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Abstract – Holocenevolcanismwithin theKatla volcanicsystemis characterizedby: 1) explosive(hydromag-
matic)basalticeruptionsalongvolcanicfissureswithin theMýrdalsjökullcaldera; 2) explosivesilicic eruptions
fromventsassociatedwith thecaldera and3) predominantlyeffusivebasalticeruptionsinvolvingboththecen-
tral volcanoandthefissure swarm.Typical Katla eruptionsare accompaniedby basaltictephra fall, lightning
andglacial floods(jökulhlaups)of meltwater, ice andvolcanicdebris. Twentyeruptionshaveoccurredin the
last 11 centuries.Thevolumeof airborne tephra variesby threeorders of magnitude, with an estimatedvol-
umeof 1.5 km

�
of freshlyfallen tephra from the largesthistorical Katla eruption. Thelengthof documented

eruptionsvariesfrom 2 weeksto over 5 months.Theaverage reposeperiod since1500AD is 47 years with
maximumdeviationsof 33and34years. All Katla eruptionsduringthelast400yearshavebegunin thespring-
fall season.At least12 silicic Katla eruptionsareknownfromtheperiodca.1700BPand6600BP. Thesilicic
magmawasmostlikelyeruptedbyhydromagmaticexplosiveeruptions.Thetephra dispersalaxesindicatevent
locationswithin thecaldera or alongthecaldera rim. Thevolumeof airbornesilicic tephra variesby orders
of magnitude, thelargestandmostwidespreadis tephra layerUN with uncompactedtephra volumeof 0.3km

�
.

Intervalsbetweenthe silicic eruptionshavevaried from ca. 100 to ca. 100014C yrs. Two major “fir es” and
5-10 relativelyminor, partly effusiveeruptionshaveoccurred during the Holocene. The10th centuryEldgjá
and the6800BP Hólmsáfiresare the largestknownHoloceneeruptionswithin theKatla system.A

�
75 km

long, discontinuousandpartly subglacialeruptivefissure wasactiveduring theEldgjá eruption.Theopening
phaseon mostfissure segmentswasexplosive, followedby an effusivephaseon the subaerialsegments.The
eruptionproduceda voluminousbasaltictephra layer with a minutesilicic component,two major lava fields
andpossiblya hyaloclasticflow deposit.Large jökulhlaupsaccompaniedtheeruption. Thecombinedvolume
of eruptedmaterial mayexceed19 km

�
DRE.Eruptionson the Katla systemhavecausedextensiveenviron-

mentalchangesduring thepast1100years. TheEldgjá firesradically changedthe landscape, hydrology and
utilization potentialof large areasin SouthIceland. Sincethen,jökulhlaupsaccompanyingeruptionswithin
thecaldera haveescapedeastwards,raisingtheMýrdalssandurplain andextendingits coastlinesouthwards.

INTRODUCTION

The Katla volcanic system,SouthIceland,asdefin-
edby Jakobsson(1979),is a Holocenefeaturesuper-
imposedon upperPleistocenehyaloclastitesandlava
flows (Jóhannessonet al., 1990). A centralvolcano
partly coveredby theicecapof Mýrdalsjökull andan
associatedfissureswarmform theSW-NE trending80
km long system(Figure1). The hyaloclastitemassif

reachesanaltitudeof 1380m a.s.l.undertheicecover.
Themassifencompassesanice-filled calderawith an
areaof 110km� anda depthof 700m (Björnssonet
al., 1993;this volume).Threeglaciersdescendto the
south,eastandnorthwestfrom the ice cap onto the
lowlandsthroughdeepgapsthat they erodedin the
calderawalls. Seismicactivity hasbeenmostly con-
finedto two areaswithin andimmediatelyto thewest
of thecaldera(Einarsson,1991).
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Figure1. TheKatla volcanicsystemin S-Iceland(shaded)asdefinedby Jakobsson(1979).Subglacialcaldera
below Mýrdalsjökull icecapasdefinedby Björnssonetal. (1993andthisvolume).Inset:Locationmapof Ice-
landandvolcaniczone.– Kötlueldstöðvakerfið (skyggður flötur) samkvæmtSveiniJakobssyni(1979).Útlínur
öskjunnareru dregnar samkvæmtHelgaBjörnssynio.fl. (1993og grein í þessuhefti). Gígar og gígaraðir eru
dregnareftir loftmyndumfrá LandmælingumÍslands.

Transitionalalkali basaltswith anarrow composi-
tional rangedominateboththeHoloceneandPleisto-
cenevolcanics(Jakobsson,1979;Meyeretal., 1985).
A shallow, infrequentlyreplenishedmagmachamber
waspostulatedby thelatterto explainthepetrologyof
theproducts.Theexistenceof alow velocityanomaly,
interpretedas a shallow subcalderamagmacham-

ber, hasrecentlybeendemonstrated(Guðmundsson
et al., 1994).Two eruptionshave occurredwithin the
Katla systemevery century on averageduring the
last 1100 years(Thorarinsson,1975; Larsen1993).
Only the GrímsvötnandVeiðivötn volcanicsystems
have highereruptionfrequency (Thorarinsson,1974;
BjörnssonandEinarsson,1990;Larsenet al., 1998).
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Holocenevolcanismwithin theKatlavolcanicsys-
temseemsto fall into threecategories(Larsen,1994):
1) Explosive hydromagmaticbasaltic eruptionson
short volcanic fissuresbelow the Mýrdalsjökull ice
caparethemostcommoneventsof theKatla system.
Theseusually occur within the calderaand during
recentcenturieshave concentratedcloseto its east-
ern boundary. Theseeruptionsare accompaniedby
tephrafall andjökulhlaups(glacialfloods),thatsince
the12thcenturyhaveapparentlyfollowedthepathof
Kötlujökull onto Mýrdalssandur. They appearto be
the typical Katla eruptionsas far backas the record
from soil-sectionsgoes. The numberof Holocene
basalticeruptionsis unknown but may exceed170.
2) Explosive silicic eruptionsfrom ventsbelow the
ice cap,apparentlywithin the caldera. They areac-
companiedby tephrafall andprobablyby jökulhlaups
aswell. At least12 eruptionsareknown from soil-
sectionsin thesurroundingareaandseveralothersare
anticipated.Thesearethesecondmostcommonerup-
tionsin theKatlasystem.
3) Predominantlyeffusive basalticeruptionswithin
thefissureswarmandalongthemargin of thecentral
volcano.Most of theseeruptionsprobablyhadanex-
plosivecomponentaswell in caseswherethefissures
reachedbelow the ice cap. The longestfissuresare
up to 75 km long. Hugelavaflowshaveaccompanied
someof theseeruptions,which arethe leastcommon
typeof activity in theKatlasystem.

In someeruptionsof the first and third category
a very minor componentof silicic glasshasbeende-
tectedin the basaltictephra,and fragmentsof light
colouredrock are amongthe scant lithics in some
tephralayers. Comprisingmuchlessthan1% of the
eruptedmaterialin all knowncases,theseoccurrences
areconsideredtoo small to justify anadditionalcate-
goryof “mixed” silicic andbasalticeruptions.

