ™7 o | * [ t &
95 , ) = N e =
S 2 e
*:‘ '95 ‘\ -
i 5 | -
¥/ i
%* 110 =
Py &
/ - N
s I\ -4
/ = 150\ J
2 {®) D ;
A s 9 105 y
b_2™ 4 o !
© /
/ W\ &
/ 70 VY
/ Kk M %
/ [} — N X
/ ¥ L1t N\
i . 2N \\\ s
) / \ NS \ -
N 7N > %
< /\ | " > ;\ =
Vg L7 ) L — (3 s
\ s - 5 A & Ny 100 km
e - "

Meginjokull slands vid upphaf sidjokultima

24



Vorréadstefna Jardfraedafélags Islands
8. mars 2024

Triggered earthquakes in the Hjalli-Olfus area (Hjallahverfi)

Ingi Porleifur Bjarnason

Institute of Earth Sciences, University of Iceland.

When it comes to earthquake damage no locations are mentioned more often in the Icelandic
Annals than the Hjalli farm in Olfus in South Iceland. Historical records, extending back to the
11™ century, are not expected to be complete, which suggests (underestimation of damage) a
minimum frequency of damage. On average once or twice in a century, has the Hjalli church
farm collapsed due to earthquakes (Halldorsson et al, 2013). Farms in the neighborhood of
Hjalli (Hjallahverfi) have suffered similarly. Sometimes earthquake damage is reported only at
Hjalli and Hjallahverfi, while in other times Hjalli and Hjallahverfi suffer from earthquakes
with epicenters several km away. This applies to the year 1706 during the Olfus earthquake,
epicenter ~6 km away from Hijalli, year 1784 of Fléi earthquake, epicenter of ~14 km distance
from Hjalli, and in year 1896 of the Olfus earthquake, epicenter ~6 km from Hijalli.
Explanations for the high vulnerability of Hjallahverfi to earthquake hazards will be discussed
in the talk presented.

In a period of crustal deformations and inflation of the crust close to Hengill VVolcano in the
years 1993—1998, an intense seismicity was triggered in the Hengill region, and that activity
spread to Hjallahverfi, ~15 km south of Hengill. The Icelandic Meteorological Office recorded
over 20.000 earthquakes during these years in Hjallahverfi, most of them of magnitude less
than 2.0 (Mlw) (micro earthquakes). The activity culminated on June 4th 1998 with an
earthquake of 5.4 Mw near to Hengill on a N-S fault. Aftershock activity of this earthquake
extended some ~10 km south to Hjallahverfi. The Hengill earthquake was followed by two
mainshocks in Hjallahverfi some 5 months later, a magnitude 5.1 (Mw) on November 13th
1998 and a second mainshock (on a different fault) of magnitude 4.8 (Mw) ~24 hours later. The
first mainshock was on a ~ENE-WSW, striking near vertical fault, and the second mainshock
was on a ~N-S, striking near vertical fault located 5 km east of the first mainshock
(Parameswaran et al, 2020). The rupture planes of the two mainshocks were approximately at
2-8 km depths and ~9-10 km long, in the first mainshock, and ~3.6 km long in the second
shock. Focal mechanism and aftershock distribution of the first shock suggests left-lateral strike
slip fault with oblique normal component, and for the second mainshock a right-lateral strike-
slip fault with oblique normal component. There was a clear foreshock activity of ~48 hours
preceding the first mainshock. A seismic pattern suggests that in the first ~24 hours of the
sequence, foreshocks were braking ~N-S striking fault (asperities) followed in ~24 hours by
adjoining orthogonal E-W fault. The mainshock, even though not well located, was close to the
intersection of the N-S and E-W foreshock activity (Parameswaran et al, 2020).

Discovery of a major ~ENE-WSW fault directly under Hjallahverfi (Parameswaran et al., 2000)
explains to a certain extend high earthquake hazards in Hjalli area. Maximum shaking in
earthquakes takes place in the immediate vicinity of fault areas. | postulate that movement on
this fault was triggered by large Olfus earthquakes in 1706 and 1896, respectively, and by the
large Floi earthquake in year 1784. If neighboring large earthquakes are able to trigger the
~ENE-WSW Hjalli fault, it may be a rather ‘weak’ (easily slippable) fault. The oblique normal
component in strike-slip earthquakes on this fault observed in years 1991-1999 (Parameswaran
et al. 2023), suggests a reduced minimum horizontal compression, which helps in maintaining
them weak. However, Parameswaran et al. (2023) showed that the stress field in Hjallahverfi
fluctuates between the transtentional stress field of the Reykjanes peninsula and the stress field
of the South Iceland transform. Hjallahverfi is on the boarder of the Reykjanes Peninsula and
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the E-W trending South Iceland transform zone. The Hjalli fault may therefore fluctuate
between weak and strong states, thus generating variable destructive earthquakes.

