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Sprunguhreyfingar i nagrenni gangainnskotsins undir
Holuhrauni

Asta Rut Hjartardattir, Pall Einarsson, Magnus Tumi Gudmundsson og
pPordis Hognadottir

Jardvisindastofnun Haskola islands

| 4gust 2014 atti sér stad gangainnskot fra Bardarbungu. Gangurinn nadi ad Holuhrauni, par
sem eldgos atti sér stad innan gdmlu giganna sem myndudu Holuhraunid. Gangainnskotid vard
ad mestu leyti undir jokli, par sem alla jafnan er erfitt ad sja yfirbordsummerki vegna gangsins.
En nordan jokuls ma sjd umtalsverd ummerki um sprunguhreyfingar, par sem flestar
sprungurnar teikna upp jadra sigdals sem hefur hreyfst.

Sprungur voru pé ekki Opekktar & pessu svaedi fyrir pessa atburdi. Pannig hafa sprungur
fundist i holum sem liggja i vestanverdum sigdalnum (Hjartardéttir, 2013; Sigbjarnarson,
1993). Sprungur hafa p6 ekki fundist &dur i Holuhrauninu sjalfu, en pad ma leida ad pvi likum
ad sprungur hafi legid undir Holuhrauninu, og hafi hreyfst sidast pegar eldsumbrotin sem
myndudu Holuhraun attu sér stad.

Nyjar sprunguhreyfingar saust fyrst i flugi med flugvel Landhelgisgeeslunnar, TF-SIF, pann
27. agust 2014. EKKi er oliklegt ad sprunguhreyfingar hafi verid byrjadar nokkrum dégum fyrr,
enda hafoi ekki verio leitad sérstaklega ad ummerkjum um sprunguhreyfingar fyrr en i pessu
flugi. Pann 27. agust sast pannig ad um 700-1000 metra breidur sigdalur hafdi myndast.
Sigdalurinn nédi allt fra jokuljadri, og um 5 km til nordurs. Hatt i 8 km nordur af joklinum matti
einnig sja tveer sprungulinur med einungis um 250-450 metra bili & milli.

Naestu myndir fengust af sigdalnum pann 29. agust, eftir ad litid eldgos hafdi att sér stad um
6 km nordur af joklinum. Hinn 700-1000 metra breidi sigdalur leit enn svipad ut, en sitt hvorum
megin vid hina nyju gossprungu, nordan sigdalsins sem sast 27. agust, saust sprungulinur.
pessar sprungulinur voru i beinu framhaldi til sudurs af sprungulinunum sem saust 8 km nordur
af joklinum pann 27. 4gust. Vegalengdin milli pessara sprungulina, sem hugsanlega teikna upp
litinn sigdal, var einungis um 250-450 metrar, st hin sama og sast milli sprungnanna sem saust
27. agust. pann 31. agust hofst sidan eldgos & ny, og st6d pad til 27. febrdar 2015. betta eldgos
vard a sému gossprungu og adur, en gossprungan lengdist pd, hafdi verid rétt rimlega 600
metrar i gosinu 29. 4gust en vard allt ad 1900 metra 16ng i pessu gosi. Gossprungan lengdist pvi
um 300 m til sudurs og 1000 m til nordurs. Hraun fra pessu eldgosi hefur hulid sprungurnar
sem myndudust sitt hvorum megin vid gossprunguna sem myndadist 29. agust. Eldgos kom
einnig upp um 2,3 km sunnan pessarar gossprungu pann 5. september. Pad gos kom upp a
premur gossprungum, en var p6 einungis virkt i um tvo daga. Tveer peirra voru adliggjandi og
voru um 150 og 110 metrar ad lengd. Sa pridja liggur um 180 m sudaustan vid hinar tveer
gossprungurnar og var um 250 m ad lengd. Sjo pversnid voru tekin yfir sigdalinn med
radarmealingum pann 21. jantar 2015. Samkvaemt peim hefur sigdalurinn sigid um ~3.5-5.5 m
i pessum atburdum.

Vidd sigdala hefur verid tengd vid dypi nidur & kviku i gangi (Mastin and Pollard, 1988;
Pollard et al., 1983). bannig matti leida ad pvi likum pann 27. agust, &dur en eldgosin byrjudu,
ad kvika veeri innan 300 m dypis, og jafnvel enn grynnra um 8 km nordan jokulsins, par sem
bilid milli sprungulinanna var einungis um 250-450 metrar. S& mjéi sigdalur sast lengra til
sudurs pann 29. agust, og gossprungan sem gaus pann dag var i midju pess sigdals. Vidd sigdala
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og bil milli sprungulina getur pvi verid godur meelikvardi & dypi nidur & kviku og par med gefid
til kynna ad kvika sé ad nalgast yfirbord.

Heimildir:

Hjartardottir, A.R., 2013. Fissure swarms of the Northern VVolcanic Rift Zone, Iceland. Faculty of Earth
Sciences.

Mastin, L.G. and Pollard, D.D., 1988. Surface Deformation and Shallow Dike Intrusion Processes at Inyo
Craters, Long Valley, California. Journal of Geophysical Research: Solid Earth, 93(B11): 13221-13235.

Pollard, D.D., Delaney, P.T., Duffield, W.A., Endo, E.T. and Okamura, A.T., 1983. Surface deformation in
volcanic rift zones. Tectonophysics, 94(1): 541-584.

Sigbjarnarson, G., 1993. Nordan Vatnajokuls: Il Jardlagaskipan og jardfraedikort (in Icelandic).
Nattarufreedingurinn, 63(3-4): 201-217.
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Hefur gerd kvikuadfaerslukerfis ahrif a staerd eldgosa?
Samanburdur a rammali gjéosku i sogulegum og
forsogulegum Kotlugosum

Bergrun Arna Oladéttirt, Gudrin Larsen! og Olgeir Sigmarsson®?

1Jardvisindastofnun Haskolans, Oskju, Sturlugétu 7, 101 Reykjavik.
2Lab. Magmas et Volcans, CNRS-Université Blaise Pascal, Clermont-Fd., France

Adeins hluti peirrar kviku sem leggur leid sina um kvikukerfi eldst6dvar neer til yfirbords sem
gjoska eda hraun. Hinn hlutinn verdur eftir sem innskot i rotum hennar. Hlutfall gosefna &
yfirbordi og innskota er vafalitid breytilegt med tima. Mdgulegt er ad leggja mat & rammal
gosefna, og pa einkum gjoéskuhluta eldri gosa en hraun grafast fljotlega undir yngri hraunum og
verda sidur adgengileg. Kortlagning & gjoskuldgum og mat & rammali peirra gefur pvi hugmynd
um kvikuframleidni eldstédva i fortid og hvort, og pa hvernig, breytingar a hegdun peirra tengist
framleidni.

Eldvirkni Kotlu einkennist af basalt sprengigosum og a sidustu ~8400 arum hafa ordid >300
slik gos. Ad auki benda kerfisbundnar breytingar & adalefnasamsetningu gjoskunnar til pess ad
kvikuadfeaerslukerfi undir eldstodinni se breytilegt og hafi proast ar einféldu kerfi (stédugur
styrkur kvikusakna efnisins K2O sem fall af tima) yfir i kerfi sillna og ganga (6reglulegur
styrkur K20) sem proast svo yfir i kvikupro (stddug aukning K2O med tima). petta gerir Kotlu
ad akjosanlegri eldstdd til ad skoda hvort steerd eldgosa tengist gerd kvikuadfaerslukerfis.

Um 40 jardvegsopnur voru meldar umhverfis Kotlu, flestar austan og nordaustan eld-
stddvarinnar, med pad fyrir augum ad kortleggja og meta rammal atta forsdgulegra gjoskulaga
fra timabili sem einkennist af virkri kvikuprd. Timabilid afmarkast af Landnamslaginu (V-871)
og Heklu-S (~1860 BC). Jardvegsopnur voru tengdar & alls 17 gjéskuleidarlogum, ymist stad-
eda svaedisbundnum, og eins var studst vid adalefnagreiningar valinna gjoskulaga. Aldur
Kotlulaganna var reiknadur Gt fra upphledsluhrada jardvegs milli aldursgreindra gjosku-
leidarlaga. RUmmal pessara atta gjoskulaga var borid saman vid birt rimmal sogulegra gjosku-
laga, p.e. gjoskulaga sem myndudust & timabili sem einkennist af einfoldu kvikuadfeerslukerfi.
I 1j6s kom ad um 5 sinnum meira magn af gosefnum kom upp pegar kvikuholf er virkt (&
forsdgulega timabilinu) en pegar einfalt kvikuadfaerslukerfi rikir (a ségulegum tima) sem bendir
til pess ad kvikuadfaerslukerfi hafi ahrif & steerd eldgosa, nema ad hvorutveggja sé afleida af
breytilegu kvikuinnstreymi ad nedan.
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NordMin — norraent samstarf a svioi malma 2013-2016

Bryndis G. Rébertsdottir, Hjalti Franzson?, Vigdis Hardardottir?,
porvaldur bérdarson® og Armann Hoskuldsson*

1 Orkustofnun, 2islenskar orkurannsoknir (ISOR), 2Jardvisindadeild Hi, “Jardvisindastofnun Hi

Fra mai 2012 hefur Orkustofnun, fyrir hond atvinnuvega- og nyskdpunarraduneytisins, haldid
utan um undirblning og patttoku Islands i norreena samstarfsverkefninu NordMin: A joint
Nordic Network of Expertise for a Sustainable Mining and Mineral Industry. Norrena
radherranefndin leggur verkefninu til 30 millj. dkr. & timabilinu 2013-2016, sem jafngildir um
600 millj. isl. kr. Samhlida norreenu fjarveitingunni verdur hugad ad 6édrum leidum til ad
fjarmagna starfsemi NordMin til lengri tima. islenski NordMin vinnuh6purinn samanstendur af
hofundum pessa agrips, en islenskum sérfreedingum sem koma ad einstokum rannsokna- og
nyskopunarverkefnum fer fjolgandi.

Gerd vinnuaztlunar fyrir NordMin lauk i oktdber 2013. | peirri astlun er starfsemi NordMin
skipt i eftirfarandi fjora meginpeetti:

1. NordMin rannsokna- og nysképunarverkefni. Akvedid var ad verja 60% af fjaArmunum
NordMin, eda 18 millj. dkr., til rannsokna- og nyskdpunarverkefna. Auglyst var eftir
umsoknum i oktéber 2013. Eftir faglegt mat sérfreedinga utan Nordurlanda, akvad stjorn
NordMin i febriar 2014, ad veita styrki til fimm verkefna, par sem hvert Nordurlanda leidir eitt
verkefni til priggja ara. Island tekur pétt i eftirfarandi verkefnum:

Nyskopunarmidstod Islands leidir verkefnid Sustainable Fibres from Basalt Mining
(GREENBAS), sem var styrkt um 4,83 millj. dkr., en samstarfsadilar eru Haskolinn i Reykjavik,
ISOR, Jardefnaidnadur, og rannsoknastofnanirnar SINTEF i brandheimi og VTT i Finnlandi.
Danska og greenlenska jardfraedistofnunin (GEUS) leidir verkefnid Crustal Structure and
Mineral Deposit System: 3D-Modeling of Base Metal Mineralization in Jamson Land and
Nickel Mineralization in Disko-Nuussuaq, Greenland (CRUSMID-3D), sem var styrkt um 1,87
millj. dkr., en samstarfsadilar eru ISOR, Taknihaskolinn i Luled og Avannaa Resources i
Danmorku. Finnska teeknirannséknamidstodin (VTT) leidir verkefnid Water Conscious Mining
(WASCIOQUS), sem var styrkt um 5,0 millj. dkr., en prettan samstarfsadilar eru fra Finnlandi,
Svipjod, Noregi, islandi (ISOR) og Danmérku.

2. NordMin malping. Akvedid var ad halda eitt malping i hverju Nordurlandanna fimm, auk
Grenlands, og er undirbdningur hvers malpings a abyrgd vidkomandi landstengilios.

Sviar héldu fyrsta NordMin malpingid i Kaupmannahtfn 4. september 2014, undir
yfirskriftinni Funding Possibilities for Nordic Cooperation in the Mining Industry. Norska
jarofreedistofnunin (NGU) helt naesta NordMin malping i Prandheimi 18.—19. november 2014,
undir heitinu Nordic Aggregates and Stones: Information and Collaboration. Sex patttakendur
voru fra islandi. borbjorg Holmgeirsdottir, jardfredingur hja Mannviti, hélt fyrirlesturinn
Icelandic Aggregates: Characteristics and Production, og Pétur Pétursson, jarofraedingur hja
PP-radgjof, hélt fyrirlesturinn Physical Properties of Marine Aggregates in the Extraction
Areas in Kollafjordur, Iceland. Orkustofnun mun halda pridja malpingid & Nautholi i Reykjavik
eftir rdma viku, eda 23.—24. mars. Y firskrift malpingsins verdur On- and Offshore Exploration
and Prospecting in Extreme Nordic Environments: Challenges and Benefits of Finding
Exploitable Raw Materials. Graenlendingar munu halda fjoroa malpingid i Sisimiut dagana 6.—
7. juni nk., en umfjollunarefnid verdur Mining and Society in the Arctic. Fimmta malpingid
verdur haldid i Danmdérku i haust, en par & ad reeda um sjalfbeerni & svidi malma. Nordmenn
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munu halda sjétta malpingid vorid 2016, en peir etla ad fjalla um umhverfismal & pessu svidi.
Sjounda og sidasta malpingid verdur haldid i Finnlandi haustid 2016, en par verda nidurstodur
NordMin rannsokna- og nyskdpunarverkefna kynntar.

3. NordMin undirbdningsstyrkir. I kjélfar hvers malpings auglysir NordMin styrki til ad
undirbta umsoknir um samnorren verkefni um umfjéllunarefni malpingsins. I framhaldi af
fyrsta malpinginu veitti stjérn NordMin undirbdningsstyrk ad upphaed 200.000 dkr. til
verkefnisins Spectroscopic Quantification of Critical Minerals and Applications for
Exploration and Mining, en fyrirhugad er ad senda inn umsokn i H2020 asetlun ESB i april nk.
Héaskolinn i Oulu i Finnlandi leidir verkefnid, en fjorir samstarfsadilar eru frd& Danmorku,
Noregi, Svipjod og Finnlandi.

4. NordMin doktorsnamskeid. Akvedid var ad NordMin stedi fyrir premur
doktorsnamskeidum. bad fyrsta var haldid vid Taknihaskolann i Lula dagana 8.—12. desember
2014, par sem vidfangsefnid var Minerals Industry Sustainability within a Nordic Context.
Namskeidid sottu 22 patttakendur fra 6llum Nordurléndunum, en fra islandi komu: Arna
Palsdottir, doktorsnemi i efnaverkfraedi vid Cornell haskola i Bandarikjunum, dsamt William
Moreland og Robert Askew, doktorsnemum vid Jardvisindadeild Haskola islands, en peir
sidarnefndu toku meistaranam sitt vid Haskolann i Edinborg. Akvedid hefur verid ad
doktorsndmskeidid i ar verdi haldid i Finnlandi, og vidfangsefnid verdur ad llum likindum
Water Management in Mining Operations. Umradur eru hafnar um pridja ndmskeidid sem
verdur haldid arid 2016, en Jardvisindadeild Haskola islands hefur sost eftir ad halda
namskeidid, og pa i samstarfi vid norska, danska og graenlenska haskola.