Katla eruptions and/or jökulhlaups have been
mentionedin documentssincethe 12th centuryand
have beendescribedin contemporarywritings since
the16thcentury(BiskupaSögur, 1858;Storm,1888;
Annálar1400-1800,1922-87;S.t.s.Ísl. IV, 1907-15;
P. Sveinsson,1919;G. Sveinsson,1919;Jóhannsson,
1919). Several authorshave describedvarious as-
pectsof theHoloceneexplosive andeffusive basaltic

eruptionsandtheirproducts(Thoroddsen,1894;Rob-
son, 1957; Thorarinsson,1955, 1959, 1975, 1980;
Jónsson,1978;Jakobsson,1979;Larsen,1979,1993,
1996; Einarssonet al., 1980; Miller, 1989; Zielin-
ski et al., 1995; Guðmundsdóttir, 1998; Thordar-
son, et al., in press). The jökulhlaupshave been
describedin contemporarywritings and treatedby
morerecentauthors(Thorarinsson,1957;Rist, 1967;
Haraldsson,1981;Jónsson,1982;Sigurðsson,1988;
Maizels,1993;Björnsson,1993;Larsen,1993;Karls-
son,1994;LarsenandÁsbjörnsson,1995;Tómasson,
1996).The Holocenesilicic eruptionshave only re-
cently beenstudied(Ólafssonet al., 1984; Larsen,
1994;Larsenet al., in press;Newton, 1999). Rhyo-
lites exposedasnunataksaroundthecalderarim and
aspyroclasticflows outsidetheice caparethoughtto
beof Late-glacialage(Jóhannessonet al., 1990;La-
casseetal., 1995).Pre-Holoceneeruptionshavebeen
treatedby several authors(e.g.Lacasseet al., 1995)
but arebeyondthescopeof this paper.

In this paper, thecharacteristicsof thethreetypes
of eruptionwill besummarizedandtheirenvironmen-
tal impactbriefly evaluated.Themainemphasiswill
beon thehistoricalperiod(i.e. thelast1100years).

CHARACTERISTICSOFTHE
HOLOCENEVOLCANISM

Explosive basaltic Katla (K) eruptions

TypicalKatlaeruptionsareexplosive,hydromagmatic
eruptionsaccompaniedby often widespreadtephra
fall, lightning in the eruption cloud and enormous
jökulhlaupsconsistingof meltwater, ice andvolcanic
debris.Theonly historically recordedvolcanicprod-
uctsconsistof airfall tephraandwater-transportedde-
bris. During the openingstagesthe Katla eruptions
aresubglacial,but apparentlymelt their way through
the overlying � 400 m thick ice cover in a matterof
hours,if precursoryearthquakesfelt in nearbyareas
canbe taken asa markof the beginningof the erup-
tions.ThelastKatlaeruptionto breakthroughtheice
andbecomesubaerialoccurredin 1918. It beganon
October12 andlastedfor about3 weeks.
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A sustainederuptioncolumnof vapour, gasesand
tephrausuallydevelopsduring thefirst hoursof sub-
aerialactivity at Katla. On the first day of the 1918
eventtheeruptioncloudreachedanelevationof 14km
above sealevel as measuredfrom Reykjavík, about
160 km westof the volcano(Eggertsson,1919). At
closer rangeit was seenas a fast rising cloud with
a convolutedupwind margin, andthe basalpart was
describedas black, becomingwhitish in the upper
reaches(Sveinsson,1919;Jóhannsson,1919). Light-
ning flashedin andabove the cloud at intervals of a
few secondsand tephrafall commencedto the east
of thevolcanowithin anhourof thefirst cloudsight-
ing. On the secondday of eruption,tephrafall was
reportedfrom Reykjavík and from Höfn 200 km to
theeastof thevolcano.

Tephrafall can occur at any time during Katla
eruptionsbut theexplosiveactivity is usuallymostin-
tense,andtephraproductiongreatest,during thefirst
days(S.t.s.Ísl. IV, 1907-15;G.Sveinsson,1919).The
tephrais depositedbothaslobatefansandasthin veils
aroundthe volcano, manifestinga distribution pat-
ternwhich is significantlydifferentfrom thatof short-
lived plinian eruptionsof similar magnitude(Figure
2). Thereportedtephrafall areain the1918eruption
exceeded50.000km� on land. Occasionally, tephra
from thefirst daysof Katla eruptionshasreachedthe
FaroeandShetlandIslandsandduringthe1625erup-
tion tephrafall reachedtheEuropeanmainland(Thor-
arinsson,1981).Thedirectionof themaintephrafall
hasbeento the east,northeastor southeastin eight
out of 17 eruptionsfor which the tephradistribution
is known (Figure3). Themaximumthicknessof air-
borneKatla tephrais not known as the thickestpart
is not preserveddueto depositionon the glacier, but
thicknessesin excessof 0.5m havebeenreported(G.
Sveinsson,1919).Themaximummeasuredthickness
of compactedtephraat distancesof 25 km from the
sourceis � 30cm.

The volume of airborneKatla tephravariesbe-
tweeneruptionsby at leastthreeordersof magnitude.
Themostvoluminoustephralayeris thoughtto bethe
K-1755 layer with an estimatedvolume of 1.5 km

�

of freshly fallen tephra(Thorarinsson,1975). The
smallesttephralayersmappedsofarhavevolumesof
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Figure 2a. Dispersal of the 1625 Katla tephra.
isopachsof proximal anddistal depositson land. –
Dreifinggjóskuí Kötlugosinu1625.Jafnþykktarlínur
gjóskunnará landi.

lessthan0.02km
�
. Thevolumeof water-transported

volcanicdebrisis unknown but two estimatesindicate
volumesof between0.7 and 1.6 km

�
during the K-

1918eruption(LarsenandÁsbjörnsson,1995;Tóm-
asson,1996).

Thedurationof documentedKatlaeruptionssince
1625hasvariedfrom 2 weeksto over5 months(Table
1) but someeruptionsprobablyfall outsidethis range.
Thelast threeKatla eruptionsto melt throughtheice
cover lasted20-28days. The averagereposeperiod
since1500AD is 47 yearswith maximumdeviations
of 33and34years.Theshortestreposeperiodknown
sofar is 13 years,betweentheeruptionsin 1612and
1625,while thelongestoneis about80 years.
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jafnþykktarlínurgjóskunnará landi.c) Staðirþar sem
gjóskufallsvarðvart utanÍslands(SamkvæmtSigurði
Þórarinssyni,1980).

The dateof 14 Katla eruptionsis known to the
year(Table1) andis approximatelyknown for six oth-
ers.Thetime of theyearis known for nineeruptions,
all of which beganduringtheperiodMay-November.
Small jökulhlaupsin June1955 and July 1999 may
have beencausedby subglacialvolcanism. Accord-
ingly, all Katla eruptionsduring the last 400 years
have begun during this time of the year. Although
four centuriesare a short time in the lifespan of a
volcanicsystem,this implies thatKatla eruptionsare
morelikely to begin duringthespring-fall seasonthan
in wintertime.

Table 1. Historical eruptionsof the Katla system.
Tephralayers, thought to representtheseeruptions
have beenidentifiedin soil sectionsaroundMýrdals-
jökull. With the exceptionof K-1823, K-1245 and
the two 12th centurylayersall theprasampleshave
beenchemicallyanalysedin orderto verify their ori-
gin. Three eruptions,previously labelled K-1311,
K � 1000 and K-x, have beendroppedfrom the list
as the tephralayersrepresentingthem wherefound
to belongto othereruptionswithin theKatla system.
The latter two arepart of the Eldgjá tephra. Dates:

� assummarizedby Thorarinsson(1975), � Einars-
sonetal. (1980), � Larsen(1984),	 Haflidasonet al.
(1992),
 Hammer(1980)andZielenskietal. (1995).
– Gos á Kötlukerfi á sögulegum tíma. Gjóskulög,
semtalin eru mynduðí þessumgosum,hafa fundist
í jarðvegssniðumí nágrenniMýrdalsjökuls.Öll nema
K-1823,K-1245og 12. aldar lögin hafa verið efna-
greind til staðfestingará upprunaþeirra. Þrjú gos,
semáður voru talin til Kötlu, K ca. 1000, K-x og
K-1311, falla af skrá þar eð í ljós hefur komið að
gjóskulögineru úr öðrumgosumá Kötlukerfinu. Tvö
þau fyrst nefndueru hluti af gjóskulaginu úr Eld-
gjárgosinu.

