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Accurate “C dating of human bones influenced by mixed terresal/marine
diet. A case story from Greenland

Arny E. Sveinbjornsdéttir', J. Heinemeier’, H.L. Nielsen?, N. Rud? J. Arneborg® and N.
Lynnerup®

'Science Institute, University of Iceland, 1S-107 Reykjavik, Iceland, “Institute of Physics and Astronomy,
University of Aarhus, DK-8000 Aarhus, Denmark, 3Department of Prehistory and the Middle Ages, The
National Museum of Denmark, DK-1220, Copenhagen, Denmark, 4Laboratory of Biological
Anthropology, The Panum Institute, University of Copenhagen, DK-2000, Copenhagen, Denmark

Introduction

The 'C dating of bone is by now technically well established, relgingefined chemical
extraction techniques combined with accelerator mass spectrofAdt8) (e.g. Brown et al.,
1988). Since very small samples of bone collagen can be dated with iAKES become
possible to select the best samples from a skeleton, mininpzoidems with degradation
and contamination. If the bone collagen is of terrestrial originjrteasured (conventional)
Yc age is converted into a true calendar age by using the giebaling calibration curve
(Stuiver and Polach, 1977). However, this simple procedure is not applishbh the bone
collagen is derived in part from marine carbon which, due to the mesgsevoir effect,
appears several hundrédC years older than the corresponding terrestrial carbon. This
seriously constrains the dating of bones of people who have had actesd protein from

the sea. To extend the calibration of measﬁf‘@dages to marine bones one needs to know
both the marine food fraction and the reservoir age, that is, thdifigeence between the
atmosphere and the particular region of the sea at the time the protein wascroduce

Previous investigations have shown tH&C of bone collagen can be used as an indicator of
food composition. ThedC determined may be either the relative components of
marine/terrestrial food protein or plants of &d G photosynthesis. The data compiled in
Table 1 are for population groups from high northern latitudes whecéatbesignal provides

Table 1. Bone colIagemBC values for population groups from northern regions

Locality Period type N d"°C%o Percent
(VPDEB) marine diet
Tuna, Swedéh Viking age Inland 7 -26.49+0.26 6
Leksand I, Swedén Medieval Inland 11 -20.92+0.36 1
Leksand Il, Swedén 17th century Inland 10 -20.69+0.33 4
Heidal, Norway Medieval Inland 10 -20.6+0.3 5
Saskatchewan, Candda Prehistoric Inland 50 -17.5%£0.3
British Columbia, Canada  Prehistoric Coastal 37 -13.3x0.4 91
West Greenland, Eskimbs ~ 15th century Coastal 8 -12.49+0.18 100

N is number of individuals in the population grodf’C is the relative deviation of tH&C/*C isotopic ratio from the VPDB standard. The
variabilities in thed"’C values are one standard deviation. Percent mdiatds calculated frond™*C by linear interpolation between the
d"C values —12.5%0 and —21%., taken to be the endpalesyfor purely marine and purely terrestrial (pQgediet respectively.

*These data are for inland population from Swedédéfh and Nelson, 1994) and Norway (Johnsen efl@86) known to have neglible

access to marine food.

®The less negative"’C average for this inland population is asctibeddmixtures of ¢plants in diet (Lovell et al., 1986).

“Chrisholm et al., 1983

“This West Greenland Eskimo population were closghmes to the Norse (Heinemeier and Rud, 1977).dtf@ average is identical to our

choice of endpoint value for 100%. marine food.
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a sharp distinction between marine and terrestrial food, sigcelats (with a different
photosynthetic pathway and isotopic fractionation (Lowell et al., 1986)at present in
these areas. The">C distribution for a single population group can be extremely warro
(standard deviation about 0,3%o, just a few times the measuring aint@rtThis means that
the variability in metabolic isotope fractionation among individuslaegligible. Hence we
conclude that differences @°C of human bone collagen from high latitudes must reflect real
differences in the average diet consumed by the individual ovehlyod years, which
represents the collagen turnover time in human bone.

The main aim of the project was to investigate the potentialing @ssimple linear interpola-
tion between the endpoint (pure marine versus pure terredﬂﬁ@l)/alues to 1) calculate the
marine fraction of each individual, and 2) corré@ dates of mixed marine material. For this
purpose, 27 human bones, 6 textiles and one ox bone were selectdte gdimples were
from the Settlements of the Norse people in Greenland and the humanvieneeselected
from different parts of the Norse Settlements to cover thenation period from the late
10" to the middle 15 century.

14C dates corrected for the reservoir effect

To establish a chronology within a short period high dating accusacgaded. When dating
human bones it is essential to be able to correct for the rasageiotherwise the bones of a
Norseman who lived on salmon and seal will appear about 400 yearsvdW‘(C dated)
than his twin brother, who lived on mutton and milk. If we were unabled¢ount for the
reservoir effect, a very “marine” Norseman from the end ofpirgod might appear to be
from the Landnam (initial settling) period. In our correction model wge a find in a
churchyard at the locality identified as Herjolfsnes — the nsositherly of the Norse
settlements. During excavation in 1921 (No6rlund, 1924) three skeletondomearewrapped
in woollen clothes, which had been used for the burials presumaldydeeof shortage of
wood for coffins. The textiles provide a unique opportunity to controldlervoir corrected
C age of the bones. TH&C dates on a single thread of wool from each dress show that the
graves are contemporaneous as expected from their relative positions.

Since sheep’s wool is of terrestrial origin, there is no resecasrection and the graves are
reliably dated to AD 1430+15 years — which makes it the youngestsdafar with solid
evidence of Norse presence in Greenland. One of the skeletons, a wooman (20-25
years), had an uncorrect&tC age which was 420 years older than her clothes and would
place her shortly after Landnam. The two other skeletons, a childranttler woman, were
approximately 250 years older than their clothes. Howeverdti@ values of the bones
indicate a marine content of 78% for the young woman and about 55% taratln¢hers. By
subtracting the corresponding fraction of a fully marine resengarad 450 years from the
bone™C date of each of the three individuals we obtain reservoir codreetes, which then
become identical with those of their clothes in all three scéiSg.1). Fuller description of the
correction model and archaeological interpretation is given in Arnebolg(£999).
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Stable carbon isotopes: a key to diet

High precision measurements on the stable carbon isotopes weserngeifon the mass-
spectrometer at the Science Institute, University of Iceland.r@sd@ts shown on Figure 2
show that the Greenland Norse data nearly cover the entire bmtgeen the terrestrial
people from Norway and Sweden and the marine Eskimos from the Setitbeast of

Greenland. Translated into diet composition, the corresponding rangarofe food is as
large as 20-80%. This variation in diet is exceptionally high foingles culture in a very

limited period of time. It could be due to individual preferences, plyssi connection with

social differences, or it might reflect a temporal trend chuse example by a steady
deterioration of the regional climate during the period as evidebgedecent ice-core
research (D-Dahl-Jensen et al, 1998).

When all the"’C dates of the human bones have been corrected for the resenairaftée
our correction model (Fig.1) a firm chronology appear. The largerelifées in the marine
content of the Norseman bones (Fig. 2) represents a striking sacreathe Norse
population’s dependence on sea food during the period from Landnam till the dépapfla
the settlements 4-500 years later. In the beginning, the diéedettlers is approximately
20% marine — more or less like that of contemporaneous Norwegianards the end of the
period, an adaptation to marine resources has taken place — up to 8@8dexfet observed
for contemporaneous Eskimos.
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Human bone collagen
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Figure 2. The plot shows how*C (x-axis) clearly distinguishes people who haveeraerrestrial food from
those who have eaten marine food (the y-axis ondlicates grouping of the individual data seriele T
Greenland Norse data cover nearly the full rangevden the marine and terrestrial extremes.
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Hafsbotninn i Tjornesbrotabeltinu

Bryndis Brandsdéttir(1), Robert Detrick(2), Gudran Helgaddttir(3), Einar Kjartansson(3),
Bjarni Richter(4), Karl Gunnarsson(4), Steinar Pér Gudlaugsson(4), Neal Driscoll(5) og
Graham Kent(5)

(1)Raunvisindastofnun Haskolans, Haga, Hofsvallagétu 53, 107 Reykjavik, (2)Woods Hole Oceanographic
Institution, Woods Hole, USA, (3)Hafrannsoknastofnun, Skulagétu 4, 101 Reykjavik, (4)Orkustofnun, Grensasvegi
9, 108 Reykjavik, (5)Scripps Institution of Oceanography, Californiuhaskdla., San Diego, USA

Tilkoma hafrannsoknaskipsins Arna Fridrikssonar, sem buid er ficdgessli (Multibeam
Echo Sounder) hefur opnad nyja moguleika i hafsbotnsrannséknum. Med Sagwpestdur-
kastsmeelinga og nakveemra korta af yfirbordi hafsbotnsins mavi@darmyndir af mis-
gengjum og setlogum sem varpad geta nyju ljosi & brotahgayfia natima (HOlésen) og
jafnvel lengra aftur i timann. Nylegar fj6lgeisla- og endusdastlingar & landgrunni Nordur-
lands hafa pannig veitt nyja innsyn & flokid brotabelti, kennt vid Tgreem tengir nyrora
gosbeltio vid Kolbeinseyjarhrygg.