Norraent 6ndvegissetur & svidi malma. pegar NordMin rannsokna- og nyskdpunarverkefnin
voru komin af stad, var akvedio ad nasta samstarfsverkefni yroi Nordic Mineral Centre of
Excellence (NordMinCoE): Mineral Resource Management as a Driver for Responsible Arctic
Development. NordMin styrkti gerd umsoknar til NordForsk, sem var send inn i byrjun mars,
par sem sétt var um styrk ad upphad 30 millj. nkr., fyrir timabilid 2015-20109.
Rannsoknastofnunin SINTEF i brandheimi leiddi gerd umsdknarinnar, en samstarfsadilar eru
NordMin, Teeknihaskélinn i Luled, Haskdlinn i brandheimi (NTNU), Haskélinn i Tromsg,
Haskali Islands, ISOR, Danska og granlenska jardfreedistofnunin (GEUS), Haskdlinn i Oulu,
Haskolinn i Waterloo, Kanada og Outotec i Finnlandi.

PDAC mélmleitarradstefna. PDAC er alpjédleg radstefna sem Kanadamenn halda i Toronto
i byrjun mars ar hvert. Radstefnuna sakja a bilinu 20.000-30.000 manns sem koma ad malmleit
og -vinnslu, s.s. & svidi jardfreeda og vidskipta, en Kanadamenn og Astralir eru par steerstir &
heimsvisu. NordMin verkefnid hefur verid kynnt a radstefnunni i sameiginlegri dagskra
Svipjodar, Finnlands og Noregs. Granlendingar og Danir hafa einnig verid med sérstaka
dagskra & radstefnunni, par sem peir kynna teekifeeri til malmleitar & Graenlandi. Fulltriar ISOR
og Orkustofnunar sottu radstefnuna arin 2014 og 2015, og til skodunar er hvort kynna eigi
malmleitartaekifeeri & Islandi & radstefnunni i framtidinni.
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Numerical modelling of crustal deformation due to
geothermal fluid extraction and re-injection in the Hengill
area
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The geothermal regions around the Hellisheidi and Nesjavellir power plants, fuelled by the
Hengill volcano, are subject to surface deformation due to several processes. These include the
motion of the Earth's crust due to plate spreading, co- and post seismic deformation due to
earthquakes in the South Iceland Seismic Zone and deformation due to water and steam
extraction and wastewater re-injection near geothermal power plants.

We measure surface displacement in the Hengill area using both GPS and InSAR data. The
former are obtained from four continuous and more than 15 campaign GPS stations in the area,
with time-series starting after two M6 earthquakes on 29 May 2008 in Olfus - the westernmost
part of the SISZ. The InSAR data consist of 10 images taken by the TerraSar-X mission, starting
October 2009. The InSAR time-series has a temporal resolution of 1 to 3 images per year, taken
at an incidence angle of approximately 30° from the vertical.

In the InSAR data we can see a clear subsidence signal in the proximity of the power plants
with a maximum of ~24 mm/yr in Line-of-Sight direction (LOS) at Hellisheidi, after correcting
for plate motion. The subsidence is elongated in NNE-SSW direction and possibly related to
the orientation of the Hengill fissure swarm. In addition to subsidence, we observe an uplift
signal of ca. 10 mm/yr in LOS west of the Hellisheidi site, potentially due to wastewater re-
injection in the area. The area of maximum uplift is located close to the epicenters of two M4
earthquakes that occurred in October 2011.

We run numerical simulations using the Finite Element Method to model the poroelastic
response of the crust to the fluid extraction and re-injection at the power plants, based on Biot's
equations. The equations are solved implicitly using the code Defimod. We include the real
extraction and injection rates, obtained from Orkuveita Reikjavikur. These rates induce pressure
change in the system and consequently drive the flow of pore fluids and the deformation.
Preliminary results show that the observed surface deformation can in parts be explained by
this effect. We use simulated annealing optimization to obtain constrains on the hydraulic
parameters of the reservoir as well as properties of the local crust. The results will also help to
verify prevalent conceptual models of the Hengill geothermal area.
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Sur-isur gjéskulog fra Kotlu og Heklu: helstu
kornastaerdareinkenni og breytingar a peim i tima og rumi

Edda S. borsteinsdéttir!, Esther R. Gudmundsdéttir? og Gudrin Larsen3.

1Jardvisindadeild Haskoéla I’slandg. 2Norreena eldfjallasetrid, Jardvisindstofnun Haskdlans.
3Jardvisindastofnun Haskolans, Oskju, Sturlugétu 7, 101 Reykjavik

Gjoskulagid SILK-NN er myndad i gosi i Kotlueldstodinni fyrir um 3400 arum. Suru
Kotlugjoskulogin eiga uppruna sinn i Kotludskjunni og gosstédvarnar voru liklega undir is
begar gos héfst. Gjoskulagid H-1947 myndadist i gosi i Heklu arid 1947. Gjoskulagid kom upp
ar hahrygg Heklu par sem eiginlegur jokull liggur ekki yfir pott fannir séu i fjallinu.

Gjbska ur pessum tveim gosum var rannsokud til ad kanna mun & kornasteerdardreifingu i
gjoskulégum ar éliku gosumhverfi og breytingar & henni med fjarleegd fra upptokum (Mynd 1).
Syni af SILK-NN gjoskunni voru tekin & 10 stodum i 20 til 65 km fjarleegd fra upptokum. Alls
voru tekin 21 syni, baedi heildarsyni og syni Ur einstokum einingum gjéskulagsins. Upptok
surrar Kétlugjosku eru hér midud vid Kotludskjuna midja. Syni af H-1947 gjéskunni voru tekin
a prem stéoum i 19 til 42 km fjarleegd frd upptokum, samtals 8 syni, en einnig er studst vid
kornasteerdargreiningar af gjoskunni nylega fallinni i 3,5 til 68 km fjarleegd (Thorarinsson
1954). Upptokin midast vid toppgig Heklu.

4 Medalkornastaerd Heklu-1947 og SILK-NN gjéskulaganna h
I6go at a moti fjarleegod
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Mynd 1: Medalkornasterd SILK-NN og Heklu-1947 1696 Gt & moti fjarleegd fra upptokum. Raudir hringir:
Heklugjoskan 1947. Blair prihyrningar: Kotlugjoskan SILK-NN.

Nidurstédurnar syna greinilegan mun & medalkornasteerd og hlutfalli finefna i gjosku-
I6gunum fra pessum tveimur eldfjoéllum. Heklugjoskan er mun gréfari en Kétlugjéskan midad
vid svipada fjarleegd fra upptokum (Myndir 1 og 2).
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Medalkornasteerd SILK-NN gjéskunnar breytist nokkud med fjarleegd en allmikinn
breytileika mé sja innan gjoskulagsins par sem pad er lagskipt. Medalkornastaerd Heklu 1947
breytist hinsvegar meira med fjarleegd en einnig mé sja mjog svo kerfisbundinn innri breytileika
par sem nedri hluti gjoskulagsins er alltaf grofari en efri hlutinn & sama stad. Heklusyni sem
tekin voru nylega fallin eru med & kornasterdargréfum, en pau voru hins vegar adeins sigtud
nidur ad 0,063 mm (4 ®) og finefni <0,063 mm ekki adgreind. Pad skekkir Orlitid
nidurstodurnar hvad vardar medalkornasterdina i peim Heklusynum og liklega meelist
medalkornasterdin par adeins minni en ella.

I um 68 km fjarleegd fra upptokum er medalkornastaerd Heklu-1947 gjéskunnar 0,23 mm
(2,10 @, heildarsyni) en 1 SILK-NN Kotlugjoskunni er medalkornastaerdin 0,13 mm (2,94 O,
heildarsyni) i 65 km fjarleegd.
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Finefni <4 ® (0,063 mm) i Heklu-1947 og SILK-NN
gjosku lagt at a mati fjarleego
SILK-N
Hekla-1947
Hekla-1947 (SP)
A
A
: N % A A
] O
g ol
: A, A o
o
® A
O O
o © a . é ¢
A ® =
_ Fjarleego fra upptokum (km) )

Mynd 2: Hlutfall finefnis <4 @ (<0,063 mm) i gjoskuldgunum Heklu-1947 og SILK-NN lagt 0t & moti fjarleegd
fra upptdkum.

Magn finefna er mun meira i Kétlugjéskunni en Heklugjéskunni. Hlutfall finefnis sem er
<0,063 mm i 20-70 km fjarleegd er 22-45% af heildarpunga (breytileiki i lagskiptu gjoskulagi)
i Kotlugjoskunni en i Heklugjéskunni er hlutfallid 1-33 % af heildarpunga i sému fjarleegdum.
I synum sem tekin voru af Heklugjoskunni nylega fallinni er hlutfallid ivid haerra. Athygli vekur
a0 hlutfall finefnis sem er smerra en 0.011 mm (<6.5 @) breytist 1itid sem ekkert med fjarlaegd.
I Kétlugjoskunni er hlutfallid af heildarpunga 3-7 % i 20 km fjarlaegd og 1-8 % i 65 km fjarlaegd
fra upptokum. I Heklugjoskunni er hlutfallid einungis um 0,15-1,5 % af heildarpunga, en adeins
syni sem safnad var vegna pessa verkefnis voru greind.

Verkefnid var styrkt af ICAO (International Civil Aviation Organization) sem hluti af samvinnuverkefni
Vedurstofu Islands og Haskdla Island, Uttekt islenskra eldstédva.

Heimild: Thorarinsson, S., 1954. The tephra-fall from Hekla on March 29th 1947. The eruption of Hekla 1947-
48. 11, 3: 1-68. Societas Scientiarum Islandica, Reykjavik.
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Anrif Karahnjukastiflu a framburd Jokulsar a Dal og
Lagarfljots a svifaur og uppleystum efnum.

Eydis Salome Eiriksdéttirt, Sigurdur Reynir Gislason! og Jérunn
Hardardéttir?

lJar&Svisindag,tofnun Haskdlans, Sturlugotu 7, 101 Reykjavik
2Vedurstofa Islands, Bustadavegur 7-9, 108 Reykjavik

Bygging Karahnjukastiflu og myndun Halsléns & arunum 2003 — 2007 olli umtalsverdum
breytingum & vatnasvioum Jokulsar & Dal (Joklu) og Lagarfljots. Vatn sem adur barst hratt til
sjavar eftir farvegi Joklu safnast nd i Halslon par sem pad dvelst par til pvi er hleypt um
adrennslisgong Fljétsdalsstodvar. Padan rennur vatnid svo yfir i Lagarfljot og berst med pvi til
sjavar.

pessi tvo vatnsfoll voru voktud, asamt nokkrum 6drum, med tilliti til rennslis, styrks svifaurs
og uppleystra efna i fimm &r a4dur en radist var i virkjunarframkveemdir og i fimm ar eftir ad
framkveemdum lauk og rafmagnsframleidsla hofst (Sigurdur Reynir Gislason o.fl., 2006; 2009;
Eydis Salome Eiriksddttir o.fl. 2008; 2013; 2014). bvi er haegt ad meta ahrif virkjunarinnar &
ba peetti sem meeldir voru i vatnsféllunum. Jokla og Lagarfljét hafa sameiginlegan aros vid
Héradsflda og til ad meta heildarahrif virkjunarinnar & framburd peirra til sjavar parf ad lita til
beggja pessara vatnsfalla.

Fyrir virkjun var Jokla eitt aurugasta jokulfljét landsins, og bar med ad medaltali 5,8 milljon
tonna af svifaur & ari fra 1970 til 1999 (Svanur Pélsson o.fl., 2000). A timabilinu jali til
september var rennsli arinnar haest og aurburdur mestur. Eftir virkjun safnast allt rennsli Joklu
i Halslon par til pad fyllist i lok agust — byrjun september og fer & yfirfall. Uppistada vatnsins
veldur pvi ad mikid af jokulaur sest til i Halsloni en po berst mikid af fingerdum aur afram i
gegn um adrennslisgéngin yfir i Lagarfljot. A medan Halslon fyllist er einnig notad vatn Gr
Hraunaveitu, sem er & vatnasvidi Jokulséar i Fljotsdal og Lagarfljots. Fylling Halslons yfir
sumartimann veldur pvi ad vatnsrennsli i farvegi Joklu er einungis haldid uppi af dragam af
heidunum i kring. Par af leidandi er rennsli litid og framburdur svifaurs og uppleystra efna
breytt midad vid otruflad astand.

Framburdur Joklu og Lagarfljéts & svifaur og uppleystum efnum var reiknadur Gt fra
svokdlludum efna- og svifaurslyklum sem byggjast & maldum styrk uppleystra efna og svifaurs
og augnabliksrennsli pegar synin voru tekin. Lyklarnir voru sidan notadir &samt medalrennsli
hvers dags & arunum 1998 — 2003 og 2008 — 2013 til ad reikna styrk og framburd efnanna.
Dami um nidurstodur pessara framburdarreikninga ma sja a mynd 1 fyrir Joklu, Lagarfljét og
svo samanlagdur framburdur pessara vatnsfalla.

Helstu nidurstddur eru ad po ad arstidasveiflan i rennsli og efnaframburdi vatnsvallanna hafi
breyst, hefur heildar arsrennsli Joklu og Lagarfljots haldid sér. Arlegur framburdur flestra
uppleystra adalefna og margra snefilefna hefur ekki breyst mikid vid virkjunina (0 — 20%). A
hinn boginn hefur heildarframburdur svifaurs minnkad ur ~5,9 milljonum tonna & ari i um 860
pasund tonn & ari, eda um 85%. Heildarframburdur leystu efnanna SiO, Mo, Zn, Al og Co jékst
um 30 —50%, og snefilefnanna Ti og Fe um 250% og 370%, Ti Ur 4,75 tonnum a ari i 16,7 tonn
a ari og Fe ar 58 tonnum 4 ari i 286 tonn & ari.
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Jokulsa a Dal vid Hjardarhaga
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Mynd 1. Dagsmedalrennsli og -framburdur & svifaur og uppleystum Kisli (SiO) Jokulsar & Dal og Lagarfljots og
svo samanlagdur framburdur vatnsfallanna fyrir hvern dag & &runum 1998 — 2003 og 2008 — 2013.
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Comparison of the Bardarbunga 2014-2015 rifting event,
slow caldera collapse and the eruption in Holuhraun with
the 1975-1984 Krafla and 2005-2010 Dabbahu, Afar, rifting
episodes
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The 2014-2015 rifting event, slow caldera collapse, and eruption in the Bardarbunga volcanic
system can be compared to two instrumentally recorded rifting episodes at subaerial parts of
the mid-oceanic rift system, the 1975-1984 Krafla rifting episode and the 2005-2010 Dabbahu
(northern Manda Hararo) rifting episode in Afar, Ethiopia. The Krafla and Dabbahu rifting
episodes show many similarities (Wright et al., 2012). Magma at these spreading centres is
supplied to the crust in an intermittent manner, and stored at multiple positions and depths.
During the rifting episodes it was laterally intruded in dykes within the brittle upper crust
releasing accumulated extensional strain. Observed ground deformation and behaviour of
Krafla shows that a shallow magma chamber at about 3 km depth received continuous inflow
of magma from a deeper source, at an exponentially declining rate during the rifting episode.

The shallow chamber inflated (causing surface uplift of rates of up to 6 mm day), until it
reached a critical limit, which in turn triggered the rifting events. At Dabbahu, magma was
delivered to a fissure swarm from multiple source regions. Cumulative extension of the ground
at Krafla and Dabbahu averaged about 5 m, over 60-80 km long segments of the fissure swarms
involved. Eruptions resulted in relative small volumes, mainly occurring near the end of the
rifting episodes.