Eruption Eruption Date Length Preceding
site year/cent. days years
Katla (1955� ) June25 (37)
Katla 1918� Oct 12 24 58
Katla 1860� May 08 20 37
Katla 1823� June26 28 68
Katla 1755� Oct 17 � 120 34
Katla 1721� May 11 >100 61
Katla 1660� Nov 03 >60 35
Katla 1625� Sept02 13 13
Katla 1612� Oct 12 32
Katla 1580� Aug 11 � 80
Katla� 1500

Katla 15.cent
Katla� 1440
 (24)
Katla 1416� (59)
Katla� � 1357� (95)
Katla 1262� 17
Katla 1245� (66)
Katla� 1179�
Katla 12.cent
Eldgjá 934/938�
Katla� 920� (16)
Katla 9. cent
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Figure 3. Main axes of thicknessfor somehistor-
ical basaltic Katla tephra layers. Partly basedon
Thorarinsson(1975) and Larsen (1978). Thin ar-
rows indicate minor tephra layers. The distribu-
tion is in fairly goodagreementwith prevailing wind
patternsat the 500 mb level (Jónsson,1990). –
Meginþykktarásarnokkurra gjóskulaga frá Kötlu. Að
hluta til samkvæmtSigurði Þórarinssyni (1975) og
GuðrúnuLarsen(1978). Grannar örvar tákna litla
gjóskugeira. Stefnagjóskugeira er í allgóðu sam-
ræmivið tíðni vindáttaí 500mbfletinumyfir Íslandi
(TraustiJónsson,1990).

An averageeruptionfrequency of two eruptions
percenturyduring the last11 centuriesis implied by
20 documentederuptionsand/ortephralayers(Table
1). The maximumobservedfrequency is threeerup-
tions in the 15th and17th centuries.A similar erup-
tion frequency sinceca.700014C yrs BP is implied
by the numberof tephralayersin proximal soil sec-
tions. A prolongedperiod of reposeafter the 10th
centuryEldgjáeventmayhaveexceeded200years.

Katla tephrais coal-blackto brownish black and
consistsmostlyof highly fragmented,poorly to mod-
eratelyvesiculatedglasswith grain sizesin the ash
andlapilli range.Crystalsarescarce.Thelithic com-
ponent,whenpresent,consistsof smalllight grey sub-
roundedrock fragments.Theglasscomposition(Ta-
ble2) of tephrafrom Katlaisnormallyhomogenousin
asinglelayer(thenotableexception,layerK-x, being
partof the10thcenturyEldgjáeruption).Layersfrom
individual Katla eruptionsaredifficult to distinguish
from eachotheron majorelementchemistryalone.

Most Katla tephralayers show distinct bedding
due to intermittent deposition and shifting wind
strengthandwind directionsduring the eruption. A
fine grainedlower partanda coarserupperpartchar-
acterizesomeof the layers(e.g.K � 1357,Einarsson
et al., 1980), implying that the first eruptedtephra
is more highly fragmentedthan that of later stages,
probablyasaresultof abundantmeltwaterattheerup-
tion siteduringtheearlystagesof theeruptions.The
oppositehasalsobeenobserved (e.g.K 1755,Guð-
mundsdóttir, 1998), indicating lessfavourablewater
to magmamassratio in theearlystages,possiblyasa
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Table2. Chemicalcompositionof basaltictephrafrom intracalderaeruptionsof theKatla system.– Efnasamsetningglers
úr basískuKötlugjóskulagi, K-1625.

K tephra n SiO� TiO � Al � O� FeO MnO MgO CaO Na� O K � O P� O� Total

K 1625 7 46,28 4,56 12,62 14,75 0,23 4,89 9,97 2,72 0,71 0,72 97,44
0,46 0,22 0,33 0,30 0,03 0,08 0,24 0,12 0,05 0,12 0,69

resultof rapidescapeof meltwaterfrom theeruption
siteor high initial masseruptionrates.

Theventareain severalhistoricalKatla eruptions
is known eitherfrom sightings(1755,1860,1918)or
from directobservationof thesite(1823,1918).In the
lattercase,theventareawasin thesoutheasternpart
of the caldera,nearits margin. The location of ice
cauldronsformedin 1955,asshown by Rist (1967),
doesnot coincidewith the locationof the 1918and
1823eruptionsites,whichlie some3 km farthersouth
asdescribedby G. Sveinsson(1919) andAustmann
(S.t.s.Ísl. IV, 1907-15).

Katlaeruptionsapparentlyoccuronshortfissures,
but their length and orientationis difficult to assess
from thescantdescriptions.If the1955incidentwas
causedby aneruption,aNNW-SSEtrending1-1.5km
long fissureis implied by the cauldrons.Its orienta-
tion is sub-parallelto the calderarim as definedby
Björnssonet al. (1993andthis volume). The ice de-
pressionover the1918ventwas0.8-1km wide from
north to southbut the E-W length could not be de-
termined(G. Sveinsson,1919). Anothersourceesti-
matedthelengthof thedepressionto aboutoneDan-
ish mile (7-8 km) whereofa 0.5-0.8km long chasm
nearits NW terminationwas thoughtto be the vent
area(P. Sveinsson,1919). The depressionmay have
beenpartlymodifiedby meltwaterchannels,in which
casethe original fissurewasshorterthanimplied by
thedepression.

All documentedKatla jökulhlaupssincethe late
12th century have escapedfrom the calderaalong
the Kötlujökull passonto Mýrdalssandur, with the
exceptionof a minor “jökulhlaup” from below Sól-
heimajökull during the 1860 eruption (Hákonarson,
1860). Accountsof volcanogenicjökulhlaupsonto
Skóga-andSólheimasandurin the13thand14thcen-
turiesarenotsupportedby field data(Dugmore,1987;
LarsenandDugmore,unpubl.data),asthelast jökul-

hlaupto leave detectabledepositsin sectionsaround
thesesandurplains occurredin the early 10th cen-
tury. Prehistoricaljökulhlaupsalsoescapedthrough
theEntujökullpass(Sigurðsson,1988).Thehistorical
jökulhlaupshave emerged in several outburstsonto
Mýrdalssandur, thoseof the first day usually being
mostvoluminous.The first 15 km of their routelies
below, within or on topof theKötlujökull glacier, and
they mayemergeoutfrom underits snoutor breakout
well above the ice margin. The locationsof the out-
letsdeterminetheroutesacrossMýrdalssandur, some
of whichareshown in Figure4.

Jökulhlaupsaccompanying Katla eruptionsarea
mixtureof meltwater, ice andvolcanicdebris,mostly
in theashandlapilli range(Einarsson,1975;Sveins-
son,1994). They have beendefinedasdebrisflows
(Jónsson,1982;Maizels,1993),waterfloods(Karls-
son, 1994; Tómasson,1996) and as alternatingbe-
tweenmud flows andwaterflows (Björnsson,1993)
on their 35-40 km route from the eruption site to
the coast. The velocity of the leadingedgeof the
1918jökulhlauponMýrdalssandurplain wascloseto
20 km/h or 6 m/s accordingto eyewitnessaccounts
(Jóhannsson,1919) while sedimentstructuresindi-
catea velocity of up to 15 m/s in channels(Maizels,
1993). The maximumdischarge for the 1918jökul-
hlauphasbeenestimatedat 100.000to 300.000m

�
/s

and the volume of meltwater hasbeenestimatedto
be asmuchas8 km

�
(Tómasson,1996). Estimates

of water-transportedvolcanicdebrisvarybetween0.7
and 1.6 km

�
respectively (Larsenand Ásbjörnsson,

1995;Tómasson,1996).