Other factors playing a part in high earthquake hazards in Hjallahverfi are N-S strike-slip faults,
which are mapped north of the area. Some of them extend into the Hjallahverfi (Parameswaran
et al., 2000). A factor, which has not been confirmed, is a possible thick sedimentary sequence
adjacent to Hjallahverfi, created by the largest river in Iceland, the Olfusd River. Thick
sedimentary cover amplifies seismic waves.
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Aldur jokulgarda og jokulhorfun a Jokuldalsheidi og
Bruaroraefum
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4Gettysburg Collage, PA

Kortlagning jokulreenna landforma og setlaga & undanférnum &rum endurspeglar legu fornra
isstrauma i islenska isaldarjoklinum & Nordausturlandi. Einn peirra teygadi sig fra isaskilum yfir
naverandi Vatnajokli og Gt i Vopnafjord. Talid er ad pessir isstraumar hafi verid virkir fram &
Yngra Dryas skeidid. Lega strandlina bendir til ad pa hafi jokulrondin legid vid naverandi
strond. Stada jokulsins & Preboreal skeidi hefur verid aldursgreind i Hofséardal i Vopnafirdi um
11,000 ar. Neesta jokulstada med pekktan aldur er sidan vid nordurjadar Vatnajokuls fra 1810-
1890, um 100 km innar i landinu. Ymis gdgn benda til ad leifar isaldarjokulsins hafi verid ad
mestu horfnar fyrir um 9000 arum, og jafnvel fyrr. Hradi og mynstur horfunar jokulsins hefur
hins vegar verid illa pekkt fram til pessa.

A Jokuldalsheidi og Braaréraefum eru vida jokulgardar og endasleppir sandar sem benda til ad
horfun isaldarjokulsins & natima hafi verid 6samfelld. Arid 2022 var hafist handa vid ad
aldursgreina jokulgarda a Jokuldalsheidi og Bruarérefum med gjéskulagafraedi og mealingum
a ahrifum geimgeislunar & berg eda set sem kemur undan jokli (e. cosmogenic nuclide exposure
dating) til ad varpa ljosi a hrada og mynstur jokulhérfunarinnar. Um 30 synum til greininga &
afhjupunaraldri ((e. exposure age) hefur verid safnad & um 120 km léngu snidi fra strondu i
Vopnafirdi fast ad nordurjadri Vatnajokuls. Fyrstu nidurstédur benda til ad afhjupunaraldur
Skessugards sé 10.900 ar og Fiskidalsgards 10.200 &r. Fyrstu nidurstadna af Burfellsgardi og
porlaksmyragardi & Bruar6reefum er ad veenta 4 vormanudum 2024. Frumathuganir &
gjoskuldgum i jardvegssnidi innan vid borldksmyragard gefa til kynna ad hann geeti verid eldri
en 10.300 éara. betta kann ad benda til pess ad jokulhorfun hafi verid enn hradari og lokid fyrr
en &dur hefur verid talid. Unnid er ad pvi ad sannreyna pessar athuganir med frekari greiningum
og feltvinnu.

Med tengingum aldursgreininga vid landmotun eykur mun verkefnid auka pekkingu okkar &
hnignun islenska isaldarjokulsins og varpa ljosi & proun storra jokla a timum hlynandi loftslags.
Nidurstodur verkefnisins nytast einnig vid ad skorda likdn fyrir proun islenska isaldarjokulsins.
ba eykur verkefnid pekkingu okkar & jardgrunni, sem almennt er litt kortlagdur & islandi.
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Marine Carbon Dioxide Removal (mCDR): Not that simple

Jon Olafsson

Jardvisindastofnun Haskélans, Oskju, Sturlugétu 7, 101 Reykjavik
Key objectives of the 2015 Paris Agreement were to limit global warming to well below 2 °C.

The Intergovernmental Panel on Climate Change (IPCC 2018) pointed out that to meet the
objective, gigatonne amounts of CO> need to be removed from the atmosphere in addition to
reducing CO2 emissions. Several approaches for mCDR have therefore been proposed. They
are mostly based on amplifying biological and geochemical processes. The best-known
approach are the lIron Fertilization Experiments (1993-2009). Public agencies and private
companies are already developing techniques for mCDR.