Tjornesbrotabeltido naer fra Skagagrunni i vestri, austur a Melrdgktka®g fra Eyjafirdi i
sudri, nordur undir Kolbeinsey. Prir sigdalir, Eyjafjaréarall, 8&jadadjup-Skjalfandafloi og
Oxarfjorour skera landgrunn brotabeltisins. Sigdalirnir, sem hdfa nordleega stefnu, af-
markast ad sunnanverdu af Dalvikur og Husavikur-Flateyjar snidgengjagusad nordan-
verdu af Grimseyjarbeltinu, par sem saman fléttast eldvirlggergi og snidgengishreyfing-
ar. Steerstu siggengin er ad finna i hliodum Eyjafjardarals. reanagt i NNA-SSV og NV-SA
sydst i alnum par sem Husavikur-Flateyjar snidgengid gengur inmi Baotabeltin i Eyja-
fiardaral, Skjalfanda, og Oxarfirdi endurspegla glidnunarvirkni impgéilum a natima. Rikj-
andi skjélftavirkni sidustu aratuga er p6 adallega bundin vid misgérsyiéri sigdal Eyja-
flfardardls og Grimseyjarbeltid. Husavikur-Flateyjar snidg@rgreinist i prja meginhluta.
Loadrétt feersla a snidgenginu minnkar til austurs fra Eyjddjeal og er einnig vidsnuin (til
sudurs) i Skjalfanda. Erfitt er ad greina misgengio &gfidi austast i Skjalfandafléa par sem
l6drétt feersla & pvi er litil sem engin. Pad sést po gegiail setliogunum. Sidustu landskjalft-
ar a pessu svaedi urdu arid 1872. Skjalftavirkni liggur adallega eftiurjadar Skjalfanda,
nordur ad Grimsey (Alkantur austari).

Endurkastsmeelingar syna ad setlagapykkt er mun meiri i &ujpréum. Landgrunnid sjalft
er ad uppistddu hraunlagastafli og hardnad jokulberg en setid situr i alGetlagapykkt er
mun meiri i Skjalfandafléa en i Eyjafjardaral. Set fra nuteirkennist af 10-25 m pykku,
lj6sleitu lagi sem liggur ofan & 5-10 m pykku, mun dekkra lagi sghteljum myndad ut
jokulhlaupaseti fra lokum sidustu isaldar. Par undir er sterkur endsftéast sennilegast
jokulberg. Nokkud er um endurkastsfleti innan efsta og ljosasta hlgimsagem falla saman
vid helstu 6skulog i borkjornum, p.e. H1, H3, Saksunarvatn og Vedde gjoskunstaYng
setsyrpan er pykkust i Oxarfirdi sem endurspeglar mun meimkurd pangad en til
Skjalfandafléa og Eyjafjardarals. bPessa aukningu ma rekjadkuldar & Fjollum og
jokulhlaupa nidur farveg hennar, baedi af véldum jokulstifladra vatna og frangbdstum
undir Vatnajokili.

Landslagi Kolbeinseyjarhryggjar og Grimseyjarbeltisins svipjgg til nyrora gosbeltisins og
Reykjanesskaga. Upphledslumidjur (megineldstddvar) med sprungusveingddlys)) og
gigar6dum liggja skastigt eftir plétuskilunum. Greina ma prjui kexfGrimsey ad hryggnum.
Upphledsla hefur verid mest a priskilum Eyjafjardarals, Kollssijashryggjar og
Grimseyjarbeltisins.

Ofangreint verkefni samtvinnar grunnrannsoknir og préunarstarf a lsigibotnsrannsokna,
pbar sem vid héfum verid eftirbatar annarra pjoda. Meelingardarséflning okkar & gerd
hafsbotnsins, edli brotahreyfinga, virkni jardhitasveeda, setmyndumdgrlanninu og tilvist

hugsanlegra gasuppstreymissveaeda.
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Inferring Volcano Dynamics and Magma Budget from Ciustal Deformation
Studies at Icelandic Volcanoes

Freysteinn Sigmundsson', Rikke Pedersen!, Pall Einarsson?, Erik Sturkell®, Halldér
Geirsson®, Kurt L. Feigl®, béra Arnadéttir, Carolina Pagli*** and Halldér Olafsson*

(1) Nordic Volcanological Institute, (2) Science Institute, University of Iceland, (3) Icelandic Meterological Office,
(4) Centre National de Recherche Scientifiqgue, Toulouse, France.

Crustal deformation studies of Icelandic volcanoes conducted for3@vgears provide an
extensive data set, complementary to seismic observations.g&béetic studies are
continuously expanding and cover now most of the active volcanic areasenCur
measurements include campaign and continuous GPS, extensive INSAR, styndieal
leveling tilt, and borehole strain. The measurements have revedledent styles of
deformation at more than 15 volcanoes. They help quantify the location andevolum
magma intrusions, as well as deflation and dike volumes associatecenptions. The
conventional elastic spherical-source Mogi model has successiedly used to fit many
inflation/deflation episodes. The estimated volumes of transported anagypically a small
fraction of a cubic kilometer. Despite precise measurementsrt#ce deformation fields,
uncertainties on the estimated volumes are large because dbl@assiastic effects and
potentially complicated source geometry. The measurements have 8taiwthe plumbing
systems of the volcanoes are widely different, being influencethdyectonic setting and
time since last major magma recharging of the systemsy Mfthe volcanoes are presently
not deforming, but some do have persistent local deformation sources shadléav magma
chambers whereas others deform episodically. Some of the continamtisky sources are
deflationary and are at least partly related to cooling ofagma chamber. For example,
Askja volcano has been deflating at least since 1983 at a rateoof 5 cm/year. In many
cases magma movements have triggered seismic activity, bueatlygvarying amounts
depending on several factors such as depth of the deformation sourte aedidnal stress
field. One of the smallest observed intrusion volumes, that of timgilHe®olcanic area in
1994-1998, was associated with the highest seismic activity, because of high retpessal
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Jardskjalftahrina & Tjornesbrotabelti i september 2002

Gunnar B. Gudmundsson og Ragnar Stefansson

Vedurstofu islands, Bustadavegi 9, 150-Reykjavik

Tjornesbrotabeltid er brotabelti sem tengir saman nordur goslogtidolbeinseyjar-hrygg-
inn. Pann 16. september 2002 kl. 18:48 vard jardskjalfti sem meeldist 5.& @ ag) fannst
vida um Nordurland. Upptok skjalftans voru milli Grimseyjar og Kailbeyjar, um 53 km
NNV af Grimsey (sjA mynd hér nedar). Skjélftinn fannst alt $audarkroki i vestri til
pistilfjardar i austri og langt inn i innsveitir EyjafjaroéBandariska jardfreedistofnunin
(NEIC) mat steerd skjélftans Mb=5.5 og einnig brot-lausn par semr amdgulegur
brotfloturinn hefur stefnuna N35°A og hallar 73° til SA og hinn u.p.b. 16dréttur brotflotur med
stefnu N125°A. | framhaldi af skjalftanum urdu margir eftirskglf Steersti eftirskjalftinn
vard pann 17. september kl. 12:40 og hafdi steerdina Mb=4.4. Upptok eftirskjalftanna
dreifoust @ um 15 km langt NNV-SSA skjalftabelti sem neer nordurufyptokum stéra
skjélftans og sudur ad HOlnum. Samhlida og i framhaldi af pessari iwduskjalftahrinur

um 15 km NNV af Grimsey og um 5 km austur af Grimsey. Einnig skjalftar um 20 km
sudur af upptdkum stéra skjalftans og i Eyjafjardaral. Engin gosasiia meelum i pessari
skjalftahrinu.

Petta er steersta skjalftahrina nordan Grimseyjar sidajafiskjalftamaelistodvar voru settar
upp & Nordurlandi i desember 1993. Vitad er um jardskjalta ad steerd 6\&aeR3. agust
1921 kl. 20:17 og atti upptok um 50 km nordur af Grimsey (Kjartan Ottésson, 1iRk@)a a
svipudum slédum og pessi jardskjalfti.

Heimild:
Kjartan Ottosson, 1980. Jardskjalftar & islandi®2029. Raunvisindastofnun Haskdlans, RH-90-05.

—20° -19.5° -19° -18.5° -18° -17.5° —17° -16.5°

67.2° T
Kolbeinsey, km
NEIC Mb=5.5 + 0 50
67° | “_. LA 2 SIL stédvar
¢ Skjalfti 16.09. kl. 18:48
+ Jardskjalftar
16.-30. sept. 2002
66.8° -
+
66.6° | &
s
& + .
IR + +
66.4° | - . B
+ + + Krﬁﬁg_sker
+ ? + Lt iy
66.2° . % b Wb
. B o I L - _ s
R\ A A A
66° | i "; Dallik, <, Hiisavik
\ p— [~ -‘ ‘\’ =
ARIVANNY M A
’ \ \\ ...‘.
65.8° : :

Jardfreedafélag Islands 12 Haustradstefna 18. oktober 2002



Kick'em Jenny: The Evolution of an Active SubmarineVolcano

Haraldur Sigurdsson

Graduate School of Oceanography, University of Rhode Island, Narragansett, Rl 02882, USA.

