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Avarp formanns Jaréfraedafélags islands

Haustradstefna Jardfreedafélags Islands arid 2017 er tileinkud ad pessu sinni premur
heidursgestum sem allir hafa ndd peim merka afanga ad verda sjotugir i ar. peir eru préfessor
Pall Einarsson jardedlisfreedingur vid Haskola islands, Cand. Scient. Benedikt Steingrimsson
edlisfreedingur, fyrrverandi adstodarforstjori ISOR og Dr. Hjalti Franzson jardfraedingur &
ISOR. Starfsvettvangur peirra hefur legid innan jardhniks (tektonik/jardskorpuhreyfinga) og
jardhitarannsdkna og er yfirskrift radstefnunnar pvi tekténik og jardhiti.

bessir visindamenn hafa allir lagt mikid framlag til visindarannsékna baedi & islandi og erlendis
0g eiga peir gleesilega ferla ad baki sér og eru enn ad.

Stjorn felagsins 6skar peim Pali, Benedikt og Hjalta til hamingju med peirra glesilegu ferla og
vonar ad islenskt jardvisindasamféelag fai ad njota krafta peirra um 6komin ar. Stjornin vill
ennfremur pakka peim, sem leitad var til um ad flytja erindi & rédstefnunni, fyrir gdédar
undirtektir.

Vid 6skum ykkur &naegjulegrar radstefnu og munum ad madur er manns gaman.

f.h. Jardfraedafélags islands
porsteinn Seemundsson, formadur

Vi
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Supercritical fluids around magmatic intrusions

Andri Stefansson!, Matylda Hefmanska! and Samuel Scott?3

Institute of Earth Sciences, University of Iceland, Sturlugata 7, 101 Reykjavik, Iceland
2ETH Zurich, Clausiusstrasse 25, 8092 Zurich, Switzerland
3Reyjkjavik University, Menntavegur 1, 101 Reykjavik, Iceland

Active volcanoes are commonly associated with high-enthalpy geothermal systems and
magmatic heat sources. At the roots of the systems around the magmatic heat source
supercritical fluids may form, with temperature of >400°C and enthalpy of >3000 kJ kg™.
Utilization of such fluids may multiply power production from geothermal systems. The origin
of the supercritical fluid is, however, poorly understood. It may be derived from magma
degassing or conductive heating of surrounding subcritical geothermal groundwater by the
magmatic intrusion. The chemistry and isotope systematics of the fluids may be used to
distinguish between the two formation mechanisms. Magmatic fluids are rich in juvenile water,
with elevated CO;, SO, HCI and HF concentrations and isotope ratios (3D, 5120, §'3C, §**S,
5%'ClI) similar to the melt. Supercritical fluids formed upon conductive heating of surrounding
subcritical geothermal groundwater are, however, characterized by similar volatile
concentrations (C, S, B, Cl, F) as the subcritical fluids, with negligible concentrations of non-
volatiles (Si, Na, K, Ca, Mg, Al, Fe) and isotope ratios similar to the groundwater and the
surrounding rocks. The formation of supercritical fluids upon conductive heating is further
predicted to results in intensive mineral formation dominated by quartz around the magmatic
intrusion, whereas magma gases are known to results in intensive host rock alteration and
formation of silicates, oxides and sulfides. Ascent of supercritical fluids originating from the
magmatic intrusion may results in acid reservoir geothermal fluids rich in SO4 and CI.
Alternatively, depressurization of supercritical fluids from subcritical geothermal groundwater
may result in liquid condensation out of the single-phase vapor and generation of acid reservoir
fluids that are CI rich but SO4 poor. At shallower depths, both these signatures may be
overprinted by mixing with subcritical fluids and secondary processes like fluid-rock
interaction and depressurization boiling.
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Jardhiti nedansjavar og hafsbotnsjardfraedi i Eyjafirdi

Arni Hjartarson, Ogmundur Erlendsson og Bjarni Gautason

[SOR, islenskar Orkurannsoknir, Grensasvegi 9, 108 Reykjavik

Nordurorka hefur stadid fyrir kortlagningu i Eyjafirdi meo fjolgeisladyptarmalingum ad tillégu
[SOR. Malingarnar voru gerdar arin 2004 og 2016 og né yfir botn fjardarins fra Oddeyri og ut
undir Hauganes vid vesturstrondina og Pengilshdfda ad austan. Ad auki Iét RARIK mela
allbreitt svaedi milli Dalvikur og Hriseyjar arid 2006. Margskonar jardmyndanir sjast a fjol-
geislamyndunum, t.d. hverastrytur og énnur ummerki um virkan og kulnadan jardhita, botnset
og ummerki leegra sjavarbords, nedansjavarskridur, farvegi, sprungur og misgengi, bergganga,
for eftir borgarisjaka og skipsflok (Arni Hjartarson o.fl. 2017). Hverastrytur og stryturadir eru
sérsteedustu fyrirbrigdin & pessum sléoum.

Oljosar sagnir hafa lengi gengid um jardhita & botni Eyjafjardar. A seinni arum hefur fengist
stadfesting a tilvist pessa jardhita og fundist hafa hair strompar, hverastrytur, i kringum
uppstreymisrasir jarohitavokvans. Um aldamotin 2000 fundust hverastrytur & tveimur stédum i
firdinum, at af Ystuvik og Arnarnesi og nu hafa tveir adrir stadir komid i 1jos. Stryturnar likjast
um sumt djapsjavarstrytum en eru gerdar Ur smektitleir (saponite) & medan djupsjavarstrytur
eru Ur anhydriti. Enn fremur ma nefna ad jardhitavatnid sem kemur upp i strytum Eyjafjardar
er ferskt en i djupsjavarstrytum kemur upp jardsjor.

Hverastryturnar Gti fyrir Ystuvik fundust, eda voru réttara sagt stadsettar af nakvaemni, arid
1997 (Erlendur Bogason o.fl. 2004). ba fékkst stadfesting & eldri sgnum um jardhita en stad-
urinn var pekktur medal sjomanna og stundum kalladur Hverinn vegna pess ad i logni og slétt-
um sjé ma greina uppstreymi. Auk pess vissu menn af hél & botninum & pessum sl6dum, sem
syndur var & kortum Sjomelinganna allt fra pvi fyrir 1970. Allmikid hefur verid fjallad um
Ystuvikurstrytur en med fjdlgeislamalingum Nordurorku sumarid 2016 fengust fyrstu heildar-
myndirnar af peim. Petta eru prjar adalstrytur sem risa bratt upp fra botninum & um pad bil 65
m dypi. ber liggja & 160 m langri linu med stefnu i NNA og mynda nokkud samfelldan hrygg
utan i kanti grunnsins sem parna er. Einungis steersta strytan er virk. Han teygir sig um 45 m
fr& botni og er pvi tindur strytunnar um 20 m undir haffletinum. Midstrytan er 25 m og sydsta
strytan er 33 m ha. betta eru haestu hverastryturnar i firdinum. Aatlad Gtstreymi er 50 L/s, hiti
maelist 72°C. (Viggo b. Marteinsson o.fl. 2001). Fyrir utan stryturnar prjar sjast smeerri strytur
vid reetur peirra. Einnig eru strytur & linu sunnar og vestar sem na allt ad 15 m had. Landslagid
& botninum i kring bendir til ad par hafi kantur strandgrunnsins sigid eda hlaupid fram i
nedansjavarskriou adur en stryturnar myndudust. Tengsl vid jardhitakerfi a landi eru 6pekkt.

Hverastrytusveaedid ut af Arnarnesndfum fannst i kdnnunarleidangri Nordurorku 2004 (Bjarni
Gautason o.fl., 2005) en visbendingar um pad hofdu komid fra trillukdrlum i firdinum.
Fjolgeisladyptarmalingar syndu langa r6d strytulaga myndana & hafsbotninum. bessar strytur
liggja & um 750 m langri linu med stefnu rétt austan vid nordur. Stutt stryturdd liggur hornrétt
& adalrddina nyrst. Lagar strytur og pafur eru vida a svaedinu en ekki er vist ad peer séu allar
tengdar jarohitavirkni. Stryturnar eru uppi a strandgrunninu. Dypi i nagrenni peirra er 25 m til
50 m. Talid er ad jardhitavirkni parna sé talsvert meiri en vid Ystuvikurstrytur. Mealst hefur
78°C hiti i hveravatninu. Arnarnesstryturnar eru leegri en peer i Ystuvik. Si haesta er 13 m og
nokkrar eru & bilinu 8-10 m. Svaedid liggur baedi grynnra og er mun steerra en énnur strytusveaedi
og er samsett af fjolmorgum strytum af ymsum steerdum sem sumar virdast radast & linur en
adrar ekki. Einnig eru par sprungur sem heitt vatn kemur upp um. Sprungur og stryturadir stefna
a milli N og NNA. Margt bendir til ad jarohitinn i Arnarnesvik tengist jardhitakerfinu vid
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Hjalteyri (Gudni Axelsson og Porsteinn Egilson, 2017). Liklegt er ad had strytnanna takmarkist
af 6ldugangi, 6ldurof kemur i veg fyrir ad per nai ad vaxa ner yfirbordi en um 15 m.

Oljosar sagnir og visbendingar hafa lengi verid & kreiki um jardhita & Horgargrunni (J6n
Benjaminsson 1988). Fjolgeislamalingarnar syna skyr merki um strytur i Horgargrunnskanti
sem liklegt er ad séu virkar en engar beinar meelingar hafa enn verid gerdar & pvi. bessar strytur
hafa verid nefndar Gasastrytur enda skammt nordnordaustur af Gaseyri.

Fallegar strytur eru i strandgrunnskantinum ut af Bakkaeyri rétt nordur af Horgargrunni. beer
radast flestar & linu sem likist misgengisstalli med stefnu rétt austan vid nordur. Pessi lina geeti
lika verid jardhitasprunga. Hun stefnir & nef eda hol nedst i kantinum sem skagar litid eitt at i
Bakkaal. bar, vid reetur hoélsins, eru hastu stryturnar og mynda stutta sjalfsteeda rod litid eitt
austar en linan i brekkunni. bar strytur sem liggja grynnst eru & um 50 m dypi ofarlega i
brekkunni sem myndar kantinn en paer dypstu liggja nedst i kantinum par sem sléttur botn
Bakkaals tekur vid & 113 m dypi. Heestu stryturnar eru 13 m haar eda samberilegar vid
Arnarnesstrytur. pessar strytur meetti kalla Galmastrytur eftir strandlengjunni fra Hérgarésum
ad Arnarnesvik sem nefnist Galmastrond. Ekkert er vitad um hita eda adra jardhitavirkni.

Sprungur og misgengi eda 6nnur ummerki um hdggun eru ekki &berandi i gégnunum fra
Eyjafirdi. Pad kemur nokkud & 6vart pvi jardskjalftar eru tidir og Tjornesbrotabeltid er skammt
undan. Pverbrotabelti hefur verid talid liggja fra Dalsmynni og pvert yfir fjordinn med stefnu &
Dalvik. Upptok Dalvikurskjalftans 1934 voru & pessu belti eda par i grennd. Fjolgeislamaling-
arnar af botninum milli Dalvikur og Hriseyjar syna ekki aberandi misfellur sem tengja méa
nylegum sprunguhreyfingum. Sprungur koma helst i 1jos & hverastrytusvedunum.
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Arnarnesstrytur og énnur jardraen fyrirbrigdi & grunninu Gt af Arnarnesnéfum.

