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Glacio-Isostatic Adjustment around Vatnajokull ice cap,
Iceland, revealed by INSAR data

Amandine Auriac’, Freysteinn Sigmundsson*, Andy Hooper? and Karsten
Spaans?

!Institute of Earth Sciences, Nordic Volcanological Center, University of Iceland, Askja, Sturlugata 7
“Delft Institute of Earth Observation and Space Systems (DEOS), Delft University of Technology, Delt,
The Netherlands

Climate warming over the last decades has many effects on Nature, among which increasing
melting of icecaps around the world. Vatnajokull icecap, the largest in Europe with an area of
~8100 km? and maximum thickness of ~900 m, don’t make exception. Because it has lost
remarkable ice mass since the end of the Little Ice Age, a significant uplift, due to Glacio-
Isostatic Adjustment (GIA), can be detected at its surroundings. Previously monitored by GPS
measurements, this study focuses on using satellite-borne radar interferometry (InSAR) to
map out the complete extend of the uplift signal and investigate for the response of the crust
to this phenomenon.

InSAR is a phase differencing technique, used extensively in crustal deformation
studies to measure surface displacements. It provides a better spatial coverage than GPS data,
which can only be collected at selected benchmarks. Although InSAR is only able to
determine Line-Of-Sight (LOS) displacement, its superior spatial sampling greatly helps
constraining the deformation patterns resulting from the GIA. This study aims at getting a
better understanding of the rheology of the lithosphere in the vicinity of Vatnajokull, through
the way it responds to ice unloading. This will be achieved by fitting the results from InSAR
processing to (3D) models developed with the Finite Element Method (FEM). Our goal is to
test if there is a spatial variation in those properties depending on the distance to the plate
spreading center (i.e. from west to east). We plan also to clarify the shape and extent of the
GIA signal from the edges of the icecap. To reach these objectives, a collection of summer
acquisitions (to remove the loss of coherence due to snow cover in winter) from the ERS-1,
ERS-2 and Envisat satellites were processed, covering the whole icecap in both ascending and
descending tracks.

Using the StaMPS processing method, times series of the deformation in the vicinity
of Vatnajokull were produced, clearly showing the GIA signal over a time span of ~18 years
(from 1992 to 2010). Preliminary results indicate previously undetected variations in the uplift
signal, most likely related to differences in melting rates at the outlet glaciers. LOS velocities
are in average up to 12 mm/yr at the low-altitude outlet glaciers, over a 10-year period. The
decaying rate of the signal is consistent with observations made by GPS measurements. In
some areas, the signal is much more complex due to tectonic and volcanic processes also
occurring in the region (e.g. plate spreading, glacial surge, magmatic intrusion). Future work
includes some additional processing and development of a 3D model taking into account more
detailed ice models for each outlet glacier of Vatnajokull.
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Quantification of geochemical energy in geothermal
ecosystems

Asgerdur K. Sigurdardattir', Andri Stefansson*, Gudmundur Oli
Hreggvidsson?, Sneaedis Bjornsdottir’ and Sélveig Pétursdottir®

! Faculty of Earth Science, University of Iceland, Sturlugata 7, 101 Reykjavik, Iceland, “Matis ohf,
Vinlandsleid 12, 113 Reykjavik, Iceland

Many geothermal ecosystems utilize geochemical energy for metabolic reactions. The
magnitude of chemical energy available to microbial communities in geothermal water may
be assessed by combining thermodynamic calculations with analytical techniques used for
direct dissolved species determination. This approach allows for the quantification and
ranking of various potential sources of inorganic chemical energy that may support microbial
life. In order to quantify such source of energy in Icelandic surface geothermal waters,
samples were collected from five different geothermal areas including Geysir, Fludir,
Olkelduhals, Reykholtsdalur, Torfajokull. The major and trace elements were analysed as
well as direct speciation determination of N (NHj3, NO,, NO3), S (H;S, S;03, SO4), H,O (O,
H,, H), and C (CH4;, CO,) using combination of titrations, ion chromatography and
colorimetric techniques. The pH of the water and the temperature range were 3-9 and 50-90
°C, respectively. Combined with thermodynamic calculations of the appropriate redox
reactions, the non-equilibrium excess energies (chemical affinities, A;) defined as,

Ay = —B,6 = -RTIn Qrfﬁm

were calculated for over 100 reactions and these ranked according to their importance as an
energy source. To determine the chemical affinity of a particular reaction, the equilibrium
constant were calculated using the Supcrt92 program and slop07.dat database (Johnson et al.,
Gy = l_l'x?

1992) and the reaction quotient, , were calculated from the measured spcecies
concentrations and calculated activity coefficients from total water composition using the
PHREEQC program (Parkhurst and Appelo, 1999).

Examples of the results are shown in Figure 1 for reactions involving sulphur species.
The reactions yielding the highest energy involved oxidation or reduction of S and $,05” by
O, and Hy, respecitively. Other reactions of importance involved oxidation or reduction of
S(s) and SO42', H,S and SO42' and 82032' and SO42'. The overall trend was found to be
relatively insensitive to pH and temperature and whether the reaction was written as oxidation
or reduction reaction. The energies thus obtained may be compared with known metabolisms
of the geothermal ecosystems in order to identify the chemical reactions of importance for
chemotrophic microbiological communities.
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Fig. 1. The calculated chemical affinity (A,) of reactions involving various sulphur species as a function of pH.
The reactions yielding the highest positive chemical affinity are the reactions releasing most energy for possible
metabolism.
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Sprungusveimar Nordurgosbeltisins

Asta Rut Hjartardéttir?, Pall Einarsson®?, Sigridur Magnusdéttir? og
Bryndis Brandsdottir*

LJardvisindastofnun Haskola islands, Oskju, Sturlugstu 7, 2Jardvisindadeild Haskola islands

Vio hofum kortlagt sprungur fra nitima i Nordurgosbeltinu, til pess ad fa skyra mynd af
pessum hluta flekaskila Nordur-Ameriku og Evrasiuflekans. Sprungurnar voru kortlagdar af
loftmyndum fra Landmalingum fslands og Loftmyndum ehf. Nordurgosbeltid samanstendur
af sex megineldstddvum og sprungusveimum peirra; Bardarbungu, Kverkfjollum, Oskju,
Fremrindmum, Kroflu og Peistareykjum. Bogalaga belti misgengja markar austurjadar
Nordurgosbeltisins, par 4 medal er Kerlingamisgengid, sem virdist hafa hreyfst 4 nlitima
(mynd 1). Stér misgengi liggja einnig vid nordvesturjardar gosbeltisins, innan sprungusveims
beistareykja og ut 4 Tjornesgrunn.

[ sudurhluta Nordurgosbeltisins stefna sprungusveimar til nordausturs en sveigja til
nordurs eftir pvi sem nordar dregur. Flestar gossprungur innan hvers sprungusveims liggja
naest megineldstodovunum. Pott hraun hylji misgengi og glidnunarsprungur nest
megineldstodvunum virdist mestur fjoldi tektoniskra sprungna liggja i 10-60 km fjarleegd fra
peim.

Flestar sprungurnar liggja nokkud samsida hver annarri og sprungusveimunum
sjalfum. P6 finnast nokkrar undantekningar & pvi, svosem nerri megineldstodvum par sem
Oskjur eru til stadar. Nordan Dyngjujokuls stefna sumar gossprungur i austur-vestur. Einnig
sjast Ovanalega fjolbreytilegar sprungustefnur i Alftadalsdyngju og nagrenni hennar og nyrst i
Nordurgosbeltinu, par sem Grimseyjarbrotabeltid matir Nordurgosbeltinu. Sprungusveimur
beistareykja sveigir til nordvesturs par sem hann matir misgengjum Husavikur-Flateyjar
kerfisins a4 Reykjaheidi og til nordausturs i Kelduhverfi. Einnig er nordursprungusveimur
Kroflu med breytilega nordlega stefnu par sem hann liggur 4 moéts vid misgengi
Husavikurkerfisins (mynd 1). Sprungur i sudurhluta sprungusveima Kroflu og beistareykja
eru aftur 4 moti nokkud samsida, eins og 1 flestum O0rum sprungusveimum
Nordurgosbeltisins. Liklegt er ad rekja megi hid oreglulega sprungumynstur i nordurhluta
sprungusveima beistareykja og Kroflu til pess ad peir verdi fyrir dhrifum af spennusvidi
Husavikurkerfisins. A0 sama skapi er liklegt a0 spennusvid Grimseyjarbrotabeltisins valdi
hinum 6reglulegu sprungustefnum sem finnast 4 mérkum pess og Nordurgosbeltisins.
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Mynd 1: Sprungur i sprungusveimum Nordurgosbeltisins litadar eftir eldstddvakerfum. Gossprungur eru merktar
med brotalinum { dekkri ton en tektonisku sprungurnar. Adrar sprungur eru svartar, Kerlingamisgengid er taknad
med breidum svortum linum. Hasavikurmisgengid liggur i vestur fra sprungusveim beistareykja. Mynd i
bakgrunni er fengin fra IS50 gagnagrunni Landmzlinga slands.
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Crustal effects of the Halslédn water reservoir, Iceland: A
three-dimensional model of the Earth’s response

Baldvin Joénbjarnarson®, Freysteinn Sigmundsson®, Benedikt G.
Ofeigsson®, Pall Einarsson*, Erik Sturkell?, Andy Hooper®, Fj6la Gudrin
Sigtryggsdottir* and Halldér Geirsson®

"Nordic Volcanological Center, Institute of Earth Sciences, University of Iceland, Iceland, “Department
of Earth Sciences, University of Gothenburg, Sweden, *Department of Earth Observation and Space
Systems, Delft University of Technology, Netherlands, “School of Science and Engineering, University
of Reykjavik, Iceland, °lcelandic Meteorological Office, Iceland

The response of the Earth to crustal loading can provide vital information on crustal strength.
We have studied the response of the Earth to the largest man-made water reservoir in Iceland,
Halslon, which was formed in 2006. We address how the Halslon water reservoir induced
crustal displacement and stress changes, by comparing the predictions from a finite element
model of the loading process to observed ground deformation mapped by GPS, satellite radar
interferometry and extensometers.

The impoundment of the Halslon water reservoir began in September 2006. When the
reservoir is full it spans an area of 57 km® and holds 2.1 km® of water. The maximum yearly
fluctuation of water level is 50 m.

The Halslon reservoir is located on the Eurasian Plate just east of divergent North
American-Eurasian plate boundary where it crosses northern Iceland. The location coincides
with the edge of a fissure swarm and overlies several lineaments and faults, some of which
have been active during the Holocene. Other processes contributing to deformation in the area
within the time span of observations include a lower crustal magma intrusion in 2007-2008,
25 km to the northwest, and unloading due to the contracting Vatnajokull icecap, south of the
reservoir.

Prior to, and after, the filling of the reservoir, various measurements were made to
evaluate the crustal deformation due to the load of the water. A network of 35 GPS
benchmarks have been measured yearly from 2005 and eight continuous GPS stations were
installed between 2004 and 2006. Satellite radar interferometric analysis (InSAR) have been
conducted in the area. In addition, there are extensometers monitoring movements of faults in
the Kérahnjukar dam foundation. From these observations there is evidence for small
movements due to the initial filling of the reservoir. Maximum widening across Halslon is of
the order of 30-45 mm in the northern part were the reservoir is deepest and mean subsidence
of the area around Halslon is of the order of 5-25 mm.

We are developing a three dimensional finite element model (with ABAQUYS) of the
area near Halslon, considering crustal layering, faults, pre-existing stress, and topography.
The initial model is based on the available geologic and geotechnical information. Conditions
before and after filling of the reservoir will be compared, to predict changes in stress and
resulting deformation associated with the filling. In addition, the effects due to the annual
fluctuation in the water level of the reservoir will be modeled. Model predictions will be
compared to the crustal deformation data set mentioned above. The influence from
Vatnajokull ice cap and the magmatic intrusion will also be considered. The aim is to gain
insight in the characteristics and strength of the crust, to understand the geometry and
properties of dislocations and to model the general effects of a major load on the crust.
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2007-2008 unrest at Upptyppingar-Alftadalsdyngja:
Constraints on deep magma injection from GPS and
INSAR

Benedikt Gunnar Ofeigsson®, Andy Hooper?, Freysteinn Sigmundsson®,
Bjorn Lund?®, Pall Einarsson®, Halldor Geirsson®, Erik C Sturkell®

"Nordic Volcanological Center, Institusion of earth sciences, University of Iceland, “Delft Institute of
Earth Observation and Space Systems, Delft University of Technology, 3Department of Earth
Sciences, Uppsala University, ‘Institusion of earth sciences, University of Iceland, °lcelandic
Meteorological Office, Reykjavik, Iceland, °Department of Earth Sciences, University of Gothenburg,
Gothenburg, Sweden

Formation of the oceanic lower crust and migration of magma within it remains enigmatic.
These can be studied in subaerial exposure of the mid-oceanic rift system in Iceland, that
allow geodetic observations of deformation. A unique opportunity to study magma migration
in the lower crust was presented in February 2007 - April 2008 when swarms of deep
earthquakes were detected in north-east Iceland. We present detailed GPS and interferometric
synthetic aperture radar (InSAR) observation from the area covering the intrusion. The focal
depths where concentrated in the lower ductile region of the crust at 14-22 km. The swarms
were aligned on a dipping plane, decreasing in depth with time. The main activity continued
until April, 2008 but since then a limited shallow activity has occured. Deformation,
associated with these events has been observed by GPS and InSAR. A mechanical boundary-
element model inverted from the observed deformation and the earthquake hypocenters, using
two InSAR images and data from 7 GPS stations occupied at the end of the main event,
suggests an intruded material of 0.042-0.047 km”"3 aligned on a dike with strike 81-82° and
dip of 42-43°. The decreasing depth of the swarms and the brittle fracturing in what is
generally ductile conditions, leads to the conclusion that magma is being intruded into the
lower crust at high strain rates. Both the seismic swarms and the best fit geodetic model fit to
plane with a strike and dip that implies that either the stress field in the lower crust is different
to the regional stress field, or that the sheet orientation is dictated by some other factor, i.e.
glacial isostatic adjustments. A follow up study of these events utilizes much larger data set,
both of GPS and SAR acquisitions over the area. GPS network covering over 40 km radius
area around the intrusion with over 60 GPS stations has been measured for several years to
investigate various processes such as magma movements, glacial rebound, plate spreading and
reservoir filling. Signal from the intrusion has been observed in most parts of the network
showing a far reaching deformation field. Over 40 mm horizontal displacement is observed.
Hints of deformation prior to the onset of the main activity, and after, can be seen in the GPS
data suggests the need for a study of the periods before and after the main activity. Although
the dike model is fairly well constrained it is still unclear how, and where from, the magma
migrated from depth and the possible role of shallow faulting needs to be addressed. With
more detailed study of the extensive GPS data acquired, as well as the use of InSAR and
seismic data, we hope to gain more insight into the mechanics of this intrusion and better
understand magma processes in the lower crust.
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Jardskjalftavirkni a islandi 2010

Bergpora S. borbjarnaradaottir, Gunnar B. Gudmundsson og Steinunn S.
Jakobsdottir

Vedurstofu islands, Bustadavegi 9

[ lok ars 2010 voru 60 jardskjalftastodvar i SIL-melaneti Vedurstofu {slands. Fimm stédvar
battust vid 4 arinu, allar &4 Eyjafjalla- og Myrdalsjokulssvaedinu. Ein var sett upp i mars en
tekin nidur aftur ad hausti. Hinar fjérar voru settar upp i desember. Um 23.000 jardskjalftar
mealdust 4 arinu. Islandskortid synir upptok jardskjélfta steerri en einn (svartir punktar), sem
melst hafa 4 a.m.k. fjorum stodvum. Eldstodvarkerfi og sprungur (Pall Einarsson og Kristjan
Semundsson, 1987) eru einnig synd. Jardskjalftar sterri en fjogur stig eru merktir med
hvitum stjornum. Stersti skjalfti sem meldist var 4,8 stig (mp, NEIC) med upptok &
Reykjaneshrygg i oktober. Stersti skjalfti 4 landi var i nordaustanverdri Bardarbungu i
februar, 4,0 stig. Vid Grimsey vard einnig skjalfti 4,0 stig 1 juli.
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Helstu atburdir arsins voru eldgosin i Eyjafjallajokulseldstodinni. Arin 1994, 1996,
1999 og 2009 meldist skjalftadér6éi undir joklinum og voru pessir atburdir talkadir sem
innskotavirkni. I lok ars 2009 hoéfst skjalftavirkni &4 svaedinu enn & ny og jokst verulega i mars
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fram ad eldgosi & Fimmvorduhalsi pann 20. Skjalftar meeldust 4 svaedinu & medan 4 gosinu
stod eda til 12. april, en petta fyrra gos var sannkallad turistagos, hraungos med litla
sprengivirkni. Kroftug skjalftahrina hofst svo neaesta kvold pann 13. og eldgos fylgdi stuttu
sidar 1 toppgig Eyjafjallajokuls. Pvi gosi ma skipta i prja fasa — fyrri sprengifasa, hraunfasa og
seinni sprengifasa. Litid meldist af skjalftum samfara gosinu, en gosordi var mestur & medan
hraun rann i midfasanum. Eldgosinu lauk um 23. mai p6 sma 6r6i hafi melst af og til fram i
juni.

Steerstu atburdir ut & Reykjaneshrygg voru skjalftahrinur i febrar og oktober par sem
nokkur hundrud skjalftar meeldust. [ oktober hrinunni, sem var um 80 kilémetra fra landi, urdu
nokkrir skjalftar 4 staerdarbilinu 4 — 5 stig, steersti 4,8 (my, NEIC). A Reykjanesskaga var mest
af skjalftum & Krysuvikursvadinu i névember og desember. Staerstu skjalftarnir voru um prju
stig. Mesta hreyfing 4 Krosssprungunni (fra 29. mai 2008) var medfram sudurhluta hennar, i
Fléanum. Engar miklar hrinur urdu og skjalftar allir smair. A arinu maeldist einnig p6 nokkur
smaskjalftavirkni vid Raufarholshelli, mest i hrinu i mai-jini med um 200 skjalfta. Skjalftar
meldust af og til vid Husmula vestan Hellisheidarvirkjunar vegna nidurdelingar vatns i
borholu. Fair og dreifdir smaskjalftar maldust 4 Sudurlandsundirlendinu.

{ febraar og desember maeldust tugir skjalfta vid Tvidaegru i Borgarfirdi, allir innan vid
prja ad sterd. Seint 1 oktober hofst skjalftar6d vid sudurenda Blondulons og hélst virkni par
ut november med hléum. Hatt 1 tvd hundrud skjalftar maeldust, nokkrir yfir prja ad stero.

Steersti skjalfti undir Vatnajokli var i nordaustanverdri Bardarbungu i februar, fjogur
stig, med hatt 4 annad hundrad eftirskjalfta. Annars var vidvarandi virkni undir
nordvestanverdum Vatnajokli allt arid. I juni hljép Gr badum Skaftarkotlum med viku
millibili, en o6rdéahvidur komu fram & skjalftamaelum i seinna hlaupinu. I oktober var
skjalftahrina i Esjufjollum, en sidasta hrinan 4 svedinu var i oktober 2002. Talsverd
smaskjalftavirkni og 6r6i maeldust undir Grimsvotnum i jokulhlaupi sem hofst i lok oktdber.

Engir storir atburdir urdu a4 svadinu nordan Vatnajokuls. Nokkrar smaskjalftarhrinur
maldust vid Herdubreid. Smaskjalftar meldust af og til vid Hlaupfell nordan Upptyppinga,
adallega & um 6 — 8 kilometra dypi. Hrinur djipra jardskjalfta, 4 um 15 kilémetra dypi,
maeldust nordan vid Oskju. Einnig maldust djupir skjalftar nordan Vadéldu. A Kroflu- og
beistareykjasvaedum maldust smaskjalftar af og til allt &rid.

Virkasta svadid 1 Tjornesbrotabeltinu 4 arinu var austan og nordan vid Grimsey, en
par urdu margar skjalftaradir. Flestir skjalftar, hatt i 500, maldust i skjalftahrinu austan
eyjarinnar i janaar. Steersti skjalftinn 4 svedinu vard pann 23. juli, fjogur stig. Talsverd virkni
var einnig i Oxarfirdi og i Skjalfandadjtpi.
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Petrologic and volcanologic investigations of the
Graenavatn Porphyritic Group, East Iceland reveal complex
fossil magma plumbing systems

Christina B. Andersen*?, Birgir V. Oskarsson* and Morten S. Riishuus®

'Nordic Volcanological Centre, Institute of Earth Sciences, University of Iceland, Reykjavik, Iceland,
2Department of Earth Sciences, University of Aarhus, Aarhus, Denmark

A Neogene group of plagioclase ultraphyric basalts (PUBs) from East Iceland is subjected to
a combined petrologic and volcanologic study to unravel the formation of a unique rock type
in Iceland — as its precursor travelled from source through crust leading to eruption. We
classify basaltic rock containing more than 25 vol% calcium-rich plagioclase macrocrysts (5-
30 mm) as ‘plagioclase ultraphyric basalt’. This rock type is less common than tholeiites and
olivine basalts in the flood basalt stratigraphy of Iceland. The ~10 Ma old the Granavatn
Porphyritic Group (GrVP) consists of 3-10 PUB lava flows, each being 2 to 20 m thick, and
10 to >100 m wide in outcrop. Total group thickness is 30-70 m with maximum thicknesses
found west of Reydarfjordur, while it thins out to the north and south and up-dip to the east.
The group can be traced for more than 50 km north-south along strike, and underlies both the
Breiddalur and Pingmuli central volcanoes. Thus the GrVP is an important regional marker
horizon. At Grenafell in Reydarfjorour, GrVP holds 10 different PUB flows with large
vertical variations in the modal proportion of plagioclase macrocrysts (12-45%), also an
increase of macrocrysts from the base (25%) to the top (45%) of single lava flows are
observed.