The scientific community in the US has reacted by bringing forward in a report, the state of
knowledge for the most relevant mCDR schemes (1). In Europe a Guide to Best Practices Ocean
Alkalinity Enhancement (OAE) was published simultaneously with opening of the COP28
meeting a few months ago (2). Here, the basis for mCDR will be discussed as well as some
known mCDR approaches.

The N-Atlantic Ocean is generally regarded as a natural CO; sink. The carbon chemistry
characteristics of the relatively warm Atlantic Water, which currents bring to the southern
shores of Iceland, have been included in 40 years of observations by the Icelandic Marine
Research Institute (3). The feasibility of running mCDR operations in this region will be
examined.
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lavas in Reykjanes
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Gas emissions from basaltic eruptions occur both syn- and post-eruptively. The atmospheric
loading resulting from the latter, taking place as the lava cools down and solidifies, is poorly
characterised and its environmental impacts are largely unknown. Because of the release of
toxic metal, it appears critical to study this process and assess potential environmental and
social impacts. Characterising post-eruptive degassing can be attempted either by direct
sampling of the gas emitted at solidifying lava flow or by analysing the degassing structure
(segregation veins and vesicles) from already crystallised lava bodies. The 2021-2023
Fagradalsfjall eruptions allowed sampling of both the syn- and post-eruptive gas phases.
Segregation veins from prehistorical olivine tholeiite lavas (similar to those of Fagradalsfjall)
have been investigated, together with their host lava. Major and trace volatile element
concentrations, particularly those of the toxic volatile metals and metalloids (VMM), were
measured in the gas and rock samples. The gas analyses reveal distinct VMM composition of
the gas emitted syn- and post-eruptively, with a clear tendency for Zn, Mo and Sb to degas after
the eruption, whereas Te, Cd and Bi are predominantly released syn-eruptively. Among the
segregation veins sampled, several showed anomalous enrichment in numerous VMM,
indicative of the post-eruptive gas phase composition. Molybdenum is largely enriched in these
veins whereas Cd enrichment is low, reflecting gas phase rich in the former but poor in the
latter. Taken together, both approaches indicate substantial atmospheric loading of As, Pb, Sb
and Mo post-eruptively resulting in potential hazard around newly erupted lava bodies such as
in Svartsengi.
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Geochemistry and petrology of the 2023-2024 eruptions at
Svartsengi volcanic system
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Merill, Nicolas Levillayer, Noémi Léw, Rebekka Hlin Runarsdéttir & Séley
M. Johnson

Institute of Earth Sciences, University of Iceland

Before the eruption of lava in December 2023 we had to rely on indirect observations to infer
the behaviour of the magmatic system beneath Svartsengi. The chemical composition of lava
and its crystal cargo retains a memory of its journey to the surface, allowing us to place more
direct constraints on where the magma is accumulating before eruption and the nature of this
magma storage domain. The results from geochemical and petrological analysis provide context
for the interpretation of geophysical signals during the ongoing unrest. We will present our first
results from characterising the material erupted at the Sundhnuksgigar craters in the 2023-2024
eruptions, and what implications this has for the ongoing unrest.
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Estimating deformation source parameters using a 3D
elastic Finite Element model including topography and
crustal heterogeneity at Askja, Iceland
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Institute of Earth Sciences, University of Iceland, Sturlugata 7, 1s-102 Reykjavik, 2Uppsala
University, 3Icelandic Met Office.

Surface deformation can be used to investigate subsurface processes at active volcanoes. The
use of forward and inverse modeling, by constraining deformation source parameters, can help
to improve our understanding of these processes. Advanced Finite Element models (FEMs)
allow for the customization of these models to each volcanic system and improve the
understanding of the system, which may be valuable during future periods of unrest. Askja
volcano, Iceland, is located in the Northern Volcanic Zone. After subsiding since 1983, Askja
began uplifting in August 2021 and has since uplifted >70 cm at GNSS station OLAC (west of
Oskjuvatn) and as of March 2024, is still uplifting.