Submarine arc volcanoes constitute an important component of actind ela systems.
Their activity contributes to the formation of thick volcaniclastquences, provides sites for
hydrothermal mineralization, and may be responsible for the introducbdn
biogeochemically significant components such as Fe into the ugter @olumn. In shallow
water the activity of submarine arc volcanoes pose significaltianic hazard. Kick'em
Jenny is a submarine volcano in the Lesser Antilles arc. kehgded at least 12 times since
1939 and is the most active volcano in the West Indies. The most recent eruption took place in
December, 2001. Submersible dives on the crater revealed acpacbacterial bloom after
the 1988 eruption. With a summit depth of only 180 meters, Kick’'em Jenny psavigi@ique
natural laboratory to study the activity and emergence of a yootganic island. The
volcano lies in a critical depth zone where eruptions can becomeexyasive in nature as
it nears the surface. Dredge and "grab" samples from Kickemmy reveal that it has
produced a range of magma types, from olivine basalts to argldsiteits volcanics are
highly unusual in some respects. The great abundance of amphiboleystgg@cthe basalts
have variously been attributed to high volatile content or the aasionilof xenocrysts from
crustal rocks. Similarly the highly radiogenic isotope chardwdsrbeen interpreted to reflect
the role of subduction-derived fluids and crustal contribution form cleisted subducted
sediments.

Multi-beam surveying in March 2002 has revealed evidence of a potemiaespread
hazard from large-scale flank failure and submarine debris reoheda The discovery of a
major 4.5 km wide horse-shoe shaped crater or arcuate scarp surrokrukitegn Jenny
indicates that a large sector collapse has occurred. Thargasd correlation between the
width of an arcuate crater and the volume of its associated depesia range of crater sizes
from less than 1 km to 10 km. Based on this relationship the volume @ioaidassociated
with the 4.5 km wide arcuate structure at Kick’em Jenny should eni0For known debris
avalanches there is also a good correlation between deposit vahahietal runout. A 10
km?® debris avalanche would be expected to travel at least 50 km @antes Consequently,
we would expect to find a large debris avalanche deposit in the jpiat of the Grenada
Basin to the west. The large inferred volume of the Kick'em Jelafyis avalanche raises
questions about the nature of the structure that may have collapsethé\allapse confined
to the submarine flanks or was there a pre-existing suberiatesdifan island? Using the
inferred volume of 10 krhit is possible to estimate the height of a collapse coneangilien
diameter based on simple geometric relations. For example, a 1@dma with a basal
diameter of 4.5 km would have an elevation of approximately 2 km. Iptagent cone of
Kick’em Jenny was replaced by such a structure it would likety a subaerial edifice a few
hundred meters above sealevel.
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Frodleg jardsprunga og athugasemd um jardskjalftanrnl784

Kristjan Seemundsson, Orkustofnun

I Hveragerdi var jardsprunga merkt & skipulagsuppdratt eftitfskgem par ollu tjoni vorid
1947. Steerstu skjalftarnir voru rimlega 4 ad steerd (Eysteinn Tryggvason a9 ig)ptokin
hafa sennilega verid a sprungunni sem liggur fra hverasveedinu n@dada. Sprungan sem
merkt var a uppdrattinn er 200 m vestar og var dregin sem beigdgraum hveri nedan vid
Hamarinn og i réttinni sudvestan vid porpid. Palmi Hannesson, SteingoroSson og
Sigurdur Porarinsson voru a sinum tima fengnir til ad meta afigéi skjalftanna fyrir
framtidarskipulag og vorudu pa vid pessari sprungu. Skyldi sérstok ddaef byggt yrdi a
eda neerri henni. | haust kom loks ad pvi ad jardskjalftasprunga Ywéssiynileg. Neerri
sudurenda hennar par sem réttin eitt sinn var er verid ad undirbUagbiirdar par sem nu
heitir Réttarheidi. | sudvestasta grunninum kom i ljos opin sprunga i hraunklépp. Hraunid se
parna er a yfirbordi er Hellisheidarhraun B/C, en pad er menE 000 ara gamalt (Jon
Jonsson 1977). begar dypra var grafio kom i ljos ad hraunid er 1 m taoggylkdir pvi mold
og sidan Hellisheidarhraun A sem er um 10.000 ara (Jon Jonsson 1989). Sprurigaonva
vio i B/C-hrauninu, en 28 cm i A-hrauninu og stefndi N5-7°A. Missig var &kkenni, en
feerslan var i stefnu N110°A. Pess ma geta til ad & nutimaatmkfi privegis ordid hnik a
bessari sprungu og pa um 10 cm i hvert sinn. Af dskulogum ofan &rBi@inu Mma rada
hveneer hreyfing hafi ordid & henni eftir ad pad rann.

[ riti Porvaldar Thoroddsen um jardskjalfta & Sudurlandi (1899) segjardnkjalftann 1784:
“Ovanaleg 6lga kom i hveri naleegt Skalholti, en hja ReykjavollBiskupstungum hurfu
hverar, sem adur voru”. Heimildir hans voru Magnus Stephensen (1785) vardatt ty&
Skéalholti og Hannes Finnsson (1896) um pa hja Reykjavollum. FAaum semsanblémdast
hugur um hver skyringin muni vera & pvi sem parna er lyst, pt& [s@um vid gerast i
skjalftunum 2000: Purrd vard i hverum nordaustan og sudvestan vid sipalii&k og —
sprungu, en rennsli jokst i nordvestur- og sudausturgeirunum. bPvi maaafatakasprunga
skjalftans 14. agust sem pessu olli hafi legid nordur-sudur & maglianna i Skalholti og a
Reykjavollum og pa sudur yfir Vordufell, en vestan i pvi segir Hafmassson ad fallio hafi
36 skridur. Ef litid er & tjdnasveedid sem Sveinbjorn Bjornsson (1978) &eiketar
heimildunum kemur i lj0s ad sprunga a pessum stad kemur illa héitjprnasveaedid. Til pess
er hun of vestarlega. Hins er svo ad geta ad sprungur miklar kgmduiiEfri-Holtum, miklu
austar og myndu falla betur ad tjdnasveedinu. bvi ma alykta ad Hefiradio tveir skjalftar
med 6rskémmu millibili og hafi allt ad 10 km verid & milli upptakanihagar tjonakortid er
skodad ma sja fleiri likleg deemi um petta sama.

Eysteinn Tryggvasoh978. Jardskjalftar & Islandi 1940-1949. Raundsitofnun Haskdlans RH-78-22, fjolrit
51 bls.

Hannes Finnsso796. Mannfaekkun af halleerum 4 islandi. — Rit pégis isl. Laerdoms-lista Félags 14, 30-
226.

Jon Jonssori977. Reykjafellsgigir og Skardsmyrarhraun a Idb#idi. — Nattlrufreedingurinn 47,17-26.

Jon Jénssor989. Hveragerdi og nagrenni, jardfraedilegt yiidi Rannséknastofnunin Nedri-As, skyrsla 50, 56
bls.

Magnus Stephensdi785. Kort Beskrivelse over den nye Vulkans lldsiming . . i Aaret 1783, 148 bls.

Palmi Hannesson og Steinp6r Sigurdsd®d8. Er radlegt ad halda afram ad byggja i Hvendéig? Syrpa 2, 1,
22-23, (nefndaralit).

Sveinbjoérn Bjérnssoh978. | “Landskjalfti & Sudurlandi”, skyrsla vinniyhs. Almannavarnir rikisins AV-1, 07-
78, 54 bls.

porvaldur Thoroddsed899. Jardskjalftar & Sudurlandi, 199 bls.
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Environmental Impact of the Silicic Part of the 87JAD Vatnadldur
Eruption, Iceland

A. K. Mortensen, N. Oskarsson & G. Sverrisdottir

Nordic Volcanological Institute, Grensasvegur 50, 108 Reykjavik, Iceland

The atmospheric injection of volcanic ash and gas from explosivenvoleauptions can have
an impact on the global climate. On a regional scale such events can havecmmyzople
and livestock, which are directly exposed to the fallout phase.

The silicic part of the Settlement Layer forms a widesgyethin layer, which covers
>11.500kni of the southwestern part of Iceland. The silicic part of te&lednent Layer
represents the early, plinian stage of the 871AD Vatnadldur eruptiunh was extruded
from within Torfajokull, Southern Iceland. The silicic phase of the 871¥&nadldur

eruption was triggered by the lateral injection of basaltic msadrom the 42km long,
discontinuous Vatnaoldur fissure into the magma chamber of the Torfag@kdifal volcano.

The Vatnaodldur fissure is part of the Veidivotn fissure swarm, twede simultaneous
Veidivotn-Torfajokull eruptive events have occurred with a 500-800 yeawatiehe last

three eruptions dated 150AD, 871AD and 1477AD (Larsen, 1984).