Volcanic eruptions that have extruded PUBs like GrVP have been frequent throughout
the history of crustal accretion in Iceland but are little understood. In this study, detailed
mapping of the flow fields with a description of the internal structure of the GrVP flows with
combined stratigraphic correlations of the lava flows is being conducted. Petrographic studies
of GrVP shows that plagioclase macrocrysts consist of several different populations: (1)
zoned euhedral macrocrysts with overgrowth rims, (2) anhedral glomerophyric macrocrysts,
and (3) lath-shaped microlites in the groundmass. Further, quantification of the petrographic
observations by the crystal size distribution method confirms the presence of at least three
distinct plagioclase populations. Mapping of individual zoned crystals reveals complex
histories with recurrent resorption and overgrowth events, and stages with entrapment of melt
inclusions. Major and minor element mineral chemistry of plagioclase macrocrysts and
microliths from GrVP flows demonstrate that the macrocryst cores are considerably more
primitive (An80-85) than the microliths (An55-65) and hence clearly not in equilibrium with
the crystallized host melt. Line traverses from core to rim in the plagioclase macrocrysts show
complex and oscillatory zoning, with normal zoning in the core, reverse zoning toward the
rim and strong normal zoned at the outermost rim. The less abundant clinopyroxene
macrocrysts (near-diopside) also have more primitive compositions (Mg# 78-82) relative to
the groundmass (Mg# 70-76).

From this work valuable information on the volcanic history of the group will be
obtained; i.e. the mode of the emplacement of the lava flows and the scale of the eruptions in
comparison to modern volcanic eruptions. Also, the chemistry of coexisting anorthitic
macrocrysts and trapped melt inclusions will provide valuable constraints on composition,
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temperature and pressure conditions of the melt, dynamics of crystallization and nature on
crustal plumbing systems. The plagioclase macrocrysts may represent magma staging events
(antecrysts) or cumulate fragments (xenocrysts) from the underlying crust, and our
preliminary observations may well suggest that the erupted products represent complex
mixtures of melts and crystals with individual histories prior to marriage enroute through the
crust. Studies of the GrVP and other similar flow groups will add to our understanding of the
process of crustal accretion in Iceland, from lower crustal magma storage to eruption of flood
basalts.
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Timabil og edli landnytingar vid Nordtungusel i Kjarardal,
Borgarfirdi, greind med frjokornum, 6rkolum og gréum
tadsveppa

Egill Erlendsson® og Gudrin Gisladottir'

'Lif- og umhverfisvisindadeild Haskéla islands, Oskju, Sturlugétu 7, Reykjavik

Innan verkefnisins Seljalénd & middldum i Reykholti i Borgarfirdi er pattur seljanytingar i
vidhaldi Reykholts sem storbylis 4 midoldum rannsakadur. I pvi sambandi er mikilvaegt ad
vita 4 hvada timum og i hvada tilgangi selin voru nytt. Mésnid neerri seljum hafa verid
rannsokud med greiningu frjokorna, orkola og gréa af tadsveppum med pad fyrir dyrum ad
kanna hvort slikar breytur syni vidbrogo i tengslum vid seljabtiskap og geti pannig leitt 1 1j0s
timabil og edli nytingar.

Gr6 tadsveppa hafa litid verid greind adur i frjérannséknum 4 slandi. P6 ma telja
liklegt ad pau geti gefid mikilsverdar upplysingar um nytingarsogu svaeda. bau hafa t.d. verid
nytt til ad meta breytingar a péttleika grasbita (spendyra) 4 Madagaskar og i Nordur-Ameriku
4 sidkvarter og nitima (Burney o.fl. 2003; Gill o.fl. 2009). A {slandi voru engir grasbitar
(spendyr) fyrir landnam norrenna manna og tilkoma husdyra med landnami hefur pvi ad
likindum beett forsendur fyrir grosku tadsveppa. Tilgata okkar s ad & timabilum seljanytingar
hafi aukinn péttleiki husdyra umhverfis sel aukid skit i umhverfinu og pannig studlad ad
aukinni framleidni groa af tadsveppum, og ad petta megi rekja i jardlogum umhverfis selin.

Eitt af seljum Reykholts var stadsett i nedri hluta Kjarardals 1 Borgarfirdi vestra. Syni
var tekid ur litilli hallamyri skammt fra selinu. Gogn padan syna ad hlutfoll tadsveppagroa eru
hast 4 timabilinu fra landnami (~870 e.Kr) til um 1380. A pessu timabili eru grd af
Sporormiella-gerd (HdV-113), Sordaria-gerd (HdV-55A) og Cercophora-gerd (HdV-112)
algeng i hlutsynum. [ somu hlutsynum ma lika greina aukningu i nokkrum algengum
»apohytum® s.s. grosum (Poaceae) og mosajafna (Selaginella selaginoides). Undir lok 14.
aldar dregur ur péttleika tadsveppagroa og birki (Betula) breidist yfir myrina. Liklegt ma telja
ad pad hafi verid blendingur af ilmbjork (B. pubescens) og fjalldrapa (B. nana) sem par 6x ef
marka ma hatt hlutfall (~10%) af afbrigdilegum birkifrjokornum (sbr. Lilja Karlsdoéttir o.1l.
2008). Minni landnyting vid Nordtungusel tengist eflaust tilfeerslu selsins ofar i dalinn, til
Reykhholtssels, en par eru nedstu mannvistarlog fra 14. 6ld. Um midja 16. 61d byrjar hlutfall
Betula ad falla samhlida aukningu i drkolum sem bendir til aukinnar landnytingar. Hlutfall
tadsveppagroa helst po lagt sem bendir til ad pessi landnyting kunni ad hafa verid i formi
kolagerdar, en beit takmorkud. Fra midri 16. 61d laekkar hlutfall birkifrjokorna nanast samfellt
nidur <5%, pratt fyrir ad blomlegur birkiskogur (Ornélfsdalsskogur) dafni vel um 600 m
nedar i dalnum.

Heimildir:

Burney D, Robinson G, Pigott Burney L (2003) Sporormiella and the late Holocene extinctions in
Madagascar. PNAS 100:10800-10805.

Gill JL, Williams JW, Jackson ST, Lininger KB, Robinson GS (2009) Pleistocene megafaunal
collapse, novel plant communities, and enhanced fire regimes in North America. Science 326(5956):
1100-1103.
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Lilja Karlsdottir, Margrét Hallsdottir, Aegir Th. Thorsson, Kesara Anamthawat-Jonsson (2008)
Characteristics of pollen from natural triploid Betula hybrids. Grana 47: 52-59.

Rannis, Rannsoknasjodur HI og Snorrastofa hafa styrkt verkefnid.
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Gjoskulagaskipan & nordanverdu landgrunni Islands:
Tenging vid gjoskulog a landi

Esther Ruth Guomundsdottir, Gudran Larsen og Jon Eiriksson

Jardvisindastofnun Haskélans, Oskju, Sturlugotu 7

A nordanverdu landgrunni fslands hefur farid fram itarleg rannsokn 4 gjoskulagaskipan i
borkjarna MD99-2275. Timabil sem spannar sidustu 7050 &rin hefur verid kannad med pad ad
markmidi ad byggja upp nakvemt gjoskulagatimatal og afla upplysinga um gossdgu islenskra
eldfjalla. Borin hafa verid kennsl & 66 gjoskuldg til vidbotar vid pau 12 sem adur hafoi verid
lyst. Flest pessara gjoskulaga ma rekja til virkustu eldstodvakerfa Islands; Grimsvatna,
Veidivatna-Bardarbungu og Kotlu. Af pessum 66 gjoskulogum hafa 27 verid rakin til
Grimsvatna, 25 til Veidivatna-Bardarbungu, 9 til Kotlu og 5 til Heklu. Fram til pessa hafa
fundist 107 gjoskuldg i kjarna MD99-2275, en i heild spannar hann sidustu 15000 ar. bar &
medal eru 19 leidarlog sem hafa verid timasett ndkvemlega. Borin hafa verid kennsl 4 tver
syrpur gjoskulaga fra pvi fyrir um 2300 - 2600 og 5700 - 5900 arum, og paer ma nota til
timasetninga og tenginga. Gjéskulagatimatal 4 landgrunninu nordan Islands hefur verid tengt
vid gjoskuldg 1 jardvegssnidum & Nordur- og Nordausturlandi og reyndist unnt ad tengja 29
gj6skuldg 1 sjavarsetinu vid jardvegssnid.

Synt hefur verid fram & ad tidni gjoskulaga gefur upplysingar um gosségu og
goshegdun eldfjalla og eldstodvakerfa (Gudrin Larsen og Jon Eiriksson, 2008; Bergrun
Oladéttir o.fl. 2008; i prentun). Dreifing gjoskulaga i kjarna MID99-2275 synir ad 4 sidustu
7050 arum var gosvirkni mest fyrir um 5-7000 arum og 4 sidustu 2000 drum. Aberandi minni
gosvirkni var fyrir 2-5000 arum. Petta er i samraemi vid nidurstodur gjoskulagarannsokna i
jardvegssnidum 4 landi (Bergran Oladoéttir o. fl. 2008; i prentun).

Nidurstodurnar syna ad sjavarsetlog & nordanverdu landgrunninu geyma fjoldan allan
af gjoskulogum sem nyta ma til ad timasetja umhverfisbreytingar og tengja saman atburdi,
svo sem loftslagsbreytingar, i hafi, 4 landi og 1 iskjornum med mikilli ndkvemni og einnig til
ad alykta um gossogu islenskra eldfjalla. Sjavarset 4 hafsbotninum vid Nordurland getur pvi
gefid nyjar og mikilvaegar upplysingar um eldvirkni 4 sidjokultima og byrjun natima par sem
gbgn 4 landi eru 6fullnegjandi eda ekki til stadar.

Heimildir:

Larsen G, Eiriksson J. 2008. Late Quaternary terrestrial tephrochronology of Iceland-frequency of
explosive eruptions, type and volume of tephra deposits. Journal of Quaternary Science, 23: 109-120.
Oladottir BA, Sigmarsson O, Larsen G, Thordarson T. 2008. Katla volcano, Iceland: Magma
composition, dynamics and eruption frequency as recorded by tephra layers. Bulletin of Volcanology
70: 475-493. DOI 10.1007/s00445-007-0150-5.

Oladottir BA, Larsen G, Sigmarsson O. 2011: Holocene volcanic activity at Grimsvotn, Bardarbunga
and Kverkfjoll subglacial centres beneath Vatnajokull, Iceland. Bulletin of Volcanology. In press.
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TvO leidarlog fra Heklu: Gjoskulégin Hekla O og Hekla DH*

Esther Ruth Gudmundsdottir, Gudrun Larsen og Jon Eiriksson

Jardvisindastofnun Haskdlans, Oskju, Sturlugétu 7

Tvo ny leidarlog fra Heklu hafa fundist i setkjarna MD99-2275 4 nordanverdu landgrunni
{slands. Petta eru gjoskuldgin Hekla O og Hekla DH (Dark Horse/Blakkur). Hekla O hefur
fundist 1 11 jardvegssnidum og nuna einnig 4 hafsbotninum vid Nordurland (1. mynd). Hekla
O er tvilit, med ljésan nedri part og dokkan efri part. Hlutfall SiO, i Heklu O spannar 76 til
51%. bykktaras ljésa sura hlutans stefnir til austnordausturs en dokki isuri hlutinn til nordurs
(1. mynd). Hekla DH hefur fundist i sj6 jardvegssnidum og i kjarna MD99-2275. Hlufall Si0,
i Heklu DH spannar 57 til 46%. Pykktardas Heklu DH hefur nordlega stefnu (1. mynd).
Uppruni Heklu O og Heklu DH var rakinn med kortlagningu og efnagreiningum. Fyrstu
nidurstodur aztla ad rammal Heklu O sé um 1 km® og Heklu DH um 0,8 km’.

Hekla O hefur verid aldursgreind med fimm geislakolsgreiningum, prjar
aldursgreiningar eru Ur jardvegssnidi vid Sellandafjall og tvaer ur jardvegssnidi vid Saudardal
(1. mynd). Nidurstodur greininganna gefa aldurinn 5275 +55 geislakolsar eda 6060 =115
kvoroud ar. Aldur Heklu DH, 6650 kvordud ar, hefur verid reiknadur ut fra
jarovegspykknunarhrada i premur jardvegssnidum, Litlagardi, Budahals og Klett (1. mynd).

bessi tvo leidarlog Ur Heklu eru mikilvaeg viobot vid gjoskulagatimatal 4 landi og 1 sjo
vid Island. Ad auki geta pau ordid mikilveg leidarlog 4 Nordur- Atlantshafssvadinu.
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1. mynd. Utbreidslukort fyrir Heklu © og Heklu DH. Appelsinugulur litur 4 Gtbreidslukorti Heklu O synir
dreifingu sura hluta gjoskulagsins og fjolublar synir breytingu til istrar samsetningu. Svartir hringir syna
stadsetningu jardvegssnida par sem Hekla O og Hekla DH hafa fundist og kjarna MD999-2275 (Gudmundsdottir
o.fl., 2011).

Heimild

Gudmundsdéttir, E.R., Larsen, G., Eiriksson, J.,2011: Two new Icelandic tephra markers: The Hekla-O
tephra layer,~6060 cal. yr BP and Hekla-DH tephra layer, ~6650 cal. yr BP - Land-Sea correlation of
Mid-Holocene markers. The Holocene. DOI: 10.1177/0959683610391313

*Titill 4 veggspjaldi: Two new Icelandic tephra markers: The Hekla O tephra layer and Hekla DH
tephra layer - Land-sea correlation of Mid-Holocene tephra markers.
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Myndun og proun krakustigsasa vido Eyjabakkajokul

Eyglo Olafsdottir', ivar Orn Benediktsson®, Anders Schomacker? og
Olafur Ingolfsson®

LJardvisindastofnun Haskélans, Oskju, Sturlugétu 7, 101 Reykjavik, “Department of Geology,
Norwegain University of Science and Technology, Trondheim, Norway

Krakustigsasar eru litt rannsakad landform en peim hefur verid lyst i frediritum sem
hlykkjottum hryggjum ar mol og sandi og daudis (1. mynd). Landmotun, bygging og 16gun
krakukustigsasa vid Eyjabakkajokul, sem er framhlaupsjokull i nordaustanverdum Vatnajokli,
var rannsokud 1 utivinnu 2006 og 2007, og med greiningu og samanburdi loftmynda fra 1967-
2008. Markmid pessarar rannsoknar er ad afla gagna og setja fram likan sem varpad getur
1j6si & myndun og proun krakustigsasa svo skilja megi betur pau ferli sem leida til myndunar
pessa sérstaka landforms.

Setbygging krakustigsdsanna var kortlogd, og kornasterd og 4avolun korna skodud.
Jafnframt var 16gun krakustigsdsanna meld med pversnidum 4 véldum st6oum. Einnig var
skodad hvernig krakustigsdsarnir tengjast 60rum landformum 4 jadarsvaedi Eyjabakkajokuls.
Breytingar i formi og l6gun krakustigsdsanna samhlida pvi ad daudiskjarni peirra bradnadi
voru kortlagdar med hjalp loftmynda og landupplysingakerfisins ArcGIS.

Nidurstodurnar benda til pess ad krakustigsadsarnir myndist pegar braedsluvatn, sem
verid hefur undir miklum prystingi undir joklinum, finnur sér leid upp 4 yfirbord og ber aur i
sprungur og prystifleti (2. mynd). Petta gerist par sem framhlaupsbylgjan hefur farid hja og
jokullinn pynnist og springur vegna tognunar. Vatnid rennur sidan eftir sprungum og
prystiflotum nidur joklinn. Vid pad adgreinist setid. Eftir stendur pvi hlykkjott setfylling ur
sandi og mol 4 yfirbordi jokulsins. Hinir reisulegu hryggir krakustigsdsanna sem koma i 1jos
vid bradnun og laekkun yfirbords jokulsins vardveitast mjog illa vegna bradnunar daudis i
kjarna peirra (1. mynd). Pvi eru vardveislumdguleikar krakustigsasanna litlir til lengri tima, en
pegar allur daudis er horfinn, mun endanleg mynd beirra verda oreglulegir hraukar af
tiltdlulega vel adgreindu straumvatnaseti (2. mynd).

1. mynd. Samanburdur 4 hluta krakustigsass framan vid Eyjabakkajokul 4 loftmyndum fra 1993 (vinstri) og 2008
(haegri). Arid 1993 hefur krakustigsasinn haa hlykkjotta hryggi, en arid 2008 hefur hann leekkad verulega og
jadrar hans myndad haugarudning. Svadio sem myndirnar syna er um 500 m 4 breidd.
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Jokull Skridstefna

Eftir ad framhlaupsbylgjan hefur
farid nidur jokulinn pynnist hann og
springur upp. Vatn, sem verid
hefur undir miklum prystingi undir
bylgjunni, finnur sér pa leié um
prystifleti upp & yfirbord jékulsins
og ber med sér botnurd sem
pvaest vid flutninginn. bPegar vatnid
naer upp a yfirbord rennur pad
eftir prystiflotum og sprungum
nidur eftir joklinum og myndar
pannig hlykkjotta setfyllingu. betta
astand varir i stuttan tima.

Eftir framhlaupid er litii sem engin
hreyfing i joklinum og bradnar
hann hzegt og rélega. Vid pad
koma krakustigsasarnir sem
landform i ljos. Peir sjast sem litlir
hryggir ofan a jéklinum. bunn
setkapa hylur isinn i hryggjunum.

Vid frekari bradnun koma hair
skikk-sakk hryggir i ljos. beir risa
upp ur joklinum eda standa
sjalfstaett utan hans. Adaluppistada
krakustigsasanna er daudis sem
hulinn er punnri setkakpu.
Setpekjan er a sifelldri hreyfingu
vegna bradnunar issins undir.

Med tima bradnar allur is og
krakustigsasarnir fa a sig
endanlega mynd. Eftir stendur
haugarudningur sem ad mestu
samanstendur af pvegnu og
tiltélulega grofu straumvatnaseti.

2. mynd. Likan fyrir myndun og préun krakustigsasa vid Eyjabakkajokul.
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Influence of surface load variations on shallow magma
storage zones: Application to Icelandic subglacial
volcanoes

Fabien Albino®, Virginie Pinel® and Freysteinn Sigmundsson®

INVC, Institute of Earth Sciences, University of Iceland, Reykjavik, Iceland, %|STerre, IRD, Université
de Savoie, Le Bourget Du Lac, France.