Seismic and geodetic observations of the recent Bardarbunga events reveal more details of
the segmented nature of lateral dyke propagation than at Krafla and Dabbahu. Geophysical
observations, both of seismicity and deformation, show how dyke barriers were overcome by
the build-up of pressure at the dyke tip (Sigmundsson et al., 2015). The observations indicate
also one location of pressure drop, under the Bardarbunga caldera. An outstanding feature of
the Bardarbunga events is the slow caldera collapse; not observed either at Krafla or Dabbahu.
The erupted volume in Holuhraun is about an order of magnitude larger than the total erupted
volume during the Krafla and Dabbahu rifting episodes. The piston type slow caldera collapse
at Bardarbunga may be responsible for the larger erupted volume in the 2014-2015 events
compared to the earlier instrumentally observed cases of rifting.
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Deflation and Deformation of the Askja Caldera Complex,
Iceland, since 1983: Strain and Stress Development on
Caldera Boundaries prior to Tsunami Generating Rockslide
in 2014 at Lake Oskjuvatn
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The relation between ground deformation and caldera development can be studied at the Askja
caldera complex at the divergent plate boundary in Iceland. The Lake Oskjuvatn caldera, 4-5
km wide and about 250 m deep, began forming shortly prior to a major explosive eruption in
1875 and continued to grow rapidly for over 2 decades. The boundaries of the caldera collapse
remain unstable. A large rockslide on 21 July 2014 of the order of 30-100 million cubicmeters
generated a lake tsunami with run up heights of over 30 m. Geodetic measurements at the
volcano since 1983 suggest that instability of the basal plane of failure of the rockslide may
have steadily increased as the volcano deflated throughout this period. Deformation (subsidence
and horizontal contraction) has been mapped by levelling, distance measurements, GPS and
satellite radar interferometry (INSAR) using the ERS, Envisat, Radarsat, TerraSSAR-X and
Cosmo-SkyMed satellites. An intermediate digital elevation model has been delivered by the
TanDEM-X mission. Initial subsidence rate was up to 7 cm/yr, decaying to 2-3 cm in recent
years. A large part of the signal can be reproduced by a model with pressure decrease in a
spherical source at 3 km depth, interpreted as a pressure drop in a magma chamber, or
subsidence may occur over a structurally weak region in relation to plate spreading. The 2014
rockslide has a basal plane of failure passing through intact rock. A section of the basal plane
is exhumed by the slide, revealing impressive striations and slip marks. A simple model,
assuming uniform elastic halfspace with a rectangular failure plane extending to the surface,
indicates that Coulomb stress on the failure plane or a deeper weakness zone under the
rockslide, increased by over 2 MPa since 1983 due to the deflation, exceeding the change often
associated with stress triggering of earthquakes. Furthermore, the slide occurred in an area of
persistent geothermal and seismic activity. Although gravity, geothermal alteration, topography
and climate factors are likely to dictate mostly the 21 July 2014 rockslide, our observations and
modelling indicate the rockslide is an integral event in the development of the Oskjuvatn
caldera, with deflation of the volcano in recent decades contributing to instability of the caldera
boundary and failure on the basal plane of the rockslide.

15



Vorradstefna Jardfreedafélags Islands
13. mars 2015

Jardskjalftar a islandi 2014

Gunnar B. Gudmundsson, Bergpora S. borbjarnardéttir og Sigprudur
Armannsdaottir

Vedurstofu islands, Bustadavegi 9, 1S-108 Reykjavik

Um 50.000 jardskjalftar maeldust med jardskjalftamalakerfi Vedurstofu Islands arid 2014.
Mesta virknin tengdist umbrotunum i Bardarbungu. Samtals 85 jardskjalftar urdu vid dskju
Bardarbungu af steerd M 5,0 — 5,7, en margra peirra vard vart vid Eyjafjord. Morg hundrud
skjalftar urdu af sterd M 4,0 — 4,9. Sig i Bardarbungu olli pessum skjalftum, en flestir peirra
urdu vid nordurbran éskjunnar. Skjalftavirknin var pd mest i kvikuganginum & medan kvikan
braut sér leid i gegnum jardskorpuna ad eldstddinni i Holuhrauni. Fra 16. &gust og fram ad
eldgosinu 31. &gust mealdust 1000 — 1700 skjalftar & dag. Urvinnslu er ekki fullu lokid.
Umbrotin h6fdu ahrif & storu svadi. Skjalftavirkni jokst vid Oskju og nadi hamarki 27. agust,
en pa meldist skjalfti af sterd M, 4,1 undir Dreka. Skjalftavirkni vid Herdubreid og
Herdubreidartogl jokst pé ekki fyrr en vid upphaf eldgossins. bad dro ar skjalftavirkni & pessum
svaedum eftir midjan september. Talsverd skjalftavirkni meldist einnig vid Tungnafellsjokul
strax vid upphaf umbrotanna og hélst Gt arid.
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What is for dinner? Geochemical energy from inorganic
sources feeds microbial life in geothermal waters
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Surface environments of active geothermal systems are characterized by surface temperatures
ranging from ambient to 100°C, pH values between 2 and 10, and steep redox gradients. These
quite extreme environments are known to host diverse microbial life that is dependent on energy
from sunlight or in the form of chemical energy. Photosynthesis is limited to temperatures
below 73-75°C, above which chemosynthetic processes occur with the upper temperature limit
being unknown. Microorganism may utilize a vast variety of chemical energy sources available,
yet the interaction between the microbial communities and the geochemical environment
remains poorly understood in surface geothermal environments. The collaboration between the
Icelandic microbiologists and geochemists aims to increase the understanding of the microbe-
water-rock interaction processes in geothermal environments.

Chemical energy can be released by chemical reactions that move from disequilibrium
towards equilibrium. Some reactions occur instantaneously and approach equilibrium, whereas
others including many electron transfer (redox) reactions are slow and often found at
disequilibrium in natural waters. An example includes the sulfur system (Kaasalainen and
Stefansson, 2011). The chemical potential deriving from such chemical disequilibrium may
provide energy for metabolic systems and micro-organisms couple redox reactions that are
thermodynamically favored but kinetically inhibited.

From a geochemical point of view, the key task is to quantify the inorganic energy sources
deriving from chemical disequilibrium and potentially used by the microbes in their
metabolism. For this purpose, one needs to determine the concentrations of chemical species
taking part in the reactions. This, however, is not at all trivial and powerful on-site or in-situ
analytical methods are required. The chemical species of importance and interest include for
example H (Hz, H20), Oz (Oz, H20), S (S04, S203, SnOs, SOz, H2S), C (CO2, CH4, DOC), N
(N2, NHs, NO2, NO3), Fe (Fe'', Fe'"), and Mn (Mn'" and M""") compounds. We are working on
the development and application of suitable sampling and analytical methods to determine
species concentrations in geothermal waters, including ion and gas chromatographic,
spectrophotometric and electrochemical methods. Chemical affinities of the hundreds of
reactions of microbiological interest are calculated based on the analytical data and equilibrium
constants calculated from thermodynamic data and provides a quantitative assessment of the
inorganic chemical energy sources potentially utilized by microbes. The data on the
geochemical energy sources are then interpreted together with the microbial metabolism known
to occur in these systems.
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Deformation derived from GPS geodesy associated with
the 2014-2015 Bardarbunga rifting event
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An overview is presented of the recent rifting event in the Bardarbunga volcanic system,
focusing on GPS monitoring data. On 16 August, 2014 an intense seismic swarm started below
the eastern part of Bardarbunga caldera in the northwestern corner of the Vatnajokull ice-cap.
The migration of seismicity was corroborated by ground deformation in areas outside the ice
cap and on nunataks within the ice cap, suggesting a lateral propagation of magma from the
Bardarbunga caldera. The seismicity migrated out of the caldera, forming a dyke with several
segments, until 28 August when the migration stopped around 10 km south of Askja Volcano
and a short lived eruption occured in Holuhraun, north of Dyngjujokull. A second fissure
eruption started in Holuhraun on 31 August, which ended six months later, on 27 February
2015.

In the months prior to the onset of the activity, subtle signs of inflation were observed on
continuous GPS sites around Bardarbunga, indicating a volume increase in the roots of the
volcanic system. When the large seismic swarm started on August 16th, the deformation pattern
indicated a simultaneous deflation centered within the caldera and a lateral growth of a dyke,
also reflected in the migration of seismicity, along segments of variable strike. Significant
movements were detected on GPS sites more than 80 km away from the tip of the dyke. The
GPS stations on opposite side of the dyke and closest to it are spaced 25 km apart; they recorded
widening of 1.3 m. INSAR observations show that the surface widening is considerably more.
Displacements indicated the fastest rate of widening at any time in the most distal segment of
the dyke throughout its evolution. Deformation related to the dyke gradually slowed down with
time. On September 4th, five days into the second fissure eruption, the movements associated
with the dyke were no longer significant. Deflation of Bardarbunga occured simultaneously
with the fissure eruption, with both slowing down at a decaying rate. The deflation of the
Bardarbunga central volcano was witnessed both in the piston like subsidence of the caldera
floor, observed on a GPS instrument located on the ice surface within the caldera, as well as in
the region around the caldera, outside and within the ice cap.
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Since the middle of September, no detectable deformation measured with GPS was
associated with the formed dyke or the eruptive fissure, as it seems to have been minor enough
to get masked by the strong subsidence signals from Bardarbunga. After the end of the eruption
on 27 February, GPS measurements are a critical tool to evaluate if a magma body under
Bardarbunga will inflate and recharge again.

Prior to the onset of the activity, extensive GPS campaign measurements had been conducted
in the area. These observations allowed us to constrain the deformation field directly associated
with the rifting. This proved essential when adding new continuous sites during the active
rifting and hence tracking the dyke formation as it propagated. To better constrain the
deformation field in real time, 8 hour coordinate solutions where processed in real time enabling
sub-daily updates to track the rapid deformation associated with the rifting. A model of volume
change in Bardarbunga caldera, independent of the GPS station on top of the caldera is
presented, giving a well constrained estimate for the location of the source of magma under the
Bardarbunga caldera.
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How and why Lateglacial shoreline were formed — a
geological triangle

Hreggvidur Norddahl og Olafur Ingolfsson

Institute of Earth Sciences, University of Iceland

Two sets of raised shorelines of Lateglacial age and separated by 20-40 m are found in all parts
of Iceland, radiocarbon dated to the Younger Dryas and Preboreal Chronozones, respectively.
In West and Northwest Iceland there is one additional and older set of shorelines at much higher
elevation, dated in West Iceland to the Bglling Chronozone.

Relative sea-level changes and formation of shorelines are first and foremost controlled by
two factors; eustatic and glacio-isostatic changes. Eustasy is controlled by the volume of water
stored in glaciers at each time and glacio-isostasy is controlled by glacier volume (mass) at each
place and time. Rate of relative sea-level (RSL) changes are on the other hand controlled by
properties of an elastic lithosphere and plastic asthenosphere (viscosity), and the rate at which
glaciers are melted (loss of mass) and water returned to the oceans. Lateglacial shorelines could
thus only be formed when the rate of eustatic sea-level rise was equal to the rate of glacio-
isostatic uplift.

Following the Last Glacial Maximum (LGM) of the Icelandic ice sheet, some 25-20,000 cal.
ka. BP., relatively warm Atlantic sea-water arrived and surrounded the ice sheet at about 16.3
cal. ka. BP. This, together with the concurrent eustatic sea-level rise, caused the marine based
part of the ice sheet to rapidly destabilize until it collapsed at about 15.1 cal. ka. BP. and
retreated rapidly from a position on the shelf to a new position just inside the present coastline
of Iceland. Subsequent to the collapse of the marine based part of the ice sheet there was a
period of some 300-500 years when its oversized land-based part was slowly melting and
thinning. This caused a rapid reduction in the rate of glacio-isostatic rebound so eustatic sea-
level rise became temporarily equal to glacio-isostatic rebound. The earliest and highest Bglling
shorelines that now are mainly found in West and Northwest Iceland were formed during this
phase of equilibrium, at about 14.8 cal. ka. BP.
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The 1973-1996 Earthquake Sequence in Bardarbunga
Volcano. Seismic Activity Leading up to Eruptions in the
NW-Vatnajokull Area
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Institute of Earth Sciences —Science Institute, University of Iceland, Sturlugata 7, 101
Reykjavik, ingib@hi.is

A day and a half after the earthquake (mp =5.3, Ms =5.6, Mw =5.6) in the Bardarbunga central
volcano on September 29th 1996, a volcanic eruption broke out under the Vatnajokull glacier.
The eruption was

located approximately 20 km SSE of the earthquake epicenter, midway between the
Bardarbunga and Grimsvotn central volcanoes. Course of events suggests a connection between
earthquake and eruption and therefore a connection with a sequence of earthquakes of the same
characteristics in Bardarbunga during the years 1973-1996. The earthquakes in question are of
an unusually low frequency character (corner frequency), explained by exceptionally low
dynamic stress drop (< 10 bars) at shallow depth (<5.0 km). The sequence which lasted for 22
years is characterized by approximately annual main events of magnitudes in the range of 4.5—
5.7 (mp). It intensified in the 1990s, with some of the largest earthquakes of the whole episode
occurring at that time. Moment tensor solutions of teleseismic signals and locally recorded
waveforms reveal that the main events are thrust faulting earthquakes with a significant non-
double couple component. Arguments are presented that the faulting occurred on a steeply
inward dipping caldera fault, with reactivated motion on a weak fault. As a consequence of this
hypothesis magma inflation in Bardarbunga is the most probable cause of the 1973-1996
events. However, the loading force (the magma) may or may not have resided at a similar
shallow depth as the earthquakes. Cast in the frame of the inflation model, the Bardarbunga
1973-1996 sequence implies a resurgentcaldera of at least 0.2-0.7 km3 for approximately a
quarter of a century, exceeding its magma storage capacity in 1996. These calculations are
model dependent, assuming shallow centroid depths (1.5-5.0 km) of the main events with
correspondingly low rigidity (10-32 Gpa) of the upper and middle crust, and rather narrow fault
width of 1 km. Seismically, Bardarbunga and neighbouring area were relatively calm during
the period mid-1997 to 2004. There was a renewed activity of small earthquakes during the
years 2005-2009. From the beginning of continuous seismic recording in Iceland in 1925, all
eruptions in Vatnajokull on record have been accompanied with earthquake(s) of magnitude
>4.0, within two months of the initial eruption.
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Two possible fault movements of the caldera fault that are consistent with the observed focal mechanisms
and moment tensors of the Bardarbunga main events 1973-1996. To the left is an inflation model (resurgent
caldera) with inward dipping caldera fault, and to the right is a deflation model with outward dipping caldera
fault. Identification of the fault(s) that slip within the volcano in the Bardarbunga main events 1973-1996
is uncertain. Highly simplified tectonic picture of a central volcano with caldera is depicted, e.g. field
observations in Iceland find caldera faults with near vertical dip.

Mégulegar hreyfistefnur & adalmisgengi Bardarbungudskjunnar, sem badar geta skyrt brotlausnir og
vagispinur meginskjalfta i Bardarbungu 1973-1996. Liklegast eiga meginskjalftar Bardarbungu upptok &
hringlagadskjumisgengi. Tveer 6likar thlkanir & orsokum skjélftanna koma til greina. Ef misgenginu hallar
inn & vid, er dskjuris likleg orsok peirra, en ef misgenginu hallar Gt, er likleg orsok dskjusig. Athugid, ad
hér er dregin upp mjog einfoldud mynd af tektonik megineldstodvar med 6skju. Jarofraedilegar athuganir a
islandi syna t.d. adhalli dskjumisgengja er narri 16réttur.
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Remote sensing and real time monitoring of Nornahraun
lava flow field 2014-2015

Ingibjérg Jonsdottir, Armann Hoskuldsson, Porvaldur Pérdarson, Morten
S. Riishuus and the Volcanology and Natural Hazard group, Institute of
Earth Sciences, University of Iceland

Institute of Earth Sciences, University of Iceland

An effusive eruption began in Holuhraun, NE Iceland, on 31 August 2014, producing the
Nornahraun lava flow field covering 85 km2 by the end of February 2015, once the eruption
came to an end.

Throughout this event, various satellite images were analysed to monitor the development;
map the lava extent, identify active regions and lava channels, all in close collaboration with
the field group.