Arnarnesnafi

Arnarnesstrytur, fjolgeislamynd byggd & gégnum Nordurorku og Sjomelinga

Landhelgisgeslunnar.
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Eru Hlj6édaklettar og Raudhdlar i Jokulsargljufrum
gervigigar?

Asta Rut Hjartardéttir og Péll Einarsson

Jardvisindastofnun Haskola islands, Sturlugétu 7, 101 Reykjavik (astahj@hi.is)

[ J6kulsargljafrum ma finna hraun sem runnu eftir ad isaldarjokla leysti (mynd 1). Pessar hraun
eru Hljéoaklettahraun og Raudhdlar, sem talin eru hafa myndast fyrir um 11.000 arum og
Sveinahraun sem myndadist i eldgosi i Randarhdlum vid Hafragil & svipudum tima (Kristjan
Semundsson o.fl. 2012; Magnus Sigurgeirsson, 2016). Nylega hefur komid i 1jés ad
Sveinahraunid er liklega tengd eldsumbrotum i Oskju, pegar ,,Skollalagid* (S-Kolli) myndadist
(Magnus Sigurgeirsson, 2016). betta hraun hefur runnid nidur eftir Jokulsargljufrum, allt nidur
i Vesturdal. Storavitishraun rann einnig i Jokulsargljafur, skammt nordan Hljodakletta. pad
hraun er somuleidis talio vera myndad fyrir 11-12.000 arum, en er p6 eldra en Hljodaklettar og
Raudholar (Kristjan Seemundsson o.fl. 2012).

Athyglisvert er ad Raudhdlar og Hljodaklettar eru i beinu framhaldi af Sveinahrauninu sem
rann nidur Jokulsargljafur fra Randarhdlasprungunni i Hafragili (mynd 1). pvi ma velta fyrir
sér hvort Hljodaklettar og Raudholar og hraun peirra séu i raun hluti af Sveinahrauninu. bannig
veeru Hljodaklettar og Raudhodlar myndadir vegna samspils vatns (fra Jokulsa & Fjollum) og
Sveinahraunsins, og veru pvi gervigigar en ekki gossprunga.

Nokkur atridi geetu styrkt pessa hugmynd:

1. Hljéoaklettar og Raudholar liggja ekki innan sprungusveims og sprungur finnast ekki
nordur og sudur af peim eins og vanalegt er med gossprungur.

2. Hljodaklettar og Raudholar virdist fylgja Jokulsargljafrum fremur en beinni linu.

3. Hraunstallur austur af Hljédaklettum sem e&tlad hefur verid ad hafi myndast i
Hljodaklettagosinu er i somu had yfir sjdvarmali og Eyjan i Vesturdal, en han er
hraunstallur sem myndadist i Sveinahrauninu. bvi meetti hugsa sér ad pessir hraunstallar
hafi myndast i sama atburdi og séu leifar af somu hrauntjorn.

4. Kilettar sem eru likir Hljédaklettum finnast langt upp eftir Jokulsargljafrum, i hraunum
sem a&tlud hafa verid Sveinagosinu.

Ekkert pessara raka dugar eitt og sér til ad sanna eda afsanna pessa tilgatu, en ef pau eru notud
til ad skyra petta sem gervigiga, pa eru til edlilegar skyringar a 6llum pessum fravikum.
Storavitishraunid var ,,nyrunnid“ pegar Sveinahraun rann, og pvi er liklegt ad pad hafi myndad
fyrirstddu nordan sveaedisins par sem Hljédaklettar og Raudholar eru nd. begar Sveinahraunid
rann nidur eftir gljafrinu myndadist hrauntjorn a svaedinu i og naerri Vesturdal. Pad meetti hugsa
sér ad gervigigar myndudust par sem hraunid lenti i samspili vid ana, p.e.a.s. Hljédaklettar,
Raudhdlar og fleiri slik fyrirbaeri upp eftir &nni. Hljodaklettar og Raudholar veru pannig ilangar
gervigigamyndanir vegna pess ad petta gerdist i ilongu gljafrinu.
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Mynd 1. a) Hraun og sprungur vid Jokulsargljafur. Sveinahraunid rann nidur eftir Jokulsargljafrum, en orlitio

nedar liggur Hljodaklettahraunio. b) Raudhdlar, sédir austan megin vid Jokulsa & Fjollum. ¢) Hljédaklettar, utan

& pessum klett finnst enn gjallkdpa sem Jokulsa & Fjollum hefur ekki ndd ad hreinsa af klettinum. d) Mork

gjallkapunnar og hraunsins undir. €) Finna ma kletta ofar i Jokulsargljafrum sem likjast mikid Hljodaklettum,

pessi mynd er tekin austan megin ar. f) barna ma finna kletta med gjallkapu, likt og finnast i Hljéoaklettum.

Utlinur hrauna eru fengnar fra Kristjani Semundssyni o.fl. (2012), sprungur og gossprungur eru fra Astu Rut

Hijartardottur o.fl. (2016). 1 bakgrunni kortsins er TanDEM-X hadarlikan fra pysku geimferdastofnuninni

(DLR). Vegir og ar eru fra 1S50 grunni Landmalinga islands.
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Catalogue of Icelandic Volcanoes (CIV)
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The Catalogue of Icelandic Volcanoes (CIV) is an open-access web resource intended to serve
as an official source of information about volcanoes in Iceland for the public and decision
makers (http://icelandicvolcanoes.is). It contains text and graphic information on all active
volcanic systems in Iceland, as well as real-time data from monitoring systems in a format that
enables non-specialists to understand the volcanic activity status. The CIV data portal contains
scientific data on all eruptions since Eyjafjallajokull 2010 and is an unprecedented endeavour
in making volcanological data open and easy to access.

Extensive research has taken place on Icelandic volcanism, and the results reported in numerous
scientific papers and other publications. In 2010, the International Civil Aviation Organisation
(ICAO) funded a three year project to collate the current state of knowledge and create a
comprehensive catalogue readily available to decision makers, stakeholders and the general
public. The work on the Catalogue began in 2011, and was then further supported by the
Icelandic government and the EU through the FP7 project FUTUREVOLC. CIV also forms a
part of an integrated volcanic risk assessment project in Iceland GOSVA (commenced in 2012.

The Catalogue is built up of chapters with texts and various mapped information for each of the
32 volcanic systems. The contributions can be classified into three types: 1. Text and other
material (including maps and tephra grain size data) on geological aspects and eruption history.
This constitutes the bulk of the information presented in the catalogue. 2. Sub-chapters on
current alert level and activity status for each volcanic system, updated automatically with
information from the IMO monitoring network. 3. Sub-chapters on eruption scenarios, based
on the eruption history.

This work is a collaboration of the Icelandic Meteorological Office (IMO), the Institute of Earth
Sciences at the University of Iceland, and the Civil Protection Department of the National
Commissioner of the Iceland Police, with contributions from a large number of specialists in
Iceland and elsewhere.
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The IMAGE passive seismic project on Reykjanes
peninsula, Iceland

Hanna Blanck

ISOR, islenskar Orkurannséknir, Grensasvegi 9, 108 Reykjavik

Seismological data have not been applied much in geothermal exploration in volcanic
environments in the past. New approaches show them to be a valuable pre-drilling exploration
tool that can help to improve the understanding of the structure, stress and dynamics present in
geothermal systems. Both classical analysis of seismological data as well as newer techniques
have been applied to an extensive seismic dataset recorded in Reykjanes peninsula, Iceland.
This project is a part of the IMAGE project (Integrated methods for Advanced Geothermal
Exploration) which has received funding from the European Community’s Seventh Framework
Programme under grant agreement No. 608553.

In March 2014 a dense network consistent of 20 Broadband and 10 Short Period seismometers
was installed by GFZ and ISOR in cooperation with HS Orka on the Reykjanes peninsula in
southwest Iceland. Additionally, 24 Oceand Bottom seismometers (OBS) were deployed in the
Atlantic Ocean around the peninsula in August 2014 by the Alfred Wegener Institute (AWI)
together with ISOR and GFZ. The network was designed to monitor the seismic activity along
the Mid-Ocean Ridge and to image the Reykjanes geothermal system located at the tip of the
peninsula. Additionally, we had access to other (semi-) permanent seismic networks in the area
which provided another 30 stations. This adds up to a total of 84 seismometers in an area that
is about 90 km in diameter. From this unique data set an earthquake catalogue was created
which contains more than 2000 events, the majority of them inside the geothermal field and
along the Mid-Ocean Ridge. The earthquakes were automatically picked and located with the
Seiscomp3 software and later manually revised. Rupture mechanisms were analyzed in and
around the geothermal area on the Reykjanes geothermal area

During this project another method, which is still completely new to seismics, has been
successfully tested. The DAS method, which is still completely new to seismics, makes use of
a fiber optic cable as a passive sensor, is applied for the first time to record earthquakes. In
March 2014 such a fiber optic cable was installed to a depth of 175 m in the newly drilled
borehole RN-34 in the Reykjanes geothermal area. Further, a 15 km long surface fiber optic
cable connecting the Reykjanes and the Svartsengi geothermal area was available. This cable
is used for telecommunication but one fiber was not in use and could be used for our
measurements. For a period of 9 days in March 2015 these 2 cables were used as passive
sensors. A laser beam is sent into the fiber, the light is scattered at impurities inside the fiber
and partly reflected. When a sesimic wave hits the fiber, it will cause deformation and change
the optical path length between those impurities. This length change is then recorded as a phase
change of the reflected light over time. Various tests were carried out and several earthquakes
could be recorded.
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Figure 1: Temporary seismic network on Reykjanes peninsula consisting of 84 seismometers including 24 Ocean
Bottom Seismometers and recorded earthquakes. Well located earthquakes are plotted red and approximate
locations green.
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The Laschamp Excursion and Today's Earth's Magnetic
Field

Maxwell Brown?!, Monika Korte?, Richard Holme?, Ingo Wardinski* and
Sydney Gunnarson®
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4LPG, Université de Nantes, UMR 6112 CNRS, F-44322 Nantes Cedex 3, France
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Palaeomagnetic data from marine and lake sediments provide observational evidence of
numerous geomagnetic field excursions during the Quaternary. We have developed a new
temporally continuous global spherical harmonic geomagnetic field model covering 50-30 ka,
which allows us to investigate the global behaviour of the most well documented of all
excursions, the Laschamp (~41ka), and a less well defined excursion, the Mono Lake (~32-35
ka). Using this model we can start to understand the temporal and spatial evolution of these
events, both at Earth's surface and at the core-mantle boundary, bringing insights into the
processes that initiate geomagnetic excursions. Our model allows us to investigate ~7 ka of
field behaviour prior to the major directional changes associated with the Laschamp excursion.
During this time, we note the recurrence of field structures similar to today's South Atlantic
anomaly (SAA), an area of reduced magnetic field strength that has been suggested to be the
early stages of an excursion. However, the SAA-like structures prior to the Laschamp excursion
are transient and do not lead to the initiation of the Laschamp excursion. Furthermore, the
Laschamp and Mono Lake excursions are preceded by a series of field structures quite different
to those we see today.
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Volcanic systems and structural styles along fracture
zones in the central Northeast Atlantic, possible analogue
applications for Iceland

A. Blischkel, O. Erlendsson?, B. Brandsdottir®, M.S. Stoker and C. Gaina®
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Keywords:

East Greenland, Blosseville Kyst, Iceland Plateau, Jameson Land, Jan Mayen, microcontinent,
plateau basalts, pre-breakup formations, rift transition, seaward dipping reflectors, Scoresby
Sund, sequence stratigraphy, volcanic margin, volcanic facies.