Lightning is commonin the cloudsof the Katla
eruptions. Lightning frequency appearsto correlate
to the intensity of the eruption,but occurrencesare
alsoreportedwhenactivity is low. Whenfrequency is
highest,lightningoccursat intervalsof afew seconds.
Mostappearto beintraclouddischargesbut strikesbe-
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Figure 4. Routes of three
Katla jökulhlaups across the
Mýrdalssandur plain shown
with black arrows (Larsen,
1993). In all instancessince
1600AD, a substantialpart or
the main body of the jökul-
hlaups have emerged at the
southwest corner of Kötlu-
jökull andfloodedthe western
part of the sandurplain. In
1721, 1755 and 1918 partsof
the jökulhlaup emerged at its
northernmargin at Kriki dur-
ing the initial outburst. In
1823themainpartof thejökul-
hlaup emerged at the central
portion of Kötlujökull and re-
peatedly flooded the eastern
part of the sandur plain and
the Álftaver district. The lat-
ter is usually affected only
by the initial outburts of the
jökulhlaups. In 1860 a mi-
nor flood also escapedonto
Sólheimasandur. – Helstu
leiðir hlaupanna 1823, 1860
og 1918, sýndar með örvum.
Í öllum tilfellum síðan um
1600hefurverulegur hluti eða
meginhluti hlaupanna komið
fram við suðvesturhornKötlu-
jökulsog farið umvestanverð-
anMýrdalssand.Í Kötlugosun-
um 1721, 1755 og 1918 kom
hluti hlaupannaframí Krika. Í
Kötlugosinu1823 kom megin-
hlaupiðframúr miðjumKötlu-
jökli og hlaupvatn flæddi um
austanverðanMýrdalssandog
niður í Álftaver allan gostím-
ann, semer óvenjulegt. Í gos-
inu 1860komeinnigsmáhlaup
undanSólheimajökli.
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tweencloudandgroundalsooccur. Peopleandlive-
stockhaveoccasionallybeenkilled by lightning,even
at distancesof 30 km from thevolcano(S.t.s.Ísl. IV,
1907-1915).In the1918eruptionthetelephonecould
notbeusednorelectricitymaintainedfor extendedpe-
riods of time (G. Sveinsson,1919). Otherelectrical
phenomena,suchasSt.Elmo’sfire, arealsoreported.
Lightningmaybethemostserious- andthemostun-
derestimated- hazardof futureKatla eruptions.

Explosive silicic Katla (Sil-K) eruptions

Explosive silicic Katla eruptionshave only recently
beenrecognizedasa distinct phasein the Holocene
activity of the Katla volcanicsystem(Larsen,1994;
Larsenet al., in press).Sucheruptionswerenot ob-
served or describedduring historicaltime. A few of
the tephralayers producedin theseeruptionswere
previously known assignificantkey layersin the re-
gional tephrochronologyof S-Iceland(Larsen,1984)
due to their distinct grain characteristicsand easy
identificationandcorrelationin thefield. Othershave
only recentlybeenmapped.

Some12 Holocenesilicic tephralayersoriginat-
ing below theMýrdalsjökull icecaphavebeenidenti-
fied so far (Larsenet al., in press).All wereerupted
betweenca. 1700 yrs BP and ca. 6600 yrs BP (Ta-
ble 3 andFigure5). Older layersarefoundbut their
origin hasnot beenverified. The locationof thevent
areabelow theice capcanbeinferredby plotting the
axesof someof the silicic tephralayers(Figure 6).
Theaxesof two bilobatetephralayersmeetwithin the
caldera,indicatingaventareanearits centre.Ventsat
thecalderafracturecannotbeexcludedin othercases.
Silicic domesarefound at the calderarim andsome
of them, e.g. at E-Kötlukollur, are thought to be of
late-glacialageasthey have chemicalcharacteristics
similar to pre-Holocenetephrafrom theKatla system
(Lacasseet al., 1995). Someof the Holocenesili-
cic tephralayersmaybepartof dome-formingerup-
tions. The calderais unlikely to have beenicefree
during prolongedperiodsof the Holoceneand the
silicic magmawasmost likely eruptedundersimilar
conditionsasthe basalticmagma,in the presenceof
ice/meltwaterin hydromagmaticexplosiveeruptions.

Table 3. Radiocarbondates and estimatedage of
silicic tephralayers from the Katla system. (From
Larsenet al., in press). – Geislakolsaldur og áætl-
aður aldur súrugjóskulagannafrá Kötlu (samkvæmt
GuðrúnuLarseno.fl., í prentun).

SILK tephra AgeB.P. Lab. no
LayerYN 1676� 12 GU-7091
LayerUN 2660� 50 SSR-2805
LayerMN 2975� 12 GU-7021
LayerLN 3139� 40 GU-7019
LayerN4 c. 3600
LayerN2 c. 4200
LayerN1 c. 4900
LayerA1 c. 5000
LayerA7 c. 6200

6400� 80 U-4604
LayerA8 c. 6400
LayerA9 c. 6600

Most of the silicic tephralayersare lobate,with
two or threewell definedmainlobes,thelargestlayer
beinga noteableexception(Figure7). Many of the
layersarethinandconsistof fineash,while thelargest
tephralayershave grainsin the lapilli rangeaswell.
Threelayerscontaindistinctneedleshapedgrainsand
haveaccordinglybeennamedtheupper(UN), middle
(MN) andlower (LN) needlelayers.

The silicic Katla tephrashave a distinct glass
colour and grain characteristics.The tephrahasan
olive-greento greyish-greenhue when seenin soil-
sections.Thecoarsergrainsizesconsistof threedis-
tinct grain types: rods of fibrous glass,up to sev-
eral cm long and a few cm in diameter, with elon-
gatedvesiclesandverythinwalls,breakingeasilyinto
small"needles";equantor slightly elongatedgrainsof
highly vesiculatedglasswith irregular vesicles;and
poorly vesiculated,black scoriaceousgrains. The
maximumobserved length of rodlike grains is over
8 cm with a diameterof 1-2 cm at a distanceof 30
km. Lithics have not beenfoundso far. Theneedles
areuniqueamongtheHoloceneIcelandictephrasbut
have someresemblanceto theplaty finesof the1362
tephrafrom theice-coveredÖræfajökull volcano.
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Figure 5. Compositesoil section from areaseastof
Mýrdalsjökull ice cap, showing the regional tephra
stratigraphy and where the products of the Eldgjá
fires and Hólmsá fires fit in (from Larsenet al., in
press). Historical datesare A.D. while for prehis-
toric datesB.P. is preferredover B.C. (from Thorar-
insson, 1975; Larsen, 1979, 1984; Hammer et al.,
1980; Dugmore,1989; Dugmoreet al., 1995; Grön-
vold et al., 1995; Zielinski et al., 1995, 1998; Ols-
son, Larsenand Vilmundardóttir, unpubl.data).Dark
layers(blackish,brownish) are shown as grey bands,
the majority being basaltic Katla layers. The silicic
Katla layers (greenish) are shown as black bands.
Light- or two-colouredmarker tephrasfrom othervol-
canic systemsare ruled. The Eldgjá tephralayer, the
lava flows and several jökulhlaup-depositsfit into the
regional tephra stratigraphyof S-Iceland at a spe-
cific stratigraphicallevel, hereindicatedby the tephra
alone. K: Katla, H: Hekla, V: Veiðivötn systems.
SILK: silicic Katla layers. The letters N and A re-
fer to localities in the field. – Samsettjarðvegssnið
með gjóskulögum,sem sýnir gjóskulagaskipanaust-
an Mýrdalsjökuls(samkvæmtGuðrúnuLarseno.fl., í
prentun). Aldur gjóskulaga á forsögulegum tíma er
gefinn í geislakolsárum,í samræmivið töflu 3. Dökk
gjóskulög(svört eðabrúnleit í jarðvegi) eru höfð grá
á teikningunni,flestþeirra eru basískKötlulög. Súru
Kötlulögin (grænleití jarðvegi) eru höfðsvört. Ljósleit
eða tvílit leiðarlög frá öðrum eldstöðvakerfum eru
strikuð. Sýnter hvar gosefnifrá Eldgjárgosi (táknað
meðgjóskulaginu)og Hólmsáreldum(strik vísará legu)
eru í jarðvegsstaflanum.K: Kötlu-, H: Heklu-,V: Veiði-
vatnakerfi. BókstafirnirN og A ásamttölustafvísa til
sýnatökustaða.