Many types of surface change occur at volcanoes in addition to eruptive activity, such as flank
instability, ice melting and Earth tides. These events cause stress perturbations in the crust,
which can perturb the shallow magma storage zone below the volcanic edifice. The resulting
stress changes act on the stability of the magma chamber by promoting or preventing the
initiation of magmatic intrusions from it. Here, we first investigate how unloading events at
surface modify failure conditions of magma chambers. Stress perturbations induce a variation
of the threshold pressure required for dyke initiation but also a magmatic pressure change
inside the reservoir. Influence of surface events on chamber stability is thus determined by the
interplay between these two pressure changes. In order to calculate both parameters,
numerical calculations are performed for axial mechanical models where an elliptical
compressible reservoir is embedded in an elastic medium. From a parametric study, we
conclude that results are highly dependent on the reservoir shape as well as the surface load
distribution. We apply our model to two Icelandic subglacial volcanoes: Katla and Grimsvétn.
Katla is covered by the thick Myrdalsjokull icecap, which produces two temporal load
variations: a seasonal change due to the annual accumulation/melt of snow and long-term ice
thinning due to global warming. The results depend strongly on the shape of the magma
chamber. For an oblate chamber, our model predicts that initiation of dykes is more likely in
summer when the seasonal snow cover is smallest. This result appears consistent with the fact
that all the nine last historical eruptions at Katla occurred during the warmer period of low
seasonal load. For long-term effect associated to ice retreat, our elastic model predicts that
likelihood of intrusions is reduced. However, in this case, visco-elastic, related to the
relaxation of the lower crust and upper mantle in response to long-term thinning, needs to be
considered. At Grimsvotn volcano, we have studied the effects of glacial outburst floods
(jokulhlaups) associated with sudden discharge from the subglacial caldera. Such events have
immediately preceded some eruptions, like in 2004. The unloading appears able to trigger
eruptions when pressure in a shallow magma chamber under Grimsvétn is high. The most
recent jokulhlaup was, however, not associated with eruption, despite inferred relatively high
magma pressure in a shallow magma reservoir under Grimsvotn.
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The plumbing system of Eyjafjallajokull volcano:
Comparison with dike and magma pod model for Karymsky
volcano, Kamchatka, and crypto-magma chamber model
for Mt. Fuji, Japan

Freysteinn Sigmundsson:, A. Hooper:, J. Martins?, K. Spaans, Sigrun
Hreinsdattir:, Théra Arnadéttir:, Rikke Pedersen:, Matthew J. Robertss,
Amandine Auriact, Pall Einarsson:, Martin Hensch:, Benedikt G.
Ofeigsson:, Erik Sturkell, Kurt L. Feigls, Olgeir Sigmarsson* and John
Eichelbergers

'Nordic Volcanological Center, Institute of Earth Sciences, University of Iceland, “Delft University of
Technology, Delft, The Netherlands, ®Icelandic Meteorological Office, Reykjavik, Iceland, *University of
Gothenburg, Sweden, *Department of Geoscience, University of Wisconsin-Madison, USA, ®Volcano
Hazards Program, US Geological Survery, Reston Virginia, USA

The plumbing system of the Eyjafjallajokull volcano active during the 2010 eruptions and
preceding 18 years of precursory activity is interpreted to consist of a series of separate
basaltic intrusions and a more evolved magma source that resided at about 4-6 km depth
under the summit area of the volcano. The plumbing system has been imaged through
interpretation of surface deformation measurements, both GPS and InSAR. Such
measurements complement seismic observations, and are capable of providing estimates of
volume of magma transfer. The main magma injection episodes into the volcano roots were in
1994 and 1999, and again in 2010. The 1994 and 1999 intrusions can be modelled by sills, but
GPS and InSAR data shows that prior to Fimmvorouhéls flank eruption in March 2010 a
more complicated intrusion formed. The flank eruption can be considered “an upward leak”
from that intrusive complex. The explosive eruption was associated with pressure drop in a
source under the summit area that appears to have evolved throughout the duration of the
summit eruption.

The inferred plumbing system does not resemble the ones commonly invoked at
highly active volcanoes. The derived model is, however, comparable to two volcanoes with
suggested similar type of complex plumbing systems: (i) The inferred plumbing system active
in eruption of Karymsky Volcano, Kamchatka, that began on January 2, 1996 with essentially
simultaneous eruption of andesite from Karymsky’s summit and basalt from a new vent,
within Academy Nauk Caldera, 6 km to the south. It is inferred that a basaltic dike erupted
both directly to the surface and into a shallow Karymsky andesite “magma pod”, triggering
the eruption from Karymsky’s summit (Eichelberger et al., 2006). (ii) A crypto-magma
chambers model beneath Mt. Fuji (Kaneko et al., 2010). Geochemical observations have there
been used to argue for generation of basalts at depth, but at same time basaltic magma left
behind by the previous eruption in a conduit accumulates in a shallow magma chamber, and is
differentiated to more SiO2-rich composition by fractional crystallization. Shortly before a
new eruption basaltic magma rises from the deeper magma chamber and is mixed with the
more SiO2-rich magma in the shallow chamber, to generate the hybrid magma. The types of
processes suggested above are comparable to those suggested for Eyjafjallajokull, with small
volume of evolved magma at shallow depth, intersected by rising basaltic magma.
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Kol og kjarnvidur i bjorsardal: Hnignun kjarr- og
skdéglendis i bjorsardal 1587-1938 og asteedur hennar

Fridpor Soéfus Sigurmundsson,” Gudrin Gisladottir* og Hreinn
Oskarsson®

'Land og ferdamalfraedi, Lif- og Umhverfisvisindadeild, Haskoli islands, Oskju, Sturlugétu 7,
2Jardvisindastofnun Haskoélans, Oskju, Sturlugétu 7, *Hekluskégar, Gunnarsholt, 851 Hella

Mikilvaegi skoga 4 Islandi eftir landnam er vel pekkt. Nakvaem ttbreidsla birkiskoga vard p6
ekki kunn nema & allra sidustu aratugum og faar rannsoknir hafa verid gerdar 4 stadbundinni
utbreidslu peirra gegnum aldirnar.

Meginmarkmid pessarar rannsoknar er ad (1) kortleggja utbreidslu birkiskoga og
kjarrlendis 1 Pjorsardal (14.000 ha) &4 350 ara timabili og (2) meta dhrif nattarlegra, félags-, og
efnahagslegra patta 4 utbreidsluna & premur timabilum, 1587-1708, 1708-1880, 1880-1938.

Vio kortlagningu 4 utbreidslu skog- og kjarrlendis var notast vid sdgulegar
ritheimildir, stadsetningu og utbreidsla kolagrafa og grodurleifar i jardvegi, gamlar ljosmyndir
og loftmyndir. Kortlagningin var unnin i landfradilegum upplysingakerfum (LUK). A
vettvangi var naverandi utbreidsla skog- og kjarrlendis kortlogd, grodurleifar i jardvegi
kortlagdar og timasettar med hjalp pekktra gjoskulaga auk pess sem kolagrafir voru
stadsettar.

Um helmingur Pbjorsardals var vaxinn skdg- og kjarrlendi 4 seinni helmingi 16. aldar.
Fra 1587-1938 hrundi utbreidsla birkiskoga og kjarrlendis ir um 6200 ha i 390 ha eda um
94%. Mestar breytingar urdu & timabilinu 1587-1708, pegar utbreidsla drost saman um neaer
71%.

Skogurinn var nyttur til eldividar, kolagerdar, kyrfédurs og beitar. Fjoldi kolagrafa a
svaedinu syna ad kolagerd var mikid stundud i Pjorsardal. bessi landnyting olli stértjoni a
skog- og kjarrlendi dalsins, en ad auki battist vid kdlnandi vedurfar litlu isaldar, grasmadkur
sem lagdist a4 grodur og gjoskufall vegna storra eldgosa 1 Heklu. Beit ein og sér virdist ekki
hafa verid radandi pattur i hnignun skog- og kjarrlendis 1 dalnum en po6 ber ad hafa 1 huga ad
vetrarbeit 1 vistkerfi sem stod hollum faeti hefur haft neikvaed ahrif, sér 1 lagi 4 endurnyjun
skoganna.

Eignarhald og skogaritok skiptu meginmali vid stjornun a nytingu skéglendis og par
med afdrifum pess. Skog-og kjarrlendi sem féll undir almenning var fyrst ofnytt og stod mjog
hollum faeti eda var gjoreytt 1 byrjun 18. aldar. Skog- og kjarrlendi géomlu kirkjujardanna
(Skalholts og kirkjuléna) voru einnig ofnytt, en pad land sem var i einkaeigu eda undir stjorn
abuanda breyttist 1itid. bar var ad finna sterstu skoégarleifar bjorsardals 1 lok
rannsoknartimabilsins.

Skégareydingin leiddi til uppblasturs nar alls jardvegs i Pjorsardals og var allur
dalbotninn eydisandur arid 1938.
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Edli og nyting jardhitaaudlindarinnar

Gudni Axelsson og Olafur G. Flovenz

islenskar orkurannsoknir, Grensasvegi 9, 108 Reykjavik

Upp 4 sidkastid hefur toluvert verid fjallad & opinberum vettvangi um hvort flokka eigi
jardhitaaudlindina sem endurnyjanlega eda endanlega. Um pad hafa verid skiptar skodanir og
talad um ad leysa purfi dgreining jardhitamanna par ad lutandi svo hagt sé ad moéta farsela
stefiu um nytingu audlindarinnar. Asteda pessa agreinings er po fyrst og fremst porfin ad
fella floknar nattruaudlindir ad 6fullkomnu flokkunarkerfi mannskepnunnar. Nytingarstefna
®tti fyrst og fremst ad radast af edli audlindar, ekki af slikri flokkun. I pessum fyrirlestri
verdur fjallad um endurnyjanleika jardhitans og hvada rannsoknir geti skilad mikilvaegustu
nidurstddunum um pann patt i edli hans.

Alpjodlega er jardhitinn flokkadur sem endurnyjanleg audlind, p6 ekki séu allir pvi
sammala. bPad er vegna pess a0 honum er vidhaldid af samfelldum néttarlegum varmastraumi
og vegna pess hve gridarmikill varmafordi jardskorpunnar er, samanbordid vid orkunotkun
mannkyns. Auk pess losar nyting hans ad 6llu jé6fnu mun minna af koldioxidi en endanlegar
orkulindir eins og olia og kol. Jardhitinn & pvi hreinlega illa heima i flokki endanlegu
orkulindanna. Ekki er heldur allskostar rétt ad flokka jardhitann med endurnyjanlegum
orkulindum pvi hann er i edli sinu tvipattur, p.e. samsettur af annars vegar varmastraumi, sem
berst ar idrum jardar med varmaleidingu og varmaburdi med kviku eda vatni, og hinsvegar af
orkuforda sem bundinn er i jardskorpunni. Endurnyjun pessara tveggja patta er mjog
mismunandi. S& hluti orkufordans, sem endurnyjast med varmaleidingu, endurnyjast svo hagt
ad & timakvarda mannlegra athafna atti hann frekar ad teljast endanlegur en endurnyjanlegur.
Valgardur Stefansson (2000) og Gudni Axelsson (2010) fjalla m.a. um endurnyjanleika
jardhitans.

Vagi pessara tveggja patta i jarOhitaorkuvinnslu er badi had edli vidkomandi
jardhitakerfis og vinnslualagi. I sumum tilfellum er vagi orkufordans yfirgnefandi, en i
60rum, p.4.m. i 6flugustu hahitakerfunum i gosbeltum Islands og laghitakerfum med litlu
alagi, er veegi varmastraumsins yfirgnafandi. P4 ber ad lita til pess ad vid storfella vinnslu ur
jardhitakerfum verda pau ad einskonar varmaorkusvelgjum, sem valda mun meira innstreymi
vokva og orku en i 6trufludu astandi og efla pannig endurnyjanlega pattinn.

Til er 6nnur flokkun orkulinda sem er i betra samraemi vid edli peirra. I henni er peim
skipt 1 prja flokka; endanlegar orkulindir, langajar orkulindir og eilifar orkulindir. Skv. peirri
flokkun flokkast orkulindir, sem eru mjog storar og verda ekki temdar & mannlegum
timakvarda, sem langajar. Pad gildir vel um jardhitann, sem flokkast pa hvorki sem
endanlegur né eilifur.

Hid tvipaztta edli jarohitans kemur skyrt fram i pvi hvernig steerd hans hefur verid
metin 4 fslandi. Gunnar Bodvarsson (1982) mat steerd heildarvarmastraumsins nedan Gr mottli
upp i gegnum jardskorpu Islands auk pess sem vinnuhépur Orkustofnunar mat bundna
varmaorku i jardskorpu landsins (Gudmundur Palmason o.fl., 1985). I pessum adskildu
athugunum var pvi sinn hvor pattur jardhitans metinn, p.e. sisteedi varmastraumurinn ad nedan
og varmaorkan sem geymd er i skorpunni. P6 pessar athuganir hafi verid gerdar 4 niunda
aratug sidustu aldar eru nidurstédurnar enn taldar i megindrattum neerri lagi. Gunnar aatladi
ad varmastraumurinn ad nedan upp undir pann hluta {slands sem er ofansjavar veeri alls um 30
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GW (1 GW = 10° W), og um 80% hans veri med kvikustreymi. Orkan streymir um
jardskorpuna upp 1 gegnum yfirbordid og aetladi hann ad varmastraumurinn skiptist i 7 GW
med eldvirkni, 8 GW med vatni og gufu 4 jarOhitasvedum og 15 GW med varmaleidingu.
Meginnidurstada jardvarmamats Orkustofnunar er st ad orkufordinn ofan 3 km dypis sé um
10'* GJ og ad nidur 4 10 km dypi sé hann um 12-10"* GJ. Midad vid pessar tolur pa teeki pad
varmastrauminn um 1,3 milljonir 4ra ad endurnyja orkufordann ofan 10 km dypis. Til
samanburdar vid pessar tolur p4 nam frumorkunotkun fslendinga 4rid 2009 um 0,27-10° GJ,
eda um 0,00027% orkufordans. Pessi arlega frumorkunotkun svarar jafnframt til um 8,5 GW
medalafls, sem jafngildir um 28% varmastraumsins.

En hvernig er hagt ad rannsaka endurnyjanleika jardhitans og pa einkum vaegi hinna
tveggja edlispatta hans. Um tveer meginleidir er ad raeda. Annars vegar med pvi ad tulka
vidamikil gégn sem jafnan er safnad um vidbrogd jardhitakerfa vid langtimavinnslu, p.e.
vinnslu aratugum saman, einkum um breytingar a prystingi, orkuinnihaldi og efnastyrk. Hins
vegar med pvi ad samtilka rannsdknargdgn af yfirbordi med vinnslueftirlitsgdgnum. Par eru
pyngdarbreytinga- og landhadarbreytingagdgn talin einna gagnlegust vegna pess ad pau gefa
upplysingar um heildarmassabreytingar i jardhitakerfum vegna vinnslu. Vid badar leidirnar
eru fordafraedilikanreikningar lykilverkfaerid, einkum ef peir eru byggdir & stérum hluta
tilteekra gagna tengdum vidkomandi jardhitakerfi.

Guoni Axelsson o.fl. (2010) birta nokkur demi um 4&ratugalangar vinnsluségur
islenskra laghitakerfa, sem telja ma ad feli 1 sér mikilsverdar upplysingar um endurnyjanleika
vidkomandi jardhitakerfa og laghitaaudlindarinnar 4 Islandi almennt. bPau gogn bida talkunar
a peirri forsendu. P4 ma nefna ad vidamikil gégn um pyngdarbreytingar 4 jardhitasvedunum a
utanverdum Reykjanesskaga geyma upplysingar um massajafnvaegi undirliggjandi
jarOhitakerfa. A9 lokum ma nefna rannsoknir O‘Sullivan o.fl. (2010) & jardhitakerfinu i
Wairakei 4 Nyja Sjalandi, sem nytt hefur verid i meira en halfa 6ld, sem demi um
endurnyjanleikauittekt med likanreikningum 4 grundvelli gagna um viobrogo jardhitakerfis vid
langtimavinnslu.
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Umhverfisbreytingar i kjolfar landsnams vid Reykholt i
Borgarfirdi
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Landvistkerfi proadist i takt vid loftslag 4 Nutima par til um 874 e. Kr. pegar buseta hofst og
grasbitar voru fluttir til landsins. Rannsoknir hafa synt fram 4 ahrif landnytingar fra landnami
4 hnignun grédurs og jardvegsrof, sem vard enn alvarlegra pegar kélnadi & Litlu-is6ld. Minna
hefur verid rannsakad hver ahrif landnams og landnytingar voru 4 jardvegsgadi.

Markmid rannsOknarinnar sem hér er kynnt er ad meta patt landnytingar i
umhverfisbreytingum med hjalp gagna unnum ur jardvegskjarna sem naer yfir s.I. 2700 ar.

JarOvegskjarninn var tekinn i myri (mo6jord) i Holakoti, naerri Breidavatni, skammt
nordan vid Reykholt i Borgarfirdi i um 100 m h.y.s. bPekkt gjoskulég voru notud til ad
aldursgreina kjarnann, sem ner fra um 665 f. Kr. til dagsins i dag. Kjarninn synir pvi timabil
pegar ahrifa mannsins geetti ekki, sem og vid upphaf landnéms til dagsins i dag. Greindir voru
jardvegseiginleikar sem  gefa  visbendingu um  jardvegsgadi, kolefnis- og
kofnunarefnisinnihald, syrustig, rampyngd, vatnsinnihald og uppsofnun jardvegs og
kolefnisbindingu. Til ad fa betra mat & umhverfisbreytingar voru gégnin borin saman vid
loftslags- og grodurfarssdgu sama timabils sem fengin var med greiningu mys og frjokorna ur
setkjarna Breidavatns (Gathorne-Hardy o.fl., 2009).

Buseta hefur verid samfelld 4 svaedinu fra landnami og i dag er landid skoglaust.
Myrar eru i l&egdum en annars stadar er 6samfelldur og ryr purrlendisgrodur og jardvegsrof er
talsvert.

Megin umhverfisbreytingar attu sér stad vid landnam (~874-1200 e. Kr.) og héldust
jarovegs- og grodurbreytingar 1 hendur. Gadum mojardvegs hnignadi verulega,
kolefnisinnihald minnkadi um taeplega pridjung og svipud breyting atti sér stad a
kofnunarefni. bPessar breytingar falla saman vid skyndilega hnignum birkiskdga a vatnasvidi
Breidavatns og aukningu i tegundum eins og grésum og stdrum sem einkenna skoglaust land.
Samhlida pessu minnkadi vatnshlutfall i jardvegi um 60%, rampyngd jokst um 48% og arleg
uppsofnun jardvegs prefaldadist & ari. Heekkun syrustigs hélst 1 hendur vid laekkad
koletnisinnihald jardvegs og minni jardvegsraka. Breytingarnar endurspegla landhnignun i
kjolfar landnams. Aukid afok bendir til jardvegsrofs umhverfis Holakot og Breidavatn pegar
skogar minnkudu og myrar og stoduvatn hafa virkad sem svelgir fyrir fokefni. Aukid afok
vard til pess ad jardvegurinn vard siltkenndari pegar naer dré 1200 e. Kr. Kolefnisbinding er
had kolefnishlutfalli, rtimpyngd og jardvegspykkt. bratt fyrir lekkun kolefnishlutfalls og
jardvegsgada jokst kolefnisbinding jardvegsins vegna mikillar rimpyngdaraukningar og
jarovegspykknunar & pessu timabili. Gera ma rad fyrir ad 4 rofsvedum hafi kolefnisbinding
hins vegar minnkad vegna jardvegstaps.

Hnignun hélst afram a timabilinu 1200-1500 e. Kr. Umhverfisadstedur endurspegla
aframhaldandi rof, eydingu skoga og groskuminni grédur. Minni uppsoéfnun lifreens efnis og
purrari jarovegur ollu hradara nidurbroti 4 lifrenu efni og pvi minna kolefnisinnihaldi.
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Rannsoknir & rykmyi i seti Breidavatns (Gathorne-Hardy o.fl., 2009) benda til pess ad
kélnun litlu isaldar hafi ekki farid ad geta fyrr en um 1500 og pvi bendir flest til pess ad
umhverfisbreytingar megi rekja til busetu og landnytingar fremur en loftslagsbreytinga.

Heldur dr6 Gr hnignun jardvegs eftir 1500 bpratt fyrir eydingu skoga og
loftslagsbreytingar 4 litlu isoldinni, liklega vegna pess ad pa hafa helstu breytingar &
grodurfari verid um gard gengnar og sem hefur e.t.v. haegt 4 hrodun jardvegseydingar.

Heimild:
Gathorne-Hardy, F.G., Egill Erlendsson, Langdon, P., Edwards, K.J., 2009. Lake sediment evidence
for climate change and landscape erosion in western Iceland. Journal of Paleolimnology. 42, 413-426.

doi 10.1007/s10933-008-9285-4.

Verkefnid hefur verid styrkt af Rannis, Rannsoknasjodi Haskola fslands og Snorrastofu.

27



Vorradstefna Jardfraedafélags islands
15. april 2011

Sulphur speciation at redox disequilibrium in natural
geothermal waters, Iceland
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General redox disequilibrium often prevails in natural waters. The redox state of geothermal
fluids may largely be governed by sulphur redox chemistry, sulphur being one of the major
elements in these fluids. The most common sulphur oxidation states include sulphide (£S*)
and sulphate (SO4>) but other species such as sulphur dioxide (SO-) and elemental sulphur
(S may be associated with volcanic geothermal fluids. In contrast to thermodynamic
considerations, metastable intermediate sulphur species such as sulphite (SOs>), thiosulphate
(S,05%), polythionates (SxO¢>) and polysulphides (Sy*) may also be present in measurable
and sometimes significant concentrations. Sulphur redox chemistry is known to play a very
important role in many geochemical and biogeochemical processes. However, the
determination of true sulphur speciation is non-trivial due to changes taking place upon
storage, especially in sulphide containing geothermal waters.

Sulphur speciation in geothermal waters was studied in various geothermal areas in
Iceland. Samples were collected from hot springs, steam-heated surface waters, subboiling
and two-phase well discharges that had discharge temperatures 4-210°C and pH; between 2.20
and 9.30. Samples were analyzed for dissolved sulphur speciation on-site within 5 min of
sampling using state-of-art analytical methods. The sulphur species determined included S*,
8047, SO5™, $,057, S04, and Sx06”".