Abstract:

Detailed tectonostratigraphic framework modelling is being conducted for the Jan Mayen
microcontinent (JMMC) and central East Greenland areas. This modelling approach
implements previous regional scale models and local structural and stratigraphic mapping
results that are based on densely spaced seismic reflection and refraction data, borehole and
seafloor data, as well as potential field data, such as magnetic anomaly, gravity datasets. The
new model spans the primary North Atlantic breakup setting from ~56-55 Ma and secondary
local breakup processes from ~49-21 Ma between central East Greenland and the Jan Mayen
microcontinent. The reconstructions of the Jan Mayen microcontinent and surrounding oceanic
crustal evolution demonstrate a clear correlation to central East Greenland, with respect to
major structural boundaries and unconformities within its stratigraphic record. The oblique rift
system caused uplift with intrusive and hydrothermal vents activity along the southern and
southeastern flank of the JMMC. Simultaneous igneous activity is recorded along the
northeastern margin of the Blosseville Kyst in central East Greenland. Extensive lava flows and
flank intrusions accompanied a ridge relocation generating an en-echelon, a-magmatic rift
system from the southern extent of the microcontinent during Late Eocene to Early Oligocene
(33.1Ma). Increased volcanism occurred along the southwestern flank of JMMC and the
southeastern margin of the Blosseville Kyst during the final microcontinent formation in early
Miocene (24-21Ma) with the complete formation of Kolbeinsey Ridge.

This is the first time that smaller-scale structural and igneous features are used for
reconstructing the initiation of Iceland and its surrounding regions. We have identified many
submerged volcanic systems, specifically close to fracture zones and several smaller-scale
structural lineaments that assisted in the JMMC plate boundary reorganisation. Igneous
complexes that formed during the Oligocene epoch (33Ma — 23 Ma), a time interval of early
formation of the Iceland main land, were also identified and included in detailed plate tectonic
reconstructions.
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Such an understanding of the underlying deep structures is of importance for exploration
projects, specifically for Iceland’s low temperature areas, as they govern local changes in
structural orientation of permeable structures, or the forming of regional structural barriers,
such as fracture zones or micro-plates with their individual unique set of boundary conditions
and tectonic history.
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How can earthquakes illuminate the tectonics of dike
intrusions? Examples from the Krafla 1975-1984 and
Bardarbunga, 1996-2015 rifting events
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Recent rifting events in Iceland have greatly improved our understanding of crustal formation
along divergent plate boundaries, through the propagation of subsurface dikes and evolution of
surface eruptive fissures. Seismicity during the initial Krafla rifting-eruption event, December
1975 - February 1996, illuminated the trajectory of a lateral magmatic intrusion, from the center
of the Krafla caldera along the fissure swarm, in both directions. The dike propagated 40 km
distance in about 2 hours. Focal mechanism solutions from the best constrained intrusive event,
September 1977, indicated normal or reverse faulting with a strike-slip component. Epicentral
zones of several rifting events are aligned in an en-echelon distribution along the fissure swarm,
each zone striking perpendicular to the spreading direction. Extensive surface rifting was
observed within these zones, during each event.

In August 2014, magma propagated laterally from the subglacial Bardarbunga volcano along a
48 km long path over a 14 day period. With a dense network of modern digital instruments
>30,000 earthquakes were located at 5—7 km depth along en-echelon segments of the
propagating path before the dike breached the surface in an eruption on 29 August 2014. The
seismicity advanced in short bursts at 0.3—4.7 km/h separated by pauses of up to 81 hours.
Moment tensor solutions from the leading edge show exclusively left-lateral strike-slip faulting
sub-parallel to the advancing dike tip, releasing accumulated strain deficit in the brittle layer of
the rift zone. Behind the leading edge, both left- and right-lateral strike-slip earthquakes are
observed. Although the dike inflated largely aseismically within the pervasive rift fabric of
fissure swarm, a closer examination of the data has revealed small-magnitude, shallower LF
events along sections of the dike path in the Holuhraun rift valley. In a similar way to the 2014
Bérdarbunga-Holuhraun intrusion, the 1996 Bardarbunga-Gjalp eruption was preceded by
intense seismicity within the Bardarbunga caldera over a period of over 24 hours and lateral
migration of earthquakes to the south of the caldera, were the dike reached the surface at the
base of the glacier, midway between the Bardarbunga and Grimsvotn central volcanoes. As in
Krafla, LF earthquakes and abrupt decrease in seismicity were observed prior to the initiation
of the Gjalp eruption.

Detailed real-time digital monitoring of LF earthquakes should be established as numerous
rifting events have shown them to be important short-term seismic precursors to surface faulting
and fissure eruptions.
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Sudurlandsskjalfti 2008. Ahrif a jardhitakerfi

Dadi borbjérnsson

[SOR, islenskar Orkurannsoknir, Grensasvegi 9, 108 Reykjavik

pann 29. mai 2008 ridu jardskjalftar yfir Olfus. Upptok steersta skjalftans, sem var um 6,3 ad
steerd, voru um 8 km vestnordvestur af Selfossi. I kjolfar skjalftanna meeldu starfsmenn ISOR
og OR vatnsbord i fjolmoérgum borholum & Sudurlandi til ad meta prystingsbreytingar i
grunnvatns- og jardhitakerfum af peirra voldum.

par sem nidurstodur meaelinga & vatnsbordsbreytingum i kjolfar Sudurlandsskjalftanna arid 2000
reyndust mjog merkilegar var strax radist i ad meela ahrif pessara skjalfta & grunnvatnsstédu a
svaedinu. Pa var upplysingum ar siritum einnig safnad saman og 6drum upplysingum sem hegt
var ad fa. Alls fengust upplysingar ur 66 borholum allt fra Heiomork og austur fyrir bjorsa.
Dypi a vatnsbord i feestum pessum borholum er meelt reglulega og pvi var kappkostad ad mela
vatnsbord i peim eins fljott eftir skjalftana og audid var og endurtaka svo melingarnar & nastu
dégum og vikum til ad meta hvort vatnsbordid hefdi haekkad eda lekkad vid skjalftana.

Reynsla fra vatnsbordsmaelingum i jardskjalftunum arid 2000 syndi ad breytingar a vatnshad
naestu daga eftir skjalftana voru 6fug vid pad sem vard i skjalftunum sjalfum. Vatnshad leitadi
med 6drum ordum til baka i fyrri st6du. Par sem Gvida voru til melingar rétt fyrir skjalftana
pann 29. mai 2009 er mat & breytingu byggt a risi eda falli vatnsbords nastu daga eftir atburdina.
Pannig er pad tulkad sem ad prystingsaukning hafi att sér stad par sem vatnsbord féll dagana &
eftir. Ef samtimis eru miklar breytingar a vatnshaed af 6drum astaedum getur pad haft ahrif &
matid.

Borholurnar sem skodadar voru i kjolfar skjalftanna eru mjog misdjapar. Sumar eru boradar
sem jardhitaholur, adrar sem ferskvatnsholur og enn adrar sem rannsoknarholur. pad getur
orkad tvimalis ad bera slikar holur saman vid 1-2 kilémetra djapar holur. Pad er pvi askilegt
ad taka gdégnum ur sumum borholum med fyrirvara. bess ber p ad geta ad paer passa vel inn i
heildarmyndina.

Gerd var tilraun til ad dkvarda skjalftamidju steersta skjalftans Gt fra peim borholugégnum sem
liggja fyrir. Ef dregin eru tvoé hornrétt plon & milli svaeda par sem prystileekkunar og prysti-
haekkunar verdur vart, eins og gert var eftir Sudurlandsskjalftana ario 2000 (Grimur Bjdrnsson
o. fl., 2001 a,b), &ttu pau ad matast i skjalftamidjunni.

Mynd 1 synir ahrif skjalftans eda skjalftanna & vatnsbord i borholum & Sudurlandi, fra
Hellisheidi austur i Fléa. Vio skjalftana haekkadi vatnsbord sudaustan og nordvestan vid
skjalftamidjuna en laekkadi sudvestan og nordaustan vid hana. Fra pessu eru po fravik sem méa
ad likindum rekja til pess ad fleiri en einn skjalfti vard & nanast sama tima. bessi akvordun &
upptokum er nokkurs konar medaltal eda veegismidja af badum skjalftunum og
rammalsbreytingu bergs (e. volumetric strain). A mynd 1 m4 einnig sja dreifingu eftirskjalfta.
Peir verda par sem enn er spenna i jardskorpunni sem ekki hefur losnad ad fullu i
adalskjalftunum. A sveedinu fra pvi sarnir skerast og um prja km til nordurs er mun minna af
eftirskjalftum sem skyra ma med meiri spennulosun i steersta skjalftanum.

Eins og sja ma a mynd 1 lenda holurnar vid Porleifskot & eda mjog nalegt austur-vestur plani &
milli sveeda par sem prystingur eykst eda minnkar (hnutplani). Borholur vid Arbajarhverfi
lenda & sama plani en nanast engin breyting meeldist i peim pratt fyrir naleegd peirra vid upptok
skjalftanna.
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Nokkrum dégum &dur en jaroskjalftarnir gengu yfir hafdi verid gerd afkastameling & grunnri
borholu, VSS-18 (74368) sem er sunnan undir Ingélfsfjalli. Par sem daela var enn i holunni var
akvedid ad endurtaka profunina. Vatnsbord i holunni og 6drum holum i nagrenninu leekkadi vid
skjalftana. Vid endurtekningu a profuninni kom i 1jos ad nidurdrattur vid deelingu ar holunni
var minni en fyrir skjalftana. Utreikningar leiddu i ljos ad eiginleikar holunnar sjalfrar voru
Obreyttir fra pvi sem var en lagstreymistap hafdi minnkad. Vatn atti m.6.0. greidari leid um
jarolégin umhverfis holuna en fyrir skjalftann (Dadi borbjérnsson o.fl., 2008).
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Mynd 1. Ahrif jardskjalfta i Olfusi 29. mai 2008 & vatnsbord i borholum & Sudurlandi. Graenir punktar syna
borholur par sem vatnsbord laekkadi en vinraudir punktar syna borholur par sem vatnsbord hakkadi. Astlud
stadsetning upptakapunkts Ut frd& gégnum um vatnsbordsbreytingar er merkt med gulri stjérnu. Bandariska
jarofreedistofnunin (USGS) stadsetti steerri skjalftann og ma sja stadsetningu hennar merkta med litilli raudri
stjornu riflega 2 km austan vid storu gulu stjérnuna. Holurnar hafa verid nimeradar
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Jardhitaleit vid Olfusa a Selfossi

Heimir Ingimarsson, Porolfur H. Hafstad og Ogmundur Erlendsson

islenskar orkurannsoknir (ISOR)

A sidustu tveimur arum hefur verid i gangi jardhitaleit 4 vegum ISOR vid Olfusa & Selfossi fyrir
Selfossveitur. Su leit hefur ad verulegu leyti byggt & fyrri rannséknum & svaedinu sem gerdar
voru i byrjun 10. aratugar sidustu aldar af Helga Torfasyni o.fl. (1990; 1992) en athyglinni i
peim rannséknum hafdi fyrst og fremst verid beint ad natturulegum jardhitastodum i og vid
Olfusa. Jardhiti & yfirbordi finnst & tveimur stédum innan Selfossbaejar, annars vegar nordan
vid Olfusarbri par sem jardhiti & 25-30 m breidri og yfir 100 m langri spildu sem stefnir rétt
austan vid nordur, og hins vegar skammt nordvestan vid Selfosskirkju par sem hiti er a um 100
langri og 25-30 m breidri spildu sem stefnir i nord-austur. Badir stadirnir eru a eyrum vid Olfusa
og flaedir ain yfir pa pegar hatt er i henni. Jardhiti & sveedinu vid Olfusa er liklega tengdur
brotasveedi med NA-SV stefnu og uppstreymi jardhitans sé svo um skastigar sprungur med
NNA-SSV stefnu.