The volume of airbornesilicic tephravariesbe-
tweeneruptionsbut doesnot exceed0.5 km

�
in any

layermappedsofar. Thelargestandmostwidespread
is the tephralayer UN (Figure 7). The areawithin
the0.2 cm isopachon landis about15.000km� , and
compactedvolumeis 0.16km

�
, correspondingto 0.27

km
�

of uncompactedtephra. The secondlargest is
layer LN with an uncompactedtephravolumeof 0.2

km
�
. The remaininglayersaresmallerstill and the

smallestonesareestimatedto be lessthan0.01km
�

in volume.Maximumthicknessvaluesarenotknown
for any of thelayersastheproximalpartof thetephras
wasdepositedon ice. Maximum observed thickness
amountsto 12cmatadistanceof 30km from thecen-
treof thecaldera.
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Figure 6. Axes of thicknessfor somesilicic Katla
tephralayersextendedinto thecaldera,indicatingpo-
tentialsourceareaswithin thecaldera.– Þykktarásar
nokkurra súrra Kötlulaga eru framlengdirþannigað
þeir ná inn í öskjuna. Tvö gjóskulagannaeru tvíása
og ásarnir skerast innan öskjunnar, sembendir til
upptakainni í henni.Ásarhinnagjóskulagannalenda
þar á milli. Þegar um einn áser að ræðaer þó ekki
hægtaðútilokaaðupptökingætuveriðí öskjubrotinu.

Someof thesilicic tephrashavebeendatedby ra-
diocarbonanalysesof organicmaterial immediately
above or below thetephras.Theyoungestlayer, YN,
is datedat1676� 1214Cyrsandthesecondyoungest
andlargest,UN, is datedat 2660� 50 14Cyrs (Table
3). Theoldestlayerverifiedto besilicic Katla tephra
waseruptedabout660014CyrsBP.

The 12 silicic eruptionsidentified so far are not
evenly spacedduring the period in question. The
eruptionfrequency washighestbetweenca6200and
660014Cyrsagowhenthreeeruptionsoccurred,and
betweenca 2700to 360014C yrs agowhenfour of
thetwelveeruptionstookplace.Thus,theinterval be-
tweeneruptionshasvaried from about100 to about
100014Cyrs.

The glass compositionof the 12 tephra layers
analysedso far is similar for all the tephras. The
SiO� contentlies in therangeof 63-67%(Table4 and
Larsenet al., in press)and the overall composition
hasremainedremarkablystableover five millennia.

Grainsof basalticandrhyolitic glass,possiblyscav-
engedfrom theventor conduit,occurin atleastoneof
thelayers.Thecompositionof thesilicic magmadif-
ferssignificantlyfrom thatof thePre-Holocenesilicic
tephradepositson thesouthernslopesof thevolcano
(Lacasseet al., 1995).

Thedurationof thesilicic eruptionsis not known.
The geometryof the tephralayersindicatesthat the
tephrawas eruptedin separatebursts forming dis-
tinct well definedfansor lobes. Someof the lobes
arenarrow, indicatingshort-lived events(minutesor
hours). Someof the tephralayersare bi- and trilo-
bate,andchangesin wind-directionbetweendeposi-
tion of individual lobesindicaterelatively long quiet
periods(hours,days,weeks).This impliesthatmany
of the eruptionsconsistedof several relatively short-
livedexplosiveeventsat intervalsof unknown length.
Intermittentactivity may even have continuedfor a
few years,similar to the1821-23activity at theneigh-
bouring Eyjafjallajökull volcano. Another possibil-
ity is that theactivity wascontinuousbut only tephra
from the largesteventswasdepositedoutsidethe ice
cap. The volumeof airbornesilicic tephraindicates
relatively smalleruptions,of similar or smallermag-
nitudethanthetypical Katla eruptions.Thedistribu-
tion of the tephrasuggeststhat theexplosive activity
wasof low intensity, not capableof supportinghigh
sustainederuptioncolumns.

Jökulhlaupsaccompanying eruptionsin the area
definedby the axes of thicknesswithin the caldera
(Figure 6) could, under presentconditions, escape
throughany of thethreegapsoccupiedby theglaciers
Entujökull, Kötlujökull and Sólheimajökull. Jökul-
hlaupsaccompanyingeruptionsat thecalderafracture
couldalsoescapealongotherroutes,dependingonthe
locationof the vents. No water-transportedmaterial
with thechemicalcharacteristicsof theHolocenesili-
cic tephrashasbeenfoundon theflood plainsaround
Mýrdalsjökull, but glasschemistryhasrevealedthat
severalof theseeruptionscontributedto ocean-rafted
pumice,which hasbeenfound on coastsaroundthe
NorthAtlantic (Newton,1999;Larsenetal., in press).
The wide distribution is morelikely the resultof the
propertiesof the pumice, which allowed it to stay
afloat for a long time, than an indication that the
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Table4. Chemicalcompositionof silicic tephrafrom intracalderaeruptionsof theKatla system(Larsenet al.,
in press).– Efnasamsetningglersúr stærstasúra Kötlugjóskulaginu,SILK-UN.

SILK tephra n SiO� TiO � Al � O� FeO MnO MgO CaO Na� O K � O P� O� Total

SILK-UN 10 64,16 1,33 13,95 5,94 0,20 1,36 3,40 4,37 2,59 97,30
0,41 0,06 0,24 0,31 0,03 0,08 0,13 0,20 0,11 0,54
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pumicevolumesor the floods that transportedthem
wereparticularlylarge.

Predominantly or partly effusive basaltic eruptions

Major events:The"Fires"

Effusive basaltic eruptions are the least common
eventson the Katla volcanicsystem.Between5 and
10 relatively minoreruptions,thatwereat leastpartly
effusiveandproducedsmalllavaflows,andtwo major
"fires" producinglargelava flows, areknown to have
takenplaceduringtheHolocene.Theformeroccurred
on shortfissureson thewesternandnorthernperiph-
ery of Mýrdalsjökull centralvolcanoandarethought
to bemorethan400014Cyrsold (Jóhannessonetal.,
1990). In the two "fires", fissuresalsoopenedup on
the NE trendingfissureswarm. They arethe largest
andmosthazardousHoloceneeventsof theKatlavol-
canic system. This chapterfocussesmostly on the
youngerfires.

The older "fires" (Hólmsáfires) are about6800
14C yrs old. The lava flows, now partly coveredby
theproductsof theyoungerfires,canbeshown to fit
into theregional tephrastratigraphyof S-Icelandat a
specificstratigraphicallevel (Figure5). Thelavasfol-
loweddepressionsandriverchannelsdown theÁlfta-
versafrétturareaat leastas far as Atlaey (Figure 8)
and possibly all the way to the coastof that time.
Their southwardextensionis hiddenbelow anexten-
sivecoverof youngerlava. Thevolumeof lava is ten-
tatively estimatedto be ca.5 km

�
. The lengthof the

eruptivefissureisnotknown,butaminimumlengthof
8-10km outsidethepresentice margin nearÖldufell
is inferredby thepathstakenby thelava.

The younger"fires" (Eldgjá eruption)took place
in the early 10th century(Larsen,1979),mostlikely
around934-938AD (Hammeret al., 1980; Zielin-
ski et al., 1995). The ca.75 km long fissureextends
from theKatla calderabeneaththeMýrdalsjökull ice
capin thesouthwest,throughthemountainousterrain
northeastof the ice capto Eldgjá properandcontin-
uesintermittentlyto Stakafellmountain(Figure8). It
is the longestknown eruptive fissureto be active in
historical time (last 11 centuries).The eruptionpro-
ducedawidespreadbasaltictephralayer, composedof
severaldistinctunits,andtwo majorlava fields(Rob-

son,1957;Miller, 1989;Larsen,1996;Thordarsonet
al., in press). Possibly, a hyaloclastiteflow accom-
paniedthe eruption. Jökulhlaupsoccurredalongthe
subglacialpartof thefissure.