The most important sulphur species in geothermal waters was SO,> and with few
expections S* that were detected in concentrations in the range of 0.02-52.7 mmol kg™ and
<1-4100 pmol kg™, respectively. Intermediate sulphur species were not detected in subboiling
well waters and S,0s> only at low concentrations (1-8 pmol kg') in two-phase well
discharges. Thiosulphate was detected in most surface geothermal waters with concentrations
of <1-394 pmol S-equivalents kg, whereas SO;> was detected in few samples. In neutral to
alkaline surface hot springs, S,O;> reached significant concentrations and reached up to
>20% of sum of measured sulphur species. Steam-heated acid-sulphate waters were
dominated by SO4* (>99%). Polythionates were not detected, except in few very acidic
samples close to the analytical detection limits.

The results demonstrate that intermediate sulphur species are absent in non-volcanic
aquifer fluids but may be present at low concentrations in volcanic aquifers. Thiosulpate is
considered to form upon ascent and mixing with oxygenated waters and dissolution of
atmospheric oxygen, with reactions similar to those observed upon sulphide oxidation in
alkaline solutions. Kinetics of $,0;> oxidation to SO,* are slow, and it may thus persist in
solution for long times. Additionally, the interaction of near-neutral surface geothermal waters
with elemental sulphur typically associated with steam-heated environments may lead to
significant formation of 82032' and maybe sz'.

Aqueous speciation of sulphur in natural geothermal waters is very dynamic and
thermodynamic calculations suggest sulphur redox disequilibrium. The sulphur speciation
may be both kinetically and source-controlled and thus cannot be estimated by calculations.
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This has implications on applying geochemical modeling tools that rely on assumption that
chemical equilibrium is reached in natural geothermal fluids. Furthermore, construction of an
applicable kinetic model is hindered because of the lack of kinetic constants at concentration,
pH and temperature ranges relevant to those in geothermal systems. Moreover, the major and
trace elemental chemistry in the geothermal waters is largely influenced by the sulphur
chemistry, both through water pH, redox state and metal-complexation. This applies to
complexation, transport, precipitation and bioavailability of many elements of environmental
and scientific interest including As, Sb and Hg.
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Sulphur and metal transport in active geothermal systems,
Iceland — surface geothermal environments
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Geothermal fluids are known to be capable of transporting and depositing significant
amounts of sulphur and metals. The composition of geothermal fluids depends on the fluid
source, extent of water-rock-gas interaction that is enhanced by the input magmatic
components in volcanic areas, and processes such as depressurization boiling, cooling, phase
segregation and mixing. The major elemental composition of aquifer fluids in Iceland is
considered to be controlled by secondary mineral-fluid equilibria except for B and CI that are
highly mobile. This may not, however, apply to all types of geothermal waters or to trace
elements. Moreover, general redox disequilibrium often prevails in natural geothermal waters
and the chemistry of redox sensitive elements is considered to be kinetically or source
controlled.

Fluid samples of hot springs, mud pots, acid-sulphate waters, soil-water profiles, wells
and steam vent discharges were collected from various geothermal areas in Iceland. Special
emphasis was put on the geothermal surface environments that are characterized by hot
springs, mud pots, steam vents and acid-alteration. Water samples were collected by standard
methods. For soil-water profiles and steam vent sampling, soil suction lysimeters and active
condensation traps were applied. Samples of water and steam were analyzed for major and
trace elemental composition.

The samples showed wide range of chemical composition with temperatures ranging
from <50 to >200°C, and pH between 2.01 and 9.10. Based on the major elemental
composition, three different water types could be distinguished, namely (1) NaCl-waters, (2)
Acid-sulphate waters and (3) Mixed waters. NaCl-waters had neutral to alkaline pH-values
with Na, Cl and SiO, together with SO4, CO,, H,S, F, Na, and K being the major ions.
Transition metal concentrations were typically <1 ppb, whereas concentrations trace alkali
elements, As Sb, W and Mo were in the upper ppb-scale. To a large extent, they represent
aquifer fluids that have undergone depressurization boiling with ascent to the surface and/or
mixing with shallower ground waters. Depressurization boiling of the aquifer fluids results in
steam rich in volatiles like H,S and CO, that may segregate from the boiled waters, rise
through and condense in shallow oxidized cold ground- and/or surface waters forming steam-
heated surface waters. In addition to major gases, the steam may also carry trace volatiles
such as B and As. In oxidized conditions, H,S tends to oxidize to sulphuric acid that
effectively leaches the surrounding rock, enhancing metal mobility. Thus, steam-heated acid-
sulphate are characterized by pH<4, with SO4, SiO, and Mg, Al and Fe being the major ions
with concentrations of most transition metals (e.g. Mn, Zn, Cr, V) reaching hundreds of ppb
to ppm-level. Concentrations of Cl and CO, are low due to steam dilution and degassing,
respectively. Time dependant variability in the composition of the acid-sulphate waters within
an area suggested highly dynamic surface system.

Geochemical modeling by PHREEQC and WATCH programs was used to study
aqueous speciation, mineral saturation state and the processes controlling the elemental
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concentrations, i.e. progressive water-rock interaction in reduced aquifer conditions as well as
boiling, cooling and mixing of aquifer fluids as well as steam-rock interaction, oxidation and
mixing processes in surface conditions. Aqueous speciation calculations suggested metals to
be present as simple ions, hydroxo-, carbonate- and sulfide-complexes in NaCl-waters,
whereas simple ions and sulfate complexes dominated in steam-heated acid sulphate waters.
Elemental water-rock ratios indicated that primary rock dissolution changed from incongruent
in NaCl-waters towards nearly stoichiometric dissolution associated with steam-heated acid-
sulfate waters. Elements often considered immobile including Al, Mg and most transition
metals were mobilized with decreasing pH conditions. In case of some elements (e.g. Ca, Ba),
secondary mineral formation likely controlled their concentrations in acid-sulphate waters that
typically were undersaturated with respect to most secondary phases. These results relatively
good agreement with known alteration mineral associated with surface geothermal
environments, including silica and silicate minerals around alkaline hot springs whereas
elemental sulphur, sulphides, sulphates, (hydr)oxides and simple silicates in steam-heated
surface environments.

One of the main limitations in understanding metal geochemistry in geothermal fluids
arises from the lack of general redox equilibrium meaning that it is not possible to calculate
speciation of redox sensitive elements but the different redox states should be measured
separately. Furthermore, data on aqueous complexes especially at higher temperatures is
scarce. This affects the modeling results including aqueous speciation calculations, mineral
saturation and progressive water-rock-interaction.
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Steerstu jokulgardar a Islandi — setgerd, bygging og
myndun jokulgarda vid Gigjokul og Kviarjékul

fvar Orn Benediktsson

Jardvisindastofnun Haskdlans, Oskju, Sturlugétu 7

Kynnt er nytt verkefni sem felur i sér rannsokn & byggingu og myndun jokulgarda Gigjokuls
og Kviarjokuls (1. mynd), skridjokla sem falla ur 6skjum Eyjafjallajokuls og Orafajokuls.
bessir jokulgardar er um 80-150 m hair og allt ad 600 m breidir, sem gerir pa ad langsterstu
jokulgordum 4 Islandi. Markmid verkefnisins er ad kanna setgerd peirra og innri byggingu i
peim tilgangi ad skyra myndun peirra og sterd, og auka pekkingu & virkni falljokla vid rof,
setmyndun og landmétun. Verkefnid verdur unnid 4 arunum 2011 og 2012.

Litlar sem engar rannsoknir hafa farid fram & jokulgéordum Gigjokuls og Kviarjokuls
og bygging peirra og myndun pvi litt pekkt. Innvidir gardanna verda einkum rannsakadir med
pyngdarmalingum, vidndmsmelingum og jardsjarmealingum, og kannad verdur sérstaklega
hvort jokulis leynist i kjarna gardanna. Setgerd gardanna verdur rannsokud med hefdbundnum
adferoum i joklajarofraeoi, s.s. kornastaerdar- og kornalogunarmaelingum, til ad fa upplysingar
um flutningsleidir setsins. Med upplysingum um innri byggingu og setgerd verdur unnt ad bua
til likan fyrir myndun gardanna og pau ferli sem eru ad verki vid jadra falljokla. Nidurstodur
verkefnisins munu pvi auka skilning & landmétun falljokla, audvelda monnum ad pekkja og
skilja menjar fornra falljokla, og auka pekkingu & einstokum nattarumyndunum 4 Islandi.
bekking ur verkefninu getur einnig nyst i tengslum vid hagnytingu jokulvatna og jokulraenna
set- og landforma og ahettumat jokulhlaupa i kjolfar eldgosa.

1. mynd. Efri myndin synir umhverfid framan vid Gigjokul. Myndin er tekin ofan af jokulgdrdunum vestan
megin og synir gardana austan megin arkeilunnar (19.4.2010). Nedri myndin synir umhverfid framan vid
Kviarjokul. Sja ma Kambsmyrarkamb handan Kviar. Myndin er tekin til nordausturs af Kviarmyrarkambi
(12.5.2010).

32



Vorradstefna Jardfraedafélags islands
15. april 2011

Edjufléd, aurskridur og framburdur gosefna nidur a
laglendi med vatnsfollum vegna gjosku ur
Eyjafjallajokulsgosinu vorid 2010
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Vedurstofa Islands, Bustadavegur 9, *Landgraedsla Rikisins, Gunnarsholti, Hellu

Mestur hluti gjéskunnar sem féll & sudurhlidar Eyjafjallajokuls 1 gosinu i april og mai 2010
liggur enn & joklinum og undirhlidum hans pratt fyrir ad mikid efni hafi borist nidur 4 laglendi
med vatnsfollum (1. mynd). Storir gjoskuflekar sem skridu nidur hlidar jokulsins i tengslum
vid edjuflodid 19. mai hrugudust ad verulegu leyti upp nedar & joklinum pannig ad edjuflodid
bar ekki fram nema litinn hluta af pvi efni. Litt roskud gjoskuldog eru a stérum svedum &
nedanveroum joklinum og vidattumikil svaedi med tiltdlulega litid hreyfori gjosku eru a
heidunum nedan vid jokulinn (2. mynd).

Gjoskan & pessum svaedum er vida skorin sundur af leysingarvatni og rigningu og
miklu minni hatta er & pvi ad hun fari af stad i storum flekum en var fyrst eftir gosid. Gjoskan
fykur po til med vindi og safnast saman i skafla sem geta skolast hratt nidur af akvednum
svedum med urhellisrigningu.

Efsti hluti jokulsins er nt hulinn snjé og gjoskan og snjorinn hafa frosid pannig ad litil
hatta er 4 pvi ad edjuflod eigi sér upptok ofarlega i fjallinu i vetur. Asahldka eda
urhellisrigning getur po valdid edjuflédum eda mjog efnisrikum vatnsflodum Ur nedri hluta
hlidanna hvenar sem er en su hatta er miklu minni en var i sumar.

Snjor sem liggur nedan vid hjarnlinu jokulsins mun bradna er vorar, sem geati leitt til
gjoskurikra krapafloda eda krapablandinna edjufléda. Naestu arin mun gjoska sem féll a
leysingarsvaedi jokulsins og undirhlidar hans berast tiltdlulega hratt fram med vatnsfollum.

Gjoska sem féll & dkomusveedi jokulsins snjéar 4 kaf. Hun berst a 16ngum tima med
hreyfingu issins nidur & leysingarsvadid par sem hun skolast nidur med sumarleysingarvatni
eftir pvi sem isinn braonar. betta ferli tekur marga aratugi.
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1. mynd. Ljosmyndir fra pvi fyrir og eftir gos. Myndin synir ad pad er ennpa gridarlega mikid magn af gjosku
eftir 4 vatnasvioi Laugarar. Ljosm.: Sigurjon Einarsson, 21.02.2010. Myndin med dskunni er tekin i janaar 2011.

2. mynd. Gjoska ofarlega i gili 4 gonguleidinni upp Svadbelisheidi fra Selj Vllalaug.
Ljésm.: Tomas Johannesson, 9. september 2010.
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Nordurfeersla islar]ds meod hlidsjon af kyrrsteedum
mottulstrok undir Islandi: rakin ut fra jardsogu, jarohniki og
landmeelingu

Johann Helgason og Guomundur Valsson

Landmeelingar islands, Stillholt 16-18, 300 Akranes

Til ad mela glidnun um pltumdtin 4 fslandi er onnur platan sett kyrr og faersla hinnar meeld
med hlidsjon af peirri kyrrstedu. Pannig fast ndkvem mealing 4 innbyrdis hreyfingu
platnanna er nemur 1.1 cm/ari i stefnu N84°V fyrir NA-plotuna og N96°A fyrir Evarsiu-
plotuna. Adferdin segir po ekkert um algilda rekstefnu meginplatna NA og Evrasiu vid Island.
Ferast paer med jofnum hrada og 1 olikar attir? Hver er
algild plotuhreyfing vid sland og hvada pydingu hefur
hin fyrir uppbyggingu jardskorpunnar til langs tima
- (Johann Helgason, 2010). Til ad skilja uppbyggingu
“" fslands sl. 20 M ar er naudsynlegt ad taka tillit til
priggja bpatta og meta: 1) afsteda og algilda
plotuhreyfingu, 2) gosbelta-flutninga, 3) stodu
- mottlulstroks  undir  Islandi m.tt. gosbeltanna.
 RannsOknir  basaltstaflans 4 [slandi, einkum
aldursdreifing bergs og segul-timatal, eru lykilpattir
til skilnings pessara patta.
_ Laréttar skorpuhreyfingar. Hvad skorpu-
" hreyfingar vardar tokum vid mid af endurmalingu
I grunnstodvanets landsins (ISNET-2004; Gudmund-ur
Skyringar: b g Valsson o.fl. 2007) pegar 115 punktar, jafn-dreifdir
:ELB:;‘::“':E'::‘U el ,.' N 2 yfir landid voru meldir 4rid 2004. Saman-burdur &
1. mynd. Fersla landsins fyrir 10, s 0g 20 " milli ISNET93 og ISNET2004 er gerdur i ITRF2000
milljonum 4ra 4 Vesturlandi (bleikar linur) | vidmidunarramma. ITRF vidmidunar-ramminn byggir
og a Austurlandi (blaar linur) Gt fra heitum a melingum fra GPS, VLBI, SLR, LLR og DORIS
reit 4 landinu sudaustanverdu. Graena linan — pygp)istgvum dreifdum vidsvegar um heiminn og er
synir mestu rekstefnu 4 Vesturlandi, . 11 4
(N25°V) og st blda & Austurlandi (N37°A). aetlaéu.r til pess ad skapa grund-\‘l01.l til samananburéar
Rauda strikalinan synir glidnunarstefnu 4 malingum hvar sem er i heiminum. Ramminn er
settur fram sem hnit og faersluhradar melistodvanna
sem skilgreina hann. Fersluhradar GNSS jardstodv-anna REYK og HOFN i rammanum eru
notadir til viomidunnar i samanburdinum. Faersluhradi REYK er 19.6 mm/ar N og 9.9 mm/ar
V og fersluhradi HOFN er 14.9 mm/ar N og 13.4 mm/ar A. Hamarks algildur rekhradi a
Vesturlandi fyrir 1993-2004 i ITRF2000 var 23 mm/ar i stefnu N25°V en um 20 mm/ar i
stefnu N37°A & Austurlandi. Ferslur landsins 1 pessar stefnur fyrir 10, 15 og 20 M ar voru pvi
227 km, 340 km og 454 km 4 Vesturlandi en 200 km, 300 km og 400 km & Austurlandi (1.
mynd).
Gosbeltaflutningar. Eldvirkni i rekbeltum landsins hefur verid breytileg sl. 20 Ma og
er gjarnan talad um flutninga gosbelta i pvi sambandi, ad flutningarnir hafi ordid 4
mismunandi 16ngu timabili og yfir mismunandi langa vegalengd. Uppbygging
Austfjardastaflans er talsvert 60lik uppbyggingu a Vesturlandi og hefur upphledsla basaltstafla
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Austurlands 1 raun verid nar samfelld sl. 14 Ma ad frataldri eydu i upphledslunni fyrir um 3
Ma. Samt ber jardlagastafli Austfjarda greinileg merki um minni gosbeltaflutninga, p.e. 20-40
km ferslu & um 2 Ma fresti. Slika flutninga synir asynd hraunlaga og berggero.
Megineldstodvar 1 tertiera staflanum eru synileg demi um hid forna gosbelti. M.6.0. pad
hverfur ekki pratt fyrir upphledslu og rek eins og gert hefur verid rad fyrir. A Vesturlandi eru
ummerki upphledslunnar frabrugdin og par er talad um vidameiri flutninga gosbeltisins. Samt
er vegalengdin fra, t.d. 8 Ma gomlu bergi &4 Vesturlandi, sem myndadist i Snafellsnes-
Hunafloa rekbeltinu, til bergs af sama aldri er myndadist i rekbelti Austfjarda, pad mikil ad
nar er ad tala um tvihlida upphledslu, p.e. tvo sjalfstaed rekbelti. Virkni pessara rekbelta &
Vestur- og Austurlandi, hefur skarast en mismikid gegnum tidina.

Lega méttulstroks. St forsenda er gefin ad undir fslandi sé frekar kyrrstaedur
mottulstrokur. Erfitt hefur reynst ad greina far islenska stroksins sem hefur midju um 50 km
innan Evrasiuplotunnar. Ner samfelld upphledsla innan basaltstafla Austfjarda bendir til pess
ad midja mottulstroksins hafi verid kyrr sl. 15 Ma. Laréttrar skorpuhreyfingar er syna faerslu
landsins til nordurs, p.e. vegna algildrar faerslu NA- og Evrasiu-platnanna, syna ad dreifing og
aldursskipting hraunlaga fer heekkandi til nordurs frekar en i austur-vestur stefnu par sem hinn
nordlaegi pattur skorpu-hreyfinga er meiri en hinn austleegi eda vestlagi. Ymis einkenni
jardlagastaflans stydja pessa tilkun. A Austurlandi stefna jafnaldurslinur hraunlaga ekki
hornrétt & glionunarstefnu gosbeltisins heldur hornrétt & hina nordlegu stefnu sem Evrasiu-
platan hreyfist i. Liklega er ,,far“ méttulstroksins undir Islandi flokid og égreinilegt, einkum
par sem: 1) strokurinn er amk. um 50 km innan Evrasiupldtunnar, 2) afurd eldvirkninnar a
fslandssvadinu berst til nordurs, 3) NA-platan tekur badi vid gosafurdum fra kerfi Mid-
Atlantshryggjarins og mdttulstroknum fyrir austan. Dyptarlinur umhverfis fsland benda til
nordlagrar upphledslu landsins enda hyldypi rétt fyrir sunnan land sem, ef austleeg rekstefna
veeri virk, &tti ad vera a grunnsavi eda ofan yfirbor0s.

Heimildir:

Gudmundur Pb. Valsson, b. Sigurdsson, C. Volksen og M. Rennen. ISN2004. Nidurstoour ur
endurmalingum grunnstodvanets Islands. Skyrsla med taeknilegum nidurstsdum nr. L02030012,
Landmelingar fslands, Akranesi, 2007.

Johann Helgason, Samspil gosbelta og heits reits undir islandi med hlidsjon af jardlagagerd, rekstefnu
og 6jofnun rekhrada meginfleka. Vorradstefna JFi 2010.
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The inflation and deflation episodes in the Krisuvik
geothermal area

Karolina Michalczewska®, Sigran Hreinsdéttir', Amandine Auriac’,
Thorbjorg Agustsdoéttir', Théra Arnadéttir?, HalldérGeirsson®, Andrew
Hooper?, Kurt L. Feigl®, Rick Bennett®, Pall Einarsson®, Freysteinn
Sigmundsson?, Judicael Decriem?, and Marie Keiding’

!Institute of Earth Sciences, University of Iceland, Reykjavik, Iceland, “Nordic Volcanological Center,
Institute of Earth Sciences, University of Iceland, Reykjavik, Iceland, Division of Processing and
Research, Icelandic Meteorological Office, Reykjavik, Iceland, “Delft University of Technology, Delt,
The Netherlands, *Department of Geoscience, University of Wisconsin-Madison, USA, ®University of
Arizona, USA, 'GFZ German Research Centre for Geosciences

Krisuvik is a volcanic system with a high-temperature geothermal area located in the central
part of the Reykjanes Peninsula, SW Iceland. The area is seismically very active with the
largest earthquakes (M 5-6) associated with a system of N-S trending, right-lateral strike-slip
faults. In early 2009 GPS measurement at a continuous station KRIV suggested inflation of
the Krisuvik geothermal area, which was then confirmed by ENVISAT interferometric
synthetic aperture radar (InSAR) data. The inflation continued until fall of 2009 when the area
began to subside reaching the pre-inflation state in early spring 2010. In April 2010 another
uplift episode started. The inflation is ongoing at present with a comparable deformation rate
to the pre-deflation one.