During transport of volcanic gas and tephra through the volcanic plaris,qd the volcanic
gasses are adsorbed onto the surface of ash particles. eposiephra contaminated with
toxic volatiles, particularly fluorine, poses a hazard in the area of teploatfall

To evaluate the environmental impact of the silicic part of the B7¥Atnadldur eruption we
estimate the volume of erupted tephra and volcanic gasses K&D and HF) from the
deposit characteristics and by the petrologic method, respgctivVel combine these volume
estimates with the surface area of the particle populatidmeadéposit in an attempt to assess
the environmental impact this eruption had in the fallout zone.
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Advances in scientific drilling

Dennis L. Nielson, DOSECC

Scientific investigations have long use drilling as a tool fokingasubsurface observations
and collection of samples of fluid and rock. Many of these efforts fesrdted in important
concepts that are today widely applied in commercial applicatiocisiding geothermal
development. Current topics of research involving drilling include ohetetion of paleocli-
mate history using samples from modern lakes, measuremeinéss and strain rates along
major faults, sophisticated monitoring of faults and volcanoes and ewala@ditvolcanic and
associated geothermal processes. The Iceland Deep Drilling Prdigeot tais category.

Overall, scientific drilling is expanding from an activity foedson the collection of samples
from the earth’s crust to include long-term observation of earth gsese There are two
aspects that have influenced this change. First, drillinkperesive, and it is necessary to
maximize the scientific value of holes drilled. In the privagetor, wells represent capital in-
vestments that are expected to produce returns for 30 years oMfitbreleep wells costing
more than a million dollars to drill, it is imperative that Sugentific community should plan
on long-term observation. Examples of this are the monitoring beimgpgaaon the Long
Valley Scientific core hole and the San Andreas ObservatdDepth. Plans for monitoring
at the Hawaii Scientific Drilling Program (HSDP) hole on Hdware in the initial stages.
Second, technology is now available to engineer earth observatatlesnultiple com-
pletions having different observational tasks. Deep boreholes providesatceahe sub-
surface, while directional drilling techniques can be used to gepkirumentation outside
the main access well. This allows for the isolation of daifiélinstrumentation packages from
the influence of the main borehole. We also believe that assersbiidar to core barrels can
be used to deliver instrument packages both during and following drilling operations.

In addition to changes in topics and approaches to subsurface sthiendechnology for
drilling is undergoing changes. The commercial drilling industrgfien used for the drilling
of scientific holes; however, recently specialized drill hgse been constructed specifically
for scientific drilling. These new developments include the DOSHybrid Coring System
(DHCS) and the GLADB8O0O lake coring system.

The DHCS has been used to continuously core the Hawaii Sciebtifilng Program
(HSDP) well to a depth of 3109 m and will soon deepen that holeptojected depth of
4,500 m. This rig uses both oil field and mining technology to improvetiiciency of deep,
continuous coring. Mining, or wireline diamond coring, technology is a supmeans for
the collection of high-quality core samples. This is made podsybike availability of a wide
variety of bits for different lithologies that are driven datieely high speed with low weight
on bit. However, there are few mining operations that have a needrfplisg at depths
greater than 2000 m. Oil-field (and geothermal) drilling technoleglesigned to drill holes
rather than collect samples. Equipment is very good at deemgirdind handling heavy
strings of pipe and casing. The DHCS combines these technolpygresunting a top drive
and diamond coring package on a rotary drill rig. This technology feasus®ed at a number
of geothermal systems throughout the world in addition to scientific drilling.

The GLADS8O00 system was built to collect long cores from moderrslakiee rig has pre-
sently cored The Great Salt Lake, Bear Lake (both in Utat)Llake Titicaca (Bolivia).
Modifications of this system have included using smaller barge anagceg for drill sting
lengths of up to 200 m and the development of a heave compensated systes® ih the
shallow marine environment. In February, our CS-500 drilling rig akel $ampling tools is
scheduled to core three lakes in Iceland. For this project, the rig will be mounted @ the i
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Samband skjalftavirkni a Reykjaneshrygg vid V-lagahryggi og jaro-
skorpumyndun

Pall Einarsson og Julia Rohlfs

Haskdla islands, Raunvisindadeild

Jardskjalftavirkni sem fylgir virkum Gthafshryggjum er af tveimuegingerdum. A pver-
gengjum stafa skjalftar af sniogengishreyfingum, steerstlftglj fara vel yfir steerdina 6 og
b-gildi fyrir steerdardreifingu peirra er um 1, sem er algeilgi a skjalftasveedum heimsins.
A hryggjarstykkjum, hins vegar, eru skjalftar tengdir siggengishrgym, skjalftar verda
sjaldan steerri en 5,5 og b-gildi er hatt, oft steerra en 2. Sveghdi leru sjaldgeef nema & eld-
virkum svaedum. Almennt gildir ad skjalftavirkni er lag a hryggjundrhéum rekhrada og ha
a haegum hryggjum. Skjalftavirkni & Atlantshafshryggnum er pannigufrérd enda er rek-
hradi um hann fremur lagur. Fra pessari meginreglu eru p6é undantekmigger skjalfta-
virkni & Reykjaneshrygg eitt helsta deemid um slikt. A sydsta lRatgkjaneshryggjar er
skjalftavirknin fremur h& og lik pvi sem gerist sunnar & Aflaatshryggnum. Hryggurinn
snyr hér ndnast hornrétt a rekstefnuna, eftir &s hans liggur sigddamrdsdag er hrjuft. Noro-
an vio 57°N verdur hryggurinn mjég skasettur a rekstefnuna og heldur harnrstefhu allt
til Islands. Landslagid & hryggjarasnum er hér lika sléttaraigapl vantar. bessi einkenni
fylgja annars hryggjum med haerri rekhrada. Skjalftavirknin fylgsgu lika og er mun laegri
en hun er sunnar a hryggnum. Pessi einkenni hafa verid talin statdaafid Reykjanes-
hryggjarins vié heita reitinn & islandi.

Vid athugudum dreifingu skjélftavirkni a Reykjaneshryggnum a timabilinu 1960-2g00
fengum eftirfarandi nidurstédur:

1. Steerdardreifing skjalftanna hefur b-gildi 2,4.
2. Staodfest er ad einungis litill hluti af rekhreyfingum urakdiskilin kemur fram i
misgengishreyfingum og skjalftum, a steerdarprepinu 1 %.

3. A tveimur svaedum & hryggnum er skjalftavirknin mjog lag eda néamagsh. Pessar
skjalftaeydur eru par sem svokalladir V-laga hryggir skera hryggjan. V-laga
hryggir hafa verid skyrdir med timabundinni aukningu i virkni Islandsstnéksem

sendi pulsa af mottulefni sudur eftir hryggjarasnum. Giskad hefur verio a ad jardskorpa

sem verdur til par sem pulsinn fer um sé um 2 km pykkari en arstadsr. Lag
skjalftavirkni a pessum stodum er pvi i samreemi vido ofangreinda reg o6fugt
samband milli skjalftavirkni og jardskorpumyndunar.
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INSAR observations of crustal deformation in Icelan

Rikke Pedersen®, Freysteinn Sigmundsson®, Kurt Feigl?, Carolina Pagli®, Helene Vadon*
and Erik Sturkell®.

'Nordic Volcanological Institute, Iceland; “CNRS, France; *Science Institute, University of Iceland,; “CNES,
France; °Icelandic Meterological Institute, Iceland

In Iceland different sources of deformation in a variety obt@ctsettings have been detected
by Interferometric combination of Radar Satellite Images (INSARorgrthese are:

1): Intrusions in the Eyjafjallajokull area. Images spanning 1993-2000 feotisiderable
surface deformation, with 5 concentric fringes visible in the aeath of the
Eyjafjallajokull icecap. The deformation has also been detectditt Bgd GPS campaign
measurements, as well as high seismic activity.

2): Earthquake faulting in the SISZ and on the Reykjanes Peninsuldp dhe seismic
activity in June 2000 is detected in several images. On June 17, and1)@@00 two
Ms6.6 earthquakes ruptured N-S striking faults in the SISZ. Joint ioveo$iinSAR and
GPS data indicates that the two events ruptured faults 15 km logxgdendg to about 9
km depth. Maximum slip, reaching more than 2 meters in both evertmceentrated in
the upper crust, from the surface to 5-6 km depth. Dynamic triggefiegrthquakes on
the Reykjanes Peninsula followed the June 17, 20@6Warthquake in the SISZ, about
80 km to the east of the main event. Inverse modeling of the InSARestataates the
deformation to originate from a b.8 and a M 5.3 events, when assuming uniform slip
on two simple rectangular fault patches.

3): An eruption at Hekla volcano began on February 26, 2000. Short-term prg@esmic
activity was detected about one hour before the eruption startedllynii 6-7 km long
eruptive fissure opened up along most of the Hekla ridge. Deformatiortodtiee
eruption is seen in a series of interferograms. The displatsrappear to be the results
of dike opening as well as subsidence due to deflation of a deep-seated magma chamber.

4): Surface inflation due to inflow of magma in the Hengillaacan be seen in images
spanning 1993 to 1998. The uplift signal can be explained by an expandingddoce
at 7 km depth, with 2-cm/year inflation rate. Persistent seignduring 1994 to 1998
was associated with the widespread uplift.