From the beginning, satellite images in low geometric but high temporal resolution (NOAA
AVHRR, MODIS) were used to monitor main regions of activity and position new vents to
within 1 km accuracy. As they became available, multispectral images in higher resolution
(LANDSAT 8, LANDSAT 7, ASTER, EO-1 ALI) were used to map the lava channels, study
lava structures and classify regions of varying activity. Hyper spectral sensors (EO-1
HYPERION), though with limited area coverage, gave good indication of vent and lava
temperature and effusion rates. All available radar imagery (SENTINEL-1, RADARSAT,
COSMO SKYMED, TERRASAR X, TANDEM X) were used for studying lava extent,
landscape and roughness. The Icelandic Coast Guard provided high resolution radar and
thermal images from reconnaissance flights on a number of occasions. These data sources
complemented each other well and improved analysis of events. Whilst classical TIR channels
were utilized to map the temperature history of the lava, SWIR and NIR channels caught regions
of highest temperature, allowing an estimate of the most active lava channels and even
indicating potential changes in channel structure. Combining thermal images and radar images
took this prediction a step further, improving interpretation of both image types and studying
the difference between open and closed lava channels. Different methods on estimating magma
discharge were tested, for use in real time as well as for understanding the different phases of
the eruption.

During the eruption, these efforts supported mapping of the extent of the lava every 3-4 days
on average and underpinning the time series of magma discharge calculations. Emphasis was
on communicating all information to relevant authorities and the public. Collaboration with
USGS and NASA proved essential for acquiring relevant data in real time.
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Magnetic polarity map of Akrafjall and Skardsheidi and new
40Ar-3%Ar age dating from West Iceland

Johann Helgason?, Robert A. Duncan?, Hjalti Franzson?3, Agust
Gudmundsson* og Morten Riishuus®

Landmeaelingar i:slands, Akranesi, ?College of Earth, Ocean, and Atmospheric Sciences,
Corvallis, USA, ®ISOR, Reykjavik, “Geoice, Jardfreedistofan, Hafnarfirdi, University of
Iceland.

Paleomagnetic data exists for stratigraphic profiles throughout Iceland. Much work, however,
remains to be done on mapping the country’s magnetic chrons. By correlating magnetic chrons
with the Earth’s geomagnetic time scale a reasonable age estimate can be obtained for vast
stratigraphic sequences. Basalt lavas in Iceland amount to tens of kilometers in thickness. Thus
the strata offer, through the help of paleomagnetism and radiometric dating, a detailed timing
of events in the evolution of a mantle plume region.

In Iceland, various paleomagnetic studies, stratigraphic field mapping, student projects and
research for potential hydroelectric dam sites, have gardually built up an extensive database
during the last 60 years. This has set the stage for joining adjacent study areas through
correlations and laid the foundation for large scale mapping of magnetic chrons in Iceland.
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Eftirlit med jardhraringum i Baréarbungu

Kristin Jonsdéttir og Eftirlitsteymid & Vedurstofu islands,
Visindamannarad, FutureVolc-teymid

Vedurstofa islands

Oflug jardskjalftahrina hofst i Bardarbungudskjunni pann 16. &gist 2014. A nastu tveimur
vikum myndadist 48 km langur kvikugangur i jardskorpunni undir Vatnajokli, fra dskjunni i
austnordaustur og nordur, par sem flaedigos hofst i Holuhrauni i lok agust. betta eldgos er ordid
pad steersta i yfir 200 ar & Islandi. Framgangur glidnunarinnar gekk i lotum med misjéfnum
hrada og allmérgum sinnum greindist lagtionioréi a jardskjalftameelum, p.e. gosordi vegna
litilla eldgosa undir jokli. Afleiding peirra var m.a. myndun fjogurra sigkatla i joklinum. EKKki
I6ngu eftir ad jardskjalftahrinan hofst byrjadi 6ll askja Bardarbungu (7x11 km) ad siga og seig
rima 60 m i heildina. Haegt drd ar hrada sigsins og pvi lauk um sama leiti og gosid heetti, pann
27. febriar 2015.

Pegar eldfjoll undir jokli lata & sér beera er avallt porf & pverfaglegu ataki og teymisvinna
skiptir hofuomali fyrir skilvirka voktun. Fra pvi voktun hofst med stafreenum meelitekjum,
snemma 4 tiunda aratug sidustu aldar, hefur pad gerst sex sinnum ad eldvirkni hefur ordid vart
undir jokli. T hvert skipti hefur voktunargeta, tilkun gagna, samskipti og midlun upplysinga
tekid framférum.

Almannavarnadeild rikislogreglustjora kallar saman rad sérfreedinga og visindamanna,
Visindamannarad, sem deilir pekkingu sinni og veitir avallt nyjustu upplysingar um stddu mala;
naverandi astand eldstédvarinnar, mogulegar hattur og liklegustu svidsmyndirnar. Framvinda
glidonunarinnar var voktud i rauntima med jaroskjalftavirkni og cGPS aflégunarmelingum.
Medan gangurinn var enn i myndun, voru ny, uppferd likén af rammali hans 16gd fyrir
Visindamannaradsfundina, oft daglega. Or préun gangsins kalladi  hrod vidbrogd; pad vard ad
setja upp nyjar jardskjalfta- og GPS-stodvar til pess ad geta fylgst betur med framgangi hans.
Sig dskjunnar kalladi & frjéa hugsun sem leiddi til peirrar nybreytni ad hahrada cGPS teeki d&samt
hrédunarnema voru sett upp i midju éskunnar, beint & jokulisinn og sendu taekin gégn i rauntima
(hefobundin uppsetning slikra tekja er & fostu bergi). Ennfremur voru sérstakir
joklajardskjalftamalar, sem eru hannadir fyrir breidbandsmelingar a joklum, settir upp i
tengslum vid Futurevolc verkefnid sem & storan patt i ad hafa bett maelanet & svaedinu. |
reglubundnu eftirlitsflugi er fylgst med breytingum a jokulyfirbordinu og mikilvaegra gagna
aflad, m.a. um aflégun dskjunnar.

Nidurstodur rauntimavoktunar og tdlkun jardedlisfreedilegra gagna var gerd adgengileg
almenningi. Ba&di sjélfvirkar og yfirfarnar stadsetningar jardskjalfta eru birtar & kortum a vef
Vedurstofunnar, sem uppfearast & fimm minatna fresti (sja mynd). Sama gildir um timaradir
cGPS melinganna, svo og kort med vigrum sem syna aflogunina asamt jardskjalftum en
timasetning skjalftanna er litak6dud; petta allt er enn adgengilegt almenningi a4 vefnum.

I erindinu verdur atburdaras og eftirlitinu, i tengslum vid umbrotin i Bardarbungu veturinn
2014-2015, lyst.
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Mynd: Jardskjalftavirkni & umbrotasveedinu. Jardskjalftar eru merktir med hring. Litaskalinn til heegri telur daga
sem lidnir eru sidan pessir atburdir hofust, 16.09.2014. Elstu jardskjalftarnir eru pvi tdknadir med dokkblaum
hring en yngstu jaroskjalftarnir med raudum hring. Steerd hringjanna endurspeglar sterd skjalftanna. betta kort er
daemi um reglulega uppfardar upplysingar sem voru gerdar adgengilegar & vef Vedurstofu islands.
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Mat & endingu audlinda jaréar

Kristin Vala Ragnarsdottirt, Deniz Koca?, og Harald Sverdrup®

LJardfraedistofnun Haskola islands, 2Centre for Environmental and Climate Research, Lund
University, 3ldnadarverkfreedi, vélaverkfreedi og tolvunarfreedideild Haskéla Islands

pad var Thomas Robert Malthus (1766-1834) sem hof mals & ad folksfjolgun geti leitt til
hungursneyda og sjukoma. Fair voru ad hlusta & vidvaranir hans vid audlindatakmdrkum og
folksfjolgun. Tveimur 6ldum sidar fékk Romarkldbburinn teymi visindamanna vio MIT
haskélann i Bandarikjunum til ad vinna rannsoknir sem leiddu til skyrslunnar Takmork vaxtar
(Meadows og fl. 1972). I Grvinnslunni nyttu héfundar kvik kerfislikon til ad syna afleidingar
samspils veldisvaxtar folksfjolgunar og takarkadra audlinda. Ymsir drogu likan héfundanna i
efa, en nd 40 &rum sidar reynist likanid hafa stadist timanna toénn (Turner 2012). Likan Medows
og félaga var unnid med bestu télvutaekni sins tima og i peim er 6llum audlindum skellt saman
i einn patt, par & medal jardefnaeldsneyti.

Mynd 1. Vinnsla 14 audlinda fra
arinu 1900 til 2010. Eins og sja ma

= Phosphate rock

milljarda. Med folks-fjolgun
eykst nyting a audlindum einnig
med veldisvexti eins og sja ma a
mynd 1. Jardfreedingar vita ad vio
baum & takmarkadri jord med
takmorkudum audlindum. Petta
virdast flestir hagfreedingar ekki
gera sér grein fyrir og pvi heyrist endalaust tal um mikilveegi hagvaxtar med hverju arinu.
Grunnur hagvaxtar er audlindanyting. Spurning er pvi, er unnt ad auka framleidslu
6endurnyjanlegra audlinda endalaust?

=——Niobium

To Molybden pad hefur aukningin verid i
g ——Platinum group [~ veldisvexti (bein lina & l6gargrafi)i
g :%3?{’;1’ sl. 110 &r. Sverdrup og fl. (2013).
§ ——Gold production Félksfjolgun a j(')'r6-inni hefur
- — 1 . , - - ; =
g fdium verid i veldisvexti sidan arid 1900
= —Zinc og aukist & peim timafrd 1.6 1 7.3
%
=
=
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[ okkar vinnu héfum vid nytt naverandi tolvuteekni og gagnagrunna og yfir 40
nattdruaudlindir eru metnar hver fyrir sig. Vid hofum metid hve lengi audlindir muni nytast a
fjéra mata, sem allar adferdirnar benda til sému nidurstodu: Tuttugasta og fyrsta éldin er sa timi
i mannkynsogunni par sem hamarksframleidsla ner allra audlinda mun verda, og
audlindapverrun er 6umflyjanleg.

Aoferdafradi

baer adferdir sem vid hofum nytt okkur eru: Aframhald an breytinga, timi milli hamarksfundar
audlindar og hamarksframleidslu hennar, Hubbertkurfur, og kvik kerfislikon. Hér ad nedan er
stutt lysing & hverri adferdinni fyrir sig. Nanari lysingar eru ad finna i Sverdrup og fl. (2013).

Aframhald an breytinga er adferd par sem gert er rad fyrir ad vid nytum peer audlindir sem
vid eigum & sama mata og nd & timum. bannig ad pa tokum vid naverandi forda deilum i med
naverandi notkun & ari og ar pvi faest hve lengi fordinn endist. bessi adferdafraedi er synir
steerdargradu vandans (Ragnarsdottir 2008; Ragnarsdottir og fl. 2012).
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Timabil milli hamarksfundar og hamarksframleidslu & audlind er séguleg athugun & pvi hve
morg ar séu a milli pessara atburda. Timabilid er 40 ar.

Huabbertkarfur eru framleidslukurfur audlindar, par sem soguleg framleidsla er plottud sem
fall af tima. bessi adferdafreedi kemur fra oliujarofreedingum King Hubbert (1956) og segir til
um hve lengi audlindin endist ef framleidsluferillinn og fordinn eru pekktar sterdir (mynd 2).
NOg er ad pekkja um 30% framleidsluferilsins.

Kvik kerfislikdn eru byggd upp & orsaka- og afleidingasamhengi innan akvedins kerfis, med
diffurjofnur sem tengja hvern patt. Petta er sama adferdafraeedin og Donella og Dennis Meadows
notudu i sinni rannsékn (Meadows og fl. 1972).

Gold 000 e e 31— C.. .T - - My 0 e’rdrl p 0“ II , |

Mynd 2 synir ad hamarks-framleidsla
gulls wvar ario 2000 en hémarks-
T L ; framleidsla hinna atta malmanna verdur a
S e e e e Ml 2025 0g 2050. Gert er rad fyrir ad
NS ol vid nytum malmana eins og nu er gert.
A b~ | Olikt um oliu sem var i hamarks-
R / \\ framleidslu 2006-2007 (Aleklett og fl.
] s ==\ 2012), eru petta endurvinnanlegir malm-
H ==t \ ar pannig ad ef settar eru strangar reglu-
B e e s s e ger@ir um endurvinnslu pa geta malmar-
e 0 ir enst miklu lengur. Unnt er ad syna
il fram & hve mikid lengur malmur endist ef
endurvinnsla er gerd, og okkar vinna
bendir til pess ad naudsynlegt sé ad
endurvinna yfir 90% af éllum malmum i
= bjéofélaginu til pess ad malmarnir endist

fram a naestu aldlr (Sverdrup 0g fI 2013 Sverdrup og Ragnarsottir 2014).
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Okkar sogulega greining synir ad pad er bein tenging & milli hamarksframleidslu
nattaruaudlinda pjodar og hamarksauds hennar, pannig ad efnahagshnignun byrjar einum til

tveimur aratugum eftir hAmarksframleidslu audlinda.
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Kvikugangurinn og éréahvidurnar a leid hans fra
Bardarbungu til Holuhrauns — Greining smaskjalftagagna

Kristin S. Vogfjord, Gunnar B. Gudmundsson, Kristin Jénsdéttir, Martin
Hensch og Solvi brastarson

Vedurstofa islands, Reykjavik.

Bardarbunga, eins og adrar eldstodvar i vestanverdum Vatnajokli hefur synt merki um vaxandi
smaskjalftavirkni fra arinu 2005. Su virkni hefur ad mestu einskordast vid sveedid nordan
6skjurimans og sprungusveiminn nordur ad Kistufelli og er dypi pessarar virkni ad mestu minna
en 8 km. b6 hefur meelst vidvarandi virkni fra pvi upp ar aldamo6tum sudaustan éskjunnar, i
[6dréttir ras fra um 20 dypi og upp i efri skorpu. bessi virkni nadi hAmarki arid 2013.

Adfararnétt 16 agust arid 2014 hofst mikil smaskjalftavirkni vid Bardarbungudskjuna
nordanverda og i sprungusveimunum par nordur af. Skjalftavirknin hljop p6 fljétt Gt ar 6skjunni
til sudausturs, par sem han tok snégga beygju til nordausturs yfir 10dréttu rasinni. Padan sddi
virknin afram med skrykkjum til nordausturs, & hrada frd nokkur hundrud m/Klist upp i yfir 1
km/klst. A 11 dégum nadi skjalftavirknin nordur i Holuhraun, nordan Dyngjujokuls og hafdi
pa ferdast um 48 kilometra pegar Utbreidslan stddvadist. Virknin hélt p6 afram og er enn i gagni
begar petta er skrifad, pd dregid hafi verulega ur henni.

Skjéalftavirknin endurspegladi ferd larétts kvikugangs fr4 Bardarbungudskjunni at i
Holuhraun, par sem gos hofst a prettanda degi, pann 29 agust. Pad gos lifdi stutt, en annad
Oflugra hofst nokkru nordar tveim dogum sidar, pann 31 agust og stod pad fram til 27. febraar
2015. Mitt i pessari atburdarras, eda pegar gangurinn sat timabundid fastur a leidinni i
Holuhraun, meeldust margra klukkustunda langar 6roéahvidur & jardskjalftameala. Fyrsta hvidan
vard 23. agust og 6nnur pann 3. september. Gerd 6rdans svipadi mjog til fyrri merkja sem malst
hafa & melakerfi Vedurstofunnar pegar kvika kemst i snertingu vid is og saust merki um pad
nokkrum dégum sidar pegar sigkatlar fundust yfir kvikuganginum & Dyngjujokli. A medan &
pessu stdd var einnig mikil skjalftavirkni vid dskjurima Bardarbungu, en par maldust einnig
steerri skjalftar, eda yfir 70 skjalftar yfir 5 ad steerd & fyrstu fjorum manudunum. Ur peirri virkni
for ad draga i desember og i mars 2015 meelast par einungis smaskjalftar.