The Krisuvik area has been closely monitored in the last year with continuous and
campaign GPS measurements and InSAR interferometry. The deformation registered by the
GPS stations suggests an inflation source at 4-5 km depth located beneath Sveifluhals area,
with uplift rates exceeding 50 mm/yr at stations closest to the inflation center, just north of
Seltin geothermal area. TerraSAR-X images have been acquired during the latest inflation
period showing the extent of the inflation. In addition to geodetic data repeated gravity
measurements will be used to help constraining the nature of the source and its depth. Gravity
measurements on numerous sites were performed in July 2010 and in March 2011
measurements were conducted along a profile crossing the estimated inflation center.

Seismic activity in the Krisuvik area in last two years has been reflecting the ongoing
deformation character, more frequent earthquakes during the inflation periods while fewer
earthquakes were recorded during the deflating phase. In late February 2011 a seismic swarm
occurred in Krisuvik with eight events of magnitude exceeding 3, many felt in Reykjavik. The
largest (M 4.2) occurred on 27 February and was located just west of Lake Kleifarvatn. The
earthquakes lineate a N-S trending structure and coseismic GPS displacements suggest right
lateral rupture on a N-S trending strike-slip fault.

37



Vorradstefna Jardfraedafélags islands
15. april 2011

J al
Fig. 1. GPS points overlaid on the Krisuvik area map (Google Earth). The points in blue represent the network of
campaign GPS stations while points in yellow show continuous sites. The predicted center of inflation has been
marked with a purple star.
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Ordi i islenskum eldstoovum

Kristin S. Vogfjord*, Sigurlaug Hjaltadéttir'og Ragnar Slunga®

vedurstofa islands, Blstadavegi 9, Reykjavik, “QuakeLook AB, Stockholm

Algengustu merki um 6roa i islenskum eldstodvum er aukning i jardskjalftavirkni. betta atti
sérstaklega vid um Eyjafjallajokul, par sem pétt net jardskjalftamaela Vedurstofunnar leyfoi
haupplausna kortlagningu jardskjalfta i endurteknum djipum skjalftahrinum 4 18 ara timabili,
fra 1992 til 2010. I umbrotahrinunni 4rid 2010, gerdi utbreidsla skjalftavirkni fra botni
skorpunnar og upp i efri hluta hennar kleift ad kortleggja feril kvikunnar i tima & leid hennar
upp ad yfirbordi; fyrst ad gosstoovunum 4 Fimmvorduhalsi og prem vikum sidar upp ad
gosstodvunum i toppgig Eyjafjallajokuls.

Til ad 60last somu nemni 4 mogulega djupskjalftavirkni 1 Kotlu eins og nadst hefur 1
Eyjafjallajokli var baett vid prem jardskjalftastodvum i nagrenni Myrdalsjokuls haustio 2010.
Hin aukna nemni hefur leitt til fleiri mealdra skjalfta, en hdupplausna stadsetningar skjalfta i
Kotludskjunni syna ad skjalftavirknin er mjog grunn og tengist jardhita & yfirbordi dskjunnar.
bo hafa, likt og 1 Eyjafjallajokli, nokkrir skjalftar maelst vid botn skorpunnar undir austurjadri
Oskjunnar og undir Hjorleifsh6foa & seinustu arum.

Mikil aukning hefur ordid i skjalftavirkni 1 eldstodvum i vestanverdum Vatnajokli a
seinustu drum. Seinast gaus par i Gjalp arid 1996 og i Grimsvotnum arin 1998 og 2004. Aukin
jardskjalftavirkni maldist i addraganda gosanna og sidan arid 2006 hefur virkni storlega
aukist aftur: I Grimsvotnum hefur hin fjorfaldast, 4 Lokahrygg, austan Hamarsins hefur
virknin aukist sexfalt. Storkostlegasta aukningin 1 skjélftavirkni hefur p6é6 melst i
Bérdarbungu, par sem virkni arsins 2010 vard 15 sinnum meiri en medaltal fyrra aratugs.
Skjalftavirkni i Kverkfjollum og Kistufelli hefur einnig aukist talsvert. I Esjufjollum hafa
ordid tveer adalhrinur, arin 2002 og 2008. ber ganga sudvestur fra oskjurimanum og eru
frekar grunnar. Haupplausnarstadsetningar pessara skjalfta syna ad i Grimsvatnadskjunni og
undir Skaftarkétlunum tveim er skjalftavirkni mjog grunn, sem bendir til ad hun tengist
jardhitavirkni. Virknin 1 6drum eldstodvum og vestan Skaftarkatlanna neer po nidur i midja
skorpuna og geta endurspeglad kvikuhreyfingar. I Bardarbungu er skjalftavirknin ad mestu i
efstu 8 kilometrunum og ad mestu einskordud vid svadid nordaustur af dskjurimanum og
teygir sig 1 nordaustur fra upptokum M5.7 skjalftans sem par vard i september 1996, en hann
markadi upphaf hrinunnar sem leiddi til Gjalpargossins faeinum dogum sidar. Dreifing
skjalftavirkni 1 Esjufj6llum liggur sudvestur fra oskjurimanum og er hun frekar grunn.
Héupplausnastadsetningar jardskjalfta i virkustu eldfjéllunum verda syndar og ef timi vinnst
til, skjalftar sem malst hafa 4 litid feeranlegt malanet vid Heklu 4rid 2010.
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Nytt jardfreedikort af Sudvesturlandi i meelikvarda 1:100.000

Kristjan Seemundsson, Haukur J6hannesson, Arni Hjartarson, Sigurdur
Garodar Kristinsson og Magnus A. Sigurgeirsson

islenskar orkurannsoknir (ISOR), Grensasvegi 9, 108 Reykjavik

Sumarid 2010 gaf ISOR ut nytt jardfraedikort af Sudvesturlandi til sélu 4 almennum markadi.
Kortid byggir ad langmestu leyti 4 fjolmoérgum utgefnum kortum sem starfsmenn ISOR og
aour Orkustofnunar, hafa unnid undanfarna aratugi, mest fyrir orkufyrirtaeki og sveitarfélog a
svaedinu. Ad auki voru nokkur svaedi unnin sem studentaverkefni eda eru afrakstur namskeida
i jardfraedikortlagningu fyrir jardfreedinema vid Hi, sem fyrsti hofundur kortsins annadist.
Yngstu kortin voru til 4 télvuteeku formi en pau eldri purfti ad hnita.

Ymsar gloppur komu i 1jés pegar farid var ad fella kortin saman og var reynt ad fylla
par eftir pvi sem tok voru & med medan kortid var i vinnslu. Eitt og annad hefur komid &
daginn eftir utgafu kortsins og vafalaust & margt eftir ad breytast pegar fram lida stundir.

Jardlog 4 jardfredikortinu spanna raimlega 4 milljon ara timabil og veita géda innsyn i
meginpeetti i sérsteedri jardfraedi Islands. Elstu jardlogin eru i undirstodum Akrafjalls en
yngstu jardlogin eru hraun fra sdgulegum tima, peirra yngst eru hraun fra Reykjaneseldum
1211 -1240.

Vid adgreiningu elsta bergsins 4 svadinu, utan mobergs, er farid eftir berggreiningu i
morkinni og pvi skipt 1 pdleiit (synt blatt), 6livinbasalt (graent), andesit (raudbleikt) moberg og
setberg (brunt) og liparit (einnig nefnt ridlit; synt gult). Mork tertier og kvarter eru dregin vid
Gauss-Matuyama segulskilin (2,58 M dara) i samremi vid nylega sampykkt INQUA-nefndar.
Onnur timamérk eru ekki synd i hinum forna berglagastafla. Mislaegi milli hans og yngri
myndana, hallalausra, eru dregin par sem pau eru 1j6s. Ungur framburdur hylur pau vida.

[ mobergsmyndunum var reynt ad skilja 4 milli yngstu hryggja og eldra mobergs og
farid eftir rofstigi og skérun milli myndana.

Gragryti var skipt i poleiit (einfold hraunldg, blatt), og olivinbasalt (graent). Pad
sidarnefnda er adgreint med litarmun i fldka fra hlyskeidum og hettur & mobergi. Litid er um
poleiit i gragrytinu & Reykjanesskaga en pad kemur pd fyrir & nokkrum stddum, s.s i
Mohalsum og vestan til i Brennisteinsfjallakerfi, en ekki potti rétt ad merkja pad inn heldur
bida par til efnagreiningar eda punnsneidaathugun liggja fyrir.

Hraunum er skipt i dyngju- og sprunguhraun og eru rimlega 160 sundurgreind hraun
synd 4 kortinu. Dyngjurnar eru syndar blaleitar en hraunin raudleit. Per elstu og staerstu eru
fra sigjokultima og na liklega eitthvad fram & Nutima. Aldursgreiningar liggja fyrir &
Sandfellsh®&d og Prainsskildi en per dyngjur eru badar um 14.000 ara. Skeljar undir
»foresetbreksium® sem fram komu vid boranir 4 Kalmanstjorn og 4 Audnum &
Vatnsleysustrond voru aldursgreindar. Pikrithraunin eru liklega flest eldri, alla vega er svo par
sem pau jadra vi0 storu dyngjurnar. Alllangt hlé virdist hafa ordid & myndun dyngna &
Reykjanesskaga i upphafi Nutima og par til Hratagjardyngjan hlodst upp fyrir rtamum 6000
arum. Aldurinn er byggdur 4 6skulaginu R-6000, fra Reykjanesi, sem er klesst ofan i yfirbord
hraunsins. Eftir fylgdu dyngjugos 4 um pad bil 1000 ara fresti, 611 i Brennisteinsfjallakerfinu.
Yngsta dyngjuhraunid rann eftir Landndm. Pad er Breiddalshraun sem er fra 10.-11. 6ld.

Tvo hraun ur eldborgargigum sverja sig 1 @tt vid dyngjuhraun bergfredilega og ad
innri gerd, en eiginleg dyngjulogun er ekki 4 peim og rennslishattir adrir. Pau eru
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Burfellshraun ofan vid Hafnarfjord og eldra Eldborgarhraunid sunnan vid Geitahlid. Hér
metti einnig nefna Hellisheidarhraun a (um 10.000 ara), en upptok pess eru stedilegur gjall-
og klepragigur (Gigahnukur).

Sprunguhraunin eru af tvennum toga, annars vegar kleprahraun sem benda til akafrar
strokavirkni. Pau eru liklega fra siojokultima, eda mjog snemma & Nutima. Pau sjast & kortinu
sem gossprungur og mjoar hraunspildur (kleprabrynjur) naest peim, utan i fellum og hadum,
umflotnum yngri hraunum. Dami ma sja utan i Stora-Skogfelli og Porbirni. Hins vegar eru
sprunguhraun ur gjallgigar6dum. Pau mynda hraunbreidurnar sem liggja 1t frd gigar6dum
skagans. A kortinu fer mest fyrir yngstu hraununum fra tveim sidustu goshrinum fyrir um
2400-1900 4rum og 1200-770 arum. Hraun runnin eftir landndm eru synd sérstaklega. Hins
vegar byrjadi petta sidasta gosskeid nokkru fyrir landndm med sprungugosum i
Brennisteinsfjollum og Mohélsadal. Hraun sem péd runnu eru einnig audkennd & kortinu.
Haepid er ad treysta pvi ad hraunrennsli hafi verid minna & eldri gostimabilum pvi ad yngri
hraun hylja pau eldri, en vida koma fram skeeklar Gt undan peim eda i hdlmum og stundum
allstorir flakar. Elstu aldursgreindu sprunguhraun skagans eru litid yfir 8000 ara, D.e.
Hopsneshraunid i Grindavik og elstu hraunin ar Skalafelli 4 Reykjanesi.

A kortinu er bent 4 ymsa jardfreedilega dhugaverda stadi. Suma ma telja fagatlega
merkilega, svo sem risspilduna kringum hvirfil Hratagjardyngjunnar og setlogin i Sogum og a
Hoskuldarvollum og pa ségu sem pau geyma. Einnig ma nefna sprengigigana i Krysuvik par
sem gaus 4 stuttum gigarodum sem liggja i stefnu skjalftasprungna. Gervigigarnir i Seldldu
nidur vid Krysuvikurberg liklega einstakir i sinni r6d hér 4 landi. Prihnukagigur med hellinum
undir mun vera einsdemi um gighelli. Gosgangarnir i Kerlingarbasi & Reykjanesi eru moérgum
kunnir, en faerri pekkja gangana 1 Jorukleif og vid Jorugil en par tengjast beir
mobergshryggjum. A vefsidu ISOR www.isor.is mé lesa frodleik um pessa stadi.

Stéru dyngjurnar a Reykjanesskaga.

Dyngja Aldur BP | Synilegt flatarmal | Liklegt flatarmal | sjavarstada
Leitin 5300 100km? 113km? | - 2,5 m
Hrutagja raml. 6000 52km? 96 km? | -3 m
Heidin ha ~ 7500 136 km? 170 km? | -10 m
Sandfellsha&d | um 13.600 103km? 188 km? | - 52m
Prainsskjoldur | um 14.200 129km? 146 km? | -25m

Sjavarstada markast af skilum milli hrauns og breksiu. Geeti skakkad um £ 2 m.
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Bergsegulmeelingar a Pleistdosen hraunldgum a prem
stdoum sudvestan- og sunnanlands

Led KristjAnsson

Jardvisindastofnun Haskdlans, Oskju, Sturlugétu 7, Reykjavik

A arunum 1953-60 unnu Trausti Einarsson og Porbjorn Sigurgeirsson mikid starf vid
kortlagningu segulstefna i hraunlogum landsins. beer athuganir voru ad mestu gerdar med
attavita 1 morkinni, en Porbjorn framkvemdi einnig itarlegri segulmalingar 4 synum.
Sumt af nidurstddum peirra birtist 4 prenti, m.a. i ritum sem Visindafélag slendinga gaf
ut. Einkum var par um ad reda melingar Trausta 4 Pleistésen myndunum &samt
lysingum hans 4 stratigrafiu og tilurd peirra myndana (t.d. Trausti Einarsson 1962). Hann
gerdi jafnframt tilraun til ad rekja umsnininga segulsvidsins aftur i timann. Pessum
rannsoknum hefur ekki mikid verid fylgt eftir sidan, en hér verdur lyst stuttlega
segulmalingum &4 um 100 hraunlégum alls 4 prem stddum sudvestan- og sunnanlands
(Leo Kristjansson 2010).

Einn stadurinn er i Porisgili i Brynjudal 1 Hvalfirdi, par sem Trausti Einarsson (1962)
taldi syrpu hrauna og gréofra setmyndana fra segul-skeidinu R2 liggja undir hraunlogum
fra skeidi N2 i Botnssulum. Petta var stadfest til bradabirgda i rannsokn bresks leidangurs
sem grein birtist um 4 arinu 1972, og aftur nu.

Annar stadur par sem safnad var synum til segulmalinga, er sudur af svadi austan
Hvalfjardar sem Trausti Einarsson (1962) kortlagdi. Parna er um ad rada snid i Stora-
Saudafelli, Hrutagili og Storoxl vid Kjosarskardsveg. Virdist par vera hagt ad rekja R2 -
N2 umsnuninginn (og isur 16g nokkru nedan vid hann) a.m.k. tvo km.

bridji stadurinn er i Hreppamynduninni, sunnantil & svedi i bjorsardal sem Trausti
Einarsson (1962) kannadi. Par hafa einnig Agist Gudmundsson, Aslaug Geirsdottir og
Porvaldur Pérdarson unnid ad kortlagningu, um og eftir 1990. Ymsar 6reglur eru i legu
jardmyndana & peim slodum, og verdur hér adeins sagt frad nidurstodum ur samsettu sniodi
vid bainn Fossnes. Svo er ad sja sem prjar punnar rétt segulmagnadar lagasyrpur séu par
inni 1 500 m pykkum stafla sem er ad mestu 6fugt segulmagnadur. Trausti gaf honum
stadbundna niimerid r4.

Gogn ur pessum athugunum reynast medal annars vera i samremi vid fyrri alyktun
hofundar Gr segulmelingum & islenskum hraunum, um ad {flokt stadsetningar
segulskautanna kringum heimskautin hafi farid minnkandi sidastlidoin 16 milljon ar.
Stundum koma mjog svipadar segulstefnur fyrir i tveim eda fleiri 16gum hverju 4 eftir
00ru 1 snidunum, sem bendir til ad upphledsla staflans hafi verid nokkud rykk;jott.

Heimildir:

Trausti Einarsson: Upper Tertiary and Pleistocene Rocks in Iceland. Rit Visindafélags islendinga 36, 1962,
196 bls. og 5 kort.

Leo Kristjansson: Paleomagnetic observations at three locations in the Pleistocene lava sequences of
southwest and south Iceland. Jokull 60, 149-164, 2010.
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Tectonics of South Iceland Seismic Zone at the site of three
hydropower plants in Lower bjorsa

Maryam Khodayar!, Sveinbjorn Bjornsson?, Hjalti Franzson®, Pall
Einarsson®

!lceland GeoSurvey (ISOR), Grensasvegur 9, 108, Reykjavik, Iceland, mak@isor.is, “National Energy
Authority (Orkustofnun), Grensasvegur 9, 108, Reykjavik, Iceland, ®Institute of Earth Sciences,
University of Iceland, Sturlugata 7, 101 Reykjavik, Iceland

As a preparation for the planned Hvammsvirkjun (Hv), Holtavirkjun (Ho) and
Urridafossvirkjun (Urr) power plants within the South Iceland Seismic Zone (SISZ) we
undertook detailed field investigations for Landsvirkjun from 2006 to 2010 (Fig. 1). The
construction of hydropower plants in this highly active seismic zone is a new engineering
challenge in Iceland as large earthquakes (M 6.5 to 7) occur on average at 50-100 year
intervals. The power plants are at the sites of the first (Hv), second (Ho), and fourth (Urr)
events of the 1896 earthquake sequence. They are also at the site of the June 17" (Ho) and
near the site of June 21*, 2000 earthquakes (Utr).