An elastic 3D FEM of Askja was implemented incorporating realistic topography and 3D
crustal heterogeneity, from seismic tomography, to investigate the inflation signal using
COMSOL Multiphysics. An inversion was performed using the continuous GNSS data from
Askja from September 2021-2022 to estimate the following deformation source parameters:
latitude, longitude, depth, and pressure change on two source geometries: spherical and sill-
like. The inclusion of topography and crustal heterogeneity in a FE model with a spherical
source produced a best fit solution at Askja that is similarly located to the flat, homogeneous
FE and analytical models, but is ~1 km deeper. For a sill-like source the depth was increased
by ~300 m and the pressure change was reduced slightly compared to the flat, homogeneous
FEM. In both cases the FEMs with topography and crustal heterogeneity produced a better fit
to the observed data than the flat, homogeneous models.
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Mottulstrokur og basaltkvika ur 2021-2024 gosum a
Reykjanesi
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Gosin i Geldingaddlum, Meradélum og Litla-Hrut, sem og stuttu gosin prju &
Sundhnuksgigarddinni nordan Grindavikur veita nyja innsyn i kvikukerfi og myndunarstadi
basalts undir Reykjanesi. Basalt sem gosid hefur & sidustu pdsund dégum, eda fra 19. Mars
2021, er af 6livin poleiit samsetningu med ovenju breytileg samseetuhlutfoll Sr. Flest islensk
basaltgos sem konnud hafa verid framleida kviku med einsleit hlutfoll 8’Sr & moti 86Sr. Sem
deemi er breytileiki 8’Sr/%8Sr i allri sogulegri gjosku Grimsvatna og Skaftareldahraunum 2-3
sinnum minni heldur en i sex manada gosi Geldingadala.

Fyrstu 50 daga gossins i Geldingaddlum jokst 8/Sr/%Sr gildi kvikunnar reglulega ar 0,70310 i
0,70321 (2s meeliskekkjan er 0,00001). Breytileikinn hefur verid skyrdur med tvipattabléndun
6likra mottulkvikna & morkum skorpu og moéttuls (Semundur Halldérsson o.fl. 2022). Fra mai
2021 og til loka gossins i september sveifladist samsetning basaltsins fra 8’Sr/®Sr gildinu
0,70317 til 0,70321 med 53 daga bylgjulengd, sem synir kvislun i kvikukerfinu. Jafnframt
bendir bylgjulengd sveiflunnar til lagmarks rishrada fra séfnunarsvaedi kvikunnar til yfirbords
um 280 daga & dag, eda 3,3 x 10~ m/s. Flest bendir til ad pegar kvika med laeegra 8’Sr/%Sr vard
uppurin ad pa heetti gosid. Tiu manudum sidar héfst gos i Meraddélum. Kvikan sem par gaus
sem og vid Litla-HrGt sumrin 2022 og 2023 var basalt med svipudu 8’Sr/%Sr og haestu gildin tr
Geldingaddlum. Liklegast er talid ad peer kvikur hafi komid ar vel bléndudum skammlifum
kvikuhélfum i skorpunni.

[ ok &rs 2023 og byrjun 2024 toku eldar sig upp i gémlu Sundhniksgigarédinni. Stutt, kréftug
gos framleiddu basalt med mikinn breytileika i samsatuhlutféllum Sr, sem spannadi bilid
0,70316-0,70323. Slikur breytileiki i orstuttum gosum bendir til ad kvikan hafi komid ar
mismunandi kvikuhélfum og/eda Gr pad punnum og breidum laggangi (sillu) ad hinar
mismunandi kvikur hafi ekki ndd ad blandast saman fyrir gos.

A0 stofni til virdist nyjasta kvikan vera af peim sama og st sem gaus i Geldingadélum. Basalt
med &7Sr/8Sr allt ad 0,70323 hefur ekki fundist fyrr & Reykjanesi en eru algeng inn til landsins,
t.d. i Grimsvotnum. Hvort pessi kvika bendi til aukinnar virkni méttulstroksins undir Islandi
skal Osagt latid enda um mjog o6likan timakvarda ad reeda og mottulstrokurinn veentanlega
breytilegur ad samsetningu.

Tilvitnun:
Semundur A. Hallddrsson og 29 medhdfundar (2022) Rapid shifting of a deep magmatic source at Fagradalsfjall
volcano, Iceland. Nature 609, 529-534.
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Fault ruptures, a key to tectonics, and major hazard from
1906 in San Francisco, California to 2023 in Grindavik,
Iceland
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Reykjavik, Iceland *gregoryp@hi.is