Haupplausnastadsetningar (e. relative relocations) smaskjalfta vio Bardarbungu skerpa
mjog myndina af dreifingu og hegdun skjalftavirkni undanfarinna ara fram ad upphafi
atburdanna 16. agust. bar sést ad virkni seinustu ara er 6ll nordan éskjurimans og einnig i
I6dréttu rasinni sudaustan dskjunnar. Ferill kvikugangsins fra Bardarbungu, eins og honum er
lyst med framrés skjalftavirkninnar, er einnig kortlagdur mjog nakvaemlega, par sem hann
stekkur til og tekur skarpar beygjur a leid sinni a gosstédvarnar. Nidurstoour skjalftakort-
lagningarinnar og greining skjalftadréans verda kynntar sem og talkun peirra.
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Nokkrir paettir ur sogu bergfreedismasjaa

Led Kristjansson

Jardvisindastofnun Haskélans, Oskju, Sturlugétu 7, 101 Reykjavik

Skautunarsmasjar (polarizing microscopes) hafa Iéngum verid medal helstu rannsoknateaekja
raunvisindamanna. Ekki sist hafa paer gagnast jardfreedingum vid skodun punnsneida af
bergsynum, og eru péa kalladar bergfraedismasjar (petrographic microscopes). | par var nar
omissandi ad nota prismu Ur silfurbergi. Storir silfurbergskristallar braklegir til framleidslu &
slikum prismum fundust ekki i umtalsverdu magni nema vid Helgustadi i Reydarfirdi, fram til
1920. Namuvinnsla st6d par fra 1850 til 1924 med hléum, og var 6flugust & &runum 1863-72.

F. Arago fann 1811 ad pynnur ar kristélludum litlausum efnum eins og mariugleri virtust
litadar, ef paer voru skodadar i pvi "skautada" afbrigdi af ljosi sem pé var nyuppgétvad. Til ad
framkalla pessa tegund ljéss voru sidan sitt a hvad notadir silfurbergskristallar, glerspeglar, eda
pynnur af turmalini. D. Brewster s& 1813 lita-rendur og krossa birtast i plétum Gr ymsum
kristollum i samleitnu (convergent) skautudu ljési. bad fyrirbrigdi atti eftir ad hjalpa mjog vid
greiningu steinda; fra sjotta aratugnum voru préadar til pess smasjar med litilli steekkun kenndar
vid J. Norrenberg, og svonefndar kross-sjar (stauroscopes). Medal annarra gerdi A. Des
Cloizeaux umfangsmiklar rannsoknir i steindafreedi med pesskonar teekjum fra um 1855.

1829 Ilysti W. Nicol adferd til ad fa adeins einn skautadan geisla Ur samsettu
silfurbergsprisma; pad var mun pegilegra en ad vera med tvo geisla sem yfirleitt skdrudust.
Fyrstir til ad nota ljésskautun i smasjam voru G.B. Amici og H.F. Talbot upp ar 1830, badir
med silfurbergi. AukabUnadur Gr pvi eda 6dru til skautunar var sidan auglystur talsvert af
smasjaa-framleidendum, og notadur af ymsum liffreedingum og ahugaménnum. H.C. Sorby og
A. Oschatz voru farnir ad skoda gegnsajar punnsneidar bergsyna i smasjam um 1851, en adrir
jarofraedingar toku litt vid sér i peim malum fyrr en eftir 1863. Einkum hof pa F. Zirkel ad syna
fram & pad i greinum og békum, hvernig meetti verda margs visari Ur slikum sneidum (0,03-
0,04 mm) med skautudu ljosi. R. Fuess smidadi liklega fyrstu smasjarnar sem sérhannadar voru
med innbyggdum Nicol-prismum gagngert til punnsneidarannsokna i bergfreedi, fyrir P. Groth
og H. Rosenbusch um 1870.

Um migjan 8. aratuginn upphéfst blomaskeid i smasjar-bergfraedi, sem stdéd vel fram & 20.
oldina. Nidurstddur rannsokna & pvi svidi breyttu hugmyndum manna badi i bergfraedinni, i
jarofreedi og edlisefnafraedi almennt, jardefnaleit og vidar. Um og upp ur 1880 var vaxandi
frambod & skautunar-smasjam fra verkstaedum i pyskalandi (R. Fuess, Voigt & Hochgesang, C.
Zeiss,...), Englandi (J. Swift & Son, R.&J. Beck,...), Frakklandi (A. Nachet,...) og Austurriki
(C. Reichert). Smam saman préudust einnig ymsir aukahlutir ar silfurbergi og 6drum steindum
fyrir smasjarnar, upphitunarbinadur, syningarvélar, veltibord og onnur flokin teeki til
nakvaemra athugana & stokum kristollum. Sitthvad er enn 6ljost um vinnslu silfurbergsins
eystra, utflutning pess, og hondlun med pad erlendis. Framleidendur ljostekja og visindamenn
kvortudu idulega um skort og verdhaekkanir & pessum omissandi efnividi.

Heimildir:
Greinar, skyrslur, erindi og adrar samantektir & http://raunvis.hi.is/~leo/vef_rit_icelandspar.html
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Verndun jardminja, ProGEO radstefna i Reykjavik 8.-12.
september 2015

Lovisa Asbjoérnsdottir og Kristjan Jonasson,

Natturufreedistofnun islands

Alpjodleg radstefna um verndun jardminja verdur haldin i Reykjavik dagana 8.-12. september
a pessu ari. Samtokin ProGEO standa ad radstefnunni, en pau hafa pad sem megin markmid ad
efla vernd jardminja og midla pekkingu og frodleik um mikilveegi pess. Yfirskrift radstefnunnar
er ,,Geoconservation strategies in a changing world*“. Samtdkin vinna naid med Alpjoda
jardfreedisambandinu (IUGS) og Alpjoda natturuverndarsambandinu (IUCN), auk pess ad taka
pbatt i Utgafu ritsins Geoheritage. NattGrufreedistofnun Islands hefur verid medlimur i
samtokunum sidustu prju &r og hefur tekid ad sér ad skipleggja radstefnuna i Reykjavik i
samradi vid stjorn ProGEO. Nokkrar islenskar stofnanir og féelagasamtok hafa lyst yfir studningi
vid radstefnuna, par & medal Jardfraedifélag islands sem tekur pétt i undirbaningi.

_ begar jardminjum er raskad er i flestum tilfellum um ad reda oafturkreefar adgerdir. A
Islandi er bryn porf & ad vekja athygli & verndun jarominja og upplysa almenning og stjérnvéld
um mikilvaegi pess. Vonast er til ad radstefnan verdi til pess ad efla pessa umradu hér & landi.

Frekari upplysingar um ProGEO ma finna & vef samtakanna http://www.progeo.se og par er
einnig upplysingar um radstefnuna i Reykjavik 8.-12. september 2015.
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The Vonarskard Geothermal System: an oasis in the desert
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Pétursdottir?, Haukur J6hannesson, Gudmundur Omar Fridleifsson?,
Gudmundur Oli Hreggvidsson?*, Hanna Kaasalainen® and J6hann
Gunnarsson Robin?.

lInstitute of Earth Sciences, University of Iceland, Reykjavik, Iceland
2MATIS, Reykjavik, Iceland

®HS Energy, Reykjanesbae, Iceland

“Institute of Biology, University of Iceland, Reykjavik, Iceland

The Vonarskard Geothermal System is nestled inside the VVonarskard Caldera, one of Central
Iceland’s central volcanoes. Compared to other systems in the highlands of Iceland, there is an
unusually large surface water flow, which, combined with an enhanced geothermal gradient
provided by the caldera structure, gives rise to an unusually diverse and active geothermal area.
The surface manifestations consist of hot (boiling and sub-boiling) springs, hot streams, steam
vents and extensively altered ground. The abundance of geothermal water gives rise to rich and
diverse microbial activity, with thick, colorful microbial mats in springs and streams. Here we
present an overview of the geochemistry of surface geothermal waters at VVonarskard, in
relationship to the geological history of the area and in conjunction with the microbial diversity.

Samples were collected from the various surface geothermal features within the VVonarskard
caldera. Based on their chemical composition, the sampled waters can be subdivided in three
broad categories: (1) alkaline waters with, high Cl, Si and Na concentrations, thought to
represent the geothermal reservoir fluid that has risen to the surface and undergone
depressurization boiling on its way up, (2) steam-heated acid waters, which form as the
geothermal steam, rich in volatiles such as H>S, CO2 and Hz, condenses into surface water and
in which HS has undergone oxidation and formed sulfuric acid, thus characterized by low pH,
and (3) steam-heated neutral waters that are steam-heated waters mixed with a relatively high
proportion of non-thermal water, characterized by mildly acidic to neutral pH and high H>S,
CO2 and Hz contents.

Vonarskard is thought to have been active throughout the last glacial age, including sustained
subglacial geothermal activity. During glacial times, the pressure from the overlying glacier
gave rise to high-temperature and high-pressure geothermal alteration, characterized by
extensive alteration and impermeable rock formation. Since the glacial retreat, this high grade
alteration at shallow depth has resulted in an unusually high groundwater table. Thus, the
Vonarskard area displays a high volume of neutral steam-heated waters (i.e. steam-heated acid
waters mixed with a large proportion of run-off), which represent a favorable environment for
micro-organisms to thrive, as readily seen by an impressive overall mass of microbial mats and
high diversity when compared to other Icelandic geothermal systems.
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The unliklyhood of shallow lateral magma dyking during
the Bardarbunga 2014 activity

Olgeir Sigmarsson®? , Gudmundur Gudfinnsson!, Seemundur A.
Halld6rsson?

Institute of Earth Sciences, University of Iceland, 2Laboratoire Magmas et Volcans,
Université Blaise Pascal - CNRS Clermont Ferrand, France

Basaltic fissure eruptions occurring several tens of km away from central volcanoes in Iceland
are interpreted to reflect either lateral magma migration from a shallow magma chamber
beneath the central volcano, or semi-vertical dyke propagation from greater depths under the
associated fissure swarm. During the Krafla Fires (1975-1984) basalts emitted, on the one hand,
within the caldera of the central volcano and, on the other, within the fissure swarm north of
the caldera had different composition (Grénvold et al., 2008). During the subglacial eruption at
Gjalp (1996), halfway between Grimsvotn and Bardarbunga, the erupted magma had identical
isotope ratios as magmas of the former volcanic system, but different from those of the latter
system (Sigmarsson et al., 2000), despite the precursor earthquakes which originated at
Bardarbunga and propagated towards the eruption site at Gjalp. Nevertheless, the geochemical
fingerprints strongly suggest that lateral magma migration over tens of km is an unlikely process
in these cases.

The spectacular lateral migration of seismicity from 16 August to 29 August and the
associated ground deformation has been interpreted to reflect a lateral dyke injection over 45
km, from a shallow magma chamber beneath the Bardarbunga central volcano to the eruption
site forming the new Holuhraun lava (Sigmundsson et al., 2015). The isotope ratio of Sr of the
new lava is identical to that of Holocene lavas and tephra produced at the Bardarbunga Volcanic
System, confirming uniform Sr isotope ratios at this volcanic system. Thermodynamic
equilibrium between minerals and magmatic liquid indicates that the erupted olivine tholeiite
originated from more than 10 km depth at a temperature of approximately 1180 °C. Basaltic
magma this hot is not likely to have been stored in a shallow magma chamber before migrating
laterally at shallow depth over 40 km beneath the fissure swarm.

Basalt magmas, crystallizing at variable depth, should have different trace element
composition caused by the effect of pressure on the crystallizing mineral assemblage, with
clinopyroxene proportions decreasing with decreasing depth. The parental magma of
Bardarbunga and Holuhraun is likely to have similar composition as primitive olivine tholeiites
of the nearby Kistufell table mountain, argued to be close to that of a primary mantle melt
(Breddam, 2002). Over two-fold increase in highly incompatible element concentrations in
Holuhraun relative to Kistufell suggests that approximately 50% fractional crystallization is
needed to derive the Holuhraun basalt. At low pressure, the crystallizing assemblage will be
dominated by olivine and plagioclase in the approximate proportions 0.75:0.25 whereas at
approximately 15 km depth olivine, plagioclase and clinopyroxene will crystallize in almost
equal proportions (1/3:1/3:1/3). Shallow fractional crystallization will generate Ni/Sr in the
range 0.016-0.025, whereas deep fractionation will produce a magma with an order of
magnitude higher ratio, or 0.34-0.57, due to the enhanced fractionation of clinopyroxene
relative to olivine. A more drastic difference is observed for the Sc/Ni, which principally
reflects the change in the clinopyroxene to olivine proportion in the crystallizing assemblage.
At low pressure, Sc/Ni will be in the range 19-31 whereas at higher pressure this ratio of the
derived magma will much lower or in the range 0.57-0.93. The measured Ni/Sr and Sc/Ni in
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the new Holuhraun are 0.38 and 0.79, respectively, within the range generated by fractional
crystallization at 15 km depth: in sharp contrast to values produced at shallow depth.

These results strongly suggest crystal fractionation at depth with substantial amount of
clinopyroxene fractionation relative to that of olivine and plagioclase, and thus contradict the
proposition of a shallow magma transfer during the 2014 Béardarbunga rifting event.
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Flug yfir Heklu: Onaudsynleg ahatta i aetlunarflugi

Pall Einarsson

Jardvisindastofnun Haskélans, Sturlugétu 7, 101 Reykjavik

Vakin er athygli & &haettu sem tekin er med 6venju tidum feroum farpegaflugvéla beint yfir topp
Heklu. Hér er ekki verid ad tala um hina almennu heattu sem stafar af pvi ad fljaga yfir virkt
eldfjall. A Islandi eru um 30 slik og litil dheetta vid ad fljuga yfir pau flest. Hekla er sérstok af
premur asteedum:

1. Hekla er 6venju vinsal medal flugmanna. 10-20 storar farpegavélar fara beint yfir fjallid
a degi hverjum, sennilega varlega aetlad. Ekkert annad eldfjall nalgast pessa tioni.

2. Hekla hefur verid ad undirbua gos sidan sidasta gosi lauk, p.e. &rid 2000. Jardedlisfraedi-
legar maelingar benda til pess ad prystingur undir fjallinu hafi heekkad stodugt allan pennan tima
0g sé nuna harri en hann var fyrir ad minnsta kosti tvd sidustu gos, 1991 og 2000. betta parf
ekki ad pyda ad gos sé alveg & nesta leiti en gera verdur rad fyrir ad fjallio geti gosid adur en
morg ar lida.

3. Melanlegur fyrirvari gosa er 6venju stuttur i Heklu, 23-79 minatur samkvaemt reynslu fra
gosunum 1970, 1980, 1991 og 2000. Flest 6nnur eldfjéll hafa synt lengri fyrirvara. Gosid 2000
er eina gos Heklu par sem gefin var ut advorun adur en gosid kom upp, enda var fyrirvarinn
lengstur pa, 79 minatur. EKKi er tryggt ad haegt verdi ad gefa Gt vidvorun & undan nesta gosi.
Vid petta beetist ad byrjunarfasi Heklugosa er venjulega 6flugur og gosstrokurinn ris hratt.
Rishradi stroksins er einnig heerri vid pad ad enginn jokull er & fjallinu til ad tefja uppdrif hans.
Almennar reglur og vinnulag i sambandi vid flug og eldgos duga pvi tepast hér, pétt paer geti
verid gagnlegar vid onnur eldfjoll. Hetta er & ad grunlaus flugmadur geti flogid inn i
gosstrokinn med skelfilegum afleidingum. Minna méa a ad litlu munadi ad svo faeri i gosbyrjun
17. &gust 1980.