We covered the sites of the three power plants with a combined area of 54 km®. To
identify critical tectonic structures, we systematically compiled the stratigraphy when
outcrops allowed, and mapped in total more than 84 basement faults, 178 dykes, 3973 joints,
and 386 mineral veins. We also mapped with GPS 192 Holocene surface ruptures and 184
aligned leakages of cold and hot water along fractures. The number of the structures and the
size of the mapped areas are sufficiently representative to state that:

e The mapped active faults form a six-set Riedel shear pattern within the SISZ and
compensate the sinistral motion along this transform zone. The main source faults are
northerly dextral strike-slips. Apparently shorter and less frequent are four sets of
sinistral strike-slip faults (ENE, E-W, WNW, and NW), and one set of purely
extensional fractures (NNE). However, ENE conjugate segments are clearly local
ruptures of longer and widespread fractures, which control with the northerly set the
courses of many major rivers in South Iceland.

e In addition to their potential for rupture during earthquakes, the northerly, ENE,
WNW, E-W and NW sets are leaky, conveying cold and hot water to the surface.

e In Pjorsa lava and Holocene sediments horizontal offsets of the strike-slip faults can
rarely be estimated due to lack of marker horizons but reach in few cases 1.5 m. All
the strike-slip segments present extension, up to 1.5 m. Many cross-sections into the
underlying Hreppar formation show that the surface fractures are reactivation of older
faults and dykes rupturing during Holocene earthquakes. During their long lifetime,
these fractures accumulated slips, some up to 25 m dip-slips, were injected by dykes,
and created mineralised breccia zone indicating older geothermal activity.

e The risks associated with the active fractures are: (a) Ground ruptures during
earthquakes, both in the source area of the event and along neighbouring fractures. (b)
High ground acceleration during earthquakes, which damages components of the
power plants. (b) Leakages from reservoirs through these fractures raising the
groundwater level in the areas surrounding the power plants.
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Fig. 1. Location of study areas in the South Iceland Seismic Zone
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Gamla island — a re-investigation of the geochronology of
flood basalts enveloping the Selardalur-Botn Formation in
Vestfirdir

Morten S. Riishuus™*, Robert Duncan®and Leo Kristjansson®

'Nordic Volcanological Centre, Institute of Earth Sciences, University of Iceland, Reykjavik, 2College of
Oceanic and Atmospheric Sciences, Oregon State University, Oregon, USA, ®|nstitute of Earth
Sciences, Askja, University of Iceland, Reykjavik

The active crustal accretion processes recorded in Iceland for the past 17-16 million years is
complicated by repeated rift relocation to the east as a consequence of westward plate drift
relative to the Icelandic mantle plume. Only the youngest products of the extinct Northwest
Iceland rift zone are preserved below the lignite- and fossil-bearing lateriticSelardalur-Botn
Formation striking NE-SW in the extreme northwest. The lavas below the sediment horizon
dip NW towards the paleo-rift they were erupted from, while the lavas above the horizon dip
SW towards their parental Snafellsnes-Hunafloi paleo-rift active between ~15-7 Ma. The
length of time represented by this horizon has previously been examined by both K/Ar and
Ar/Ar geochronology of the enclosing basalts. The dating results disagree and interpretations
suggest that the hiatus could have lasted as much as 1 m.y. or as little as 200 k.y. Here, we
present new Ar/Ar age results on basalts from magnetostratigraphic profiles across this
unconformity. The results show that the preserved lavas below the unconformity were erupted
between ~17 and ~16 Ma at a low extrusion rate of 350m/m.y. The onset of volcanism above
the unconformity occurred by 14.5-15.0 Ma — and at a significantly higher extrusion rate. This
suggests that the period of volcanic quiescence, during which the sediments were deposited,
was long-lived (1-1.5 m.y.) rather than short-lived. A period between 17 Ma and ~15 Ma
characterized by a very low lava extrusion rate ending with a prolonged time of no volcanic
activity correlates remarkably well with an equally long-lasting trough in the residual depth
variation across the v-shaped ridges on the Reykjanes ridge. As such, the initiation of a v-
shaped ridge at ~15 Ma corresponds to a rift jump leading to initiation of the Snafellsnes-
Hunafl6i paleo-rift. The older-than-previously-known ages that we here report from northwest
Iceland call for reappraisal of the magnetostratigraphy of the oldest lava piles, and suggest
that the interbasaltic sediments from this period are contemporaneous with the Middle
Miocene Climatic Optimum.
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Eldgosid i Eyjafjallajokli i april-mai 2010

Magnus Tumi Gudmundsson®, Armann Hoéskuldsson®, Gudran Larsen’,
borvaldur bérdarson?, Bjérn Oddsson*, Eyjolfur Magnusson®, Pordis
Hognadattir', Ingibjorg Jonsdéttir', Halldér Bjornsson®, Nina Gudrin
Petersen®
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®Norraena Eldfjallasetrinu, Jardvisindastofnun Haskolans, Sturlugotu 7, 101 Reykjavik, “Vedurstofu
islands, Bustadavegi 9, 150 Reykjavik

Gosid 1 Eyjafjallajokli &samt undanfara pess a Fimmvorduhalsi er med mestu umbrotum hér a
landi i nokkra aratugi. Hraungosid & Fimmvorduhalsi var meinlitid en storfenglegt og par gat
a0 lita tilkomumikla hraunfossa auk pess sem hrauntaumarnir braeddu sér leid gegnum pykka
hjarnskafla. Sprengigosid i dskju Eyjafjallajokuls sem hofst 14. april var annars edlis. Par
kom upp istr kvika (trakiandesit/benmorit). I fyrstu voru jokulhlaup helsta dhyggjuefnid en
eftir ad gosid nadi sér vel upp Ur joklinum drd ur peim. Vid toku margvisleg vandamal vegna
gjoskufalls en pad var verulegt i pessu gosi. Nanast 61l gjoskan flokkast sem aska (pvermal
korna < 2 mm). Svo til alla daga gossins gaetti Oskufalls og pegar gosvirknin var mest var pad
verulegt. Samfelldu gosi lauk 22. mai en minnihattar sprengivirkni var 4.-8. jini og dalitil
sprenging vard eftir hadegi 17. juni. Kyrrd hefur nu faerst yfir gosstddvarnar og vetrarsnjor
pekur gigana. Helstu einkenni pessa goss voru:

1. Ovenju langur timi med sprengivirkni og dskufalli.

2. Blandgos var fra 21. april og fram i mai. Hreyfing hraunsins var po litil eftir 4. mai og
var hraungosi ad mestu lokid frd og med peim degi.

3. Hraunid braeddi jokulinn yfir sér og 4 undan sér og klauf pannig Gigjokul.

4. Aska barst 6venju vida og getti hennar vida 1 Evropu, pé 1 litlum meli hafi verid.
Rikjandi vindatt medan & gosinu st60 var Ur vestri og nordvestri og skyrir pad
utbreidslu dskunnar.

5. Midad vid islensk sprengigos, vard ovenju mikid til af mjog finni 6sku i gosinu. Pegar
gosvirknin var mest (14.-17. april, 5.-6. og 13.-17. mai) var allt ad bpridjungur
gjoskunnar aska ad kornasterd undir 30 pm. A 6drum timabilum var mun minna um
svo fina 6sku. Petta magn finefna i meginfosum gossins var pd ekki dvenjulegt midad
vi0 isur og sur sprengigos a eyjabogum eda meginlondum.

Gosid i Eyjafjallajokli er stersta gjoskugos 4 Islandi sidan Katla gaus 1918. Einhvers
oskufalls vard vart allstadar 4 landinu nema & Vestfjordum og e.t.v. 4 ystu nesjum
Nordanlands. Um 60% 6skunnar féll 4 Islandi, en 40% sudur og sudaustur af landinu. Dalitill
hluti peirrar 6sku sem féll utan landsteina barst med loftstraumum til Bretlands, Nordurlanda
og meginlands Evropu. Spar um dreifingu dskuskysins orsdkudu meiri truflanir & farpegaflugi
i Evropu en 4dur eru deemi um. Heildarmagn gosefna er talid jafngilda um 0,17 km’ af fostu
bergi. Um 80% var gjoska, ad langmestu leyti dskukorn minni en 1 mm i pvermal. Onnur
gosefni eru hraunid i Gigjokli og pad efni sem barst med jokulhlaupum, en meirihluti pess
efnis settist til par sem adur var Gigjokulslon.
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Arsenic Speciation in Geothermal Waters

Nicole S. Keller!, Andri Stefansson® and Bergur Sigflisson?
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Various arsenic species have been observed or inferred in geothermal waters in recent years,
in particular thio- and oxyanions. However their exact stoechiometry and their oxidation state
has proved to be very challenging to establish, and has been subjected to a sustained debate
over the last decade. Most of the arsenic species seen in geothermal waters are unstable under
laboratory conditions, thus it is crucial that the appropriate sampling and analytical techniques
are used in order to minimise post-sampling changes modifying the initial compounds.

The study presented here has three goals: 1) to determine how many arsenic species can
be seen in geothermal systems, and how geochemical parameters control the number and
relative abundance of the species, 2) to test whether our analytical method can be used to
discriminate between the two main oxidation states of As, As'' and As" and 3) to assess the
stability of the arsenic-sulfur compounds after sampling, in particular whether the
traditionally used flash-freezing method quantitatively preserves the species. In order to attain
those goals, samples were collected at the Hellisheidi Power Plant and at the Geysir
Geothermal Area in SW Iceland. The samples were analysed on-site by separating the various
arsenic species by Ion Chromatography, and subsequently by quantifying each species using
an arsenic-specific Hydride-Generation Atomic Fluorescence Spectrometer (HG-AFS).

Preliminary results show that analysis of the samples immediately after sampling is
crucial, as sample storage and the flash-freezing method appears to modify the speciation
during freezing and/or thawing of the sample. Using the retention times of the analytes
through the chromatographic column, a minimum of seven arsenic species were observed.
Two of the species are oxides of As™ and As", based on the comparison of their retention
times with standards. The other five species have yet to be unequivocally identified, but based
on prior studies (Sigfsson et al. 2011, and references therein) it is assumed that at least some
of them are thioarsenic species with various S:O ratios, with longer retention times for
increasing S:O.

Clear differences can be seen between samples from Hellisheidi and Geysir. In the case
of the oxyanions, only As" is present at Hellisheidi whereas both oxidation states can be seen
in the samples from Geysir. This reflects the reduced conditions prevailing in the Hellisheidi
reservoir, in contrast to Geysir where there is an input of oxygenated ground water. When
looking at the thioarsenic compounds, the species found in the Hellisheidi samples typically
had higher S:O ratios when compared to the Geysir samples. This is inferred to be related to
the higher sulfur concentration in Hellisheidi relative to Geysir (40-50 ppm and 1-3 ppm,
respectively).

Thermodynamic calculations show that the relative abundance of the various As-S-O-H
species largely depend on the prevailing pH, and the species in a sample with pH 9 are likely
to change in the analytical column where the prevailing pH is 13. However, the oxidation of
As™ to As" is slow, thus the As™:As" should remain constant over the course of the analysis.
Thus, the approach suggested is to use the information obtained from the immediate analysis
as a means of determining the relative abundance of the two oxidation states, and to back-
calculate the species distribution with their S:O ratio at the pH of the sampling using the
equilibrium constants of the reactions.
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Eldfell og Eyjafjallajokull: hradi kvikupréunar undir
misproskudum alkaliskum eldfjollum

Olgeir Sigmarsson™ 2
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Ferrand, France, ? Institute of Earth Sciences, University of Iceland, 101 Reykjavik, Iceland.

Basalthraun sem runnid hafa & Vestmannaeyjum og vid Eyjafjallajokul hafa samsetningu
milds alkali basalts med litid sem ekkert Ne i normi. Mjég lik basaltsamsetning kom upp i
gosinu 4 Fimmvorduhdlsi 2010 og 1 fyrri hluta Surtseyjargossins. Badi eldstodvakerfin hafa
pvi proskast fra svipadri grunnkviku en mislangt enn sem komid er. Vestmannaeyjakerfid
hefur adeins framleitt basalt ef undanskilid er sidasta gos pess i Eldfelli 1973 par sem gaus
hawaiiti asamt eilitlu af mugeariti 1 byrjun (Jakobsson o.fl., 1973; Thorarinsson o.fl., 1973).
Hins vegar er adeins pekkt mun préadri trakyt og rhyolit gjoska fra Eyjafjallajokli dsamt
blandkvikunni benmoriti sem gaus 2010. Seinna eldfjallid verdur pvi ad teljast mun lengra
komid & proskabrautinni.

Dypi a kvikuholf er erfitt ad meta en virdist sémuleidis mun meira undir Heimaey (15-
20 km; Einarsson, 1991) en undir Eyjafjallajokli (5-10 km; Keiding og Sigmarsson, 2010).
Vid svipadan hitastigul er edlilegt ad proadri kvika dveljist vid laegri prysting i kaldara
umhverfi. Efnagreiningar adal- og snefilefna sem og samsatuhlutfall benda eindregid til ad
proéudu kvikurnar hafi myndast vid hlutkristéllun 4 frumstedari kviku og adskilnadi steinda
og vokva.

Nakvamari malingar & geislavirku ¢jafnvaegi 4 milli 226Ra og 210Pb stadfesta 10 ara
dvalartima (Sigmarsson, 1996) kvikunnar sem gaus 1973 1 Eldfelli. Svipad ¢jafnvagi mealist i
Fimmvorduhalsbasaltinu og Surtseyjarbasalti [(210Pb/226Ra) = 0,70 +0,04] en fyrsta
benmoritid sem gaus ur toppgignum hefur mun haerra gildi (1,05) vegna uppsdfnunar gass
(m.a. 222Rn) fyrir sprengigosid. Petta benmorit er illa blondud kvika med premur glergerdoum
basisku, suru og issuru ad samsetningu, sennilega vegna timaskorts & fullkomnari
kvikublondun fyrir gos en eftir innskot basalts i eldri surari kviku. Sura glerid er af somu
samsetningu og gjoska fra gosinu 1821-23. Lagmarksdvalartimi sturu kvikunnar er pvi teep tvo
hundrud ar (2010-1823), basaltid er ad hdmarki um aratugsgamalt en mun liklegra adeins
farra manada gamalt. fstira blandkvikan myndadist aftur 4 moti adeins 6rfaum dogum eda
klukkutimum adur en hin gaus.

bessar nidurstodur syna ad pratt fyrir svipadar kvikuraetur endurspeglar kvikuproun
proskastig eldfjalla par sem proadri kvikukerfi (eldri?) bjoda upp & floknara og dynamiskari
kvikuferli en einfaldari og yngri eldstodvar.
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Afok og rykmengun & islandi: helstu uppsprettur, magn og
ahrif

Olafur Arnalds

Landbunadarhaskdla islands, Hvanneyri

Rykmengun og afok hafa mikil 4hrif & vistkerfi jardar vegna édhrifa & loftslag, jardvegs-
myndun og fleiri paetti. Hér verdur grein fyrir nidurstddum rannsdkna & upprunastoédum afoks
4 Islandi og magni afoks 4 landsvisu. Nidurstodurnar byggja 4 rannsoknum & utbreidslu
sandaudna 4 landinu, melingum 4 sandfoki 4 ymsum stodum & landinu, aratugareynslu af
vettvangi 4 sandfokssvaedum og skipulegri konnun 4 upprunastad sandstroka (dust plumes) &
gervihnattamyndum. Ennfremur var pykknunarhradi jardvegs notadur asamt fleiri
upplysingum til ad meta dkomu afoks 4 landinu i heild. Adferdum er nanar lyst af Olafi
Arnalds (2010).

Upprunastodum afoks ma skipta i prjd meginflokka: 1) stor samfelld sandsvadi sem
eru alls um 22.000 km?; ii) afmorkud meginuppfokssvadi (strokasvaedi); og iii) 6nnur svedi
svo sem jarovegstorfur, strandsveedi o.fl.

Sandsvedin valda afoki 1 tiltdlulega faum atburoum i aftakavedrum (vindhradi t.d. >15
m s"). Strokasvadin eru hins vegar meginuppspretta afoks og rykmengunar 4 Islandi.
Rykmengun er tidari fra strokasvedum en sandsvaedum og mun minni vind parf til ad koma af
stad vindrofi 4 peim st6dum (7-10 m s vindhrada). Helstu strokasvadin eru: Dyngjusandur
nordan Vatnajokuls, Hagavatnsaurar, Myrdalssandur (Mulakvisl/Leira), Landeyjasandur
(Markafljotsaurar), Melifellssandur, Flosaskard og Skeidararsandur. Minni upptakasvedi eru
t.d. Sandkluftavatn, arfarvegir medfram Pjorsa, Tungna, Skaftd, Jokulsa & Fjollum, Kreppu
(og Kreppuldn), ymis strandsvaedi og virkjanalén pegar litid er i peim. Dyngjusandur er
langsteersta strokasvedid (tugir km?) og mog liklega pad langvirkasta.

A strokasvadunum hagar pannig til ad jokulvatn berst um flatlendi eda laegdir, eda pau
eru vid 6stodug 16nbord. A pessum stodum leggst stodugt til nytt illa adgreint efni sem er
finkorna (silt-finn sandur). Hlutur svifefna (suspension) er fremur har pegar fok & sér stad, en
er mun laegri 4 6drum sandsvaedum 4 bord vid Odadahraun og Heklusanda, par sem skokkefni
(saltation) eru radandi. Vid fokid myndast mokkur sem & sér vel skilgreindan upphafsstad.

Afok fra samfelldum sandsvaedum og afmorkudum strokasvaedum ner til landsins alls.
Setmyndun innan gosbeltisins er >250 g m™ ar' og sums stadar >500 g m™ ar'. Fjarst
virkum afoksuppsprettum, t.d. 4 Vestfjordum og 4 Trollaskaga, er afokid <50 g m™ ar’'. |
gosinu 1 Eyjafjallajokli myndadist timabundid stort samfellt strokasvaedi og afok vard mjog
mikid 4 landinu (sja Olafur Arnalds o.fl., 2011).

Afoksefnin eru ad mestu ur basiskum gosefnum, en annars stadar & jordinni er kvars
yfirleitt radandi afoksefni, t.d. efni fra Sahara. Utskyra ma marga eiginleika vistkerfa 4 Islandi
med hlidsjon af dfoksmagninu. Par sem afok er minnst er jardvegur tiltolulega sur (leysist ut
minna af katjonum vid efnavedrun), en leegst maelist syrustig i votlendi & Vestfjoroum (pH <
4). A hinn boéginn hafa votlendi 4 Sudurlandi tiltdlulega hatt syrustig (pH 5,5-7). Hlutfall
lifrenna efna i moldinni er pvi harra sem afok er minna. Eiginleg mémold finnst fyrst og
fremst 4 svaedum sem fa 10-50 g m™ ar' 4 myndinni (> 20% C i yfirbordsldgum). Votlendi
nest afoksbeltinu (afok >250 g m™ ar'l) hafa allt nidur i 1-3% C { yfirbordsldgum, sem er
mjog 1itid pegar nordlaeg lega landsins er h6f0 1 huga. Leirmagn (alléfan og ferrihydrit) verdur
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mest 1 purrlendi par sem afok er ekki of mikid, en glerid er dberandi i fremur gréfkorna
jardvegi 4 peim svedum par sem afok er mest. Kolefni, leir og kornasterd hafa rddandi 4hrif &
jarovegseiginleika almennt, 4samt grunnvatnsstodunni.

fsland er yfirleitt ekki nefnt medal helstu upprunastada ryks a jordinni (t.d. Lawrence
og Neff, 2009). b6 eru afoksmangid og rykmengun med pvi mesta sem pekkist og
samberilegt vid uppfok frd helstu uppsprettum i eydimdrkum jardar, jafnvel pott helstu
uppfokssvaedi 4 Islandi séu hlutfallsega litil ad flatarmali i peim samanburdi. Liklega veldur
mikill vindstyrkur, sem fylgir vedrakerfum Nordur-Atlantshafsins, miklu par um. Petta ryk
hefur ventanlega ahrif langt 0t fyrir landsteinana, m.a. & loftslag og lifriki sjavar. Rykmengun
getur einnig verid langt yfir vidmidunarmoérkum er vardar heilsufar naest helstu
uppfokssvaedunum.

g ar”
[ Lt 10-50
[ wedal 25100

I viko 75-250
B 1viog mikis > 250

- Sandaubnir

Akoma afoks 4 landinu 4 4ri ad medaltali (g m™ ar"), medaltal u.p.b. 500 ara. Byggt 4 Olafi Arnalds (2010).
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porleifur J6hannes Einarsson (f. 29.8.1931, d. 22.3.1999)

Pall Imsland

Menntaskdlinn vido Hamrahlid, Hamrahlid 10, 105 Reykjavik

borleifur J6hannes Einarsson feeddist i Reykjavik 29. agtst 1931 og 1ést i Bergisch Gladbach i
byskalandi hinn 22. mars 1999, 4 68. aldursari.

borleifur vard student fra Menntaskolanum i Reykjavik ario 1952. Haustid ‘53 hélt hann
til Hamborgar til ndms 1 jardfraedi. Hann flutti sig til Erlangen-Niirnberg og nam par ‘54-56
og sidan til Kdlnar par sem hann var ‘56-60. Par lauk hann badi Diplom geolog-profi og
Doktor Rerum Natura-préfi 1960

Vi0 heimkomu arid 1961 rédst hann til rannsoknastarfa vid Ionadardeild Atvinnudeildar
Haskolans og vard sidan sérfredingur vid Raunvisindastofnun Héskolans 4rid 1968.

borleifur var 4 pessum arum stundakennari i nattirufreedi og edlisfreedi vid Vogaskola
og i jardfradi vid Menntaskolann i Reykjavik og Tekniskola Islands og loks vid Haskola
fslands 4rid 1969 er par var nyhafin kennsla i nattarufraedum, haustid 1968. Hann vard sidan
professor 1 jardsogu og isaldarfredum vid Haskolann arid 1975 og gegndi pvi embeetti til
daudadags.

borleifur var varamadur i Nattaruverndarradi og sat lengi i stjorn Landverndar, var par
formadur 1979-°90. Hann sat i stjorn Hins islenska natturufredifélags og var par af formadur
1966->72. Hann var tvivegis i stjorn Jardfraedafélags Islands og formadur pess i seinni
setunni. P4 var hann stjornarnefndarmadur Norrenu eldfjallastodvarinnar um langan tima og
stjornarformadur Mals og menningar fra 1979-’91. Hann var virkur félagi i ymsum 6drum
felogum.

Eftir borleif liggur fj6ldi greina um rannsoknir og fredi 4 ymsum tungum og sidan arid
1968 ad ut kom bok hans ,Jardfredi. Saga bergs og lands* var si bok og margar sidari
endurskodadar og umskrifadar utgafur hennar einrdd sem kennslubok 1 jardfraedi i skolakerfi
landsins, a.m.k. fram 4 sidasta aratug.

[ enn 6fullkominni skré yfir ritverk Porleifs eru nt 62 timaritsgreinar. Par af er hann eini
hofundur ad 46 greinum en 16 eru ritadar med 60rum. ba eru otaldar baekur hans, utdreettir,
smaskrif og allar skyrslur og greinargerdir sem ekki hafa verid gefnar Gt 4 formlegu prenti.
pessum greinahdpi eru margar ondvegisritgerdir, sem hafa varpad skyru ljosi 4 jardfredi
landsins og batt verulega vid pekkingu okkar og skilning 4 landinu og préun pess, en par ma
einnig finna greinar sem varpa ljosi & heimsprounina.