Three key outcomes of tectonic systems are the formation of faults, that when they slip generate
earthquakes of all sizes, and the formation and sustenance of volcanic systems that oftentimes
utilise faults as pathways for migration to the surface. Deformation in the brittle zone of the
crust can be generally discussed in terms of elastic (or recoverable deformation), think the slight
doming of the crust near Svartsengi, Iceland prior to the recent 2023-2024 eruptions or inelastic
(or non-recoverable) deformation like fault ruptures. Inelastic deformation, outlined by Hook
in the 17" Century, is most visible along faults that accommodate tectonic deformation, either
as fault ruptures with stick slip behaviour or during episodic or continuous fault creep. The
1906 Mw 7.9 earthquake in San Francisco provided some of the first clear evidence of fault
scarps and the interrelationship with earthquakes and importance of slip along geological
faultlines. Although the 1906 event was critical to the development of seismology, structural
geology, earthquake geology and geophysics, not much was done to understand and reduce the
risk from active faultlines, until the fatal Mw 6.6 San Fernando California earthquake in 1971.
Because of the impacts on infrastructure from this event, the Alquist-Priolo Geologic Hazard
Zones Act was created and implemented as law in California. This has the goal of reducing
damage and losses due to fault creep and surface fault ruptures. The act restricts construction
of buildings designed for human occupancy across potentially active faults and is a model for
other legislation now in place in New Zealand and Japan to reduce risk to infrastructure and
people. The 2023 Grindavik Graben, which in fact is a classic horst and graben and formed over
a short period starting in on November 10" 2023. This is the first example of fault ruptures in
Iceland that caused major infrastructure damage (at least 105 Billion ISK damage - or 2% of
the GDP) to Iceland's economy. Most of the main faults that moved in 2023 are present in pre-
development airphotos which shows they have moved prior to 2023 during the post-glacial
period (i.e. the Holocene). Most of the damage is from strong ground motions during
earthquakes, fault ruptures from the normal faults and fissures that ripped apart the town, and
at least one eruption (Jan 14, 2024) that utilised one of the horst bounding normal faults as a
migration pathway to the surface that destroyed 3 homes with the ensuing lava flow. We cannot
go back in time to select a less hazardous location for the site of the town of Grindavik, but we
can learn from the mistakes made globally of building along active fault lines. Avoidance of
active faults is critical for new development in Reykjavik and Iceland and redundancy of linear
infrastructure should be made with fault crossings in mind.
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Deconvolution of high and low temperature alteration
processes along the contact zones of basaltic-dike
intrusions in basaltic host rocks of different permeabilities
— implications for geothermal exploration
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Magmatic intrusions serve as crucial heat sources for geothermal systems, facilitating mass
transfer, mineral transformations, and elemental exchange, which result in the formation of
contact aureoles. While these processes have been extensively studied in large intrusive
complexes in ancient geological formations, understanding of their occurrence in active
geothermal systems remains limited. The extreme conditions present in active volcanic systems
often obscure the geochemical processes occurring within host rock/intrusion zones. In regions
with active geothermal activity, such as Iceland, approximately 50% of drill cuttings consist of
50 cm-thick intrusive lithologies. However, uncertainties persist regarding whether these
relatively small dike intrusions possess sufficient heat content to induce textural or geochemical
changes in the surrounding wall rock, and what implications this may hold for future
exploratory drilling projects. The analyses conducted on two distinct outcrops, each featuring
50-cm thick basaltic intrusions within both high and low permeable basaltic host rocks, within
the fossil volcanic system of Geitafell, reveal the formation of high-temperature mineral phases
(>800°C) such as K-feldspar-Hedenbergite-Albite rich plagioclase in the contact zone. with
certain elements (such as Si and Na) exhibiting more pronounced mass gain and/or loss,
particularly in permeable host rocks. Conversely, immobile, incompatible trace elements retain
the signatures of contact metamorphic processes. A low degree of partial melting (F ~ 10%)
results in a compositional shift in the host rock, transitioning from basalt to dacite and/or
trachyandesite in the low permeable host rock, while a similar degree of partial melting (F =
5%) in a highly permeable basaltic rock forms dacite compositions (Figure 1). This suggests
that these small dikes, along with their partial melts in the contact zone, can elevate the ambient
temperature up to 5 meters around the dike for a few years. These events play an important role
in the development of active geothermal systems. In theory, these small dikes do not pose a
significant risk during geothermal drilling, unless they are exceptionally small and not related
to a relative recent volcanic event (less than 3 years).
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Figure 1. Zr/TiO; versus Nb/Y diagram showing the transition from the composition of the reference host rock
towards more evolved compositions within the contact zones of both outcrop 1 and 2 as a result of partial

melting.
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Gosvirkni a Reykjanesskaga — likleg préoun i ljési fyrri
eldvirknitimabila

Magnis Tumi Gudmundsson?, Halldér Geirsson® & Magns A.
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2.Islenskar Orkurannséknir, Urdarhvarfi 8, 203 Képavogi