The Eldgjá event is of particularimportancebe-
causeof its magnitudeand becauseit is the cause
of themostextensiveenvironmentalchangesbrought
aboutby volcanicactivity in Icelandduringthelast11
centuries.

TheEldgjá firesof the 10th century:Thefissure and
theproducts

Aboutone-fifthof thetotal lengthof theEldgjáfissure
lies below thepresentMýrdalsjökull ice cap.Theex-
actlocationsof thesubglacialfissuresegmentsarenot
known but isopachsof individual units of the Eldgjá
tephralayerdefineat leasttwo major segments.The
southwesternmostof thetwo is locatedto thewestof
Kötlujökull, lying eitherwithin thepresentcalderaor
alongits easternmargin/fracture.Anothermajorseg-
mentliesto thewestof Öldufellsjökull,possiblysepa-
ratedfrom theadjoiningsubaerialsegmentby aminor
discontinuityor a dextral shift.

The 60 km long subaerialpart of the fissureruns
throughhillocky landscapeandbecomesincreasingly
discontinuousto the northeast(Figures1 and8). In-
dividual fissuresegmentsoccupy the low areasand
are connectedby shallow grabenstructuresextend-
ing acrosstopographicalhighs. Locally the fissure
openedup in a pre-existing valley or a depression.
This sectionof the eruptionfissureis an 8 km long,
400 m wide and150 m deepchasmafter which the
eruptionis named,Eldgjáproper. Thedepressionwas
occupiedby a river at the time of eruption as evi-
dencedby thescarpsof apre-eruptionwaterfall which
wassealedoff by the eruptionproductsin the NW-
wall of thechasm,closeto thepresentwaterfall.

By far the greatestpart of the airborneEldgjá
tephrawaseruptedonthesubglacialpartof theEldgjá
fissure(Figure9). Hydromagmaticexplosive activity
appearsto have beendominantthroughoutthe erup-
tion there.Isopachsof thetephralayerasa wholein-
dicatethatthemainsourceareaof theairbornetephra
was west of Öldufellsjökull. Isopachsof individual
units show that the first tephrato becomeairborne
emergedthereandat S-Eldgjá.
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ernEldgjáfirst flowed in two branches,alongtheHólmsáriver bedanda channelcut into jökulhlaupdebris,
thencoalescedto form thelava field Álftavershraun.At thewesternmargin of thelava, a solid line shows the
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indicatesthe locationof the traverse.The lateflow lobesarenot shown. The lavasfrom othersegmentscoa-
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Figure9. Isopachmapof the Eldgjá tephralayer. Loci of high productivity areevident from the isochrones.
TheEldgjátephralayerwaspreviously thoughtto betheproductof three10thcenturyeruptions,theKatla-x,
the Eldgjá and the Katla 1000 eruptions(from Larsen,1996). – Útbreiðsla Eldgjárgjóskuá Suðurlandi.
Jafnþykktarlínurnarsýnaað gjóskuframleiðslavar mestvestanvið Öldufellsjökul,þ.e. á þeimhluta sprung-
unnarsemliggur undir jökli í framhaldiaf S-Eldgjá.Gjóskaúr Eldgjárgosivar áður talin vera úr þremgosum
á 10.öld, og hlutar gjóskulagsinsbáru þáönnurnöfn,K ca.1000og K-x (GuðrúnLarsen,1996).

8. mynd– Hraunúr Eldgjárgosi (dekkriskyggingin). Útlínur hraunafrá Skaftáreldumeru sýndartil saman-
burðar og einnigþaðsemséstaf hraunumfrá Hólmsáreldum(ljósari skyggingin). Hraunfrá syðri hluta Eld-
gjárgossprungunnarrunnuí tveimálmumniður fyrir Atlaey ensameinuðustí einnhraunflákaþar neðanvið.
Álftavershraun er hér notaðum allan hraunflákann.Vesturjaðarhraunsinser hulin framburði jökulhlaupa,
en heildregna línan sýnir hvar ennsésttil hraunsá yfirborði. Brotna línan sýnir hvar hraunjaðarinngæti
legið samkvæmtsegulmælingum,örin bendirá hvarmælilínanlá. Hraunbrúnirinnanhraunflákansnorðanvið
Álftaveriðeru ekkisýndar. Gervigígarí Álftavershrauni eru táknaðirmeðkrossum.Hraunfrá öðrumhlutum
Eldgjárgossprungunnarsameinuðustí farvegi Skaftárog mynduðuhraunfláka,semnú er að hluta hulinn af
Skaftáreldahrauni. Meðallandshraun er hér notaðum vesturhlutannog Landbrotshraun um austurhlutann.
Útlínur hraunannaerudregnarsamkvæmtHaukiJóhannessynio.fl. (1990).Gosefnisemmynda„hlaupkeilu“í
Krika (blanda af gjósku,bólstrabrotum og hrauni) eru krossstrikuðnemaþar semséstí hraun, og lóðrétt
strikuðþar semyngri hlauphafaflutt efni til. JökulgarðurnorðanÁlftaverser táknaðurmeðþríhyrningum.B:
Botnarí Meðallandi.H: Höfðabrekkaí Mýrdal.
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emergedthereandat S-Eldgjá. The third tephraunit
was eruptedon the Calderasegment. Activity then
continuedon the Öldufell segment, while airborne
tephra emerged only intermittently on the Caldera
segment.Thistephrais highly fragmentedandclosely
resemblestypicalKatla tephra.

On the subaerialsegmentsof the Eldgjá fissure,
explosive activity causedby high extrusionratesand
vigorous degassingtook place simultaneouslywith
the effusion of lava (Miller, 1989), but was proba-
bly also enhancedby high ground water table and
surfacewater during the initial phases. This activ-
ity was pronouncedon the Central-Eldgjáand Eld-
gjá propersegments,and resultedproximally in ex-
tensively weldedspatterdepositsanddistally in sco-
ria depositsinterfingeringwith hydromagmatictephra
from thesubglacialpart.

The Eldgjá tephrawas mainly carriedsoutheast
but a smallerlobe extendsnorthwest(Figure9). At
least15 individual units from variouspartsof thefis-
surecanbediscerned.Thetephrafrom thesubglacial
part of the fissureis distinctly bedded,with a maxi-
mumobservedthicknessof 4.5m atca.5 km from the
sourceandup to 2 m and1 m at a distanceof ca.10
km and20 km, respectively. Along thesubaerialpart,
scoriaandspatterform proximaldepositsup to 15 m
thick, thinning rapidly away from the fissure,occa-
sionallyformingsheetsof spatter-fed lavathatflowed
up to 5 km from thesource(Jakobsson,1979;Miller,
1989). The land areacoveredby tephrais at least
20.000km

�
but theareaatseahasnotbeenestimated.

Thevolume(compacted)of theEldgjátephraon land
is closeto 2.7 km

�
within the 0.5 cm isopach,corre-

spondingto 0.9 km
�

calculatedasdenserock equiv-
alent(Larsen,1996). The total volumehasnot been
calculated,dueto largedispersalto thesea,but is es-
timatedto exceed4 km

�
or 1.3km

�
DRE.