Stort Porleifs einkennast ekki bara af kennslu og akademiskum rannsoknum, pé par sé
fyrirferdin mest. Hann lagdi drjugan skerf til hagnytra rannsoka einnig og lagdi mikid af
morkum 1 barattunni fyrir baettri umgengni um landid og nattiruna almennt.
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Fault map of the northern part of the Krisuvik fissure
swarm, SW-Iceland

Pall Einarsson, Asta Rut Hjartardéttir, Tinna Jonsdottir, Benedikt G.
Ofeigsson, Sneebjérn Gudmundsson, Sigurlaug Hreinsdéttir, Porbjorg
Agustsdéttir, and students of Current Crustal Movements in the Faculty
of Earth Sciences, University of Iceland 2010

Institute of Earth Sciences, University of Iceland

Persistent inflation and earthquake activity in the Krisuvik area provided incentive to conduct
a field exercise for students in the course Current Crustal Movements at the University of
Iceland in the autumn semesters of 2009 and 2010 within the fissure swarm of the Krisuvik
volcanic system in SW-Iceland. An almost complete map of the northern part of the swarm is
presented here. The Krisuvik volcanic system is a part of the Reykjanes Peninsula oblique rift,
a branch of the mid-Atlantic plate boundary. The fissure swarms of individual volcanic
systems have a NE-trend, oblique to the plate boundary, trending 70°. The plate boundary is
highly oblique with respect to the spreading direction, which is 104° in this region. The
fissure swarms therefore fade out towards the NE as they extend into the North-America
Plate. The main objectives of the research are to obtain a homogeneous data set on the
fracture pattern at the end of a fissure swarm and to reconstruct the history of faulting in the
Holocene. The research area is covered by interglacial and Holocene lavas. In the last years
the Krisuvik volcanic system has received increasing attention because of potential harnessing
of geothermal power there.

Faults and fractures were mapped from aerial photographs in the lab, but subsequently
verified in the field by taking a GPS-instrument along and around them. Fault throws were
determined by taking profiles transverse to the normal faults, as well as along them on both
the footwall and hanging wall. The area was systematically searched for evidence of
Holocene fracturing. Four types of fracture systems may be distinguished:

1. Fissure swarm. Most of the fractures in the area belong to the Krisuvik fissure swarm.
They strike parallel to the fissure swarm itself, i.e. NE. Individual fractures may
deviate from this, and parts of the swarm have a wavy appearance. The fractures are
open fissures, normal faults and eruptive fissures.

2. Strike-slip fault. One array of en echelon fractures was investigated. It contained push-
ups and other features characteristic for strike-slip faults. It has a trend of NNE and is
located at the top plateau of Langahlid. This array is the northernmost feature of a N-S
strike-slip fault that crosses the plate boundary east of Lake Kleifarvatn.

3. Gravitational slumping features. The steep slope of Langahlid shows a number of
slumps, some of which resemble tectonic fractures.

4. Fractures associated with apex-areas of lava shields. A slightly eroded apex of a tuya
at the top plateau of Langahlid was visited. It is characterised by ring structures and
faults. Also the most intriguing lava lake structure at the top of the Hrutagja lava
shield was investigated.
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Preferred sub-horizontal dike propagation deduced from
magnetic fabric analyses of the Alftafjordur dike swarm:
Implications for shallow crustal magma transport in
Icelandic volcanic systems

Per I. Eriksson®, Morten S. Riishuus® and Sten-Ake Elming?

'Nordic Volcanological Center, University of Iceland, 2Department of Chemical Engineering and
Geosciences, Lulea University of Technology

Regional mafic dikes extending north of the Alftafjordur central volcano in the Neogene
bedrock of east Iceland are studied with the aim of testing models for the origin of regional
dikes in general. This is accomplished by using anisotropy of magnetic susceptibility to define
fossilized magma flow regimes in the dikes. Samples were collected from dikesat varying
lateral distance from the central volcano. Imbrication of the plane perpendicular to the minor
susceptibility axis has been used as indicator of direction of flow. The regional dikes are parts
of an elongated dike swarm, ~5 km in width and up to 40 km in length. Dike swarms are
generally considered to be the sub-surface continuation of fissure swarms extending from
central volcanoes in active volcanic systems. Flow directions could be calculated in 12 of the
24 dikes that were sampled. The magnetic fabrics from theremaining dikes are discarded due
to geometriessuch as parallelimbrication planes and parallel relations between the minor axis
andthe dike attitude. These dikes tend to strike oblique to the dominant trend of the swarm as
well as possessing a greater degree of magnetic anisotropy, and we interpret the observed
sheared fabrics as results of transtensional dike opening.The non-sheared magnetic fabrics
show predominantly sub-horizontal flow regimes with varying inclinations. The majority of
the accepted magnetic fabrics, 8 of 13, show magma flowdirected northeast away from the
Alftafjordur central volcano. The remaning fabrics give sub-vertical (3 cases) or southwest
directed subhorizontal (1 case) magma flow. The presented flow directions are inferred to
support a structural-magmatic model favoring predominant lateral diking from shallow
magma chambersas the origin of propagationfor regional dike swarms in Icelandic volcanic
systems.
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Jardfreedi Islands — freedileg verndun og vardveisla — tillaga
ad stefnu

Sigmundur Einarsson, Kristjan Jonasson og Lovisa Asbjornsdottir

Nattarufraedistofnun islands, Urridaholtsstraeti 6-8, 210 Gardabae

L6gd er fram ny tillaga um verndun jardminja 4 [slandi sem tekur mid af markmidum
stjornvalda um sjalfbaera proun i islensku samfélagi. I dherslum umhverfisraduneytisins 2010-
2013 (Umbhverfisraduneytid 2010) segir m.a. um verndun jardmyndana:
e Gengid verdi fra skipulegu yfirliti yfir jardmyndanir 4 Islandi sem verdi grunnur ad
markvissri verndun peirra.
e Unnid verdur ad frekari vidmidum fyrir markvissa verndun jardmyndana fyrir gerd
na&stu nattaruverndaraetlunar 2014-2018.
Tillagan er i reynd breytt og batt utfersla a tillogu Nattarufreedistofnunar Islands og
Nattaruverndar rikisins (Helgi Torfason og Ingvar Atli Sigurdsson 2002) sem unnin var vegna
nattiruverndaraatlunar 2002 en fékk ekki brautargengi 4 peim tima. Likt og adur er byggt &
breskum grunni um verndun jardminja sem lagdur var arid 1977 med verkefninu Geological
Conservation Review (sbr. Ellis o.f1. 1996).

Almennt markmid:

Verndun jardminja 4 [slandi er «tlad ad endurspegla allt rof og breytileika islenskrar jardfradi
og landmotunarfraedi. Vardveita skal skipulega heildarmynd af jardfraedilegum ferlum og
fyrirbeerum sem 1 heild gefa samfellt yfirlit um jardségu landsins.

Grundvollur:

Verndunin skal taka til allra patta berggrunnsins dsamt myndun og moétun yfirbords hans i
fortid og niitid. A freedilegum grunni skal velja til verndunar naudsynleg svadi eda stadi sem
endurspegla heildarmynd af jardsogu Islands. Sérhvert svadi eda stadur sem valinn er til
verndunar skal uppfylla tilteknar krofur um fraedilegt mikilvaegi. Gengid verdi fra skipulegu
yfirliti um jardminjar 4 {slandi sem verdi grunnur ad markvissri verndun.

Heildarmynd:
Til ad draga fram skyra heildarmynd af vidfangsefninu er jardminjum skipt i eftirtalda prja
grunnflokka. Pessir flokkar geta skarast.

Berggrunnur

Berggrunnur landsins skodast sem samfellt ferli par sem nymyndun jardlaga fer fram i
gosbeltum. Nymyndun lykur pegar jardlogin faerast Gt ur gosbeltunum og vedrun og rof
na yfirhondinni. Med timanum rekur berggrunninn ut fyrir dhrifasvaedi mottulstroksins,
hann sekkur i s@& og verdur hluti af landgrunni og sidar uthafsbotni. Petta ferli naer
einkum til eldfjallafredi, hoggunar, bergfredi, steindafredi, jardlagafraoi,
steingervingafraedi og setlagafraedi.
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Landmétun isaldarjokla

A is6ld var landmétun isaldarjokulsins ner einrad vid métun yfirbords landsins. Ahrif
jokulsins birtast ymist sem rofmyndanir i berggrunni eda sem setmyndanir af ymsum
gerdum. Utbreidsla jokulmyndana er ad nokkru leyti landshlutabundin og utbreidsla
setmyndana raedst mjog af horfun jokulsins 1 isaldarlok. Strandmyndanir fré isaldarlokum
tilheyra einnig pessum flokki. Fraodilega tilheyra pessar jardmyndanir og
landmotunarfyrirbaeri einkum isaldarjardfredi og landmotunarfreedi jokla en einnig
setlaga- og steingervingafraedi.

Virk ferli landmotunar & natima

bessi ferli eru ad mestu bundin vid jokla, vatnsfoll og sjavarstrendur auk frostverkana og
pyngdarafls. Vio petta batist myndun jardvegs. Pessi flokkur jardminja naer til landsins
alls en hin ymsu fyrirbari eru sum hver landshlutabundin. Fradilega tengjast pessi ferli
flestum helstu pattum landmétunarfraedinnar.

Neastu skref:

Naudsynlegt er ad sem allra fyrst verdi hafist handa vid gerd skipulegs yfirlits um
jardminjar & [slandi. Lita ber 4 slikt yfirlit sem langatimaverkefni en breska verkefnid
Geological Conservation Review hefur nt stadid i tepan aldarfjoroung og er a lokastigi.
Forgangsrada parf peim jardminjum sem talid er askilegt ad vernda og eru i dag taldar i
haettu.

Kanna parf hvort naudsynlegt er ad breyta verndarflokkum natturuverndarlaga pannig ad
peir falli sem best ad verkefninu. betta 4 einkum vid um tilfelli par sem verndun snyst fyrst
og fremst um fraedslu- eda visindagildi og skarast 1itid vid adra landnytingu.

Lagt er til ad jardminjar sem falla undir framangreind skilyrdi hafi ad lagmarki
verndargildi 4 landsvisu. Samhlida vinnu vid skipulegt yfirlit um jardminjar er naudsynlegt
a0 fram fari endurmat a eldri fridlysingum og peer felldar inn i nyja heildarmynd eftir pvi
sem kostur er.
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Merki um kvikuflutning i Eyjafjallajokli 2009-2010 kortl6gd
med smaskjalftum

Sigurlaug Hjaltadéttir', Kristin S. Vogfjord*, Ragnar Slunga®

vedurstofu islands, Bustadavegi 9, 150 Reykjavik. >Quakelook Stockholm AB, Stokkhdlmi, Svipj6d

St mikla jardskjalftavirkni sem meldist med SIL-netinu i Eyjafjallajokli fra mars 2009 og
fram yfir goslok i mai 2010 hefur verid endurstadsett og notud til pess ad kortleggja med
allmikilli ndkvemni leidir kvikunnar i eldfjallinu, allt fra motum méttuls og skorpu og upp ad
yfirbordi. 1 erindinu er greint fra pessari kortlagningu.

Sidan 4rid 1994 hefur aukin smaskjalftavirkni i Eyjafjallajokli verid otviraett merki um
kvikufluting og innskotavirkni og paer prjar hrinur sem meldust fra arinu 1991 og fram ad
nylionum atburdum eru allar taldar merki innskotavirkni. Hrinurnar sem meldust 1994 og
1999-2000, adallega &4 8-12 km dypi, urdu samfara landlyftingu sem talkud var sem aflogun
vegna silluinnskota 4 h.u.b. 5-6,5 km dypi undir sudurhlidum fjallsins. Hrinunni sem maeldist
arid 1996 fylgdi hins vegar engin malanleg aflogun 4 yfirbordinu enda urdu peir skjalftar 4
miklu dypi, 20-25 km, par sem mét mottuls og skorpu eru talin vera 4 pessum slodum (t.d.
Allen o.1l., 2002). P6 benda skjalfarnir og brotlausnir peirra til pess ad kvika hafi prengt sér
upp ur mottlinum 1 jardskorpuna & pessum tima. Mogulega hefur pad efni ad hluta myndad
innskotin 1 efri hluta skorpunnar premur drum seinna en merki eru um svipada djupa virkni
arid 1992 en pa maldust nokkrir djlpir skjalftar undir Eyjafjallajokli og eru peir hugsanlega
fyrstu visbendingarnar um innskotavirknina sem fylgdi arid 1992. bPad ma pvi segja ad likleg
djap innskot ur mottli 1992 séu fyrstu merki um pa auknu kvikuvirkni sem ad lokum leiddi til
gosanna 4 Fimmvdorduhalsi og 1 toppgig Eyjafjallajokuls 1 mars og april 2010, 18 arum seinna.

[ lok mars/byrjun april 2009 maldust djuir skjalftar enn 4 ny vid mét méttuls og
skorpu. Fjorda stéra hrinan i Eyjafjallajokli fylgdi um sumario, flestir skjalftarnir a4 svipudu
dypi og 1994 og 1999 og milli juli og agust urdu skjalftar einnig & minna dypi og sudvestan
megin pyrpingarinnar sem bentu asamt sudurfaerslu GPS-stodvarinnar 4 bPorvaldseyri fra mai
og fram 1 agtst 2009 til innskotsmyndunar i efri skorpunni. Virknin tok sig upp & ny i lok
desember 2009 og maldust skjalftar enn i somu pyrpingum og 1994, 1999 og sumario 2009,
austan toppgigsins. Um 20. febroar breyttist mynstrid og nastu ellefu dagana foru litlir
skjalftar a0 malast & lengra til sudausturs, 1 att ad Kaldaklifsjokli og Raufarfelli. Flestir
skjalftarnir urdu a 4-8 km dypi og eru merki um innskotavirkni allt sudur i Raufarfell, um 3
km nordan nestu baja. 3.-4. mars stodvadist skjalftavirknin 4 pessum slodum allsnégglega
um leid og virknin faerdist til austurs 1 att ad Fimmvorouhalsi og jokst jafnframt gridarlega og
hundrudir eda yfir pusund skjalftar meldust daglega. Mars-virknin myndadi gang sem
grynnkar til austurs og dreifing skjalfta 17. — 20. mars bendir jafnframt til pess ad kvika steig
upp til yfirbords med medalhradanum 1,6 km/dag undir jokulhettunni, en rasin virdist sveigja
til austurs 1 efstu kilometrunum i att ad gosstddvunum & Fimmvorduhalsi. Flestir skjalftarnir
sem urdu eftir ad gosid hofst urdu i hnénu/beyjunni i radsinni. Gosid hofst fremur rolega, p.e.
ordaaukning var fremur haeg borid saman vid onnur nyleg gos hér 4 landi, en p6 mé greina
aukid utslag i kringum 1 Hz um klukkan 22:30.

Skjélftahrinan sem vard fyrir seinna gosio byrjadi frekar snogglega ad kvoldi 13. april,
greina ma skjalfta allt fra klukkan half-ellefu en um halftima sidar vard skjalfti ad sterd um
2,3 og jokst skjalftavirkni mjog hratt 1 kjolfarid og myndadi tvaer pyrpingar 4 5-8 km og 0-3
km dypi. Atburdurinn er talinn marka pann tima pegar kvika nddi ad brjota sér leid inn i isturu-
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kvikuna, sem liklega var geymd 4 3-5 km dypi og gaus sidan upp 4 yfirbord. P6 er einnig
athyglisvert ad bera saman merkin um innskotid sumarid 2009 en hluti skjalftanna sem vard i
juli-agast vard 4 svipudum slodum og synir ad efnisflutningur upp undir kvikugeyminn hofst
nokkru fyrir gosid, tepu ari fyrr, en stodvadist svo timabundid. Merki um gosid sdust ekki &
yfirbordi fyrr en um morguninn eftir en verulega dr6 ur skjalftavirkni milli klukkan 01:00 og
02:00 13. april og stodugur og mikill 6roéi fra kl 01:15 er talinn merki um ad kvikan hafi nad
yfirbordi undir joklinum & peim tima.

Verulega dré ur skjalftavirkni eftir upphaf toppgigsgossins en i byrjun mai maldust 4
ny djupir skjalftar. Neestu daga pokadist virknin upp 4 vid og 5. mai breyttist gosvirknin yfir
meiri sprengivirkni og gosmokkurinn hakkadi verulega i kjolfarid. Djupvirknin og &hrif
hennar benda otviratt til innspytingar nys efnis Gr méttli. Svipadar litlar hrinur urdu einnig
10.-11. mai og 15. mai og peim fyldu einnig timabundin heekkun gosmakkar. Skjalftavirknin i
mai myndar naer samfellda pipu upp i gegnum alla skorpuna og sveigir pessi @tlada kvikuras
til austurs 1 nedsta hluta skorpunnar.
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Skriduannall 2010

Skafti Brynjolfsson® og Halldér G. Pétursson®

INattarufraedistofnun islands, Borgum vid Nordursléd, 602 Akureyri

A0 undanskildum ofanfl6dum (edjuflodum) i tengslum vid eldgosid i Eyjafjallajokli hefur
arid 2010 verid med rolegasta moti hvad vardar skridufoll. Segja ma ad néanast hafi adeins
verid um venjubundin smaskridufoll og hrun ad reda i tengslum vid nokkur 6flug
urkomuvedur og leysingar. Tvisvar urdu litilshattar slys &4 folki. A0 undanskildu talsverdu
tjoni & vatnsveitu Breiddalsvikur var tjon vegna skridufalla takmarkad og pa helst 4 vegakerfi
landsins. Fjoldi skradra skriduatburda arid 2010 voru 39 talsins en til samanburdar voru ad
medaltali skradir 60 — 80 atburdir arlega sidastlidin 15 ar. Mest voru skradir 192 atburdir arid
2006 en pad ar voru gridarlegar leysingar i Eyjafirdi og nagrenni seint i desember orsék meira
en helmings atburdanna. bess ber ad geta ad skridufoll geta verid mun fleiri en skradir
atburdir gefa til kynna pvi heimildir sem fést frd fjolmidlum, vegagerdinni og ymsum adilum
vida um land na yfirleitt ekki ut fyrir byggd og vegakerfi landsins.

Gridarlegur fjoldi edjufloda hefur ordid i undirhlidum Eyjafjallajokuls 1 kjolfar
eldgossins arid 2010. I flestum tilfellum teljast edjuflod til ofanfléda eda skridufalla. Ekki eru
til neinar dkvednar tolur um fjolda tilfella & Eyjafjallasvaedinu enda stor hluti peirra utan
alfaraleida og erfitt ad henda reidur a sliku. Vedurstofa Islands hefur umsjon med skraningu
og voktun edjuflédanna en 4 endanum verda pekkt tilfelli skrad i sameiginlegan gagnagrunn
Natturufredistofnunnar og Vedurstofunnar um ofanfl6d.
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Kolefnisbuskapur Islands

Sigurdur R. Gislason, Gudrun Gisladottir, Marin |. Kardjilov og Eydis S.
Eiriksdottir

Jardvisindastofnun Haskolans, Sturlug6tu 5, 101 Reykjavik.

[ pessu erindi verdur lagt mat a kolefnisbuskap Islands 4 landi 4rid 2006. Lagt er mat 4
bindingu CO; ur andrimslofti i gegnum landvistkerfi, efnavedrun og —rof (synt med
neikvaou formerki 4 mynd 1) og losun koltvioxids (CO,) til andramslofts (synt med jakvaou
formerki), sem berst fra eldfjollum, lifverum og ath6fnum mannsins.

Efnavedrun og efnarof bergs 4 Islandi binda arlega ramlega 3 milljonir tonna af CO,
(Gislason 2008). Hradi efnavedrunar og p.a.l. binding koltvioxids eykst med auknu afrennsli,
haekkandi hitastigi og laekkandi aldri bergs. Med auknu afrennsli vatns af landinu 4 komandi
arum og hakkandi hitastigi ma gera rad fyrir vaxandi bindingu. Til demis hefur binding CO,
a vatnasvioi Jokulsar i Fljotsdal vaxid um 1% 4 éri undanfarin 40 ar (Gislason o. fl. 2009).

Arleg binding CO, vegna frumframleidslu (GPP) grédurs 4 Islandi var ad medaltali
um 66 milljénir tonna & arunum 2000 — 2006. Ad fradreginni 6ndun grodursins (NPP), 28
milljonum tonna, var bindingin um 38 milljénir tonna (Kardjilov 2008). Enn sem komid eru
ekki til abyggilegar tolur um hvort og pa hve mikil kolefnisbindingi er vegna nattirulegs
astands grodurs & ollu Islandi ad fradreginni 6ndunar lifvera sem nzrast 4 grodrinum og
rotnunar lifreena efnisins. Hér er gert rad fyrir ad jatn mikid bindist vid ljostillifun og tapist
aftur til andramsloft vegna 6ndun lifvera og rotnun lifreens efnis.

Afrennsli lifreens kolefnis i upplausn med straumvotnum, svokallad efnarof lifraens
efnis, sem er einskonar sykur i upplausn sem lifverur framleida (DOC dissolved organic
carbon), jafngilda um 0,15 milljon tonna af bundnu CO, & ari. Tengsl eru milli 1jostillifunar
plantna og pessarar bindingar kolefnis, og vex bindingin med hakkandi hitastigi. Flutningur
lifrenna agna i gruggi med straumvotnum af {slandi, svokallad aflraent rof lifraens efnis, er af
svipadri sterdargradu og lifreent efni 1 upplausn (Kardjilov 2008). betta eru lifreenu agnirnar,
sem til demis gera arnar moéraudar i vatnavoxtum og eru attadar ur jardvegi og beint ur
plontum og bakterium 4 landi og 1 vatni. Pessi tala er ennpa nokkud oviss.