Snemma ars 2016 var radist i athuganir & méguleikum til jardhitadflunar & Selfossi. baer
beindust fyrst og fremst ad sveedinu utan Olfusar, allt fra Olfusarbrd og nidur med anni til
nordurs og vesturs ofan vid Silungakldpp. Parna hafa voru boradar fimm hitastigulsholur (SE-
26 til SE-31) en paer eru 60-500 m djupar og par af ein (SE-28) borud 205 m & ska undir Olfusa.
Til ad byrja med var sjonum beint ad liklegu hitastigulshamarki i SE-24 & Silungaklépp en hun
er nordur af jardhitasveedinu vid Selfosslaug handan arinnar. Nidurstédur hitastigulsborana i
grennd vid holu SE-24 skiludu ekki arangri I stuttu mali ma segja ad heildarmyndin af jardhita
& svaedinu hafi ekki skyrst ad neinu marki og hitamelingarnar i skdholunni SE-28 aukid &
flaekjustig rannsokna enn frekar.

Afram pokadist po jardhitaleitin & vesturbakka Olfusar og snemma ars 2017 tok leitin jakveda
stefnu pegar rannsoknarholurnar SE-32 og SE-33 voru boradar. Hola SE-32 er med mjdg haan
hitastigul og pvi liklega naerri vatnsgefandi sprungu. Hola SE-33 hitti i sprungu med um 50°C
heitu vatni nalaegt botni & innan vid 200 m dypi og gaf par af leidandi mikilveegar upplysingar
um hvernig uppstreymi jardhitans & svaedinu er hattad.

Talid var ad sprungunum halli 3-5°fra 168réttu nidur til sudausturs. Ut nidurstédum sem fengust
med borunum & pessum tveimur holum lagdi ISOR til ad borud yrdi dypri rannséknarhola rétt
sunnan vid holu SE-33. Med borun hennar (SE-34) var &tlunin ad bora 300-500 m djupa holu
til sprungumalinga med holusja en jafnframt var gert rad fyrir ad haegt veeri ad breyta henni i
vinnsluholu med rymingu ef asteeda peetti til.

Skemmst er fra pvi ad segja ad SE-34 var borud i april og mai & pessu ari og vard 864 m djup.
Holan hitti & um 73°C heitt jardhitakerfi fyrir nedan 200 m. Akvedid var ad breyta henni i
vinnsluholu eftir ad hin hafdi verid mald med holusja i borlok. Holan var rymud fyrir vinnslu-
fodringu nidur & 214 m dypi i juni og sidan deeluprofud. Fljétlega kom i 1jés ad hun hafdi verid
foorud of grunnt par sem keeling kom i 1jos rétt fyrir nedan foédringu. FOAring var pvi dypkud
sidla sumars nidur a 300 m til ad utloka kaldari innrennsli & ramlega 200 m dypi i holunni.
Onnur deelupréfun var gerd & holunni nina i haust og lofa nidurstodur godu; upp fékkst 72°C
heitt vatn (15 L/s) med litlum nidurdratti vatnsbords. Holan er pvi nothef vinnsluhola

Sprungutdlkun holusjargagna ar holunni leidir i ljos ad strikstefna sprungna er NA-SV og halla
ymist til NV eda SA. bad er i samraemi vid fyrri athuganir Helga Torfasonar o.fl.. Sprungur eda
sprungusveimar ma tengja vid &dar i flestum tilfellum en halli virdist vera meiri en atlad var.
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A nastu misserum munu fara fram aframhaldandi rannséknarboranir nordan vid Olfusa til ad
kanna mdguleika & enn frekar jardhitavinnslu & svaedinu.

leita i korti

island - Sudurland - Arnes
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Mynd 2. Sja ma stadsetningu rannsoknarholna beggja vegna Olfusar i kortasja Orkustofnunar (www.map.is/os,
Loftmyndir ehf.).
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Jarofraedi i rotum hahitakerfa

Hjalti Franzson

[SOR, islenzkar Orkurannsoknir, Grensasvegi 9, 108 Reykjavik

Jardskorpan & Islandi hefur haan hitastigul. Hitnunin er hast nedan megineldstédva par sem
hahitakerfin rikja, vegna grynnri hitagjafa. bau hahitakerfi sem rannsékud hafa verid med
borunum syna ad innskot aukast nedan um 1000 m dypis og verda radandi nedan 2 km dypis. |
bessari samantekt eru raetur hahitakerfa skilgreind sem pau svaedi par sem varmanam & sér stad.
Jardfraedileg tengsl lektar i borholum hafa verid rannsékud i nokkrum héhitakerfum, svo sem
Svartsengi-Eldvorpum, Nesjavollum og Hellisheidi, og par hafa komid fram akvedin tengsl vid
innskot. Pétt slik einkenni séu dberandi virdist sem fjoldi vatnsaeda minnki er komid er nidur
fyrir 2 km dypi i holunum pratt fyrir ad innskotum fjolgi.

Rannsoknir & tengslum naverandi berghita vid ummyndun, med hjalp malinga & samrunahita i
vokvabolum, hafa synt fram & breytingar sem ordid hafa innan hahitakerfanna fra sidasta
jokulskeioi til natima. Megin nidurstodur pessara rannsékna eru ad hahitakerfin voru almennt
vidameiri og heitari & jokulskeidi en pau eru i dag. Almennt er prystingur i grunnvatnskerfi sem
umlykur hahitakerfi mun harri, sem veldur pvi ad ef lekatengsl myndast par & milli veldur pad
innflaedi i pad sidarnefnda. Styrkur grunnvatnskerfa innan gosbeltis & nutima er mjog hadur
sprungulekt. Aukin ferging med dypi veldur pvi ad sprungur sem eru opnar & yfirbordi lokast
er nedar dregur og vid pad minnkar lekt sem sést medal annars i hitastigli nedan
grunnvatnskerfanna. A jokulskeidi ma atla ad jokullinn fergi sprungur & sama mata enn frekar
sem leidir til pess ad lekt & peim minnkar og par med likindin fyrir samtengingu grunnvatns-
og héahitakerfis. Einnig ma etla ad meginhluti urkomu & jokulskeidi nai aldrei nidur i berggrunn
heldur feerist til sjavar sem is. bessi grundvallarmunur milli adsteedna & jokulskeidi og ndtima
gerir pad ad verkum ad hahitakerfi eru einradari og eiga sidur & haettu ad tengjast koldu
grunnvatnskerfi & jokulskeidi en & nutima. Aukin tengsl milli kerfa a ndtima sjast vida sem
aukio varmanam i hahitakerfum, en virdist samt ekki na mikid lengra en nidur a um 2 km dypi,
en par nedan vid tekur vid brattur hitastigull sem merkir péttara berg. Slikar breytingar sjast
einkar vel & Nesjavollum, Hellisheidi, Olkelduhalsi og Svartsengi-Eldvorpum og svipud
einkenni sjast i hahitakerfum a Nordurlandi sem ekki er fjallad um hér. Dypi pessa varmanams
er p6 ad einhverju leyti had einstdkum svaedum. Pétt einkenni aukins varmanams sé vida ad
finna i hahitakerfum & natima er pad fjarri ad slikt sé einhlytt. Sterkar visbendingar finnast um
,nyhitnun® innan marka priggja hahitakerfa, byggda 4 samanburdi berg- ummyndunar- og
vokvaboluhita. Fyrsta demid er tengt Stampagosinu & Reykjanesi fra 1226, annad fra
Eldvarpagosinu frd sama tima. Pridji stadurinn er Nesjavellir, en par er ekki ljést hvort pad
tengist samtima gosvirkni. Pessi,,nyhitnun® er talin komin mun dypra ur skorpunni, og tengjast
samtima gosgongum. Slik tenging verdur samt ad hafa pa forsendu ad kerfid hafi adgang ad
einhverri grunnvatnskeldu sem nad hefur ad fleeda nidur ad hitagjafanum, hitna upp og streyma
til yfirbords.
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Seismotectonics of the Geysir Area in South Iceland during
the period 1995 to 2001

Ingi b. Bjarnason?!, Bergpéra S. borbjarnardéttir!, and Ragnar
Stefansson?

linstitute of Earth Sciences, Science Institute, University of Iceland, Reykjavik
2University of Akureyri, Iceland.

We present earthquake relocations with good relative accuracy for an extended area (27x27
km?) around the Geysir geothermal field in Iceland. Original phase data were received from
earthquake catalog of the Icelandic Meteorological Office for the years 1995-2001, and further
processed with the double-difference relative earthquake location method (Waldhauser and
Ellsworth, 2000). The area encloses seismicity 7 km south and 20 km north of Geysir, in a zone
extending partly into the neovolcanic zone in the west. Seismicity in the area was moderately
active during the years 1995 up to 16 June 2000, but became highly induced following two
large earthquakes in the South Iceland Seismic Zone (SISZ) in June 2000. Geysir is some 40
km N and NNE of the year 2000 mainshocks and in perfect strike of the fault of the earlier
mainshock. The rate of seismicity tapered down in 2001, but was still higher than prior to the
June 2000 events. Since 2002 the rate has been moderate.

Seismic lineation suggests two main fault populations in the study area: NNE to NE striking
near vertical fault segments up to ~4 km long (possibly 10 km or ~20 km long faults, however,
not delineated the whole length), and less frequent ~ENE striking segments up to ~2.5 km of
length sometimes in en echelon arrangement. The rifting direction in the area is ~N130°E. The
ENE segments are also near-vertical in the depth range 4-8 km. Right-lateral strike-slip
movement has been determined on some of the NNE to NE striking fault segments in the
extended Geysir area, a sense of motion comparable to N-S strike-slip faults observed in the
SISZ. Assuming the same stress field source, the ENE segments are likely to be left-lateral
strike-slip conjugate faults.