A hyaloclastiteflow deposit is found along the
northernmargin of Kötlujökull glacierat Kriki, east
of the Kötlujökull pass(Figure 8). It is extensively
gullied by water, providing numerousexposuresof
its internalstructures,andis partly overlainby a thin
moraine. The main body consistsof threesubunits
or faciesbut its baseis nowhereexposed. The low-
ermostexposedsubunit consistsof irregularly jointed

lava andpillow lava with a highly irregular surface.
Verticalor subverticalprotrusionsof pillow basaltex-
tendinto themiddlesubunit,whichis mainlymadeup
of hyaloclastitebrecciaconsistingof poorly consoli-
datedscoriaceousashto bombsizeclasts,fragments
of pillows or irregularly jointed lava and small iso-
latedpillows. Theprotrusionsof pillow basaltoccur
mostly in the lower half, occasionallyextendinginto
the upperpart wherethin horizontal lava sheetsare
also intercalatedwith the breccia. In one instancea
coupleof thin (20-50cm)dykesemergefromaprotru-
sion,extendingup throughthemiddleandtheupper-
mostsubunit, forming a small sheet.The uppermost
unit consistsof poorly consolidatedlayeredhyalo-
clastitetuff with occasionalcross-beddedor slumped
layers.TheKriki hyaloclastiteflow is very similar to
the standardhyaloclastiteunit definedanddescribed
by Bergh (1985)andBergh andSigvaldason(1991),
with theexceptionthatthelowermostfacies,regularly
jointedlava,hasnot beenobserved.Bergh (1985)in-
terpretedthe observed featuresto have formedwhen
the flows were discharged from a subglacialinto a
subaqueousenvironment,a condition that cannotbe
metatKriki. WalkerandBlake(1966)envisagedsuch
flow in a tunnelcreatedby a preceedingjökulhlaup.
TheKriki hyaloclastiteflow depositsemergeoutfrom
underthepresentmarginof Kötlujökull at600m a.s.l.
andcanbefollowedfor 6-7km until they disappearat
ca 300 m a.s.l.below youngeralluvials from glacial
rivers and jökulhlaups.Contactsbetweenthe Álfta-
ver lava andtheKriki depositsarenowhereexposed.
Watertransporteddebris,whichdirectlyoverliesrem-
nantsof primary, beddedEldgjátephraat 160m a.s.l.
on the southwestslopeof Rjúpnafell, is tentatively
correlatedto the Kriki deposits. The implication is
that the debrisflow wasemplacedduring the Eldgjá
eruption. The volume of the Kriki depositsoutside
theglaciermargin is about0.5km

�
.

Voluminouslava flows, comparablein volumeto
thoseof the 1783 Skaftáfires, were eruptedon the
subaerialpart of the Eldgjá fissure. The lavaswere
channelledalongrivergorgesandvalleysdown to the
lowlandwherethey formedextensivelavafieldsin the
districts of Álftaver, Meðallandand Landbrot (Fig-
ure 8). Productivity washigheston the

�
8 km long
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S-Eldgjásegmentwherethe 345 km
�

westernlavas,
including the Álftaver lava field, emanatedwhile all
the remainingsubaerialsegmentscontributed to the
435 km

�
easternlavas, including the Meðallandand

Landbrotlava field. The lava fields werepreviously
thought to have a combinedvolume of 14-16 km

�

(Miller, 1989)but new field observationsindicatethat
it may exceed18 km

�
(Thordarsonet al., in press).

Thelavafieldsarepahoehoelavas,dottedwith, andin
placesdominatedby, rootlessvents(pseudocraters),
indicatingemplacementover wet groundor shallow
lakes. The main lobe of the Álftaver lava extends
morethan50 km from the sourceto the southcoast,
while several shorterlobeswith distinct flow fronts
occurcloserto the source.Activity on the subaerial
part apparentlyoutlastedthat on the subglacialpart
andmayhavecontinuedintermittentlyfor aprolonged
period,asimpliedby thelateflow lobes.

JökulhlaupsaccompaniedtheEldgjáeruptionbut
their extent and timing are only partly known. A
fan depositedby a major jökulhlaupemerging south
of Öldufell (or from below Öldufellsjökull), con-
formablyoverlainby beddedEldgjátephra,wasmost
likely emplacedduring the early stagesof the Eld-
gjá eruption.Otherpotentialearlyflood depositsoc-
cur on Mælifellssandurand north of Álftaver. De-
bris fansthatcanbefitted into theeruptionsequence
wereformedduringthelaterstagesof theeruptionby
floodsapparentlyemerging nearÖldufell andSand-
fell. Suchdebrisis foundon thelowerslopesof Atla-
ey whereit fits into thetephrastratigraphyat thesame
level as the Eldgjá tephra. There it overlies or in-
tercalatesthe airfall depositand is also found sand-
wichedbetweenlava lobes.Evidenceof a jökulhlaup
from below Sólheimajökullin the early10th century
is found on the vegetatedslopeseastof the outwash
plain. This is the last verified occurrenceof a jökul-
hlaupleaving a discernibledepositof volcanicdebris
in thatarea(LarsenandDugmore,unpublisheddata).
The depositeitherbelongsto the Eldgjáeventor the
previousKatlaeruption(ca.920).

The Eldgjá tephraand lavas have the chemical
characteristicsof the Katla volcanicsystem,beinga
transitionalalkali basaltwith high iron and titanium
content(Table5 andJakobsson,1979).A tephraunit

eruptedon thecalderasegmentduringa latestageof
the explosive phasecontainsminor amountsof sili-
cic (SiO� ca 64%) glassinterspersedin the basaltic
tephra. This componentresemblesthe silicic tephra
layersdescribedin theprevioussection.A character-
istic featureof thebasaltictephraunitseruptedwithin
the calderais the abundanceof small glomerocrysts,
mostly plagioclase,in the glass. Contaminationof
FeTi basaltby acid melt would result in crystalliza-
tion of plagioclase. Compositionalvariationsalong
the Eldgjá fissureas describedby Miller (1989) in-
dicatecontaminationby tholeiite,which is mostpro-
nouncedat thenorthernpartof thefissure,confirming
Jónasson’s (1974)observations.

Courseof eventsin theEldgjáfires

The courseof events during the Eldgjá eruption is
not known in detail. Thefirst materialto appearwas
tephraeruptedon thetopographicallylow fissureseg-
mentswestof Öldufellsjökull andat S-Eldgjá.Jökul-
hlaupsfrom below Öldufellsjökull seemto have ac-
companiedthis activity, andemanationof lava from
S-Eldgjámay have begun at the sametime. Next to
appearwasa batchof tephraeruptedon the caldera
segment,seeminglyin a singleshortburst,while ac-
tivity onthefirst-mentionedsegmentsappearsto have
beencontinous. Tephraunits indicate that the re-
mainingsubaerialfissuresegmentsbecameactive in
a stepwisefashion,first C-Eldgjá, followed by Eld-
gjá properandfinally by N-Eldgjá. Lava production
probablybeganwith thefirst appearanceof tephraon
eachsegment.Thedurationof thisphase,theprogres-
sive stage,is not known. By analogywith the 1783-
85 Skaftáfires it mayhave lastedweeks(Thordarson
andSelf, 1993). Ejectionof airbornematerialfrom
thecalderasegmentresumedafter theopeningof the
C-Eldgjásegment. Activity at the calderamay have
ceasedor beenreducedasothersegmentssetin. Al-
ternatively, activity on thecalderasegmentmayhave
beencontinuouswith thegreatestpartof thematerial
emplacedashyaloclasticflow(s) throughthe Kötlu-
jökull gapdown to Kriki, only a smallpartof thema-
terial becomingairborneuntil a laterstage.

The durationof the Eldgjá event may have been
years.Thewell definedfrontsof someof thelatelava
lobesmay be taken as an indication that the under-
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Table5. Chemicalcompositionof basaltictephrafrom the Eldgjá fires,Katla system.Bulk samplefrom the
beddedtephralayerwhereit is 4 cmthick. Slightdifferencesbetweenglaandglb mayindicatedifferentsource
areason the >75 km long fissure. The third type, glx, may be scavengedfrom bedrock. – Efnasamsetning
basísksglersúr Eldgjárgjósku.Heildarsýniaf 4 cmþykkulagskiptugjóskulagi. Mismuná efnasamsetningugla
og glb málíklegarekjatil upprunaá mismunandihlutumgossprungunnar. Glerkorn meðlægra TiO � , glx, gætu
veriðaðskotakorn úr berggrunni.