Binding vegna skograktar var 0,134 milljon tonn og vegna landgradslu 0,554 milljon
tonn, eda samtals 0,687 milljon tonn (Birna S. Hallsdéttir o. fl. 2008).

Losun CO, um eldfjoll 4 Islandi hefur verid aztlad ramlega 1-2 milljonir tonna af CO,
a ari, mest af pvi losnar milli eldgosa p6 einstdk storgos eins og Skaftareldar hafi sennilega
losad um 200 milljonir & 2 arum (sja Thordarson og Self, 2003).

Arid 2006 var tutstreymi CO, vegna landnotkunar Islendinga, ad mestu vegna
framreeslu myra 1,480 milljonir tonna CO, en utstreymi hlaturgass ekki tekid med i pessum
tolum (Birna S. Hallsdottir o. fl. 2008). Sé¢ 1iti0 til bindingar vegna landgradslu og skograektar
jafngildir nettolosun 0,792 milljon tonnum. Adrar athafnir {slendinga losudu 3,571 milljénir
tonna CO; og 22.000 tonn metans. Margfaldad med hlynunarmeetti metans jafngildir losun
metans 462.000 tonna losun i CO,-igildum. Samtals nemur petta 4,0 milljéonum tonna i CO,-
igildum (Birna S. Hallsdottir o. fl. 2008), en 3,632 milljonum tonna midad vid CO, massa.

Ekki var lagt mat & lifrent efni sem fykur af landinu til sjavar. Ef allir paettir i
kolefnisbuskap fslands eru lagdir saman, nattirulegir og mannlegir, pa er nettolosun fra
fslandi beint til andramslofts midad vid massa CO, um 3,2 milljonir tonna CO, 4 4ri. Ovissan
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i pessu mati er veruleg enn sem komid er. Ef eingongu er horft til ahrifa Islendinga, ekki
grodurs, eldfjalla og vedrunar, losudu Islendingar 4,424 milljonir tonna af CO, par af voru um
60,5 puasund tonna sem metan midad vid COjassa. Pad er dhugavert ad bera saman
kolefnisbuskap Islands og kolefnisbiiskap jardarinnar. Hlutfall tillifunar (GPP) plantan 4 landi
og kolefnisbindingar vid efnarof straumvatna er 19,3 & Islandi en 150 fyrir purrlendi
jardarinnar (Sigurdur R. Gislason 2011). betta stafar af takmarkadi grodurpekju og litilli
afkastagetu grodursins 4 Islandi (Kardjilov 2008) og hlutfallslega mikilli efnavedrun og
efnarofi 4 slandi. Hlutfall tillifunar (GPP) plantna 4 landi og landnotkunar er nokkud svipad 4
islandi og purrlendi jardar, 83 og 75 (Sigurdur R. Gislason 2011). Med 6drum ordum
hlutfallsleg ahrif Islendinga & kolefnisbiiskap grédurs er adeins minni en ad medaltali &
jordinni og vegur framraesing myrann 4 {slandi par mest.
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Mynd 1. Kolefnisbuskapur Islands 4rid 2006. Gert er rad fyrir ad jafn mikid af kolefni bindist og losni vegna
tillifunar grodurs og ondunar og nidurbrots lifreens kolefnis 1 jarovegi.
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Tephra, mass- and energy balance: the influence of the
Eyjafjallajokull eruption 2010 on Icelandic ice caps

Sverrir Gudmundsson®, Finnur Palsson?, Helgi Bjérnsson?, brostur
porsteinsson' and Hannes H. Haraldsson?

!Institute of Earth Sciences, Askja, Sturlugata 7, Landsvirkjun, Haaleitisbraut 68

During the eruption in the subglacial Eyjafjallajokull volcano 14 April to 22 May 2010, tephra
was blown over all the major ice caps in Iceland. After the eruption, a thick insulating ash
layer covered most of the Eyjafjllajokull ice cap and large part of the Myrdalsjokull ice cap.
In contrast, most of the surface of the three largest ice caps in Iceland (Vatnajokull,
Hofsjokull and Langjokull) was covered with a thin non-insulating thephra layer.

The mass balance has been observed at 40-50 locations of stakes on Vatnajokull since
1992 and at 22-23 stakes on Langjokull since 1996. The mass balance observations have been
supplemented with automatic weather stations (AWSs) at 2-10 locations on Vatnajokull since
1994 and 2-3 stations on Langjokull since 2001, observing during the summers at 10 minutes
interval all the weather parameters needed to calculate the surface energy balance.

We present the mass- and energy balance observations on Langjokull and Vatnajokull
during the exceptional circumstances 2010. The results are compared to the more climatically
driven mass- and energy balance of the years 1992-2009. The results show that the tephra
highly reduced the albedo of Langjokull and Vatnajokull, and significantly magnified the
melting within the accumulation areas where up to three years of accumulation was melted
away. The specific balance was -2.8 m a™' w.e. on Langjokull in 2010, or more than twofold
the average loss of -1.3 m a” w.e. of the warm years 1996-2009. For Vatnajokull, the specific
balance was -2.1 m a”' w.e. in 2010, also more than two times the average loss of -0.8 m a™
w.e. from 1996-2009.
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High levels of particulate matter due to ash plume and ash
re-suspension following the Eyjafjallajokull eruption

Throstur Thorsteinsson?, Thorsteinn Johannsson? and Gudrun
Petursdottir®
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(ThrosturTh@gmail.com), >The Environment Agency of Iceland, Sudurlandsbraut 24, 108 Reykjavik,
®Institute for Sustainability Studies, University of Iceland, Gimli v/ Haskdlatorg, 107 Reykjavik

The dangers to people living near a volcano due to lava and pyroclastic flow, and, on ice or
snow covered volcanoes, jokulhlaup (floods) are well known. The level of risk due to ash fall
is, however, not as well known.

The eruption at Eyjafjallajokull, 14 April to 20 May 2010 (last day of visible plume),
produced abundant particulate matter (PM). After the volcanic activity ceased high PM
concentration has been measured on several occasions, due to re-suspended ash.

The particulate matter (PM,o) concentration in the small town of Vik, 38 km south-
east from the erupting Eyjafjallajokull volcano, reached levels that are 25 times the
recommended health limit of 50 pg m™ averaged over 24 hours, on 7 May 2010, with 10-min
values reaching 13000 pg m™. Even after the eruption, values as high as >8000 pg m™ (10-
min average), and >900 pg m™ (24-h average), were measured.

In Reykjavik, 125 km WNW of the volcano, the PM;, concentration reached over
2000 pg m> (10-min average) during an ash storm event on 4 June 2010. The annual
concentration in Reykjavik is about 25 pg m™, and the only previous events of comparable
magnitude are peaks during New Year's Eve celebration.

The eruption at Eyjafjallajokull posed a potential health risk to the inhabitants in the
regions hit by severe ash fall. However, preliminary studies indicate that the ash has had
minor short term health effects. Studies show that the crystalline silica content of the ash is
negligible, so that the persistence of deposited ash in the soils and environment should not
present a significant silicosis hazard. During periods of PM;, concentration over about 5000
pg m™, most residents stayed indoors, or wore protective air filters and goggles when they
had to go outside.

A study is ongoing to examine the potential long term health effects of the volcanic
eruption, including the high concentration of PM;( during and after the eruption due to re-
suspended ash in the area.
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Meelingar & yfirbordi og yfirbordsbreytingum islenskra jokla
med leysimaelingum

Témas Jéhannesson®, Helgi Bjornsson?, Finnur Palsson?, Oddur
Sigurdsson® og borsteinn borsteinsson*

Vedurstofa islands, Bustadavegi 9, 150 Reykjavik, 2Jardvisindastofnun Haskélans, Oskju, Sturlugétu
7, 101 Reykjavik

Vedurstofa Islands og Jardvisindastofnun Haskolans hafa sidan 2008 unnid ad kortlagningu
islenskra jokla med leysimalingu (LiDAR) ar flugvél med studningi Rannsdknasjods
RANNIS,  Orkurannsoknasjods  Landsvirkjunar, —Rannséknasjods  Vegagerdarinnar,
Umbhverfis- og orkurannsoknasjods Orkuveitu Reykjavikur og Landmalinga Islands, auk
framlags frd Vedurstofu Islands og umhverfisraduneyti. Scott Polar Research Institute i
Cambridge 4 Bretlandi og SPOT Image i Toulouse i Frakklandi hafa einnig komid ad
verkefninu. Gerd hafa verid ndkvem landlikon af Hofsjokli, Langjokli, Myrdalsjokli,
Eyjafjallajokli, Sneefellsjokli, Eiriksjokli, Hornafjardarjoklum og Breidamerkurjokli i
Vatnajokli, og nokkrum 6drum skridjoklum Vatnajokuls til austurs og sudurs. Verkefnid er
afangi 1 kortlagningu allra helstu jokla landsins sem aformad er ad ljuki a naestu premur arum.
Samtals hafa ramlega 5500 km? verid kortlagdir i pessu ataki, par af rimlega 4000 km?
sumarid 2010. Pannig hefur um helmingur af flatarmali islenskra jokla verid kortlagdur med
leysimalingu en joklarnir eru i heild um 11000 km? Nyju landlikdnin auka gildi annarra
melinga vegna pess ad pau er unnt ad nota til samanburdar vid allar adrar melingar, badi
fyrirliggjandi meelinidurstodur og maelingar sem gerdar verda a naestu arum.

Kortlagningin er hluti af og i framhaldi af alpjodaheimskautadrunum 2007 til 2009
(IPY). Mikilveegt er ad joklarnir verdi kortlagdir med pessum hatti ni pegar hradar breytingar
eiga sér stad 4 joklum landsins vegna hlynandi vedurfars. Nakvaem landlikon af joklum nytast
til margs konar rannsokna og hafa auk pess mikla hagnyta pydingu. Med endurteknum
melingum er unnt ad reikna rummalsbreytingar og par med framlag joklanna til aukins
afrennslis fallvatna og heekkunar sjavarbords heimshafanna. Ndkvem kort eru naudsynleg til
pess ad ad meta rennslisleidir vatns og vatnasvid a joklum. Kortin eru mikilvag til rannsdkna
a framhlaupum jokla og landlyftingu vegna minnkunar joklanna og veita upplysingar um edli
isflaedis.

Landlikonin hafa pegar verid tekin i notkun i margvislegum verkefnum, m.a. vid mat 4
rimmalsbreytingum jokla sidustu 10-20 arin ut frd eldri kortum, vid talkun a ymsum
gervihnattamalingum, vid jardfredirannsoknir og vid gerd sprungukorta af joklum fyrir
ferdamenn og adra sem leid eiga um jokla.
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Eldingar i gosmekki Eyjafjallajokulsgossins 2010

Porour Arason

Vedurstofu islands, Bustadavegi 9, Reykjavik

Ljésmyndir af eldingum i gosmekkinum yfir Eyjafjallajokli foru vida 2010 og voktu mikla
athygli. Eldingavirkni i eldgosum hefur verid pekkt um aldir, en hin er mismikil frd einu gosi
til annars. [ yfir tvéhundrud 4r hafa visindamenn velt upp ymsum hugmyndum til ad utskyra
rathledsluadskilnad i gosmokkum sem geti valdid eldingavirkninni. Medal hugmynda um
slikan hledsluadskilnad ma nefna: pegar vatn kemst i snertingu vid kviku og hvellsydur; pegar
gasrik kvika rifnar og teetist i Osku; pegar Oskukorn nutast i gosmekkinum; og pegar
gufudropar i mekkinum stiga upp i fimbulkulda haloftanna og frjosa. Nokkud hefur skort &
mealingar sem gatu gert upp 4 milli fjolbreyttra hugmynda og ekki ma utiloka ad fleiri en eitt
fyrirbaeri valdi eldingum og neistaflugi i gosmokkum. Melingar 4 eldingum i eldgosum &
sidari &rum hafa yfirleitt verid gerdar i stuttum eldgosum.

Melingar i Eyjafjallajokulsgosinu gafu nyja syn a rathledsluadskilnad i gosmekki.
Gosid stod 1 na@r sex vikur og tok ymsum breytingum og 4 medan breyttust adstedur i
lofthjipnum umhverfis gosmokkinn. I eldgosinu sast athyglisverd fylgni milli eldingavirkni
og pess ad gosmokkurinn nadi upp i fimbulkulda par sem buast mé vid ad gufudropar frjosi.

[ vedurtengdum prumuskyjum stigur loft og kélnar og tengist rafhledsluadskilnadur
frystingu skyjadropa, en vegna smadar frjosa peir po ekki fyrr en vid —10° til —20°C. bannig
eru prumusky almennt med neikvada hledslu fyrir nedan —20°C hitaflot en jakvada hledslu
par fyrir ofan.

[ gosinu var eldingavirknin fyrst og fremst bundin vid 14.-18. april og 11.-20. mai, en
pa var mikill kraftur i gosinu. Pad kom & ovart ad ekki meldust eldingar 3.-10. mai, pratt
fyrir allnokkurn kraft i gosinu. A peim tima var lofthjupurinn tiltslulega hlyr pannig ad
gosmokkurinn nadi ekki upp i naegilega kalt loft (—20°C) til ad hledsluadskilnadur yrdi vio
skyjadropafrystingu.

Melingar i Eyjafjallajokulsgosinu stydja pvi pa kenningu ad storar goseldingar
myndist & svipadan hatt og eldingar 1 vedur-prumuskyjum og ad hledsluadskilnadurinn tengist
frystingu gufudropa i gosmekkinum. Astand lofthjupsins umhverfis gosmokkinn skiptir pa
lykilmali vid myndun goseldinga.
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Haed gosmakkar i Eyjafjallajokulsgosinu 2010

Pordur Arason, Halldér Bjoérnsson og Gudrun Nina Petersen

Vedurstofu islands, Bustadavegi 9, Reykjavik

Eldgosid i toppgig Eyjafjallajokuls st6d i 39 daga. Utlit og had gosmakkarins var breytilegt
vegna breytileika 1 goshegdun en einnig vegna hita- og vindafars i vedrahvolfinu.
Gosmokkurinn nadi 9 km had yfir sjadvarmali 4 fyrsta degi goss, 14. april en maldist hastur i
10 km haed ad kvoldi 5. mai. Eldgosid hafdi tvo sprengifasa, 14.—18. april og 3.-23. mai, med
makkarhad oft 4 bilinu 4-7 km yfir sjavarmali. A timabilinu 18. april til 3. mai var mun
minni sprengivirkni og par af leidandi lagur mokkur. Oft var mokkurinn pad lagur ad hann
sast ekki & vedursja Veourstofunnar 4 Midnesheidi, eda undir um 3 km haed.

Mikilvegt var ad meta had makkarins par sem hadin gefur visbendingar um
framleidslu 6sku, auk pess sem naudsynlegt er ad meta i hvada hed mest aska berst afram
med vindi. Gosmokkurinn var pvi stodugt vaktadur medan 4 gosinu stdd. Vedursja
Vedurstofu fslands var nytt vid voktunina en ad auki voru flugathuganir 4 hed gosmakkar og
utliti hans mikilvagar. bPer voru einkum gerdar ur eftirlitsflugi med Landhelgisgaeslunni og
med hjalp vefmyndavéla a svaedinu.

Vedursjain hefur verid nytt vid voktun & gosmokkum fra pvi hin var tekin i notkun
1991 og gefid gbdda raun. Medan 4 eldgosinu i Eyjafjallajokli stod maldi vedursjdin endurvarp
i allt a0 240 km fjarlegd 10-12 sinnum & klukkustund en tvisvar 4 klukkustund fra 29. april
voru gerdar vindmeelingar { allt ad 120 km fjarleegd fra vedursjanni.

Gagnarod yfir haed gosmakkarins hefur verid unnin ur vedursjargdgnunum med
timaupplausn upp 4 5 minttur og inniheldur hiin hedarmalingar i 45% tilvika. Ad auki syndi
vedursjain i 27% tilvika ad mokkurinn var undir um 3 km. Vedursjain nyttist pvi til voktunar
a gosinu 1 72% tilvika. Nokkrar astaedur eru fyrir pvi ad athuganir vantar: gosmokkurinn var
hulinn af trkomuskyjum 1 11% tilvika; vedursjdin var notud til ad mala vindafar i 10% tilvika
sem hluta af vedurvoktun & minna svadi; og malingu vantar vegna teknilegra vandamala i
7% tilvika. Til samanburdar ma nefna ad eingdngu er haegt ad meta hed gosmakkarins a
myndum fra vefmyndavél Milu ehf. & Hvolsvelli, 34 km fra eldfjallinu, i 20% tilvika. Oftast
nytist vefmyndavélin illa vegna skyjafars eda I¢legs skyggnis.

Vegna fjarleegdar milli vedursjarinnar og Eyjafjallajokuls, 155 km, er heedarnadkvamni
i einstokum malingum einungis um 1 km. Med pvi ad taka medaltol yfir lengri tima feest betri
upplausn i haedarbreytingar. Samanburdur vid vefmyndavél, med mun betri hadarupplausn,
synir ad vedursjain gefur nokkud rétta haed ad medaltali.

Gagnar6din frad vedursjanni telst mjog heildsted og 1jost er ad hun er mikilvaegt
framlag fslands til ranns6kna 4 eldgosum og préunar 4 dreifilikonum.

66



Vorradstefna Jardfraedafélags islands
15. april 2011

Hversu mikil spenna er ad safnast fyrir & Hasavikur-
misgenginu?

Sabrina Metzger®, Sigurjén Jonsson® og Halldér Geirsson®

!Institute of Geophysics, ETH Zrich, Sviss; °King Abdullah University of Science and Technology
(KAUST), Sadi Arabia; *Pennsylvania State University, Bandarikin

Tjornesbrotabeltid tengir nordurgosbeltid vid Kolbeinseyjarhrygg og samanstendur adallega
af tveimur virkum samsida skjalftabeltum, Husvikurmisgenginu og Grimseyjarbeltinu. A
sidustu 300 arum hafa margir storir jardskjaltar att sér stad fyrir nordan land, m.a. arin 1755
og 1872 4 Husavikurmisgenginu. Arid 2006 baettum vid 10 siritandi GPS melitaekjum vid pau
fjogur sem voru 4 svaedinu med pvi markmidi ad fa betri mynd af aflogun jardskorpunnar i
Tjornesbrotabeltinu og til pess ad dkvarda hversu hratt spenna er ad safnast fyrir a
Husavikurmisgenginu. Flest eru maliteekin stadsett 4 Tjornesi og sunnan Huasavikur.

GPS melingarnar syna greinilega ad stodvar austan Tjornesbrotabeltisins, t.d. a
Raufarhofn, feerast jafnt of pétt til austurs um 1.8 sentimetra & ari, midad vid stodvar vestan
megin (t.d. & Akureyri), likt og likdn af flekahreyfingum (t.d. NUVEL-1A) gera rao fyrir. Ad
auki melist greinilegt ris & beistareykjasvedinu i Envisat bylgjuvixlmyndum, sérstaklega
timabilinu 2007-2008, en pa nam landrisid um 3 sm/ari. bessi pensla hefur ahrif & GPS
melingar 1 grennd vid Husavik sem taka parf med i reikninginn pegar aflogun vid
Husavikurmisgengid er skodud.

Til ad skyra Gt malda aflogun i Tjornesbrotabeltinu, pad notum vid fjadrandi likan af
hreyfingum milli stérra jardskjalfta (e. interseismic back-slip model). Likanid samanstendur
af fjadrandi halframi asamt misgengjum og hryggjarstykkjum til ad likja eftir plotuskilunum a
Nordurlandi. Misgengin og hryggjarstykkin hreyfast nedan akvedins dypis (e. locking depth)
en ofan pess dypis hreyfast pau bara i storum jardskjalftum og glidnunar-atburdum. Vid
beitum Olinulegri bestun til ad akvarda gildi breyta sem styra afldgunarmynstri likansins.
bessar breytur eru m.a. hvernig hlutfall heildarferslunnar skiptist 4 milli
Husavikurmisgengisins og Grimseyjarbeltisins, og nedan hvada dypis misgengin hreyfast.

Bestu gildin sem vid faum eru m.a. ad 34+3% af plotuferslunni milli
nordurgosbeltisins og Kolbeinseyjarhryggs eigi sér stad um Husavikurmisgengid, & medan
6613% af henni er um Grimseyjarbeltid. betta pydir ad medalfaerslan um Husavikurmisgengid
er um 6.910.7 mm/ari. Ad auki faum vid ad misgenid sé last nidur 4 um 6.8+1.6 km dypi. Ef
vid gefum okkur ad spennusdéfnunin & Husavikurmisgenginu hafi verid stodug fra 1872, pa
jafngildir spennus6fnunin 6.8+0.1 stiga jardskjalfta.
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