Pegar allt petta er skodad i samhengi verdur ad telja marktaekar likur & pvi ad naesta gosbyrjun
i Heklu geti valdid flugslysi ef ekkert er ad gert. bessu er audvelt ad breyta med pvi ad fera
flugleidina yfir Heklu um 10 km sunnar eda nordar, pannig ad hun liggi ekki yfir topp fjallsins.
Leidin virdist stjornast af leidarpunkti vid hnitakrossinn 64°N og 20°V sem stadsettur er nalaegt
Leirubakka i Landssveit.
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Mapping of fracture systems in the Reykjanes Peninsula
Oblique Rift near Reykjavik

Pall Einarsson, Asta Rut Hjartardéttir, Sigridur Bjérgvinsdottir, and
students of the course Current Crustal Movements in the Faculty of Earth
Sciences, University of Iceland 2014

Institute of Earth Sciences, Sturlugata 7, 101 Reykjavik

Field exercises are conducted every year in the course Current Crustal Movements at the
University of Iceland. The purpose is to train students in field work, expand their experience
with fault structures and evidence of crustal movements under field conditions. The field
exercises in 2014 were conducted within the Krisuvik and Brennisteinsfjoll Fissure Swarms in
the vicinity of Reykjavik. The objectives are twofold: 1) To produce a surface fracture map and
give an overview of the different styles of faulting in the plate boundary segment of the
Reykjanes Peninsula, and 2) to gather data on fault throw on as many faults as possible in this
area. Numerous transects across faults were measured by carrying a GPS-receiver across the
faults.

The Reykjanes Peninsula Oblique Rift is a branch of the mid-Atlantic plate boundary and
has an over-all trend of 70°. The plate boundary, as defined by the zone of seismicity, is highly
oblique with respect to the spreading direction, which is 104° in this region. The fissure swarms
of individual volcanic systems have a NE-trend, oblique to the plate boundary. The fissure
swarms therefore fade out towards the NE and SW as they extend into the plates on either side.
Overprinting this pattern of fissure swarms is a system of many parallel strike-slip or oblique-
slip faults with a N-S strike, so called bookshelf faults, that appear to be the source faults of the
largest earthquakes in the vicinity of Reykjavik.

The field studies in 2014 were focused on the following issues:

1. Determine fault throw of normal faults of the Brennisteinsfjoll swarm in the BIafjoll area.
Throws in the range 0-6 m were measured. Many fractures were primarily fissures, i.e. with
very little vertical offset.

2. Determine the vertical offset of a right-lateral and oblique Kongsfell Fault in the BIafjoll
area. The vertical offset varies considerably along the strike of the fault but the western wall of
the fault is down-thrown, in most places about 1-2 m, but occasionally reaching 6 m.

3. Determine fault trow of normal faults of the Brennisteinfjoll swarm in the Sandskeid area.
Throws in the range 3-8 m were measured on faults bounding the Sandskeid Graben on the east
side.

4. Make transects across an eroded part of the Krisuvik fissure swarm in the outskirts of
Reykjavik at Raudavatn. The fractures can be located by the transects but the offset on them is
difficult to estimate because of erosion.
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Hvers vegna virkar Landeyjahofn ekki? Kemur
jarofraedafélaginu pad vio?

Pall Imsland

Forsendur sem byggt er a

Landeyjahofn hefur verid vandraedafyrirbeeri allt fra upphafi. Hér verda raktar nattarufarslegar
astedur pess. Meginforsendan fyrir stadsetningu hafnarinnar er st ad parna sé 6lduhaed laegst
vid strondina, en engin Gttekt for fram a pvi hvada strandjarofreedileg ferli og nattdrufarsleg
préun er parna i gangi. Forsendur paer sem akvardanataka um byggingu Landeyjahafnar er
byggd & eru dldulikanreikningar en jarofreedileg pekking er med 6llu snidgengin.

Hér verdur greint fra pvi, hver pau natturufarslegu ferli eru sem styra préun a strandsvaedinu
og valda pvi ad hofnin virkar ekki og mun ekki virki i framtidinni.

[ framhaldi af pvi er spurt um hlutverk jardfreedafélagsins i svona tilvikum.

Tvenns konar ferli rada mestu um préun strandarinnar
Oldusveigja

Stadsetning Vestmannaeyja uti fyrir strondinni veldur éldusveigju. Eyjarnar draga ar 6lduhrada
pannig ad aldan austan og vestan eyjanna fer hradar en & styttstu leidinni beint & milli Eyja og
lands svo ad aldan sveigir inn i skj6lid. Sudleegar attir (sudaustan-sudvestan) sem eru algengustu
og ahrifamestu Oldustefnurnar & svadinu bera strandsandinn pvi Gr badum attum inn i
6lduskjolid sem veldur pvi ad par safnast hann saman & stréndinni og myndar smam saman
tanga Ut i att til eyjanna, svokalladan granda (tombolo). Sandburdurinn er ekki til langframa
fram hja hofninni heldur ad peim stad par sem hdn var sett nidur.

Hvernig virkar petta & hofnina? Framan vid hofnina safnast upp sandur sem smétt og smatt
lokar hana af.

Landalsstraumar

Strandstraumar eru medfram strondinni i landal innan Gtrifs. Ahladandi verdur vid stréndina og
bvi stendur sjor par haerra en utan Gtrifsins. Petta setur af stad strauma medfram strondinni i
landalnum. Pessir straumar mynda kerfi sem streyma i badar attir. Pvi kemur ad pvi ad
landalsstraumarnir maetast Ur andsteedum attum og pa brjotast peir ut i gegnum atrifid. Peir
mynda sund i pad sem fra fornu fari hafa kallast hlid og verid helsta siglingaleidin ad og fra
stréndu & timum ara- og seglbéatadtgerdar & Sudurstrond landsins. 1 hlidunum er dypi mest og
Olduhaed laegst uti fyrir sjalfri strondinni og brotsjoir fatidastir og leegstir. Jafnvel er pad godur
sjor og siglingafaer pd alls stadar brjoti a atrifinu. Slikt hlid er beint fram af Landeyjahéfn og
par er 6lduhadin leegst.

Hvernig virkar petta a h6fnina? Framan vid hdfnina er 6lduhad laeegst og par er minnst hafrét,
minnstur setflutningur verdur framhja stadnum til lengri tima litid en i pess stad samsofnun &
seti.
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Landeyjatangi

Pessi tangi eda Utbugur & strondinni er eini tanginn & allri setstrond Sudurlands i nagrenni
storfljots. Allar adrar storar koma fram & flata strondia ef svo ma segja, hversu mikid sem paer
bera af seti. Pad er pvi ekki framburdur Markarfljots sem veldur Landeyjatanga, heldur su
stadreynd ad parna eru 6ldu- og straumaskilyrdi 6dru visi en annars stadar vid strondina og eru
ad byggja hana at. Arid 1919 strandadi parna dénsk stalskdta, Dragor. Restarnar af flaki hennar
ma enn finna raima 450 m inni i landi, stystu leid ad strondinni u.p.b. einum km austar en hofnin
er. betta pydir ad medalvoxtur Landeyjatanga & 20. 6ldinni hefur verid teepir 5 m a ari til sudurs.

Afsakanir og yfirklor

Settar hafa verid fram allskonar afsakamir fyrir peim mistokum agd setja hofnina nidur parna og
tilraunir til Gtskyringa a vandamalum tengdum héfninni og notkun hennar, en engar af peim,
sem hoéfundur hefur heyrt, standast rokreena skodun. Kostnadur vid gerd og rekstur hefur farid
langt fram ar Ollum &ztlunum og pjodin situr uppi med enn ein oOgnaardyr mistok i
framkvaemdum, sem hefdi verid haegt ad komast hja med faglegri vinnubrégdum og med notkun
a strandjardfraedilegri pekkingu i undirbuningi og addraganda.

Rusina i pylsuenda

prétt fyrir itrekud mistok i undirbdningi ymissa hafnamala, virdist su opinbera stofnun sem ber
abyrgd a peim, eftir aratuga starfsemi og rod mistaka ekki hafa attad sig a pvi hvad jardfraedi er
og hvers su freedigrein er megnug.

Hver er &byrgd Jardfraedafélags islands i svona tilviki? Eiga pau samtok ekki ad tja sig
opinberlega pegar pekkingin sem félagsskapurinn snyst um er opinberlega snidgengin,
samfélaginu misbodid og rikissjodi sendur endalaus reikningur, og pad liggur fyrir ad fagleg
jardfraedileg pekking hefdi att ad notast vid undirbaninginn? Er félagsskapurinn ekki malssvari
bess ad fagid sé nytt sem vidast og sem best?
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CarbFix: Binding koldioxids i bergi a Hellisheidi

Sandra O. Sneaebjornsdottirt, Kiflom G. Mesfin®, Ingvi Gunnarsson?, Edda
Sif Aradottir?, Bergur Sigfisson?, Einar Gunnlaugsson?, Eric Oelkers?3,
Martin Stute?, Juerg Matter* og Sigurdur R. Gislason?

Institute of Earth Sciences, University of Iceland, Sturlugata 7, 101 Reykjavik, Iceland
2Reykjavik Energy, Baejarhalsi 1, 110 Reykjavik, Iceland

SGET, CNRS/UMR 5563-Université Paul Sabatier, 14 rue Edouard Belin, 31400 Toulouse,
France

4Lamont-Doherty Earth Observatory of Columbia University, 61 Route 9W, New York 10964,
USA

Tilgangur CarbFix verkefnisins er ad meta moguleika & bindingu koldioxids (CO2) sem
karbonatsteindir i basalti i peim tilgangi ad draga Ur &hrifum pess & loftslag. Koldioxidid er ad
fullu uppleyst i vatni adur en pvi er deelt nidur i basaltlég & um 500-800 m dypi i Svinahrauni
um 3 km sunnan vid Hellisheidarvirkjun (mynd 1). Vatnid hvarfast vid bergid og leysir
malmjénir sem bindast koldioxidinu og mynda karbdnatsteindir & bord vid kalsit (CaCO3),
magnesit (MgCOz) og siderit (FeCOs). bar med er koldioxidid bundid i steindir og getur verid
stodugt par i milljonir ara [1].

Vatni er dalt,ir holu

Hellisheidarvirkjun
losar arlega

um 40.000 tonn CO2

og 12.000 tonn H2S

gasi er dalt nidur
HN-02 par sem gasid
£t i vatninu & um

Mynd 1. Yfirlitsmynd yfir nidurdzlingarsveedid a Hellisheidi. Gasi fra Hellisheidarvirkjun og vatni ar holu HN-
01 er deelt nidur i jaroldg i holu HN-02 i Svinahrauni, um 3 km sunnan virkjunarinnar. A myndinni er einnig synd
véktunarholan HN-04. (Mynd byggd & Alfredsson et al., 2013 [2]).

Tveer tilraunanidurdaelingar hafa farid fram & CarbFix sveedinu i Svinahrauni. A timabilinu
jandar til mars 2012 var 175 tonnum af koldioxidi deelt nidur i holu HN-02 og i jani til 4gust
sama ar var 73 tonnum af gasblondu (75% COz2, 25% H.S og 1% H.) fra Hellisheidarvirkjun
deelt nidur & sama stad. Yfirgripsmikil efnavoktun med reglubundinni vatnssynatoku hefur farid
fram & CarbFix svaedinu fyrir, eftir og & medan nidurdalingunum stdd, en synum fyrir adal- og
snefilefnagreiningu hefur verid safnad i tiu holum & sveedinu. pPa hefur Jardfredistofnun
Columbia Haskola séd um ferilefnavoktun i verkefninu, en 6hvarfgjorn (sodium fluorescein,
SFs 0g SFsCF3) og hvarfgjorn (**C og *C) ferilefni voru notud i badum nidurdaelingum til ad
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audkenna nidurdeelingarvokvann, skilgreina rennslisleidir hans og greina & milli
nidurdeelingartilraunanna tveggja. Auk pess var notast vid ferilefnin til ad greina efnahvorf milli
vokvans og bergsins [3].

Regluleg synataka ur holu HN-04, sem er su voktunarhola sem stadsett er naest
nidurdaelingarholunni HN-02, hefur farid fram sidan 2008. I badum tilraununum vard vart vid
breytingar i synum ar HN-04 um tveimur vikum eftir ad nidurdeeling héfst en efnagreiningar &
vatnsynum syna hrada aukningu i Ca, Mg og Fe og hakkun & uppleystu dlifreenu kolefni (e.
dissolved inorganic carbon, DIC) ar 1.3-1.4 mmoél/l i 3.6 mmol/l i CO2-nidurdeelingunni og 3.1
mol/l i CO2-HzS-nidurdeelingunni (mynd 2). b4 leekkadi pH gildi vatnssyna ar HN-04 ar 9.4 i
6.6 i COz-nidurdeelingunni og i 7.1 i CO2-H2S-nidurdeelingunni. Gildin hafa smam saman
nélgast upphafsgildin eftir ad nidurdeelingunum lauk.
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Mynd 2. A) pH og DIC greint i holu HN-4 fyrir, eftir og & medan nidurdelingartilraununum st6d. B) Ca, Mg og
Fe greiningar (ICP-OES) & synum Ur holu HN-4 fyrir, eftir og & medan nidurdelingu st6d. Ul= Syni greind &
jardvisindastofnun, ALS = syni greind hja ALS Scandinavia i Svipj6d. Timabilin pegar nidurdelingarnar st6du
yfir eru skyggs.

Likanareikningar gerdir med PHREEQC-forritinu benda til kalsitmettunar um premur
manudum eftir hvora nidurdaelingu. I jali 2013 biladi deela i holu HN-04 og pegar hin var tekin
upp kom i ljés ad han var pakin utfellingum. XRD-greining syndi fram & ad kalsit var ad falla
at & deelunni. Massajafnvaegisuatreikningar ur fyrri nidurdaelingunni benda til pess ad um 90%
af pvi koldioxidi sem delt var nidur hafi bundist i steindir & um tveimur arum [3]. Pessar
nidurstodur benda til pess ad haegt sé ad binda koldioxid i bergi med mun ahrifarikari hetti en
adur var talio.

[1] S.R. Gislason, Eric H. Oelkers (2013). Science, 25 April 2014: Vol. 344 no. 6182 pp. 373-374.
[2] H.A. Alfredsson et al. (2013). IJGGC, January 2013: Vol. 12, pp. 399-418
[3] M. Stute et al. (2014). American Geophysical Union Fall Meeting, December 2014: Abstract V14A-08
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Staerd og rtmmal Eldhrauns rétt einn ganginn

Snorri P Snorrason

Verkis hf.

Rannsoknir

Tilskrifi pessu er &tlad ad birta endurskodun & sterdarmati Porvaldar bordarsonar og Steven
Self a hrauni Skaftarelda sem birt var 1993. Nidurstada mats hofundar er birt a mynd 3 en hin
hefur adur birst i grein i Nattarufreedingnum, Vidattumestu hraun Islands (Arni Hjartarson
2011).

A &runum 1999 til 2002 voru boradar holur i Eldhraun i Skaftarhreppi. Flestar peirra nadu i
gegnum hraunid. Holurnar voru flestar boradar til grunnvatnsrannsékna & vegum
Landsvirkjunar. Stadsetning, dypt og pykkt hraunsins i holunum er synd i medfylgjandi toflu.

Hola | Stadur X Y z Dypt | bykkt Eldhrauns
m m
SKA-1 | Vid Stakafell 553881 | 401668 | 594 | 90 17
SKA-2 | Vid Tjarnargig 539832 | 391552 | 545 | 78 15
SKA-3 | Vid Skaftardal 524956 | 365568 | 161 | 83 63
SKA-4 | Vid Brest i landi Mula 529761 | 356617 | 96 | 71 23
SKA-5 | Vid Skal a Sidu 537720 | 358095 | 83 | 40 31
SKA-6 | Vid Skal a Sidu 537727 | 358088 | 83 | 63 31
SKA-7 | Sunnan vid Holt a Sidu 541594 | 360812 | 59 | 24 12
SKA-8 | Nedan Skaftargljufurs 526623 | 362540 | 122 | 36 32
TRK-1 | Trollhamar, Skaftaroreefi | 540917 | 407009 | 612 | 10,25 10
TRK-2 | Trollhamar 540927 | 406882 | 617 | 16 16
TRK-3 | Trollhamar 540717 | 406928 | 613 | 13 13
TRK-4 | Trollhamar 540828 | 407087 | 611 | 9 9

Hola SKA 3 var borud med loftbor og ODEX bunadi og studst var vid svarfgreiningu i henni.
Han var borud milli branna a Skafta a veginum ad Skaftardal par sem Eldhraunid hefur neer
fyllt hin fornu Skaftargljufur. Holan er i 161 m haed yfir sjavarmali og holusnidid er eftirfarandi.
Efsti hlutinn er boradur i Eldhraunid sem nar nidur & 63 m dypi i holunni. bar fyrir nedan tekur
vid arset og Eldgjarhraun tekur par vid og neer nidur & holubotn & 83 m dypi. Adrar holur voru
boradar i byggd a Sidunni, vid Tréllhamar og vid Stakafell.