5): Long-term subsidence in the Askja caldera has now been reedgmt only by tilt and
GPS, but also in INSAR images. A small, but obvious subsidence signoainting to 1
fringe is seen in the Askja caldera in an image spanning 1998-1999. i@thges
spanning longer periods show larger deformation signals. The sitee afeformation
scales well with the time span of the images. The subsidencde partly related to
cooling of a magma chamber.

6): Readjustment of the spreading segment at Krafla has béettedein INSAR images
spanning 1992 to 1996. Most deformation occurs above an inferred shallow magma
chamber, which fed events during the 1975 to 1984 rifting period. The subsidence
elongated along the spreading axis, which is interpreted to be dwsling contraction
and ductile flow of material away from the spreading axis.
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lon hydration and isotope fractionation in hydrothermal solutions

T.M. Seward, ETH Zurich

The stable isotopes of oxygen and hydrogen have long been usedsatiie and powerful
geochemical probes for the study of fluid-rock interaction pr@sesbhe reconstruction of
paleotemperatures, fluid sources and fluxes and the localisatidnidfpathways can in
principle, be quantitatively considered using stable isotope method&vdn a fundamental
requirement for any meaningful application of such isotope methodsaiscarate knowledge
of the fractionation factors for the relevant mineral-fluid exchange equilibredved.

A number of recent studies (e.g. Horita et al, 1995, DriesneGanérd, 2000) have shown
that the fractionation factors for isotope exchange reactions ingoldter may change con-
siderably in the presence of dissolved salts as temperature asdrprehange from ambient
to hydrothermal conditions. For example, in the case of alkalilroetaride solutions (e.qg.
4.0m NaCl and KCI), a difference of more than one per mil in*#¢'°0 liquid-vapour
fractionation in comparison with pure water occurs with increasing tempergiuo 380°C.

Thus, electrolyte solutions in equilibrium with water vapour becaompically heavier with
respect to pure liquid water as’fO and HDO fractionate in the hydration shells around ions
at elevated temperature. These isotope salt effects amsmnpinantly from molecular
interactions affecting the water molecules in the first atdn shell of ions. Classic
thermodynamic approaches together with quantum chemical and molabtuiamics
computations and similations provide considerable insight into the nafttine isotope salt
effect. In particular, changes in the internal intramolecularatitmal modes of first shell
water molecules induced by an ion charge field are most impaovtaereas, rotational and
translational contributions are small in most systems of geochemicalsinter

Configurational changes attending ion hydration as a function of tatopeiand pressure are
also intimately associated with isotope salt effects. We haseefore been studying ion
hydration in aqueous solutions over a range of temperatures from 3&tC using X-ray
absorption spectroscopy (i.e. Exafs) in order to measure chamgles hydration environ-
ments of ions with respect to ion-oxygen (water) distances archémges in the number of
coordinated water molecules. Measurements have been conducted atebieudy (UK) and
ESRF (Grenoble) synchrotron facilities using high temperature-higgspre, X-ray optical
cells containing silica and diamond windows. In the case of tfidohg for example, the first
shell waters are tetrahedrally coordinated at 25°C at andistof 2.32A. With increasing
temperature to 350°C at saturated vapour pressures, the numbdrsifdirsvaters decreases
to three and the silver-oxygen (water) distance decreases to S2@Ard et al, 1996). In the
case of an anion such as iodide (Seward et al, 2003), the ion is si@gooy seven water
molecules at a distance of 3.55A. With increasing temperature ®C3%0e number of
coordinated waters decreases from seven to four as the iodiderogygéer) distance
increases to 3.63A. These temperature induced contractions and/or expafgioadirst
hydration shell waters around ions have also been confirmed usingemyglerature uv
spectroscopy and ab initio/molecular dynamics simulations. Thesguwational changes
play a fundamental role in defining isotope salt effects anéyt lbe shown, for example, that
small changes in the ion-water distance can cause signifibamiges in the asymmetric
stretching frequency of a water molecule in the field of ions. Further staidies progress.
Driesner T. and Seward T.M. (2000) Geochim. CosnmchActa 64, 1773.

Horita J., Cole D.R. and Wesolowski D.J. (1995) &&m. Cosmochim. Acta 59, 1139.

Seward T.M., Henderson C.M.B., Charnock J.M. antdoo B.R. (1996) Geochim. Cosmochim. Acta 60,
2273.

Seward T.M., Henderson C.M.B., Charnock J.M. anigigienov O.M. (2003) Geochim, Cosmochim. Acta 67
(in press).
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The tephra layer from the 1362 Oraefajokull eruption SE-lceland:
A Plinian eruption associated with a caldera collape

Rune S. Selbekk

Nordic Vulcanological institute, University of Iceland, Grensasvegur 50, [S-108 Reykjavik, E-mail:
rune@norvol.hi.is Tel: +354-525-5482, Fax.: +354-562-9767

Pyroclastic fallout from the 1362 eruption of Oreefajokull forms onéhefvblcanic marker
horizons of the North Atlantic. This contribution reports the minerabdgand geochemical
characteristics of the Oraefajokull 1362 fallout and its grain-dig&ibution. A non-rifting

120 km long volcanic lineament some 50 km east of the EasterZd®ié-of Iceland is

defined by transitional and alkalic volcanic rocks resting unconfogmabl late Tertiary

strata. Oraefajokull which forms the southern termination of thisifoffiniment is an ice-

covered stratovolcano (2200 masl) composed mostly of subglacially donyedoclastite

ranging from basalts to rhyolites. The two historical (1100 grsptions of Oraefajokull
include a small explosive eruption in 1727 and a large devastatmgnPéruption associated
with major lahars and a caldera collapse in 1362. Between 1 and @kise rock equivalent
or 5-10 kni of rhyolitic pumice was erupted and the fallout was mainly tde/dSE.

Tentative modelling of the PT-conditions of the magma formatiosedan glass/mineral
equilibria, indicates that the source was a near-eutectic im@gquilibrium with fayalite,

hedenbergite, oligoclase and hematite at some 0.2 GPa pressure.

A profile through the fallout was sampled at elevation of about 114¥) am the SE flank of
the volcano. A deposit of 1.8 m thickness was collected in 14 units &mnieation of
composition, mineralogy and grain-size distribution during the eruptiorherptofile the
fallout is fine grained vesicular glass (1-3% minerals, 3#iclifragments) with bubble wall
thickness in the low micron range. The high and even vesiculatidre @flass indicates fast
magma ascent and explains the extreme mechanical fragroentaiihin the eruptive
column, yielding between 50 and 80 wt% of less than 0.25 mm grain size.

A reconstruction of the Plinian phase, based on grain-size anatysiabaindance of lithic

fragments, reveals that the eruption proceeded in three sucoglsasas. An initial explosion
produced phreatomagmatic debris associated with up to 35% of lifgménts. In distal

facies of the fallout, the initial phase is recognised as palriish base of the otherwise
white glassy layer. The material ejection proceeded in twgellarsimilar phases. These
phases are separated only by a transition in grain size digmnhaticating a temporary
lowering in the effusion rate.

The surface of the fallout is characterised by increapingice dimensions and occasional
bomb-like pumice blocks indicating less mechanical fragmentatiomglaontraction and
lowering of the Plinian column. The eruptive phases representanite@vents associated
with a caldera collapse mechanism of the eruption since theynbralisplayed in the grain
size distribution of the otherwise homogeneous material.
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Basaltic Glass Dissolution

Sigurdur R. Gislason®, Eric H. Oelkers?,; Domenik Wolff-Boenisch® and Olafur Arnalds?,

1science Institute, University of Iceland, Dunhagi 3, 107 Reykjavik, Iceland, sigrg@raunvis.hi.is); 2Géochimie:
Transferts et Mécanismes, CNRS/URM 5563--Université Paul Sabatier, 38 rue des Trente-six Ponts, 31400
Toulouse, France, oelkers@Imtg.ups-tise.fr, *Science Institute, University of Iceland, Dunhagi 3, 107 Reykjavik,
Iceland, boenisch@Ahi.is), 3Agricultural Research Institute, Reykjavik, Iceland, ola@rala.is.

The rapid cooling of magma produces about a billion cubic meters (1 krgssfeach year,
mainly along the 70,000-km oceanic ridge system (Morgan and Spera, Rl)of this
glass is of basaltic composition. According to Nesbitt and Young (1984aniol glass is
about 12.5% of the average exposed continental crust surface. Of tageaugper
continental crust minerals, only plagioclase feldspar (34.9%) andzq{24.3%) are more
abundant. Owing to its volume and relatively high reactivity, basgltiss dissolution plays a
critical role in the global cycling of a significant number of elementsa CQ.