Near (< 5 km) to the Geysir geothermal field, we observe numerous near-vertical ~NNE to NE
striking seismic patterns, that suggest movement along correspondingly oriented faults. The
hypocenter depths are well-constrained in this area due to the proximity of a seismic station (<
5 km) and abundance of shear-wave travel times. Most of the seismicity lies at 0-3 km depth,
which is unusually shallow for seismicity on well-defined tectonic faults in South Iceland. The
presumed fault segment, feeding the Geysir geothermal field, was, however, hardly observed
as far as seismicity was concerned during this period. In the two weeks following the June 2000
mainshocks, a high rate of induced seismicity occurred on the ~NNE to NE striking faults near
Geysir. If the rifting direction defines the minimum stress (o3) direction, these fault segments
are not in the optimal shearing direction. The NE striking fault segments are perpendicular to
o3. They may have an opening component, explaining the existence of the Geysir geothermal
area.

About 11 km north of the Geysir geothermal field (2—-7 km north of Mt. Sandfell), diffused
patterns of seismicity are observed at depth of 4-8 km. The largest extends laterally ~1.5 and
6.5 km, and is elongated in ENE-WSW direction. These patterns may have shallower dip than
the commonly observed near-vertical dips in the study area, but may be difficult to constrain
(multiple faulting directions). This seismicity was more persistent during the entire period
1995-2001 than in other parts of the study area, and has been so to present. Compared to the
near Geysir earthquakes, that were induced within hours and days of the 2000 mainshocks,
there was a longer delay (> 2 weeks) in the main onset of induced seismicity in this area.
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Unusual seismicity is observed under Mt. Hognhofai, with faulting length vs width (depth) ratio

of 3.5:8 km. Even though absolute hypocenter depths may not be well constrained in this area,
faulting extends to depth of at least 8 km.
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Bardarbunga eftir gos

Kristin Jonsdottirt, Vala Hjorleifsdottir?, Halldor Geirsson3, Andy Hooper?,
Eleonora Rivalta®, Felix Rodriguez Cardozo?, Magnus Tumi
Gudmundsson® og Sara Barsottit

Vedurstofa islands, 2UNAM Mexico, 3Jardvisindastofnun, “University of Leeds, *GFZ

Nattaruvareftirlit &4 Islandi byggir ad verulegu leiti & jardskjalftameaelingum. I dag streyma allir
riflega 80 jardskjalftamalar Vedurstofunnar gégnum i rauntima og i hverri viku greinir
sjalfvirkt kerfi um 500 skjalfta & Islandi, stadsetur pa og reiknar m.a. steerd og brotlausnir. |
umbrotunum i Bardarbungu, sem stdédu yfir fra midjum agust 2014 til loka februar 2015, nam
kerfid tugi pusunda skjalfta og vid upphaf umbrotanna meldust nokkur pusund skjalftar
daglega. Umbrotin einkenndust m.a. af 6skjusigi sem er tiltélulega sjaldgeefur atburdur og fengu
visindamenn einstakt teekifeeri til dlikra jardedlis- og jardefnafraedilegra meelinga og ad fa
innsyn i hegdun eldstédvarinnar. Bardarbunguaskjan sem er 8x11 km i pvermal, seig haegt og i
sama takti og hraun sem kom upp & sandsléttum nordan Dyngjujokuls. Sigid orsakadi um 80
jardskjalfta af steerd 5 til 5,8. Gosvirknin var mest fyrstu vikurnar en smamsaman dro ur gosinu
0g ad lokum stédvadist 6skjusigio og hraunfleedid og somuleidis dro ur skjalftavirkninni.

Halfu ari seinna (i september 2015) jokst skjalftavirknin i 6skjunni & ny og stendur su virkni
yfir enn. Skjalftarnir rada sér & dskjubarminn likt og & medan ad 6skjusiginu st6d, med mestu
virkni & nordurhluta éskjubarmsins og einnig mikla virkni a sudurhluta hans. Skjalftavirknin
hefur magnast smam saman og po ad tioni skjalfta hafi ekki aukist verulega meelast sifellt steerri
og steerri skjalftar i pessari hrinu. begar petta er skrifad hafa tveir skjalftar af steerd 4,7 meelst
og tugir skjalfta um fjorir ad steerd.

I erindinu verdur greint fra fylgnigreiningu & bylgjuformum éskjuskjalftanna. Fylgnigreiningin
leitar ad likum skjalftum i hinu stéra gagnasetti. HUn synir ad vorid 2015 vard greinileg breyting
& bylgjuformum. Med pvi ad leyfa andsteda fylgni (anti-correlation) kemur skyrt i 1jés ad
umpolun & sér stad um svipad leiti og 6skjusigi lykur. Nidurstédurnar benda til ad hreyfingar &
hringsprungum 6skjunnar hafi sndist vid fljétlega eftir ad gosi lauk. Paer mé pvi tdlka sem svo
ad askjan hafi verid ad risa sidan vorid 2015. Su stadreynd ad 6skjuskjalftarnir hafa verid ad
steekka med tima gaeti endurspeglad ad 0skjubrotid sé ad styrkjast og gréa med timanum eftir
hid mikla dskjusig sem veikti sprungurnar verulega.
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Mat a spennu i skorpunni a islandi og vatnsleidni i
Sprungum (Estimating crustal stress and fracture permeability)

Kristjan Agustsson og Sigurveig Arnadéttir

[SOR, islenskar Orkurannsoknir, Grensasvegi 9, 108 Reykjavik

Undanfarin ar hefur GFZ i byskalandi unnid ad pvi ad safna upplysingum um spennuastand
jardskorpunnar. Rannsoknarverkefnid heitir ,,World Stress Map*‘. bar hefur verid settur upp
gagnagrunnur med pessum upplysingum og eru per adgengilegar & netinu (http://www.world-
stress-map.org). Einn pattur Evropusambandsverkefnisins IMAGE var nénari rannsokn &
spennuéastandi & Islandi og var verkefnid styrkt af 7. Rammaaatluninni samkvamt samningi
608553.

Eftir ad birt hafdi verid grein med nidurstddum (Ziegler et al., 2016) var dkvedid ad halda afram
med pessa kortlagningu. Fyrir valinu urdu Skagafjoérour og Hveravellir og nordausturland en i
fyrrnefndri grein voru nanast engar upplysingar um pau svaedi. bessi pattur var unninn af
haskolanum i Bari (UNIBA) med patttoku ISOR og einnig styrktur af IMAGE verkefninu.

Pessar athuganir midast vid ad kortleggja mestu laréttu svaedisbundna spennu & Kvartertima.
pvi eru ekki notadar upplysingar fra virkum megineldstodum par sem spennusvidid getur verid
stadbundid og breytilegt vegna kvikuhreyfinga. Pess vegna parf einnig ad timasetja hdggun svo
ekki sé verid ad nota gamlar sprungur sem kunna ad hafa myndast pegar spennusvidid hefur
verid allt annad en ni. Daeemi um virkar sprungur a eldri sveedum eru jardhitasprungur.

Litid er til af beinum malingum & spennu & islandi. bessar athuganir byggja pvi ad mestu &
Obeinum malingum. Par helstu eru brot vegna borunar (e. breakout) og togspennusprungur i
borholum og gefa paer géda hugmynd um stefnu spennusvidsins. Einnig hefur berg i borholum
verid brotid med vokvaprystingi og sprungur sem myndast gefa nokkud éruggar upplysingar
um stefnu spennusvidsins. P4 er notast vid brotlausnir & jardskjalftum, hoggun, stefnu
gossprungna o. fl.

Helstu nidurstdour pessara rannsdkna er ad skipta méa landinu i nokkur svaeedi med mismunandi
spennusvidi. Samraemi er & athugun a pvi dyptarbili sem mat spennu i borholum neer til og
annarra athugana. Sem daemi eru flestir skjalftar & meira dypi en borholur né til og pvi virdist
spennusvidiod litid breytast med dypi. Ennfremur eru spennubreytingar fra rekasum hér svipadar
og sést hefur & uthafshryggjum. pad er vid hrygginn er mesta larétta spenna samsida rekas en
begar fjeer dregur verdur han hornrétt & hann. bessar rannsoknir hafa nokkud gildi i sambandi
vid jarohitaleit, einkum & laghitasvedum, par sem unnt er meta liklegustu stefnur virkra
sprungna.

Heimildir:

Moritz Ziegler Mojtaba Rajabi, Oliver Heidbach, Gylfi Pall Hersir, Kristjan Agustsson, Sigurveig Arnadottir and
Arno Zang, 2016. The stress pattern of Iceland. Tectonophysics 674 (2016) 101-113
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Jardhiti og virka brotamunstrid a Snaefellsnesi

Kristjan Seemundsson

[SOR, islenskar Orkurannsoknir, Grensasvegi 9, 108 Reykjavik

Laugar og volgrur & Snafellsnesi eru mengadar af koldioxidi. Heitustu laugar eru 50-60°C. NG
eru ramir tveir aratugir sidan jarohitakerfi med lagum COz-styrk og mun heitari fundust par.
Tveer hitaveitur byggjast a peim. Badi jardhitakerfin voru dulin, p.e. na ekki til yfirbords i
laugum og hverum. Hringrasarhluti slikra kerfa (konveksjénin) einkennist af naer jofnum eda
mjog haegt vaxandi hita yfir alllangt dyptarbil. Hann neer oftast upp undir 200-300 m dypi. bar
ofan vid gera pau vart vid sig med varmaleidingu (konduksjon) i péttu bergi og afar haum
hitastigli. Leit ad peim felst i pvi ad boradar eru grunnar kénnunarholur til ad dkvarda stigulinn
(mynd 1). Svaedislaegur stigull & landinu utan synilegra jardhita- og kaldra grunnvatnssvaeda er
pekktur. Hann er & bilinu 50-85°C/km, adallega h&dur aldri berggrunns. Hamarksstigull i
hitafradvikum sem gefa til kynna dulin jarohitakerfi reynist idulega vera & bilinu 300-400°C/km.
Svo fraleit gildi visa & jardhitakerfi.

Pessi leitaradferd hafdi adur verid reynd & arunum milli 1965 og 1970. pa fundust tvd dulin
jardhitakerfi, annad & Seltjarnarnesi, hitt & Vindheimum i Olfusi. A8 peim rannsoknum stodu
adallega Gudmundur Palmason, Jon Jonsson og Jens Tomasson. Asteda pess ad pessi
leitaradferd var ekki tekin upp vidar mun hafa verid kostnadur vid grunnar kénnunarholur. ber
voru hafdar yfir 100 m djapar vegna berglaganna og voru boradar med hjolakrénu. Tok hver
hola eina til tveer vikur i borun. Upp Ur 1985 var farid ad bora kdnnunarholur utan jardhitasveeda
med lofthamri og per hafdar 50-60 m djupar ef bergldg voru seemilega pétt. Pannig klarudust
1-2 borholur & dag.