Pegar horft er til seinni hluta Nutima, syna jardfreedikortlagning og aldursgreiningar ad
Reykjanesskagi hefur gengid i gegnum eldvirknitimabil sem virdast standa i 4-6 aldir og sidan
koma timabil &n gosa sem standa i 6-8 aldir. Eldvirknin & sidustu 4000 arum er allvel pekkt.
Pegar horft er lengra aftur, verdur sagan nokkud gloppott einkum vegna skorts a aldurs-
greiningum. Hegdun Reykjanesskaga & undanfornum gostimabilum mé nyta til ad spa fyrir um
framgang pess eldvirkniskeids sem nu er nyhafid. begar hugad er ad magni kviku sem myndar
innskot i stokka hluta jaroskorpunnar (efstu 5-6 km) og kemur upp & yfirbord, ad mestu sem
hraun, ma meta sennileg ahrif hvers gostimabils; vid hverju megi bulast i ljosi jardskorpu-
hreyfinga og goshegdunar fyrri gosatimabila.

Pl6tuskilin fra Reykjanesta austur i Hengil eru um 80 kilémetra 16ng. Pau mynda u.p.b. 25-30°
horn vid rekstefnu platnanna. Rekhradi er um 18-19 mm/ari og pvi er pattur opnunar um
plétumotin ad medaltali 7-9 mm/éar (Clifton og Kattenhorn, 2006). A 1100 arum, einni lotu
goshléss og eldvirknitimabils, nemur heildaropnunin pvi 7,5 - 10 m. bessi opnun virdist ad
mestu eiga ser stad a eldvirknitimabilunum pegar gangar myndast og eldgos verda. Hér er gert
rad fyrir ad kvika fylli i opnunina i 5-6 km pykkri stokkri skorpu. Til pess parf 3-4,5 km® af
kviku. Ef brotahreyfingar leggja til umtalsverdan patt jardskorpuhreyfinga minnkar matid a
heildarrammali kviku. Hraunin sem upp komu & sidasta eldvirknitimabili (timabilid ~800-1240)
pekja rimlega 220 km? og ef medalpykktin er & bilinu 10-15 m er rammal hraunanna 2-3 km®.
pessar tolur benda til ad heildarmagn kviku sem er & ferdinni & hverju eldvirknitimabili sé 5-8
km? og par af séu hraunin vel innan vid helmingur. Medaltalsinnflaedi (innskot og hraun) var
pvi 1,2-1,8 km? & 6ld, sem pydir um 0.4-0.6 m%/s ad medaltali yfir allt timabilid. Fra pvi
gosvirknin hofst i Fagradalsfjalli fyrir premur arum hafa komid upp nélaegt 0,2 km? af hrauni
og rummal nyrra gangainnskota i stokka hluta skorpunnar & sama timabili er svipad. Ekki sér
fyrir endann & peirri hrinu kvikuséfnunar sem nd er i gangi undir Svartsengi og nagrenni med
tidum innskotum og eldgosum. Virknin geeti haldid afram i einhver ér.