Towards the quantification of the role of basaltic glass in sakfigprocesses, we have
experimentally measured the dissolution rates of a varietyatfral glasses as function of
temperature, glass surface area, and aqueous solution composition, inghdengd the
aqueous concentrations of Si, Al, F, and organic anions. All of thesamatansistent with

the assumption that basaltic glass dissolution rates are cahtbgllthe concentration of Si
atoms bridged by two bridging oxygens”()Sa'it the basaltic glass surface (see Oelkers, 2001).
The two major sources of Siare 1) Si atoms at glass edges and 2) Si atoms adjoining
previously exchanged trivalent metals; the exchange of aluminiurthfee protons at the
surface leads to the formation of three partially liberatéch®ims in accord with

O o)
Al(-o-s éOOSISH )a+3H' 2 AP+ 3(H-o-Si€OC_>S-iS_i-) )

Assuming that the number of 'Satoms formed from this aluminium exchange reaction is far
in excess of those present at glass edges, which appearsthe lbase at steady state
dissolution (Oelkers and Gislason, 2001; Gislason and Oelkers 2002), thefousead or

‘far from equilibrium’ basaltic glass dissolution rate when ¢hes a significant Al
concentration at the near surface, can be described using (OeldegBsséason, 2001; Gisla-
son and Oelkers 2002),

0.33

3
r.+,geo = AA eXp— (EA /RT) i (2)
ENES

wherer. geoSignifies the geometric surface area normalisedréan equilibrium steady state
basaltic glass dissolution rat&a refers to a constanEa designates an apparent activation
energy,R stands for the gas constat,signifies temperature in °K, argl represents the
activity of the subscripted aqueous species. Coetpualues of BET surface area normalised
‘far from equilibrium’ steady state basaltic glatissolution rates in 0.1 molal ionic strength
solutions containing id mol/kg Al and void of Al complexing aqueous spescaher than
OH' are illustrated as a function of pH at various gematures in Fig. 1. This figure was
created in terms of B.E.T. normalised surface ateaallow their comparison with B.E.T.
surface area normalised dissolution rates of attirerals available in the literature.
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Oelkers and Gislason (2001) found the affect ofeags oxalate on the dissolution rate of
basaltic glass to stem from its affect on aquedwsiaium activity. Therefore, it seems likely
that the affect of other aqueous Al complexing mgjosuch as other organic acid anions,
fluoride, or silica on basaltic glass dissoluti@tess can be successfully estimated using Eqn.
(2) together with aqueous aluminium activities deieed from solute speciation
calculations. The pH dependence of 25° C steadg $& from equilibrium basaltic glass
dissolution rates at various oxalate, acetateryifiecor silica ion concentrations are illustrated
in Figs. 2 to 5. Note that these anions will noyaffect the dissolution rate of basaltic glass,
but also the solubility of Al bearing primary anecendary minerals, and therefore the overall
mobility of elements contained in these phasesdusiater-rock interaction.

Calculated values of basaltic glass dissolutioesrats a function of pH in the presence of
agueous oxalate and acetate concentration argalled in Figs. 2-3. These anions have little
affect on basaltic glass dissolution rates at theptypical river or ocean waters (pH 7-8). In
contrast, in soil, where the pH is lower (pH 4-@)ganic acid basaltic glass dissolution rate
enhancement is greatest. It follows that the sieeretf organic acids by terrestrial plants will
be most efficient in releasing nutrients such asMig K, Fe, and P from basaltic glass at the
pH’s typical of terrestrial soil solutions. The reoorganic acid a given plant and its
associated micro-organism is able to secrete, ¢iterbit is equipped to compete for basaltic
glass derived nutrients. This finding is in conc&ith microscopic and macroscopic
measured enhancement of natural chemical weathexiagpf basalt in bare versus vegetated
areas. (Gislason et al. 1996; Berner and Cochr@8; Moulton and Berner 1998; Stefansson
and Gislason 2001).

The effect of aqueous silica concentration on ligsgllass dissolution rates, at a constant Al
total concentration of 1M, is shown in Fig. 4. There will be some effe€agueous Si on
these rates in the pH range typical of ocean, laker and ground waters (pH 7-10).
According to Fig. 4 , primary production in surfagaters will enhance the dissolution rate
by increasing pH, but the magnitude of the effexppehds on the primary producer. Per pH
change, diatoms have less effect than algae thatotldix silica. Primary production by
diatoms both results in increasing pH and a deer@agotal silica concentration of surface
waters, resulting in relatively little dissoluti@mhancement.

The effect of aqueous fluoride concentration onali@sglass dissolution rates is shown in
Fig. 5. Of the anions considered in this studypfilde has the greatest effect on rates at pH <
8. This observation has numerous consequences roomgethe mobility of elements in
volcanic terrain during water-rock interaction (Mfdoenisch and Gislason 2002). The
concentration of fluoride in Icelandic rivers, fromest to east, across the mid-Atlantic ridge
range from 0.02 to 0.7 ppm, reaching highest camagon in the middle of the rift zone. The
concentration in ground waters and geothermal warteilceland range from 0.02 to few ppm,
and the concentration variation in melted snowadntact with pristine volcanic ash is from
less than one ppm to more than 200 ppm. This flieocioncentration variation should result
in enormous dissolution rate variation. The conegian of total dissolved solids versus
fluoride concentration in the springs in the vigmof Mt Hekla volcano, Iceland is shown in
Fig. 6. The higher the F, the higher the TDS cotregion. One order of magnitude increase
in fluoride concentration results in a one ordemagnitude increase in total dissolved solids.
Because of the high aqueous F concentration aativellow pH, basaltic glass dissolution is
expected to be most aggressive within the rift sayfehe oceanic ridges.
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Figure 2. Basaltic glass dissolution rates at 25°C

in solutions containing 10-6 mol/kg Al and a)
void of Al complexing aqueous species other

than OH', b) the upper curve, 1 mmol/kg oxalate.
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Figure 3. Basaltic glass dissolution rates at 25°C

in solutions containing 10-6 mol/kg Al and a)
void of Al complexing aqueous species other

than OH', b) the upper curve, 1 mmol/kg acetate.
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Figure 5. Basaltic glass dissolution rates at 25 °C
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Figure 6. The concentration of total dissolved
solids versus fluoride concentration in the
springs (2-4.5°C) in the vicinity of Mt Hekla
volcano, Iceland.
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Gler-innlyksur i kristollum ar Burfells-pikriti i O  Ifusi

Sigurdur Steinpdrsson® og Ingvar A. Sigurdsson®

'Raunvisindastofnun Haskodlans, Nattarustofa Sudurlands, Vestmannaeyjum

Efnasamsetning gler-innlyksa i krom-spinli og dlivir pikritdyngjunni Brfelli i Olfusi
myndar samfellda r6d sem i MgO-styrk spannar 1iB&4 punga%. Kromit-innlyksurnar eru
MgO-rikari en innlyksur 6livinsins og hoéparnir tvegskarast overulega: i kromiti er
MgO>11% en i 6livini er MgO<11%. begar efnagreinimgm er varpad i kerfid ol-ne'-q’,
sem Takahashi og Kushiro (1983) kvordudu med jastpmum fyrir brddir i jafnveegi vio
mottulsteindir, kemur i lj6s ad innlyksurnar spafmgstibilid 17 til 7 kb, samsvarandi 50 til
20 km dypi. Gild rok eru fyrir pvi ad innlyksurnhafi lokast inni i kristéllunum — einkum
krém-spinli — mjog fljétlega eftir ad bradin myndsi) pvi i Borgarhrauni hja peistareykjum
ma greina tveer 6skyldar kvikuradir i innlyksum, sgyna engin merki blondunar (Ingvar A.
Sigurdsson et al. 2001). Hér er pvi um ad reedaldradir sem myndudust vid bradnun a
mismunandi dypi undir islandi.

Olikt efnum eins og AD;, CaO, FeO og Ti@sem breytast kerfisbundid med MgO, eru engin
synileg vens| milli styrks MgO og utangardsefniskigd sem spannar 0,01 - 0,05%. Pennan
fimmfalda mun i KO meetti skyra & tvo vegu, (1) sem afleidingu sachfat hlutbradnunar
sama moédurefnis og (2) sem blondur tveggja kvikaikikar og K-snaudrar. Ef um samfellda
uppbraedslu veeri ad reeda, aetti frumstaedasta, Mgtaikradin jafnframt ad vera hin®¢:
rikasta og hafa myndast vid haesta meeldan og rekn&ita, en hvorugu er ad heilsa.
Samkveemt pessu er sidara likanid sennilegra, iasamid pa nidurstodu Gurenko &
Chaussidon (1995) ad undir Reykjanesskaga séu kwaékor, ,sneydd” (depleted) og
»=auoguo“ (enriched). Allar innlyksur, sem greindaoru ur Burfelli, tilheyra ,sneydda“
hépnum.