Gosreinarnar a Snafellsnesi stefna VNV-ASA. Jardhitinn fylgir peim og 6lkeldur med sinu
CO: - rika vatni. begar par vid betist selta og har hiti er vatnid dnotheeft til beinnar nytingar i
hitaveitu eins og til demis & Berserkseyri. bekktu CO.-6rmu jardhitakerfin eru tvo, annad a
Pdrsnesi 8 km nordan vid adalgosreinina og hitt er 6 km sunnan vid hana, kennt vid Eidhus.
Kerfin eru 6lik. bdrsneskerfid er 2 km & lengd med stefnu NV-SA og hitahamarkid gengur upp
i skarpan topp. Tveir kaflar innan pess eru heitastir. Vinnsluhola hitaveitu Stykkisholms er i
beim sydri, en i peim nyrdri er affallsvatni fra hitaveitunni delt ofan i borholu. Greitt prysti-
samband er & milli. Eidhusakerfid er meira & breiddina, en hitahdmarkid linulegt med austur-
vestur stefnu. Toluverdur hitamunur er & peim. bdrsneskerfid er 85°C og gefur 25 L/s vid 50-
60 m nidurdréatt vatnsbords sem nidurdalingin heldur uppi, en Eidhisakerfid er 125°C og gefur
15 L/s ar gjosandi borholum.

Jardhitakerfin hvort um sig voru afmorkud med 15-20 kdnnunarholum, 50-60 m djupum.
Vinnsluholur hitaveitnanna eru 800-1100 m djlpar, ein i borsneskerfinu, en prjar i Eidhusa-
kerfinu. Paer voru boradar i hitatoppana nema ein af Eidhusakerfisholunum.

Brota- og gangastefna i tertiera berggrunninum & Porsnesi er N50°A. Tveir bergeitlar ur basalti
koma par fyrir og fylgja somu stefnu. Helgafell er annar, en hinn er sydst i jardhitafravikinu,
rofinn nidur i grunn. I honum er grjétndma fra Vegagerdinni. Samsida hitafravikinu nordan-
verdu er berggangur skammt vestan vid hamark pess. Hann var rekjanlegur med segul-
melingum & 1 km I6ngum kafla. Annar slikur gangur sést heima vid ba & Arnarstddum 1200
m vestar. Par syndu prjar leitarholur hitatopp naestum jafnan peim eystri. Borun par hitti 4 87°C
heitt vatn & 400 m dypi. Vinnsla syndi allgreid tengsl vid fyrri borholuna. Pridji gangurinn med
pbessari stefnu fannst nokkrum km nordaustar i landi bingvalla. Kénnunarhola par reyndist kold.
Talkun min a pessum NNV-SSA-gongum er ad peir séu fra sama tima og NA-SV-gangakerfid.
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Gangar (goshryggir) hornréttir & rddandi sprungustefnu eru pekktir hér i grenndinni fra
sidjokultima par sem eru Pjofahlaup vestan Hengils og Arnarpafur upp af Sandskeidi.

Gosreinin aminnsta sem skasneidir Snafellsnes helmingar naestum hornid & milli jardhita-
sprungnanna sunnan og nordan vid fjallgardinn. Eg tdlka pad pannig ad mesti prystingur sé eda
hafi verid laréttur i stefnu gosreinarinnar og jardhitasprungurnar séu venslud snidgengi i
samraemi par vio (mynd 2). betta er sama munstrid og i skjalftabelti Sudurlands par sem mesti
pbrystingur er hins vegar NA-SV. Vestasti hluti gosreinarinnar & Snafellsnesi er mjosleginn, en
breikkar mjog i Hnappadal par sem mesti prystingur er augljoslega l6dréttur. Kringum Selfoss
virdist spennusvid skjalftabeltis Sudurlands skarast vid spennusvid Grimsnes-eldstodva-
kerfisins, sem bendir pa til ad mesti prystingur feerist i 160rétt pegar pad beerir & sér. Likt geeti
att sér stad a Snafellsnesi.
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Mynd 1. Meldur hiti i 60 m djapri borholu & b6rsnesi.
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Tilraun med VSP maelingar i Kroflu

Olafur G. Flovenz!, Sverre Planke?, Felix Kastner®!, Fabienne Reiser?,
John Millet?, Gylfi Pall Hersir! og Saseunn Halld6rsdéttirt

1{SOR (www.isor.is), 2VBPR (www.vbpr.no), 3GFZ (www.gfz-potsdam.de), 4ETHZ (www.ethz.ch)

Pad hefur lengi verid pekkt ad erfitt er ad f& nothaefar nidurstddur ar hefdbundnum endurkast-
meelingum i basalthraunlégum. Astsedan felst liklega i pvi ad hraunlégin eru mun pynnri en
meelingarnar skynja og i miklum andsteedum i endurkaststudlum vid botn og yfirbord einstakra
hraunlaga. bad veldur erfidleikum vid ad koma orku nidur i jordina og skapar idulega myndar
flokid samlidunarmynstur & endurkastsnidum sem erfitt er ad greina i raunveruleg endurkdst.
Petta er reynslan Ur oliuidnadi og peim fau og takmdérkudu melingum sem fram hafa farid a
Islandi. Vertical Seismic Profiling (VSP) er eitt afbrigdi endurkastmalinga. [ stad pess ad
leggja Ut langan kapal med fjolda bylgjunema eftir linu & yfirbordi jardar og bua til hljédbylgjur,
t.d. med sprengingum, byggjast VSP mealingar & pvi ad setja langan streng med pridsa
bylgjunemum ofan i borholu og skréa hljéabylgjur sem binar eru til vid yfirbord. Ymist er
skotpunktur hafdur rétt vio maliholu (zero-offset VSP), er & nokkrum stédum eftir linu ut fra
borholunni (multi-offset VSP) eda langt fra utan linunnar (far-offset). VSP hefur almennt reynst
vel til ad kortleggja endurkastfleti ut fr4 borholum og nedan vid botn peirra.

Vid arslok 1993 st6du ISOR (pa hluti af Orkustofnun) og Haskolinn i Oslé fyrir fyrstu tilraun
sem gerd var med VSP melingar 4 islandi (Planke og Fldvenz, 1994, 1996). Mzlt var i Eyjafirdi
og i Nautholsvik. Nidurstodur gafu akvednar vonir um TUs]
ad nota matti VSP malingar til ad finna endurkost fra
meirihattar jardlagamotum i basaltskorpu landsins.
Jafnframt kom i lj6s ad med pvi ad nota litlar loftbyssu
sem orkugjafa faest gott hljédmerki nidur fyrir 2 km i T

dypi. Lo Kis

top view a)
%i“ IDDP-01

Arid 2014 gafst taekiferi a ny til ad reyna VSP 9 kml 1 finner ||
melingar & fislandi innan fjolpjédlega rannsokna- W K26 K18 lrim | E

verkefnisins IMAGE sem styrkt var ur sjoundu T

rammaéaaetlun ESB (samningur nr. 608553). ISOR,
VBPR, GFZ og Landsvirkjun stodu sameiginlega ad 1000;
tilrauninni. GFZ lagdi til borholumelistrenginn og '
gerdu sjalfar melingarnar, ISOR lagdi til melingabil, 2000083
ymis teki og sa um sprengingar og framkveemd A
verksins, og VBPR bar pungann af drvinnslu maling-

- /‘faults/

Qdykes/

. 7%
anna med adkomu ymissa adila, einkum DECO i S : , .
Rasslandi. Haskaélinn i Bergen lanadi 6fluga loftbyssu \\ e e
. -2 . . 4000 — = /Z
en samanburdur a hljodgjofum var hluti verkefnisins. TR T
Tualkun melinganna var sameiginlegt verkefni ISOR og distance [m]
VBPR.

. . . . Mynd 3. Efri myndin synir afstddu meliholn-
Tilgangurinn var ad kanna hvort nota metti VSP meelingar anna og stadsetningar jardskjalfta. S nedri

til ad sja endurkastfleti fra jarolagamétum a hahitasveedum  synir migrerud endurkastsnid med helstu

og hvort fram kemu endurkést fra gufuplda eda kviku. endurkastflétum og dypi jardskjalfta. Flotur
Meelt var { tveimur holum { Kroflu (KJ-18 og KJ-26). Mzlt 3;22 gfg:;’gg?a?;rgagoégpkr‘i’";\‘j&ﬁ;?jrﬂ‘;:g
var mefi_ skotstad rétt V|6.holu (zero-offset VSP), med 0g R6 gt veria hlidarendurkost fra gdn'gum
skotstadi i nokkrum 9 m djdpum skotholum a linu 0t fra  pmynd dr grein Reiser ofl. 2017.

holunum (multi-offset VSP) og utan linunnar (far-offset
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VSP). Auk VSP malinganna voru gerdar allmargar adrar borholumalingar i holu KJ-18, par &
medal hljédhradamaeling med hatidnihljodbylgjum (sonic log).

IMAGE verkefninu lauk 31.10.2017 og liggja nidurstédur VSP malinganna fyrir i skyrslu
ISOR (Planke ofl. 2016) og premur handritum greina sem sendar hafa verid til birtingar { JVGR
(Késtner ofl., 2017, Reiser ofl. 2017 og Millet ofl 2017). Helstu nidurstédur VSP mealinganna
eru eftirfarandi:

» Badi gengur ad nota loftbyssu og sprengingar (m.a. DynaCORD) vid yfirbord til ad fa
skyrt merki nidur a a.m.k. 2 km dypi sem gefa merki i kringum 20 og 40 Hz.
Samanburdur & bylgjuhrédum samkvaemt VSP og héationihljodhradamalingum ar KJ-
18 synir gott samreemi milli pessara meeliadferda.

Skyr endurkdst koma fram i VSP melingunum, beaedi fr4 peim jardlagastafla sem

borholurnar skera og eins fra endurkastflétum nedan holnanna og til hlidar vid peer.

Samanburdur endurkastanna vid borsvarf og jardlagamelingar i holu KJ-18 synir

endurkost fra jarolagamotum maobergs og hrauna og fra yfirbordi innskota.

Med pvi ad beita ,,migrasjons-* teekni & maelingarnar sjast endurkastfletir nedan vid botn

holu K-18 og liklega einnig til hlidar vio hana. Sa efsti fellur saman vid mork

brotgjarnrar og stokkrar skorpu og pess dypis sem boranir hafa synt kviku a. bessi

endurkastflétur er pvi liklega efra bord kvikunnar undir Kroflu.

» Annar endurkastflotur sést enn nedar, eda a riflega 3 km dypi. bar geeti verdi nedra bord
kvikunnar eda jafnvel annad flatt kvikulag.