Ef horft er til hvers eldvirknitimabils, hversu storan hluta timans méa reikna med ad gangi a med
eldgosum og innskotum? Ef innstreymi kviku i skorpuna a slikum timabilum nemur ad jafnadi
~5 m3/s, svipad og nl sést vid Svartsengi, pydir pad ad samanldégd lengd timans med virku
innflaedi veeri 30-50 ar. betta myndi pyda ad innskota- og gosvirkni veeri vidvarandi 5-10%
timans pau 450-600 ar sem eldvirknitimabilin vara. Eldstodvakerfin a Reykjanesskaga fra
Reykjanesi austur i Hengil eru talin 5-6 og samkvamt fyrri rannéknum hefur yfirleitt adeins
eitt peirra verid virkt i einu. Virkni i hverju kerfi virdist na yfir aratug eda nokkra aratugi sem
bendir til ad virkt innrennsli kviku sé yfirleitt af somu steerdargradu og nt sést undir Svartsengi
og nagrenni. Jafnframt méa draga pa alyktun ad innfleedid i hverju kerfi sé ekki samfellt, heldur
komi timabil med litlu eda engu innflaedi og sidan timabil med innskotum og eldgosum. EKKki
er haegt ad utiloka ad & Reykjanesskaga komi eldgos sem varu miklu steerri en pau sem urdu &
sidasta eldvirknitimabili. Pad veeru pa eldgos par sem rdmmal hrausins sem myndast veeri
verulega umfram 1 km?® Engin slik hafa p6 ordid a sidustu 4000-5000 arum.
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Petrochemical evidence for hydraulically linked magma
reservoirs during the 1975-1984 Krafla Fires
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The 1975-1984 Krafla Fires in northeast Iceland was the first plate-boundary rifting episode to
be tracked using seismic and geodetic monitoring. Conceptual models of magma transport
during plate spreading were developed based on geophysical observations from this episode,
but complementary petrologic investigation may result in a more detailed, thorough
understanding of the events. Here, we present the petrochemistry of all nine Krafla Fires basaltic
eruptions which we supplement with new radiogenic isotope data (Sr-Nd-Hf-Pb). Our large
dataset of new whole-rock, matrix glass and mineral analyses from samples collected during or
shortly after each eruption reveal a clear compositional bimodality in the erupted magmas that
persisted across the episode, with evolved quartz tholeiite (MgO = 5.7-6.4 wt.%) erupted inside
Krafla caldera, and more primitive (usually olivine-normative) tholeiite (MgO = 6.4-8.7 wt%)
erupted north of the caldera margin. Barometric calculations indicate tapping of these magmas
from distinct reservoirs: a primitive lower-crustal reservoir at a most probable depth of ~14-19
km, and a more evolved, shallower reservoir at a most probable depth of ~7—9 km beneath the
caldera. These reservoirs were tapped simultaneously in several of the nine eruptions, and in
some events the two magma types mixed near the northern caldera margin. These observations
are inconsistent with the widely-held view that the eruptions were entirely fed by lateral magma
outflow from the shallow reservoir. They instead require some decoupling of the flow paths of
the two magma types. However, coupled geophysical and petrologic observations suggest a
sustained hydraulic connection between the deep and shallow reservoirs. Comparison of the
Krafla Fires with other rifting events and eruptions highlights the complexity and diversity of
magma transport during plate boundary rifting events, which is not yet captured by a
generalizable model. Integration of petrologic, geochemical and geophysical data is essential
to provide a holistic view of future rifting events in Iceland and at other spreading centres.
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Orsok og aldur framhlaupa a islandi
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Steerstu skridufoll & islandi eru framhlaup eda berghlaup sem verda pegar storar spildur brotna
ar berggrunni. Spildurnar ymist falla eda skrida nidur dal- og fjallshlidar, brotsar myndast par
sem berggrunnurinn brestur og uppbrotin urd & Gthlaupssveedi framhlaupsins sest oft til i
fjolbreyttu héla- og hryggjalandslagi. Framhlaup & islandi eru fjolbreytt ad staerd, atliti og
uppruna, en sterst og algengust er pau i tertier jardlagastafla landsins og pa sérstaklega i
fjalllendi mid Nordurlands, Austfjarda og Vestfjarda. Jardlagastafli pessara svaeda er fremur
einsleitur, byggdur upp af basalt hraunlégum med punnum setldgum & milli. [ jardlagastaflanum
leynast fornar megineldstodvar & kafi i hraunlagastaflanum. Vegna virkni megineldstédvanna
er talsverd oOregla sem skapar Ojafnveegi og veikleika jardlagastaflanum i néagrenni
eldstédvanna, svo sem sprungur, gangar, stadbundinn mikill jarélagahalli og sar ummyndud
gjoskulég. Mikid jokulrof & jokulskeidoum sidustu 3-4 miljon ara hefur myndad brattar dals- og
fjallshlidar og i nokkrum tilfellum afhjapad fornar megineldstddvar og veikleika jardlaganna
umhverfis peer.

Rannsoknir & berghlaupum landsins eru fremur stutt & veg komnar en nylega var lokid vid
kortlagning & utbreidslu og umfangi berghlaupa & landsvisu sem var &geetis afangi.
Kortlagningin synir ad lang flest og steerstu berghlaup landsins er ad finna & umraeddum
tertiersveedum og oft i nokkurskonar pyrpingum umhverfis jokulrofnar fornar megineldstodvar.
Gegnum tidina hafa auk pess verid gerdar aldursgreiningar og kannanir 4 adstedum og
hugsanlegum skyringum nokkurra berghlaupa. Almennt er talid ad flest berghlaup séu fra pvi
skdmmu eftir ad jokla leysti & landinu og peir haettu ad stydja vid brattar og 6stédugar hlidar
tertiersveedanna. Yfirbordsummerki eins og vedrunarstig bergbrota, jardvegsmyndanir og
grodurpekja eru hinsvegar mjog mismunandi & milli berghlaupa. Kénnun & jardvegssnioum
med studningi gjéskulagarannsdkna benda til ad flest stéru framhlaupanna séu fra pvi snemma
anatima, p6 nokkur berghlaup virdast tilkomin um midbik nutima, en stoku litil berghlaup hafa
fallid sidustu aldir og allt fram & sidustu aratugi. P4 hafa nylegar athuganir byggoar &
radargdgnum stadfest grun jardfraedinga sem byggdist & tulkun jardfreedilegra ummerkja ad
talsverdur fjoldi berghlaupa er & haegri hreyfingu, sem sagt silast eda hreyfist i rykkjum undan
halla vegna 0ljés samspils milli setgerdar og vatnabuskaps i framhlaupsurdunum.