A vorpun KO/TIO, vs. KO mynda spinel-innlyksurnar beina linu sem tilka s&mn
frumbradir, medan samsetning Olivin-innlyksannadaetil dalitillar préunar fra frumbrad.
Gognin ma tulka pannig ad spinil-innlyksurnar hafyndast yfir mestan hluta prystibilsins
(17-7 kb) vid brddnun spinil-lherzdlits par sermélyroxen er steersti pattur brddarinnar, en
olivin-innlyksurnar hafi einkum myndast i kvikuhigéf 20 km dypi (7-8 kb) par sem élivin og
plagioklas kristolludust.
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Oxunarstig basaltbradar sem fall af ildisprystingi, hitastigi og
efnasamsetningu

Sigurdur Steinporsson og Orn Helgason

Raunvisindastofnun Haskélans

Oxunarstig bergkviku, Fe(lll) / Fe(ll), er mikilvaag eiginleiki sem miklu veldur um
samsetningu og hlutfoll peirra steinda sem kriat)log par med um préun bradar vio kélnun
og kristollun. Ferro/ferri-hlutfallid verdur ad maetérstaklega, pvi hvorki érgreinir né adrar
rontgen-adferdir greina milli prigilds og tvigilgarns. Tilgangur pessa rannsoknaverkefnis
var ad tengja med bergfraeditiraunum®Hee’ -hlutfall, ildisprysting (fQ), hita (T) og
efnasamsetningu basalts, baedi med pad fyrir auguadkast skilning a oxunarferlinu, og ad
Gtleida jofnur sem lysa ofangreindum venslum.

Fjogur syni voru valin sem spanna efnasamsetnimgalts & islandi, fra olivin-poleiiti til ne-
normatifs alkalibasalts. Synin voru breedd vi§ 18068 mismunandi fomilli 1 og 10° atm,
og ferri/ferro-hlutfallio sidan meelt med Mdéssbateekni. Allt fra 5. aratug 20. aldar, pegar
Kennedy (1948) gerdi fyrstu tilraunirnar i pessauyédnefur verid talid ad linulegt samband
riki milli fO , og F&*/FE™, t.d.

4

X -1
4FeO+Q=4FeQ 5 K=|o2e) «f
X Feo 2

XFreos\ 1 1
|Og (m —Z |ng 02+Z |Og K

Nyrri meelingar taka styrk annarra efna inn i jofranm, t.d. Kress & Carmichael (1991):

Xqu b
Inf “Fels/ o |=ainf O+ =+c+  dX;
X T :
Fe !

pbar sem a, b, ¢ og dru fastar, hinn sidastnefndi mismunandi eftinfefinumi.

Megin-nidurstddur okkar eru peer ad ofangreint sardkss ekki linulegt fyrir allt svid f&) og
ad samsetning (t.d. styrkur alkalimalma) hafi ekigelanleg ahrif a ferri/ferro-hlutfallio. Hins
vegar er hinn jarofreedilega-mikilveegi hluti fenisi (fG, < 10° atm) nalaegt pvi ad vera
linulegur svo sem lyst er med j6fnum, t.d. Kres€&michael (1991). Astaeduna fyrir pvi ad
oxunarferillinn er dlinulegur er ad finna i mismadahegdun F& i oxadri og afoxadri brad.
Su tilgata var stadfest med beinum ha-orku rontgehngum (EXAFS) sem gerdar voru i
Hamborg a premur synum sem spénnudu oxunarsvadititnna.

Kdnnun & hrada oxunar-afoxunarhvarfa syndi adddiodfer jafnhverft, (b) 100 mg syni neer
jafnveegi vio sérhvert fOa 4 kist., og (c) hradkeelt nattarlegt berg, svo sasaltgler, geymir
oxunarstig bergkvikunnar sjalfrar.
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Low-frequency earthquakes at the Torfajokull volcaro, measured by a local
network

Heidi Soosalu® and Pall Einarsson?

Norreena eldfjallastdain, 2Raunvisindastofnun Haskoélans

The Torfajokull central volcano in south Icelandaidarge rhyolitic complex with a caldera,
12 km in diameter, and an outstanding high-tempegageothermal field. During the last
1100 years there have been two eruptions in th&jbeull area, the latest at the end of the
15th century. Torfajokull is a source of continudow-level seismicity, and the events fall
into two distinct populations. Before the operatiohour Torfajokull temporary network
these events have been detected and located beipgtmanent SIL network of the Icelandic
Meteorological Office and analog seismometers @éwicinity.

High frequency, normal-looking earthquakes occuthim western part of the caldera and are
interpreted to be the expressions of thermal crackround a cooling magma chamber. Low
frequency volcanic earthquakes cluster in the syatipart of the caldera and are possibly
related to active magma. They are small in sizevbenagnitude 2, and it is quite difficult to
obtain good locations for them. Their P-waves draracteristically emergent. The S-waves
are often clearer and their phase picks seem tmdite or less with the location. The low
frequency events can occur in swarms, lasting foom to a few days and consisting of up to
a couple of hundred events per day. Typically #iersicity rises from rather low levels to its
highest peak in a single day. Between the swarere tban be occasional single events, or it
can be quiet up to a few weeks or months.

A temporary network of 18 intermediate band (30 s€80 Hz) 3-component Guralp 6TD
seismometers was deployed in the Torfajokull anetheé summer 2002 to study more closely
the low frequency earthquakes. This sort of agtivihs been rather modest during the
operation of the network, no distinct swarms haceuaed so far. However, the activity
appears to be constant, as single small low freqquewents have been recorded almost daily.
Many of these events are too small to be detecteteébregional SIL network.

According to the preliminary analysis the records@nts have very similar appearance to
those observed earlier by the more distant seisapbgstations of the SIL network. The P-

arrivals seem very small and emergent, and in roasés only the S-arrival can be picked

reliably. These events consist of only low frequesqabout 1-5 Hz), also when seen by
stations close by. The first preliminary locatioms made are in the middle and southern parts
of the Torfajokull caldera, similar to what was eb&ed before.

Haustradstefna 18. oktéber 2002 27 Jardfreedafélag islands



Primary basalt mineral saturation in surface- and p to 90°C ground
waters in Skagafjordur, N-Iceland

Stefan Arnoérsson, Andri Stefansson and Ingvi Gunnarsson

Science Institute, University of Iceland, Dunhagi 3, 107 Reykjavik, Iceland.

INTRODUCTION

This contribution describes the state of primargdiamineral saturation in surface- and up to
90°C ground waters in the Mid-Tertiary tholeiitedd basalt area of Skagafjordur in central
north Iceland. It is based on analysis of 253 saspf surface- and ground waters collected
from the area in 1996-98.

GEOLOGY AND HYDROGEOLOGY

The Skagafjordur Valley area in N-Iceland dissectsmionotonous pile of 9-12 million year
old, slightly quartz to slightly olivine normativefjood basalts. To the south of the
Skagafjordur valley system, in the interior higldan Quaternary formations overlie the
Tertiary formations. The total thickness of thecassion is about 7 km (Jéhannesson, 1991).

A zone of recent fracturing extends N15 E from #etive volcanic belt in central Iceland
across the central part of the Valley of Skagafjdrdh several places these fractures are seen
to run through ground moraines resting upon thedmdindicating movement in Post-glacial
times. Thermal springs (up to 90°C), which are aaum in the area, are concentrated where
the recent fracture zone cuts across the Skagafjdsdlley (Arnérsson and Gislason, 1990)
indicating that the young faults and fractures espnt permeability anomalies. Global
permeability of the unfractured bedrock below thkagafjordur Valley floor is considered to
be in the range of 1% to 10" m? (see Arnérsson et al., 2002). In rocks forming higher
mountains on either side of the valley and theriotelateau to the south of the Skagafjordur
valley system and north of the icecap of Hofsjokp#rmeability will be higher, probably by
one to two orders of magnitude as deduced from gatsented by Saemundsson and
Fridleifsson (1980) on drillholes sunk into Terjiaand Quaternary basalts in Iceland. From
the inferred global permeability in the SkagafjGrdvea, assuming that the hydraulic gradient
follows the topography, it is estimated that wadenerging in springs in the Valley of
Skagafjordur may be thousands of years old, whespasg waters in the interior plateau are
probably at the most a few decades old.

Fig. 1 In situ pH versus temperature of waters Fig. 2. Temperature versus saturation index for
from Skagafjordur. plagioclase, of averagmposition (An = 0.65).

Jardfreedafélag Islands 28 Haustradstefna 18. oktober 2002



WATER COMPOSITIONS

The sampled waters have been divided into five ggown the basis of the
geological/hydrological environment they occur 81(&) stream- and river waters, (2) lakes,
(3) peat soil waters, (4) ground waters on higrugdand (5) ground waters on low ground.
The ground waters are both thermal and non-theriitad. reason for splitting the ground
waters into two groups is based on the inferrednpability of the enclosing rock and,
therefore, their residence time underground (Arsamset al., 2002). The residence time of the
ground waters is expected to affect the amount aterwrock interaction and, in this way,
their chemistry.

All water types from the study area are low in tadessolved solids, 7-430 ppm. The
dissolved solids content of the ground waters m®es with temperature, largely due to an
increase in Si, Na and Concentrations but to a lesser extent by an isereaa ClI
concentrations. Waters associated with peat sbiGwis rich in organic matter, are generally
higher in dissolved solids than stream and rivelevéa

The in situ pH of the waters, as calculated byWWTCH speciation program (Arndrsson et
al., 1982), version 2.1A (Bjarnason, 1994), reldateshe environment in which they occur.
Almost all ground waters have a high pH, in thege8-10 (Fig. 1). By contrast, waters from
streams, rivers and lakes have a lower pH valymcdity 7.5 to 8.5 but the peat soil waters
tend to have the lowest pH. According to Arnérsebal. (1995), the pH of both surface- and
ground waters in Iceland is the consequence ottprecesses, (1) dissolution of the mafic
minerals and glass, (2) supply of acids to the wated (3) precipitation of OH-bearing

minerals. The first process increases the pH widfealatter two tend to lower it.