YV V V V¥V

Meginnidurstadan IMAGE verkefnisins er su ad unnt er ad nota VSP mealingar til ad skoda
innri gerd hahitasveeda. Meirihattar jardlagamot koma fram og likur eru til pess ad sja megi
mot kvikulaga og fast bergs. SU VSP meling sem hér er lyst var fremur frumsted ad gerd og
ekki i prividd. Ef nota atti VSP malingar til ad kortleggja yfirbord kvikulagsins parf talsvert
umfangsmeiri og péttari maelingar en notast var vid i pessari tilraun en mikilvaeg reynsla hefur
fengist um hvernig best er ad haga slikum malingum.
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Short-term seismic precursors to Icelandic eruptions 1973-
2014 and success rate of pre-eruption warnings

Pall Einarsson

Institute of Earth Sciences, Sturlugata 7, 101 Reykjavik

Networks of seismographs of high sensitivity have been in use in the vicinity of active
volcanoes in Iceland since 1973. During this time 21 eruptions have occurred and several
magmatic events, where magma has intruded into the crust without finding a way to the surface.
All these events have been accompanied by characteristic seismic activity. Long-term
precursory activity is often characterised by low-level, persistent seismicity, clustered around
an inflating magma body. Whether or not a magma accumulation is accompanied by seismicity
depends on the tectonic setting, interplate or intraplate, the depth of magma accumulation, the
previous history and the state of stress. All eruptions during the time of observation had a
detectable short-term seismic precursor marking the time of dike propagation towards the
surface, see Figure 1 and 2 and table below. The precursor times varied between 15 minutes
and 13 days. In half of the cases the precursor time was less than 2 hours. Three eruptions stand
out for their long precursor time, Heimaey 1973 with 30 hours, Gjalp 1996 with 34 hours, and
Bardarbunga 2014 with 13 days. In the case of Heimaey the long time is most likely the
consequence of the great depth of the magma source, 15-25 km. The Gjalp eruption had a
prelude that was unusual in many respects. The long precursor time may have resulted from a
complicated triggering scenario involving more than one magma chamber. The Béardarbunga
eruption at Holuhraun issued from the distal end of a dike that took 13 days to propagate
laterally for 48 km before it opened to the surface. All 21 eruptions since1975 had detectable
precursors and 14 of them were noticed soon enough to lead to a public warning of the coming
eruption. In 4 additional cases the precursory signal was noticed before the eruption was seen.
In only 3 cases was the eruption seen or detected before the seismic precursor was verified.

Vert. 2

Horiz. 2 NY

Vert.3
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Fig. 1. Seismograms from three components of a small array operated on Surtsey island in 1966, showing the
time interval 09:22 — 11:07 on August 19, showing a typical progress of precursory activity when a new lava
eruption broke out on the island. A swarm of small, very local earthquakes began at 0930 h. The swarm ended by
1030 h and shortly thereafter the amplitude of the background noise increased slowly. The noise increased
rapidly at 1050 h and it is inferred that this marks the beginning of the eruption.
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Fig. 2. The beginning of the September 1984 Krafla eruption seen at the seismic station of Skinnastadur, 40 km
north of the eruption site. High-frequency tremor mixed with earthquakes is seen at 22:50 (A). A low-frequency
earthquake marks the opening of surface cracks (B). The beginning of the eruption at 23:49 (C) is not
accompanied by a significant seismic event. The eruption was accompanied by low-frequency tremor, but very
few earthquakes.

W D \Y T

1966 Surtsey Aug. 19 X (80 min.)
1970 Hekla May 5 X 25 min.
1973 Heimaey Jan. 23 X 30h

1975 Kirafla Dec. 20 X ~ 15 min.
1977 Krafla Apr. 27 X (1 h)
1977 Kirafla Sept. 8 X 2Yah
1980 Kirafla Mar. 16 X 65 min.
1980 Kirafla July 10 X 5h

1980 Hekla August 17 X 23 min.
1980 Kirafla Oct. 18 X 82 min.
1981 Kirafla Jan. 30 X 7h

1981 Hekla April 9 X (4 h)
1981 Kirafla Nov. 18 X 76 min.
1983 Grimsvotn  May 28 X ~9h
1984 Kirafla Sept. 4 X 4 h 24 min.
1991 Hekla Jan. 17 X 30 min.
1996 Gijalp Sept. 30 X ~34h
1998 Grimsvotn  Dec. 28 X ~6h
2000 Hekla Feb. 26 X 79 min.
2004 Grimsvotn  Nov. 1 X 2%-15h
2010 Eyjafj. jokull Mar. 20 X

2010 Eyjafj. jokull April 14 X 2 h 15 min.
2011 Grimsvétn  May 21 X 90 min.
2014 Bérdarbunga Aug. 29 X 13 days

W warning issued. D detected first by instruments, then verified visually. V visual observation of eruption
before instruments checked. T precursor time, from beginning of detected precursor until beginning of eruption.
~ timing of event is imprecise. () beginning of eruption is assumed
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Kortlagning Torfufellseldstodvarinnar

Sigurveig Arnadattir, Arni Hjartarson og borvaldur bérdarson

Faculty and Institute of Earth Sciences, University of Iceland

Kortlagning Torfufellseldstodvarinnar fremst i Eyjafjardardal hofst sumarid 2015 og hér um bil
lokid. Svaedid, sem naer fra Gilsardal i nordri til Hafrargljafurs i sudri, hefur ekki verid kortlagt
eda rannsakad af ndkveemni &dur og jardsaga pess pvi litt pekkt en eldstodin er talin hafa verid
virk fyrir um 6-5 milljon arum. Helstu markmid kortlagningarinnar eru ad beeta vid pekkingu a
jardlagaskipan svedisins, upphledsluhrada jardlagastaflans, liftima og proun eldstédvarinnar
og varpa ljési a tioni, gerd og sterd eldgosa. Um pad bil 1500 metra pykkur samsettur
jarolagastafli hefur verid maldur upp og kortlagdur og segulstefnur hraunlaga meeldar i
maorkinni en aldursgreiningar a4 véldum hraunlégum munu sidan gefa areidanlegan aldur og um
leid auka notagildi segulmelinganna. Jardlagstaflinn er i meginatrioum byggdur ar
dilabasalthraunlégum i nedsta hlutanum, péleiithraunlégum par fyrir ofan en i peim sjast vida
str innskot. Ofan vid pdleiithraunldgin er surt gosberg sem er pykkast i Torfufellinu sjalfu og
endar rétt nordan vido Lambalak i Torfufellsdal og rétt nordan Hafrar i Eyjafjardoardal. Ofan &
liparitid leggjast poleiit- og dilabasaltsyrpur. Seérkennilegt setlag liggur vida undir sdrum
myndunum sem virdist innihalda gjosku, fingerdan og jafnvel svellandi leir og vidarstein. Elstu
jardlog i staflanum eru talin vera um 8,4 milljon &ra og pau yngstu um 4,9 milljon ara.
Holufyllingar benda til ad jardlagastaflinn sé ad mestu leyti i kabasit-tomsonit beltinu sem gefur
til kynna ad eldstooin hafi ekki grafist djapt undir yngri jarélégum.
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Virkjun hraunhita i Heimaey

Sveinbjorn Bjornsson

Orkustofnun, Grensasvegi 9. 108 Reykjavik

Eldfellshraunid var & margan hatt Avenjulegt. Hraunid var hélfkristallad alkalibasalt,
seigfljotandi og adeins um 1050°C heitt. Pad rann undan halla fra gignum ut i sj6 og vard allt
ad 130 m pykkt. Gigurinn hl6d 10 — 20 m pykkri gjosku ofan & hraunid medan pad skreid burtu.
Pykkt bradins hrauns i goslok vard vida yfir 100 m. Hraunstraumurinn lagdist med strondinni i
att ad hofninni. SIokkvilid og sanddaluskip reyndu ad hamla gegn framras hraunsins med
Oteepilegri vatnskeelingu og bjarga hafnarmynninu. Hugmyndin var ad mynda storkna garda
sem beindu hraunstraumnum i adra att. Boranir i hraunid syndu ad vatnid n&di ad kela hraunid
svo ad pad storknadi i smasprungid berg. Bergid var mettad af 100°C heitri gufu fra yfirbordi
nidur ad bradna fletinum, en par jokst hitinn & fAeinum metrum upp i hita bradarinnar. Gufan
péttist i gjoskunni vid yfirbord og péttivatnid lokadi Utstreymisleidum. Gufan var pvi lokud inni
milli gjoskunnar og brédna flatarins og slapp adeins Ut par sem hraundrangar stodu upp ur
gjoskunni og efst & gigbérmunum. Fljotlega eftir ad gosi lauk kviknadi dhugi & ad nyta gufuna
til hashitunar. T fyrstu tilraunum voru varmaskiptar grafnir i gjoskuna eda settir i brunna. beir
skiludu arangri en entust skammt vegna teeringar. Auk pess voru menn hikandi vegna 6vissu
um hve lengi gufan mundi endast. Reikningar bentu til pess ad 100 m pykk brdd mundi ekki
storkna i gegn fyrr en um 14 arum eftir goslok. A slikum svaedum metti pvi framleida gufu
med styrdri vokvun likt og & heitri ponnu, allt par til vokvunin hefdi étid sig gegnum bréadina
0g vatnid tapadist nidur ar hrauninu. Tilraunir syndu einnig ad audvelt var ad soga gufu ar
hrauninu langar leidir. Vid petta jokst tiltr( a hraunhitann svo ad dkvedid var ad radast i virkjun
og leggja dreifikerfi hitaveitu i baeinn. Fyrsti &fangi var tekinn i notkun i arslok 1978 og sidasti
afanginn pegar dreifikerfid var fullbyggt um mitt &r 1982. Holraesabrunnar voru grafnir i gjallid
a vokvunarreitunum og peir tengdir vid kistur med varmaskiptum og reykhafa sem sogudu
gufuna ur hrauninu inn i varmaskiptana. Vatn fra dreifiveitu baejarins kom um 35°C heitt ad
varmaskiptunum og fér padan um 80°C til bejarins. Engan vélbanad purfti uppi a
virkjunarsvadinu. Vinnslukostnadur varma ur hrauninu nam um 27% af kostnadi vid oliuhitun.
Virkjunin gekk vel fram undir 1988 en pa for ad bera a erfidleikum i framleidslu gufu par sem
litid var eftir af hraunbrddinni. Hrein gufa péttist vid 100°C en loftblondud gufa péttist ekki fyrr
en blandan hefur verid kald nidur ad peim hita sem svarar til hlutprystings gufunnar. Ef gufan
er adeins 30% peéttist han ekki fyrr en vid 70°C og vatnid i varmaskiptunum neer ekKki heerri hita
en pad. Boranir i hraunid syndu einnig ad sjor hafdi sott inn fra hraunjadrinum og nad ad kela
hraunid nedan sjavarmals. Dreifikerfid helt fullu gildi en vinnslu hita Ur hrauninu var hett.
Vestmannaeyingar toku pvi pad rad ad hita vatnid i rafskautakatli med otryggri raforku. I 1josi
bess ad kaup a otryggri raforku verda nu erfidari hafa Vestmannaeyingar undirbuid vinnslu
varma Ur sj6 med varmadalum til ad tryggja hitaveitunni nagt heitt vatn.
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IMAGE er lokid — hver var avinningurinn?

Saeunn Halldérsdéttirt, Gylfi Pall Hersir! og Olafur G. Flovenz!

1{SOR (www.isor.is)

Rannsoknarverkefninu IMAGE (Integrated Methods for Advanced Geothermal Exploration)
lauk i oktéber 2017 (http://image-fp7.eu/). Verkefnid sem var til 4 ara var mjog umfangsmikid
og pétttakendur voru fimmtan rannséknarstofnanir i Evropu auk niu fyrirteekja sem koma ad
rekstri jardvarmavera eda annarrar jardhitanytingar. batttokuadilarnir voru fra islandi, Hollandi,
byskalandi, italiu, Frakklandi, Sviss, Noregi, Tékklandi og Porttigal. Auk ISOR toku tvd islensk
fyrirteeki patt, HS Orka og Landsvirkjun. Gott samstarf milli allra pattakenda verkefnisins var
forsenda pess hve godur arangur nadist i verkefninu.