b6 berghlaup & Islandi virdist mjog tengd ahrifum fornra megineldstédva & stodugleika jardlaga
og jokulrofi i dals- og fjallshlidum asamt fargléttingu af 6stddugum hlidum vid jokulhérfun, pa
skipta vissulega fleiri paettir mali og eru mogulega afgerandi i tilfellum einhverra berghlaupa.
Hugmyndum um mikilveegi sérstaklega hrads og mikils landris i kjolfar jokulhdrfunar af
landinu hefur verid varpad fram i tengslum vid mikinn fjolda berghlaupa i byrjun natima. Sur
og leirrik ummyndud gjoskuldg sem hafa pann eiginleika ad verda mjog hal eda fledandi
komist raki eda vatn ad peim hafa einnig verid greind i pénokkrum berghlaupum og rakin til
surra gjoskulaga a upptakasvedum berghlaupanna. Liklegt er talid ad ors6k sumra berghlaupa
tengist tilurd sikra gjoskulaga & upptakasvadi berghlaupanna. | Olpunum hafa
grunnvatnsadstaedur og breytingar & peim verid taldar tengjast orsokum sumra berghlaupa par.
Sér i lagi hnignandi sifreri med tilheyrandi breytingum a grunnvatnsastandi i bergi. bvi er vel
mdogulegt ad hnignandi sifreri i fjollum landsins vid hlynandi loftslag a fyrri hluta natima hafi
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att sinn patt i orsokum berglaupa a peim tima. Pa eru ahrif jardskjalfta & stodugleika fjallshlioa
og tilurd berghlaupa 6kénnud & Islandi og ma vera ad storir jardskjalftar hafi ytt undir tilurd
einhverra berghlaupa. Steerstu jardskjalftar sidust alda hafa péd einungis valdid grjothruni og
minnhattar skriduféllum hér & landi.

Liklega skyrast berghlaup sjaldnast af einum orsakapeetti, talid er ad oftast vegi pyngst samspil
milli undangraftrar jokla og jardlagauppbyggingar, par vega pungt oregla og veikleikar i
jardlagastaflanum sem tengjast virkni fornu megineldstédvanna, pa er minna vitad um ahrif
annara litt kannadra patta eins og landris, &standsbreytinga grunnvatns og jardskjalfta i pessu
samspili.
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Causes and consequences of the large-scale
displacements on the Siglufjardarvegur road in the
Almenningar area, central N Iceland
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Since the Siglufjardarvegur road, in the Almenningar area in central North Iceland, was
constructed in 1968 extensive damages have occurred on and along the road, often causing
hazardous conditions. The road crosses three landslides on a 6 km along the coastal area on the
eastern side of the Trollaskagi Peninsula. All of these landslides show clear indications of
movement. In 1977 the Icelandic Road and Coastal Administration began to monitor the
deformation. In the beginning the measurements were achieved with several years interval, but
over the last decades yearly measurements have been performed. In the year 2022, nine GNSS
stations were installed along the road and a rain gauge was also installed in the area. This
installation gives us for the first time the possibility of 24/7 monitoring on the displacements
and a direct connection to weather variations, such as temperature variation and precipitation.
The dataset, which spans now over 45 years, gives us a unique opportunity to correlate the
displacements to external factors. Written source of deformation in the area dates back to 1916
and since then more than 50 movement events have been registered affecting the road.

Recent studies of the movement of the whole landslides masses, both using “feature tracking”
and InSAR shows clearly that the whole landslide areas show signs of movement, but of
different rate and the movement occurs on different parts of the landslides masses between
years.

Our studies show that the highest movement rate takes place along the frontal parts of the
landslide masses and that the movement is strongly related to both weather variations, e.g.
precipitation and snowmelt and also to coastal erosion.

Extensive damages occur on this part of Siglufjérdur road every year, often causing hazardous
condition, which makes the prospect for the road not bright.
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