Gljafrin

I Skaftareldum fyliti hraunid gljufur Skaftar ad mestu. Sja ma leifar gljafranna vid Skaftardal.
Par er breidd peirra nokkud misjofn eda a bilinu 180-220 m Breiddin er aaxtlud par 200 m ad
medaltali. Vid Uxatinda sér einnig til gljafranna. Par er breidd peirra misjofn vid yfirbord
hraunsins eins og vid Skaftardal. Breiddin er p6 minni en 100 m og minnsta bil milli
gljufurveggja um 70 m.

41



Vorradstefna Jardfreedafélags Islands
13. mars 2015

I gosinu rann Eldhraunid einnig fram ar gljafrum Hverfisfljots og fyllti pau upp & barma.
Vel motar pé fyrir peim & kilémetra 16ngum kafla milli Miklafells og Hnutu . Breidd peirra er
mest sydst eda um 200 m en einungis um 130 m nyrst.

Gljafur Hverfisfljots var ,,naerfellt svo stort og djapt sem Skaftargljufur® (Jon Steingrimsson
1788). Hér er gert rad fyrir pvi ad gljufrin séu jafndjup Skaftargljafrum en notud er breidd peirra
par sem hun sést & yfirboradi vio Miklafell (160 m). Lengd gljafranna er aztlud 15 km. pad kann
ad vera ofmat.

Grein porvaldar bdrdarsonar og Steven Self fra1993 gerir rad fyrir ad breidd gljufranna sé
400-500 metrar og dypt 150-160 m. pvi til studnings er vitnad i gémul skjol en ekki tilgreint
nakvaemlega hvada skjol.

Steerd Eldhrauns

Porvaldur Pérdarson og Steven Self 1993 skiptu hrauninu i 7 hluta og byggdu pad & skiptingu
porvaldar Thoroddsen fra 1925. Hofundur pessa tilskrifs fylgdi pessari adferd og tok mat peirra
félaga PP&SS fra 1993 6breytt upp i fjorum hlutum en breytti matinu i premur.

Einingarnar eru sem hér segir:

SD-1 Laglendid milli Skaftartungu og Sidu

SD-2 Skaftargljufur

SD-3 Hrauntaumur vid Leiddlfsfell

SD-4 Hraun i Varmardal

SD-5 Hraun vid Skafta vid Stakafell

SD-6 Hraun a Fremri Eyrum

SD-7 Hraunstraumur vio Miklafell og fram a Brunasand

Adur er lyst mun & steerdarmati Skaftargljafra en nidurstddur borana i Eldhraun & laglendinu
milli Skaftartungu og Sidunnar gefa tilefni til ad endurskoda steerdarmatid par lika. Mynd 1
synir pykkt hraunsins i peim holum sem boradar hafa verid i hraunid.

Rammal Eldhrauns i Skaftargljafrum er metid a eftirfarandi hatt (SD-2). Dypid er metid jafnt
og hraunpykktin i holu SKA-3, 63 m (fra botni upp a yfirbord), breiddin er metin 190 m. par er
ad nokkru tekid tillit til pess hve gljafrin vid Uxatinda eru prong. Lengdin er h6fd 35 km eins
og PP&SS en pad kann ad vera ofmat. Ofan & gljufrin er svo 16gd 15 m pykk plata med flatarmal
jafnt og flatarmal hraunsins fra Skaftardal ad Uxatindum. EkKi er att vid matid i SD-7 par sem
gljufur Hverfisfljots voru, ad 6dru leyti en pvi ad mismunur a steerd gljafranna er dreginn fra
mati SS&Pb.

Hraunrennsli i Skaftargljufrum i gosinu

Skaftareldar byrjudu 8. jani 1783. Hraunrennsli fra vesturhluta gossprungunnar virdist hafa
dvinad mjog 20. jali pad sama sumar. Meginhluti hrauns i byggd rann pvi fram a 43 dégum.
Jon Steingrimsson getur pess nokkrum sinnum ad ,,nytt eldkast* hafi komid fram ur gljafrunum,
eins og hraunrennsli hafi aukist viokomandi dag. Rennsli Skaftar i gosinu hefur likast til verio
apekkt og a vorum dogum pvi joklar hafa liklegast verid i svipadri stodu og nu og
arkomudreifing svipud, en hitastig nokkru leegra. Medalrennsli Skaftar vid Sveinstind er nu &
bilinu 130-170 m?/s yfir sumarmanudina (Almenna verkfraedistofan 2002). Ef reiknad er med
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Mynd 3: Borholur og pykkt hrauna i byggd. Litid ber 4 SKA-8 en han er parna samt.
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Mynd 4: bykktarlikan af Eldhrauni i byggd milli Skaftartungu og Sidu (SD-1). Dékkbrint er 30 m pykkt,
gulbrant er 15 m pykkt og leirlitt er 10 m pykkt. bykkt hraunsins i borholum merktar med raudu. Svért x merkja
oreglu & yfirbordi hraunsins og er pad hald héfundar ad par undir séu gervigigar i Elgjarhrauni sem myndudu
fyrirstddu i gosinu pannig ad innan vid pa er hraunid pykkt og yfirbordid flatt eins og raunin er. Svért lina
nedarlega til hagri markar hraunbrdn Eldgjarhrauns undir Eldhrauni.
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Rummal km3  Lagl Gljuf LeiddiVarm StakaF.eyr Brun

Einingar SD-1 SD-2 SD-3 SD-4 SD-5 SD-6 SD-7 Alls
P Th 1925 3,23 4,4 044 1,62 0,69 0,69 0,64 11,7
PE&ELS 1984 3,65 11,9

PP&SS 1993 4,75/ 3,5| 0,41| 1,21| 1,28| 1,27| 2,27|14,7
SPS&FS 2003 3,7 1,1 0,41 1,21 1,28 1,27 1,44 10,4

Mynd 5: Sterdarmat Eldhrauns. Allar tolur eru i ramkilometrum. Efstur er borvaldur Thoroddsen fra 1925, pa er
porleifur Einarsson og Edda Lilja Sveinsdottir fra 1984 en pau notudu ekki sému svadaskiptingu og hinir.
porvaldur bordarsson og Steven Self eru nast nedstir fr4 1993 og nedstir eru Freysteinn Sigurdsson og Snorri P
Snorrason fra 2003.

150 m®/s rennsli & timabilinu 8. juni til 20. juli pa geetu 550 Gl hafa runnid fram nidur gljifrin
vid Uxatinda (hraunid sem par er na kemur 0r nordausturhluta gossprungunnar). EKKi er neitt
pléass fyrir allt petta vatn & kaflanum fra gljufurmunna vid Uxatinda og nidur ad Hnutu par sem
meginstraumur Eldhraunsins rann nidur i gljufrin. Ain hlytur ad hafa hlaupid fram og ut yfir
gléandi hraunid sem rann par fram og dregid Ur hraunrennsli um tima par til hraunrennslid naer
aftur yfirhéndinni. bessi atok arinnar og hraunsins skyra tvennt. Oreglu i hraunrennsli (eldkost)
o0g einnig pé stadreynd ad Eldhraunid nédi ad fylla gljafrin, en Eldgjargosid nadi pvi ekki. Pessu
til studnings eru ummerki eru um hradkeaelingu hraunsins i borholunni SKA-3. Par voru einungis
prir péttir kaflar bergs, allir stuttir. Afgangurinn bar merki hradkalingar. Eldhraunid er einnig
mjog lekt og sterkar visbendingar eru um ad allt ad 20 m®/s grunnvatnsstraumur renni fram um
hraunin i gljafrunum (Freysteinn Sigurdsson og Snorri P Snorrason 2002).

Eldkost fram ar Skaftargljafrum eru notud af PP&SS til ad timasetja framvindu i
Skaftareldum. Nidurstadan sem lyst er hér ad ofan hlytur ad setja mikid spurningamerki vid
goslikan PP&SS.

Jokulhlaup ar Sidujokli i gosinu

Jokulhlaup hefur ordid i Skaftareldum ar Sidujokli. bad ma sji & gjosku- setbunkum vid
Trollhamar og Stakafell. Hlaupid hefur runnid yfir hraunid nyrunnid og gervigigar hafa gosio
upp i gegnum gjoskuna og jokulker mé sja i gjoskunni. Hraunstraumur fra Lakagigum hefur
svo runnid yfir hluta gjéskusetsins vid Trollhamar.
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Recycling of Phanerozoic crustal material by the Iceland
mantle plume: new evidence from nitrogen isotopes

Seemundur A. Halldérsson!#, David R. Hilton?!, Peter H. Barry'2, Evelyn
Furit® and Karl Gronvold*

! Fluids and Volatiles Laboratory, Geosciences Research Division, Scripps Institution of
Oceanography, University of California, San Diego, La Jolla, CA 92093-0244, USA

2 Now at Department of Earth Sciences, Oxford University, UK

% Now at Centre de Recherches Pétrographiques et Géochimiques, CNRS-UL, 15 rue
Notre-Dame des Pauvres, BP20, 54501 Vandoeuvre-lés-Nancy Cedex, France

4 Nordic Volcanological Center, Institute of Earth Sciences, University of Iceland, Askja,
Sturlugata 7, 101 Reykjavik, Iceland

Nitrogen isotopes in Ocean Island Basalt (OIB) glasses show positive values, up to +6 %o, which
has led to ideas on ancient nitrogen recycling from the surface to the deep mantle (Marty and
Dauphas, 2003). If indeed the source of the N is the deep mantle, then there should be
correspondence between the highest primordial noble gas signatures (i.e. the highest *He/*He
ratios) and the positive 8°N signatures. However, the current database of 8N from high
3He/*He OIB is limited. Given the excellent exposure of fresh and glassy material, lceland
remains one of the few hotspot localities where this hypothesis can be tested in detail.

We report new nitrogen (N2) abundance and isotope (5'°N) data for 43 subglacial basaltic
glasses collected from the neovolcanic zones of Iceland, a key locality in studies of mantle
plume geochemistry and crust-mantle processes. New helium and argon abundance and isotope
data are also reported to supplement previous studies (Furi et al., 2010; Barry et al., 2014),
allowing elemental ratios (e.g., N2/*°Ar*) to be calculated for the present sample suite.
Subglacial basaltic glasses with N2 > 3 nem3STP/g show a wide range in 8*°N values, from -
2.91 to +11.96%o (vs. Air), with values > 6%o only observed at one locality in the Eastern Rift
Zone. Elemental ratios involving N, i.e., N2/®He, and Na/*°Ar*, span several orders of
magnitude from 2.5 x10° to 9.0 x107, and 12.2 to 6780, respectively. In contrast, argon isotope
ratios (*°Ar/*°Ar) are relatively limited, ranging from air-like (~298.6) to 1330. Glasses exhibit
a wide range in helium isotope ratios (8-26 Ra), with clear distinctions between individual rift
segments.

A number of processes have extensively modified original mantle source N isotope and
relative abundance compositions - most significantly, shallow-level crustal interaction,
however, degassing-induced fractionation and/or air interaction has also affected some samples.
After filtering the entire N dataset (i.e., N2/*°Ar* and §°N) using “°Ar/®Ar and “He/*°Ar* ratios
to identify unmodified samples, the resulting samples (n= 22) define the Icelandic mantle N-
isotope distribution (8*°N = -2.29 to +5.71%o).

Using the filtered dataset, we investigate simple binary mixing scenarios involving N2/°He-
N2/*°Ar*-51°N systematics to identify mantle end-member compositions. Mixing scenarios are
consistent with a recycled component in the Iceland mantle source, defined by a high and
heterogeneous 5!°N end-member. Moreover, the high §1°N end-member may be coupled to the
high ®He/*He signature, assuming He loss prior to mixing with a depleted (DMM-like) end-
member, similar to the two-step model of He depletion followed by open-system degassing
(Furi et al., 2010), and/or the presence of excess N2. The high §°N end-member needed to
explain these mixing relationships strongly suggests the presence of recycled N-component(s)
integrated into and/or entrained by the Iceland plume source.
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These new results reveal the highly heterogeneous nature of nitrogen in a hybrid Iceland
plume source consistent with models based on trace elements and radiogenic isotopes that
advocate for significant heterogeneity of recycled crustal component(s) sampled by the Iceland
plume. A relatively young age of the recycled crustal material (possibly Phanerozoic) is
consistent with positive §°N values, high N2/*°Ar* ratios, and constraints from radiogenic
isotopes (e.g., Thirlwall et al., 2004), thus indicating a relatively short time-interval between
subduction of crustal material and entrainment by the Iceland mantle plume.
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Grain size distribution and characteristics of the tephra
from the Vatnaoldur AD 871+2 eruption, Iceland.

Tinna Jonsdottir, Gudrun Larsen, and Magnus Gudmundsson

Institute of Earth sciences, University of Iceland, Sturlugata 7, 101 Reykjavik, Iceland
(tijl@hi.is)

Basaltic explosive eruptions in Iceland are frequent and often occur from vents in regions of
surface lakes, large groundwater reservoirs or within glaciers. The recent Eyjafjallajokull
eruption in 2010 and Grimsvdtn eruption 2011 highlighted the vulnerability of passenger jet
aircraft to ash in the atmosphere. Iceland’s volcanoes are the most potent producers of tephra
in Europe, and the frequent occurrence of basaltic explosive eruptions is a major factor in
causing this. As a step in increasing the knowledge on the tephra erupted in basaltic explosive
eruptions, we study the grain size distribution of a large (~5 km3) explosive basaltic eruption
that occurred in AD 87142. The source is the 25 km long Vatnaoldur crater row in south-central
Iceland. The crater row lies within the Bardarbunga- Veidivotn volcanic system, one of the
most productive volcanic systems in Iceland in recent times. Samples for grain size analysis
were collected at six different locations along the broad northwest-trending dispersal axis.
Sampling sites ranged in 1.5 km to 120 km distance from the largest vent Skyggnir, near the
southern end of the crater row. The Vatnadldur eruption has been classified as
phreatomagmatic, erupting through fractured bedrock composed of recent lavas, hyaloclastites
and pillow lava in an area characterized by a high groundwater level and surface lakes.
Explosive activity dominanted the ~ 25 km long discontinuous fissure, as tuff cones were
formed and conduits reached under groundwater table. During the eruption the tephra layer was
dispersed in all directions. The area within the 0.5 cm isopach is 50,000 km2 and this tephra
has also been identified in Greenland ice cores. The grain size analysis indicates that one
dominant characteristic of the tephra is the scarcity of pyroclasts over 1 mm in diameter. In the
ash sampled more than 4 km from source larger grain sizes are absent. The dispersion in the
more distal parts, at distances of 60 - 120 km is dominated by peaks between 0.250 and 0.063
mm, with the deposit showing slight tendency for progressively higher proportion of fines with
distance.In the more proximal sections different phases in the eruption have been identified.
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Ore-forming processes in Reykjanes geothermal pipelines,
Iceland

Vigdis Hardardottirt, JIW Hedenquist?, MD Hannington?
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Abstract. The Reykjanes geothermal system has a reservoir liquid that originated as seawater
and has reacted with the surrounding basalt at temperatures up to 340°C. As the fluid ascends
in wells the pressure decreases which leads to boiling and the precipitation of sulfides. In
surface pipelines the scales consist mainly of sphalerite, chalcopyrite with minor bornite,
pyrrhotite, and pyrite. The bulk composition of the scales downstream of the orifice plate at
~22 bar is 45 wt% Zn, 15 wt% Cu, 3 wt% Fe, 30 wt% S, 2 wt% SiO2, up to 950 mg/kg Au and
up to 2.3 wt% Ag. The amount of scales formed in one year in three wells were up to 1.4 tonnes,
consisting of 896 kg Zn, 284 kg Cu, 197 kg Fe, 22 kg Pb, ~ 5 kg Ag and 0.8 kg Au. The
Reykjanes geothermal system is a subaerial analogue of high-temperature black smokers on the
ocean floor, based on reservoir fluid compositions with high metal and trace element
concentrations and the similar compositions of minerals that precipitate downhole and in
surface pipelines.