Markmid verkefnisins var ad prdéa nyjar adferdir til ad rannsaka og meta jardhitakerfi og
stadsetja borholur med markvissari hetti. Vonast var til ad verkefnid yrdi vettvangur
aframhaldandi prounar adferda til ad gefa sem besta mynd af jardhitakerfum adur en boradar
eru rannsdknarholur. NU pegar verkefninu er formlega lokid gefst teekifeeri til ad lita um 6xI og
ihuga hvernig tekist hefur til. Var markmidum verkefnisins nad, hofum vid feerst naer pvi ad fa
betri mynd sem nytist til ad stadsetja borholur med markvissari hetti?

Eins og i 6drum verkefnum sem styrkt eru af Evropusambandinu eru markmid verkefnisins
fyrirfram vel skilgreind med timasettum voréum og skilum i formi greinargerda og skyrsina.
Hvad pessa malikvarda vardar hefur tekist vel til og
6llum formlegum skilum gagnvart Evrépusambandinu er
lokid.

Heildarverkefnid var mjog metnadarfullt og & koéflum var
erfitt ad sja fyrir sér ad 6llum markmidum yrdi ndd. Sum
verkefnin voru erfid i Gtfaerslu og 6hjakveemilegt ad upp :
keemu einhver vandamal eftir ad lagt var ad stad. Demi
um petta eru VSP (e. Vertical Seismic Profile) malingar &
i tveimur borholum i Kroflu en svo umfangsmikil tilraun  Mynd 4: Anagt starfsfolk ISOR i lokin

af pessari gerd hafdi ekki adur verid framkveemd i & uppsetningu jardskjalftanets
jardhitakerfi hér & landi. Med samstilltu ataki patttakenda Reykijanesi.

fra ISOR, GFZ (byskalandi) og VBPR (Noregi) nadist ad klara verkefnid og var studningur
Landsvirkjunar og starfsfélks Kroflustodvar forsenda fyrir pvi ad pad gekk svo vel.

Annad verkefni folst i uppsetningu a 24 nedansjavar jaroskjalftamelum ut af Reykjanesi. Vid
utfeerslu pess verkefnis komu til ad mynda vid sogu hvalveidibatur og steersta vardskip
Landhelgisgaslunnar en han var einkar hjélpleg vid framkveemd malinganna. Einstaklega vel
heppnad samstarf patttakenda fra ISOR, GFZ og starfsfolks HS Orku skiladi mikilveegum
nidurstodum fyrir jarohitakerfid a Reykjanesi.

Medal mikilvaegra nidurstadna IMAGE verkefnisins eru:

» Unnter ad nota VSP mealingar til ad skoda innvidi hahitasveeda. Meirihattar jardlagamot
koma fram og likur eru til pess ad sja megi mét kviku og fasts bergs.

» Betri upplausn jardskjalfta & Reykjanesi og betri dyptarskynjun jardskjalfta sem verda
nedansjavar Ut af Reykjanesi. Vp/Vs hlutfall synir ad umtalsverd kvika er ekki til stadar
i efstu 6-7 km undir kerfinu.

> Ljosleidari var i fyrsta skipti, ad vitad sé, notadur med gédum arangri til ad mela
jardskjalftabylgjur & Islandi.
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» Gagnagrunnur yfir mismunandi bergtegundir, uppruna peirra og eiginleika var atbuinn
og verdur hann i framhaldinu opinn. Vidnam borholukjarna frd Reykjanesi,
Nesjavollum og vidar og var melt vid yfirmarks adsteedur.

» Adferd sem byggir a ad framkalla vokvabolur i steindum til ad meta hitastig (>380°C)
var proud og profud i borholu i Larderello (250°C) og i Kroflu (320°C). Tilraunir syna
ad adferdinni er haegt ad beita til ad meala hitastig allt ad 424°C.

> Spennusvidskort af Islandi (e. crustal stress) var gefid Gt par sem notast var vid
upplysingar um brot vegna borunar (e. breakouts) og togspennusprungur ar borholum,
auk brotlausna 0r jardskjalftum.

» Adferdafreedi vid uppbyggingu prividra jardfredilikana var proud par sem slikt likan
var samhlida byggt upp fyrir Kréflu. beirri adferdafraeedi var sidan einnig beitt & gogn
fra jarohitakerfi a Terceira-eyju (tilheyrir Azor-eyjum).

» Gagnagrunnur sem synir svaedi innan Evrépu par sem yfirmarksastand geeti verid til stadar i
jardskorpunni. Hér & landi ma gera rad fyrir ad finna megi yfirmarkséastand & 4-5 km dypi & peim
32.000 km? sem gosbeltid pekur.

Nidurstodur IMAGE syna ad hagt er ad nota sersnidnar adferdir & svidi jard- og jaroedlisfreedi
til ad fa betri mynd af jardhitakerfum fyrir boranir. [ verkefninu voru margar adferdanna préadar
afram og i lokin liggur fyrir fjoldi gagna sem eru opin til frekari rannsékna. Pad ma segja ad
jarohitageirinn hafi feerst enn einu skrefi nar pvi stadsetja borholur med arangursrikum heetti
sem baedi dregur ar umhverfisahrifum og leekkar kostnad.

IMAGE verkefnid var styrkt af ESB, 7. Rammaagtlun samkvaemt samningi No. 608553.
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Mynd 5: Sveedi par sem yfirmarkshitud jarohitakerfi kunna ad leynast.
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Flow measurements with a spinner logging tool in
geothermal wells at beistareykir: Processing and
interpretation with the aim of locating feed zones in wells

Valdis Guomundsdottir

ISOR, islenskar Orkurannsoknir, Grensasvegi 9, 108 Reykjavik

Downhole spinner measurements taken during injection tests at the end of drilling of a
geothermal well give information regarding the speed of fluid flow all the way down the well.
By calibrating the data the fluid velocity and the flow in liters per second may be calculated all
the way down the well. The fluid flow is affected by the geometry of the well but the calibration
of the data attempts to eliminate these effects. The results give insight into where fluid flows
out of the well and therefore where feed zones are found in the well.
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"Deciphering the deformation history of oceanic shear
zones through mineral microstructures”

Jessica Lynn Till

Institute of Earth Sciences, University of Iceland, Sturlugata 7, 101 Reykjavik, Iceland

Deformation at slow-spreading oceanic ridges is characterized by strain localization in
structures such as low-angle detachment faults, resulting in the formation of oceanic core
complexes. Ocean drilling expeditions at slow- and ultra-slow-spreading ridges have also
discovered that oceanic core complexes contain abundant ductile shear zones in gabbros. In
many sites, high-temperature plastic deformation features in silicates are systematically
associated with high modal concentrations of Fe-Ti-oxides (ilmenite and magnetite); however,
the reasons for this association have not been clearly determined. We conducted a
microstructural investigation of oxide-rich shear zones from Atlantis Bank (ODP site 735B) on
the SW Indian Ridge aimed at determining how oxide mineral abundances relate to strain
localization in oceanic gabbros. Although recent experimental work on Fe-Ti-oxide rheology
predicts magnetite and ilmenite to be weaker than most mafic silicates, the oxide grains have
morphologies characteristic of crystallized melt, indicating that shear zone formation
predominantly occurred at super-solidus conditions. The redistribution of Fe-Ti-oxide melts
during deformation of the silicate matrix therefore likely influences the strength and strain
localization behavior of oceanic gabbros more than the solid-state rheology of the oxide phases.
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Crustal deformation and strain rates in Hengill and the
South Iceland Seismic Zone

Théra Arnadéttirt, John Haines?, Daniel Juncu! and Halldor Geirsson?3

Nordic Volcanological Center, Institute of Earth Sciences, University of Iceland
2GNS Science, Dunedin, New Zealand
3Dept. of Earth Sciences, Institute of Earth Sciences, University of Iceland

Here, we report results from 15 years of GPS deformation measurements in the Hengill and
South Iceland Seismic Zone (SISZ). Since June 2000, annual GPS campaigns have been
conducted in the area extending from Blafjoll to Hekla. GPS station positions from campaign
and continuous measurements during 2001-2015 were used to calculate station velocities and
strain rates. Estimating the station velocities and strain rates for several time intervals
demonstrates temporal and spatial variation of strain rates in the Hengill and SISZ. In addition
to plate spreading, and post-seismic deformation, the GPS velocities in the study area are
influenced by anthropogenic signals with subsidence due to geothermal exploitation and
induced seismicity in Hengill, and magma accumulation below Hekla. The strain rates indicate
subtle signals of post-seismic strain rate changes following the June 2000 M6.5 main shocks,
but much larger strain rates are observed after the two May 2008 M6 main shocks. In addition,
a strain anomaly is observed in the Olfus area prior to the May 2008 main shocks. This study
therefore indicates a difference in the character of post-seismic deformation following the June
2000 and May 2008 earthquakes, and reports a significant change in the deformation in Hengill
and Olfus after May 2008.
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The Greenland-lceland-Faroe Ridge Complex

Ogmundur Erlendsson, Arni Hjartarson, and Anett Blischke

[SOR, islenskar Orkurannsoknir, Grensasvegi 9, 108 Reykjavik

The Greenland-Iceland-Faroe Ridge Complex (GIFRC) has been in development since the
opening of the NEAtlantic around 55 Ma. It appears as a prominent feature in all geological
and geophysical data sets. Synclines and anticlines in the area will be summarised and, among
others, several new ones that were revealed in seismic reflection data near to Iceland.
Specifically, the offshore anticlines and synclines may be related to old rift systems prior the
forming of Iceland as an insular shelf region (>24 Ma). Synclines are suggested to be
manifestations of former rift axes that have been abandoned by rift jumps. These rift jumps
appear to be more common inside the GIFRC region than in the ocean basins south and north
of the area. They can be confirmed by the observation of cumulative crustal accretion through
time as well.

The GIFRC represents a complex region of crustal accretion in 3 dimensions due to overlapping
rift systems, complex interlinked rift and transform zones, and several unconformities that
suggest a variable uplift and subsidence history for the ridge complex. An excellent example to
visualise such processes of vertical crustal accretion and rift jumps is seen in seismic reflection
data that extends along the southwestern slope of the Iceland-Faroe Ridge. They clearly display
the internal structures of basement blocks, separated by a syncline and younger rift system, and
the formation of an anticline across the deeply buried basement blocks that are overlain by
seaward dipping reflectors (SDR).

We suggest a major hiatus (40 Ma — 24-20 Ma) and a related unconformity at the boundary of
the volcanic insular shelf edge of East Iceland and the Faroe Ridge, buried beneath thick layers
of sediments, 8-10 km inside the bathymetric shelf break.

Several seamounts were observed on multibeam datasets from the Vesturdjup Basin West of
Iceland, just south of the Greenland - Iceland Ridge at around 1200 m depth. Most of them are
cone shaped but ridges and table mountains are also found. These seamounts appear to be much
less eroded and younger than the neighbouring ocean floor and might indicate a still active flank
or intra plate volcanic zone. Young tectonism with faults, grabens and transverse ridges also
characterize the area and most of the volcanic cones are located along fault plans or/and within
the grabens of the Vesturdjdp, giving a good example of the complexity of the GIFRC in
comparison to simple ocean floor areas.
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