PRIMARY BASALT MINERAL SATURATION

Surface waters are significantly under-saturatedh wplagioclase and olivine of the
compositions occurring in the study area, satunatiolex (Sl) values ranging from —1 to -10
and -5 to -20, respectively. With few exceptionssth waters are also significantly under-
saturated with pigeonite and augite of all compasg (S| = -1 to -7) and with ilmenite (Sl =
-0.5 to -6). The surface waters are generally catwrated with respect to the titano-
magnetite of the compositions occurring in the lass the study area, the range in Sl being
from —2 to +10. Stabilization of the titano-magteeis considered to result from oxidation of
ferrous iron leached from the mafic minerals. Eoystalline OH-apatite, Sl-values range
from strong under-saturation (-10) to strong owtisation (+5) but for crystalline F-apatite
the Sl-values lie in the range 0-15. Systematicemsaturation is, on the other hand, observed
for “amorphous apatite”, i.e. an apatite of thedk®lark (1955) prepared by mixing Ca(QH)
and HPO, solutions.

Ground waters are under-saturated with plagioctask olivine, its degree increasing with
increasing Ca content of the plagioclase and istmga-e content of the olivine, the Sl values
being —2 to -7 and O to -4 for the Ca-richest arsdpBorest plagioclase, respectively, and
about -3 to -18 and O to -15 for forsterite andafdy, respectively. Ground waters are
generally close to saturation with pigeonite anditeuof all compositions. Above 25°C the
ground waters are ilmenite under-saturated butrgdpever-saturated at lower temperatures.
These waters are titano-magnetite over-saturatéengteratures below 70°C, the Sl values
decreasing with increasing temperature from abe8taé 10°C to 0 at 70°C. The ground
waters are highly over-saturated with both crystallOH- and F-apatite but close to
saturation with “amorphous apatite” containing abegual amounts of F and OH.

The above described results for the pyroxenes camryinknown error because available
thermodynamic data do not permit but a simple ssidition model for the calculation of
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Fig. 3. Temperature versus saturation index for Fig. 4. Saturation index for pigeonite of average
olivine of average composition (Fo = 0.75). conipas (Mg = 0.48). Symbols refer to
Symbols refer to legend on Fig. 2. legend on Eig.

Fig. 5. Temperature versus saturation index for Fig. 6. Saturation index for titano-magnetite of

augite of average composition (Mg = 0.7). The agereomposition (Mt = 0.8) as a function of
symbols refer to legend on Fig. 2 temperature. l®}srefer to legend on Fig. 2.

Fig. 7. Saturation index for crystalline apatite Fig. 8 Saturation index for "amorphous apatite"
containing equal amounts of OH and F and as a tapong equal amounts of OH and F and as a
function of temperature. Symbols refer to legend ncfion of temperature. Symbols refer to legend ion F
2. on Fig. 2.
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their solubility. Values for iron hydroxide speciestivities carry much uncertainty, as
indicated by large variations in published valuassthe iron hydroxide complex association.
As a consequence Sl values for any iron bearingeraincarry an error of an unknown
magnitude. This error is probably not large for evatwith a pH of less than 9 but it is
apparently high for waters with a higher pH.

Alteration of basalt by <100°C ground waters laygailvolves plagioclase and olivine
dissolution. The alteration products are principajlartz (chalcedony), various zeolites and
clay minerals. Many trace metals are concentratettie titano-magnetite of the basalt. The
stability of this mineral in both surface- and gnduwaters reduces the mobility of these
metals.
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Askja - still going down

Erik Sturkell*, Carolina Pagli*® & Freysteinn Sigmundsson?

!lcelandic Meteorological Office, Reykjavik, *Nordic Volcanological Institute, Reykjavik, ®Science Institute,
University of Iceland.

The Askja volcano, located on the spreading platendary in north Iceland, consists of
nested calderas, the latest formed in an eruptidt8v¥5. The main Askja caldera is 8 km in
diameter, and it was formed in the early Holoce®everal small eruptions have occurred
since 1875, with the most recent in 1961. To folline crustal deformation in Askja, GPS,
INSAR and levelling techniques are used, those oastlare independent from each other and
all give a consistent picture of subsidence inciatre of the main caldera in recent years.

To monitor the crustal deformation in the Askjadeah a levelling line with twelve
benchmarks was established in 1966 by Eysteinnguggpn. The profile was extended in
1968 to 30 benchmarks. The 30 points in the 17@frg profile are located radially from the
centre of the main caldera. Between 1966 and 1i®é2yrofile was levelled annually. During
the period 1966 to 1972, alternating periods ofifuphd subsidence were observed from
levelling data, indicating deflation and inflation the centre of the Askja main caldera
(Tryggvason 1989a and 1989b). No levelling was done in 19hBugh 1982 and
measurements were resumed in 1983 and have beeduated annually to 2002.

The first major GPS campaign with a dense networkedng Askja was conducted in 1993
(Camitz et al 1995), when 24 stations were measured. In 1968t rof the 1993 GPS-
network were re-measured. The observed surfacerdafmn of Askja during 1983-1998
shows subsidence. The deformation signal obtainewch the GPS and the levelling (tilt)
measurements fits a "Mogi" model. Most of the defation can be accounted for by a point
source of pressure decrease (a Mogi model) neacdhge of the main Askja caldera at a
depth of 2.8 km.

An InSAR image spanning from 1992 to 1998 showsoacentric deformation pattern,
associated with subsidence, north west of the [Akkjuvatn, in the centre of the main
caldera. The signal consists of 8 finges, thatespond to 0.22 m change in the ground to
satellite direction. The subsidence revealed byirtte¥erogram fits reasonably with a "Mogi"
point source. Preliminary forward modelling ressilie a best fitting location in the centre of
the main caldera (65.04°N, 16.78°W) and at a depdh 3.3 km. This is in good agreement
with previous studies of by tilRymer and Tryggvassph993) and by GPS and tisturkell
and Sigmundssei2000).

Subsidence in Askja can be be modelled successkithya Mogi type of point source with
data from the three independently obtained dat(§#f GPS and INSAR). The models point
to a shallow depth (2.5 - 3 km) in the centre ef taldera.

A time series since 1993 of the vertical displaceinod two GPS-points relative the reference
station DYNG shows continuous subsidence. The tatiosis are the two closest GPS -points
to the subsidence center and consequently the seositive. The measurements indicate a
slight decrease in the subsidence rate from 199306G2. The reference station DYNG is
located within the deformation field caused by tubsidence in the center of the main
caldera, and its estimated subsidence is 0.016 thenl993 to 1998 perio{urkell and
Sigmundssqgr2000). The same pattern of a decrease in sulzgdate is seen in the levelling
data. This rate of decrease is more obvious ineWeling data, as they span the time period
1983 to 2002.
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Using the "Mogi" point source location presentedSiyrkell and Sigmundssd2000) and
assuming it has been at the same place since theewenties, it is possible to calculate the
total amount of subsidence by comparing the lawglliesult from 1972 and 2002. The
"Mogi" point source model predicts the location .(B88°N, 16.7805°W) and the depttat
2,8 km, with those parameters fixed it is possiblénd the vertical displacemehg over the
point source.

The vertical displacemerity can be determined to be -1.86 m for the time pefi®72 to
2002. Subsidence since 1972 has generated anatedgsurface deflation volume optRd?

0.092 kmi, usinghy = -1.86 m andl = 2.8 km. The corresponding volume change of the
Mogi source is 2/3, or about 0.061 m

The processes responsible for a subsurface voladuetion in volcanic areas include volume
contraction and /or mass transport. Processes aschruptions, lateral dyke injections,
crystallisation and downwards draining will resmita volume reduction at shallow levels in
the crust.

The eruption explanation can be ruled out in thisec Magma drainage into the Askja fissure
swarm may accommodate some of subsidence. Howewegpid changes in the subsidence
rate have been detected since 1983. The areahlwtmost frequent earthquakes in the Askja
region is not within the caldera but under Herdidaedgl and Herdubreid. The character of
the earthquakes in that area is not in swarmstdtber single events and no seismic tremors
or earthquake swarms suggestive of dyke injectioas been recorded. No new ground
fractures have been observed in the area. Coolmi)y Gontraction by degassing and
crystallisation of the magma can be occuring. Suogess is associated with 10-11% volume
reduction. However, in post glacial time the Dyrigill volcano complex has only produce
lava's that are aphyric (G. E. Sigvaldason, peilscoramunication, 2002) suggesting that no
large volumes of magma rests and crystallise pttoran eruption. Some amounts of
crystallisation is nevertheless likely occur, bustjto a limited extent resulting in aphyric
lavas (less than 5% of phenocrysts). Downward dg@ninto a deeper-seated magma
reservoir might be possible. We suggest that magphdification is an important process to
explain some of the long-term subsidence in Askja tegional deformation and slow
drainage of magma into the rift zone or downwara tweeper-seated magma reservoir most
probably contributes to the volume reduction.
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