Keywords. Reykjanes metal-rich scales, sulfide precipitation, geothermal fluids, black smoker
analog

1 Introduction

The Mid-Atlantic Ridge surfaces on the Reykjanes Peninsula, SW Iceland, where it becomes a
complex series of rift and transform zones as it crosses Iceland. Because the geothermal system
at Reykjanes is recharged mainly by seawater, it is closely analogous to black smoker systems
on the offshore ridge.

In the Reykjanes area high-temperature liquid of seawater composition up to 340°C is
precipitating sulfide scales in wells utilized for geothermal power. The sulfides precipitate
downhole and in surface pipelines in variable amounts depending mainly on pressure. Here we
describe scales that have precipitated in surface pipelines and compare these with sulfides
deposited in analogous seafloor hydrothermal systems.

2 Reykjanes Geothermal Field

Reykjanes geothermal system (Fig. 1) is located on the toe of Reykjanes peninsula, 50 km SW
of the capital Reykjavik. The Reykjanes Peninsula is covered by young basaltic rocks of glacial,
interglacial and post-glacial age (Jonsson 1978). Surface geothermal manifestations, mainly
steam vents, mud pools and altered ground cover 1 km? but according to transient
electromagnetic measurements (TEM) the extent of the thermal system is 10 km? at 800 m
depth (Karlsdéttir 2005). Based on cuttings from 30 wells in the area the stratigraphy consists
of hyaloclastite and breccias of reworked tuffaceous sediments to 100 m depth, all of tholeiitic
composition, interbedded with basaltic lava flows, and pillow basalts at greater depths
(Témasson and Kristmannsdottir 1972; Franzson et al. 2002).
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The Reykjanes reservoir liquid, which has a seawater salinity, has reacted with the basaltic
basement at elevated temperatures (270-340°C), becoming highly enriched in SiO,, with Ca*?
and K* concentrations two to four times higher than seawater. SO4 and Mg concentrations of
the reservoir liquid are two to three orders of magnitude lower than seawater. However, the
concentrations of most metals in the reservoir liquid are significantly higher than in black
smoker fluids with similar discharge temperatures (Hardardottir et al., 2009): Cu ~15 mg/kg,
Zn 5-25 mg/kg, Fe 10-140 mg/kg, Mn ~2.5 mg/kg, Pb 100-300 pg/kg, Ag 30-100 pg/kg and
Au 1-6 pg/kg.
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Figure 1. Location of Reykjanes geothermal system, SW Iceland (modified after Saemundsson and J6hannesson
2004).

3 Mineralogy of the scales

Samples of scales in the surface pipelines were collected during cleaning of the pipes in 2000
and during maintenance in 2007 (Hardardottir 2011). Scale samples were taken from the
wellhead, as well as upstream and downstream of the orifice plate (with fluid-flow control
valve; FFCV), in wells that had average wellhead pressures between 44 and 35 bar (257-
244°C). At the orifice plates in these wells, the pressures decrease to at least 22 bar (220°C),
resulting in precipitation of the sulfide scales.

Table 1. Mineralogy of scales from Reykjanes wells (RN) compared to TAG hydrothermal field

Well RN-9 RN-12 | TAG
Fluid-
Wel 4m - 30m L py | Black
head downst: downst control ; Smoker
of OP of OP
valve
Sphalerite XXX XXX X XXX XXX
Chalcopyrite  xxx  xx tr X XXX
Amorph. SIO, tr XXX XXX tr X
Bornite tr tr XXX X
Digenite XXX
Galena X tr XX tr
Gold/silver tr tr X tr
Covellite tr X X tr
Pyrrhotite tr tr X
Pyrite tr tr XX
Anhydrite XXX
Clay tr tr tr
Temp. (°C) 244 ~188 ~188 | 247-220 i270-360

Downst; downstream, OP; orifice plate, TAG data are from Hannington et al. 1995 and Tivey et al. 1995
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Figure 3. Reflected light photomicrograph of A) alternating bands of fine- and coarse- grained chalcopyrite (cpy
yellow), sphalerite (sph gray), bornite (brownish) and galena. B) Two layers consisting mainly of sph (gray) +
amorphous silica (black) and cpy (yellow) + minor bornite (brownish) with a band of mainly cpy. Samples
upstream of well RN-9.

Upstream from the orifice plate, the scales are thin (<1 mm), but downstream the scales can be
quite thick (Fig. 2), with the thickness depending on the pressure at wellhead. All of the scales
are very fine-grained and hard, consisting mainly of sphalerite and chalcopyrite with minor
bornite, digenite, galena, pyrrhotite, and pyrite (Table 1).

Chalcopyrite and sphalerite form alternating fine- and coarse- grained bands upstream of the
orifice plate at high-pressure (~40 bar, 252°C) in well RN-9 (Fig. 3).

Gold occurs as interstitial grains between sulfides, as inclusions mainly in chalcopyrite, and
in veins with silver in late-stage fractures seen in scales on the fluid-flow control valve
(Hardardottir et al. 2010). Where pressure decreases to 11 bar, (only well RN-9) amorphous
silica is the main phase along with sphalerite and chalcopyrite. The amount of amorphous silica
increases downstream of the orifice plate, reaching ~50 wt.% at distances of 4 to 30 m and ~80
wt.% at distances of 100 m.

4 Bulk composition — abundance of scales

The bulk compositions of the scales in the surface pipelines are shown for two wells in Table
2. The scales are dominated by Zn, Fe, Cu, S, and SiO3, reflecting the major mineralogy. Zinc
is the major metal deposited at all pressures. Cu concentrations are generally low at the same
pressures (<5 wt%; Hardardottir 2011) with the highest concentrations near the orifice plate (<
30 wt%) where the pressure decreases sharply. Iron generally ranges from 2 to 8 wt% upstream
of the orifice plate but decreases sharply downstream of the orifice plate. Lead concentrations
are generally highest downstream of the orifice plate and on the fluid-flow control valve, where
they reach ~15 wit%.
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Table 2. Bulk composition of scales from Reykjanes wells (RN) compared to TAG hydrothermal field

Well RN-9 Well RN-23 TAG

<Im -~30m <Im ~32m
Upstr downst downst | Upstr downst downstr
of OP of OP of OP iof OP of OP  of OP

Pressure 40-30 11 11 43 22 22
Zn % 179 177 10.2 | 575 446 44.9 0.4

Fe % 17.3 5.2 5.4 3.3 3.1 5.1 30.5
Cu% 20.7 137 5.4 14 13.8 13.8 23.0
Pb % 0.6 8.5 3.7 0.0 0.1 0.6 0.003
S% 29.8 168 9.3 328 30.6 29.8 34.5
Si0,% 45 24.7 50.1 2.1 1.9 2.8 <0.5
ALO;% 0.6 1.9 3.2 0.3 0.2 0.6 -
Mg0O% 1.1 0.2 0.2 0.3 0.2 0.3
LOl% 149 150 122 | 163 156 14.2

mg/kg
Ag 667 6066 2740 | 161 1670 1290 6
Au 121 95 79 363 116 82.4 1

Upstr; upstream, downst; downstream, OP; orifice plate, - ; not available

The highest Au and Ag concentrations also occur near the orifice plate. Just downstream
from the orifice plate the Au concentrations range between 50 to 950 mg/kg. At same location
the Ag concentration commonly range between 450 to 7000 mg/kg with highest concentration
on the fluid-flow control valve up to 2.3 wt%.

In well RN-9 the scales nearly filled the first 8 m of the ~ 350 m long pipeline (to the
separation station), probably in <2 years. Only a 10-cm opening remained. The 0.4 m diameter
pipeline, with a scale thickness of ~15 cm, contained a total of ~2865 kg scale. In the first year
of production, from 2006-2007, three wells produced 2.4 tonnes of scales with ~1.405 tonnes
of metals (Table 3).

Table 3. The amount of precipitation formed in Reykjanes (RN) surface pipelines

RN-11, RN-22,
RN-9® RN-23 @

Cu (kg) 147 284
Zn (kg) 435 896
Fe (kg) 135 196
Pb (kg) 112 22
Ag (kg) 10 5

Au (kg) 0.3 0.70
Si0,+S+Mn (kg) 2026 1017

(MPrecipitated in < 2 years, @ precipitated in 1 year

5 Discussion and conclusions

Geothermal liquid compositionally similar to the Reykjanes fluid, as well as scales
precipitated from that liquid, have been observed in several geothermal systems (e.g., in the
Fushime geothermal system: Akaku 1990, Akaku and Reed 1995). Similar scales have been
documented in the Broadlands-Ohaaki and Rotokawa geothermal systems in New Zealand,
which have much lower salinity than the Reykjanes wells (CI between 1000 and 2000 ppm:
Brown 1986; Hedenquist 1990; Simmons and Browne 2000; Reyes et al. 2002). In the
Broadlands-Ohaaki system the hydrothermal fluid which enters the wells undergoes a pressure
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drops at >500 m depth that causes boiling, and Au (<10 to > 1,000 mg/kg) and Ag (<100 to >
10,000 mg/kg) are deposited on the back-pressure plates in surface pipelines. In Rotokawa
pipelines the scales at the wellhead contain 5.6 wt.% Cu, 4.0 wt.% Ag, 3.0 wt.% Te, 1.5 wt.%
Zn, 0.6 wt.% Pb, and Au 0.2 wt.% (Reyes et al. 2002). These geothermal systems are analogs
of low-sulfidation epithermal systems (Simmons and Browne 2000).

The higher salinities of the reservoir liquids at Reykjanes have contributed to much higher
base metal contents in the scales that more closely resemble the bulk compositions of sulfide at
mid-ocean ridge black smoker vents (Table 2). Sulfide minerals in the chimneys at 21°N
include, in order of abundance, sphalerite, pyrite and chalcopyrite, with minor marcasite,
pyrrhotite, galena, and digenite. Traces of bornite, cubanite, covellite and chalcocite have also
been observed as well as amorphous silica an Mg-hydroxysulfate-hydrate (MHSH) intimately
associated with anhydrite (Haymon and Kastner, 1981). In contrast to the scales in the
Reykjanes pipelines, chimneys on the ocean floor typically contain abundant anhydrite formed
by heating of seawater. The wells at Reykjanes are insulated from cold seawater and thus
contain no anhydrite.
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Arstidabreytingar i tidni grédurelda a islandi

Prostur Porsteinsson

Jardvisindastofnun Haskoélans & Umhverfis- og audlindafraedi, Haskoli islands, Sturlugata 7,
101 Reykjavik (ThrosturTh@hi.is)

A Islandi hefur magn grédurs vida aukist téluvert & undanférnum arum, sér i lagi & vestari
helmingi landsins. Medal asteedna eru minnkandi beit, vaxandi skdgraekt, sumarhisabyggdir og
hlynandi vedurfar. Einnig hefur lGpina vida myndad storar og péttar breidur med miklum
eldsmat. Samtimis hefur ordid veruleg aukning ferdamanna og utivistar allt arid. Par sem nanast
allir gréoureldar hérlendis eru af mannavéldum, 72% elda kvikna vegna ikveikju, eykst hettan
& grodureldum og tjoni. Ohatt er ad fullyrda ad heettan & pvi ad grédureldar kvikni og valdi
skada minnkar ekki med hlynandi vedurfari og auknum grodri, sér i lagi i péttum
sumarhudsahverfum.

Opinberlega falla grodureldar enn ekki undir skilgreiningu natturuvar og skipulagsastlanir
eru almennt ekki unnar med heattu af grédureldum i huga. Til ad skilgreina pa heettu sem stafar
af grodureldum sem best parf margt ad koma til. Eitt af pvi er vitneskja um fyrri atburdi,
gagnagrunnur yfir grédurelda; oft er talad um brunaségu svadis.

Upplysingum um grodurelda & fislandi var safnad a) med itarlegri leit i rafreenum
gagnasofnum af fréttum, b) i gagnagrunni fra Mannvirkjastofnun (MVS) fyrir arin 2003-2010
og ¢) fra brunavérnum Borgarbyggdar (2010). Fjoldi elda sem heimildir fundust um &
timabilinu 1943 — 2012 er mjog breytilegur, en i gagnagrunni MVS eru 61l utkoll slokkvilida
landsins skr&d og pvi par mun fleiri eldar en fjallad er um i fréttum (1. mynd). Hinsvegar er
hlutfallsleg dreifing eftir arstima ekki mjog frabrugdin milli frétta og gagnagrunns MVS.
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1. mynd. Fj6ldi grédurelda i fréttum og gagnagrunni MV'S eftir arum. A timabilinu fra 18. mai 2002 til 31.
desember 2010 eru gdgn ur Gtkallsgagnagrunni MVS (raudar sulur) inni i heildartélunni.

Flestir eldarnir eru litlir, en po urdu tiu eldar par sem yfir hektari lands brann & arunum 2007—
2013, par af sex steerri en 10 hektarar. Steerstir voru Myraeldar i mars—april 2006 (3. mynd) par
sem 6700 hektarar af myrum og floum brunnu og eldur a Skardsstrénd i april 2008 par sem 105
hektarar af myrum og lyngheidi brunnu.

Greinilegur arstidamunur er & hvenar grodureldar kvikna hérlendis (2. mynd). Algengast er
ad peir kvikni & vorin (mars—mai, 70% grdédurelda), med hamarki i mai (29% af eldum &rsins)
og april (28%) og svo i mars (13%). | jantar verda nokkud margir eldar (6%) og kvikna peir
oftast vegna flugeldanotkunar kringum &ramot.
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2. mynd. Hlutfallsleg dreifing elda & manudi arin 1943-2000 (bléar sulur; 161 atburdur) og 2001-2012 (raudar
stlur; 947 atburdir) og stadalfravik fyrir hvern manud.

Ekki eru til negjanlega g6d gogn til ad meta nakveemlega hvort tidni grodurelda hafi breyst
sidustu aratugi eda hvort dreifing peirra & arstidir hafi breyst. Hins vegar virdist sem grodureldar
yfir sumarmanudi séu tiltdlulega nyleg préun. Han fer saman vid hnattreena hlynun, aukna
skogreaekt og sumarhisabyggd og minni beit, sem hefur aukid grédurmagn vida a landinu. Petta
gefur rika &stedu til ad fylgjast vel med, skra & skipulegan hatt grdédurelda og undirbla
vidbragdsaetlanir og haettumat vegna peirra.

3. mynd. Myraeldar i lok mars 2006 (mynd Theodor bordarson).

Sérstakar pakkir f& Hulda Guomundsdottir, Skorradalshreppur, Gudmundur Gudjonsson og
Borgh6r Magnusson & NL.is, Trausti Jonsson og Elin Jénasdéttir & Vi, MVS og slokkvilid
Borgarbyggdar. Kristin Sverrisd6ttir vann ad skraningu grodurelda i gagnagrunn til
bradabirgda. Skorradalshreppur styrkti verkefnid med fjarmagni sem fékkst fra Alpingi.
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