Eldgjátephra n SiO� TiO � Al � O� FeO MnO MgO CaO Na� O K � O P� O � Total
E 934/938gla 6 46,07 4,65 12,10 15,09 0,18 5,07 10,64 2,72 0,71 97,22

0,36 0,25 0,36 0,49 0,03 0,28 0,25 0,09 0,04 0,55
E 934/938glb 5 47,75 4,65 12,34 13,93 0,18 4,61 9,68 2,99 0,88 97,01

0,35 0,09 0,16 0,08 0,03 0,14 0,25 0,10 0,07 0,50
E 934/938glx 3 49,45 2,52 12,38 13,40 0,19 5,41 10,77 2,50 0,39 97,01

0,29 0,11 0,38 0,09 0,02 0,07 0,05 0,08 0,02 0,58

lying lava hadsolidified beforethey wereemplaced.
Thevolcanicsignalfrom Eldgjá in theGreenlandice
coresextendsover 3-6 years(Hammer, 1984;Zielin-
ski et al., 1995) and may be a realistic indicator of
thelengthof theeruption.Theeffects,however, have
lastedto this day.

ENVIRONMENTAL CHANGESIN THE
PAST 11 CENTURIES

Themostextensive environmentalchangesin inhabi-
tatedareasin Iceland,causedby volcanicactivity dur-
ing the last 1100 years,began by the Eldgjá erup-
tion. Thesechangescan be assessedby geologi-
cal/tephrochronologicalstudiesandwith the help of
written sources,both theearlychroniclesthatbriefly
describethe conditionsand naturalphenomenamet
by theNorsesettlers,andlatercontemporarysources
(ÍslenskFornrit I; S.t.s.Ísl. IV, 1907-15). Only the
more"local" effectsof thehistoricaleruptionswill be
treatedhere,i.e. thoseof lava emplacement,tephra
fallsandjökulhlaups.Theregionaleffects,in particu-
lar thoseof theEldgjáevent,arediscussedelsewhere
(e.g.Zielinskietal., 1995;Thordarsonetal., in press).
Prehistoricchangesarenot addressedhere.

The pre-Eldgjá envir onment

A partial reconstructionof the pre-Eldgjáenviron-
mentis possibleonthebasisof currentgeologicaland
historicalknowledge.

Álftaversafrétturnorth of Atlaey wasextensively
vegetatedprior to the Eldgjá eruption. Thick soil

hadformedon theHólmsáreldarlavassincetheirem-
placementca680014Cyrsago(cf. Figure5). On the
surroundinghyaloclastitehills even thicker soil with
up to 170individual tephralayershadaccumulatedto
morethan8 m thicknessin places.This soil cover is
still preservedonsomeof thehills, e.g.in Atlaey. The
major river of the area,Hólmsá,flowed in placeson
theHólmsálava betweenbanksof soil severalmetres
thick, similar to its presentcourseat Hrífuneshólmi,
justbeforeit joinsKúðafljót.

In front of of the gapoccupiedby Kötlujökull a
low andwide alluvial coneis implied by thegeome-
try of theencirclingEldgjálava(Figure8). Beforethe
emplacementof the lava, meltwaterand jökulhlaups
probablyhadfreepassagein easterlydirections,while
agentlycurvingterminalmorainein thenorthernpart
of theÁlftaver district (Figure8) protectedthevege-
tatedregion to thesouth.

In the Meðallanddistrict the Eldgjá lava (Figure
8) is at leastpartlyunderlainby sandurdepositsor al-
luvial flats, presumablyby the riversTungufljót and
Skaftá.Theareamayalsohave beenoverrunby pre-
Eldgjá jökulhlaupsfrom below Kötlujökull. Primary
beddedEldgjátephracanbeseenimmediatelybelow
thelava, restingdirectly on top of thesandur, about1
km eastof the farm Botnar. In the Landbrotdistrict
the Eldgjá lava flowed acrosslarge wet areas,asev-
idencedby extensive fields of rootlesscones.Thick,
broken-upsoil alongits northernedge,in placesthrust
into heapsor small ridges,indicatesthat part of this
areawasvegetatedwhenoverrunby thelava.
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The field observationsare supplementedby de-
scriptionsof the conditionsthat met the first settlers
in the late 9th-early10thcenturyin the Book of Set-
tlement,and thesetwo independentsourcessupport
eachotheron certainpoints. Onedescriptionplaces
a large lake in the Álftaver district. Presentgeologi-
cal conditionssupportthe existenceof a lake behind
themorainein thenorthernpartof Álftaver(Figure8),
whererootlessconesindicatethatthelavaflowedover
a wet areaor into a lake beforebankingagainstthe
moraine.Descriptionsanddefinitionsof theearlyset-
tlementsimply thatlargepartsof theareanow known
asMýrdalssandurweresuitablefor farming, i.e. ex-
tensively vegetated.This impliesthat ratherstableor
low energy conditionshadprevailedin theareafor an
extendedperiod.

The 9th centurycoastlinecan be crudely recon-
structedfrom the descriptionsin the Book of Set-
tlementandfrom youngerdescriptions(S.t.s.Ísl. IV,
1907-15). The former refersto a fjord in the areato
thewestof capeHjörleifshöfði,with theheadtowards
thecape.It hasrecentlybeenarguedthatthefjord was
a lagoonbehinda sandbarrier(Imslandand Larsen,
1993),analogousto thepresentinletsonthesouthand
southeastcoast(Figure8). The youngersourcesde-
scribeconditionsalongthecoastalclif fs betweenVík
andHöfðabrekkawhereno beachexisteduntil after
1660A.D.

Consequencesof the Eldgjá fir es

Immediateeffectsof a catastrophicevent

The Eldgjá eruptionchangedthe landscape,hydrol-
ogy and utilization potential of large areasin S-
Iceland. About 800 km

�
of land were coveredby

new lava that raisedthe topography, blocked water-
waysandpermanentlychangedtherun-off patternof
anareaextendingfrom theMýrdalssandurin thewest
to Landbrotin theeast.A considerablepartof the800
km

�
overrunby thelavaswasvegetated.Over20.000

km
�

wereaffectedby the tephrafall on land. Some
2600km

�
werecoveredby over 20 cm thick tephra

and severely damaged. Of these,roughly 600 km
�

were buried below more than100cm thick deposits
andpermanentlylaid waste.

The changeswere most radical within 30 km

eastof the Mýrdalsjökull massif. Álftaversafréttur,
Skaftártungaand Álftaver were affected by heavy
tephrafall, lava flows, a hyaloclastiteflow andjökul-
hlaups.Thelava from S-Eldgjáfollowedrivervalleys
andgorgesto the low areas,forcing rivers in Álfta-
versafrétturout of their beds. At Álftaver the lava
banked againstand was deflectedwestwardsby the
moraine,filling in a lake/wetareain theprocess,then
turningsouthwardsto thecoastof that time, possibly
extendingit seawards. The lava frontson the sandur
eastof Kötlujökull blocked previous routesof melt-
waterandjökulhlaupsto theeast.Hyaloclastiteflows
at Kriki may have changedthe topographybelow
Kötlujökull andconsequentlythe pre-eruptionpaths
of meltwater. A tephrablanket morethan1 m thick
suffocatedthe existing vegetationand filled in gul-
liesanddepressions.Extensivesoil erosionfollowed,
which may have resultedin completedenudationlo-
cally, e.g. in Álftaversafréttur. Wherethe thickness
exceeded0.5 m the tephrapreventedrecovery of the
vegetationfor centuries. After more than a millen-
nium someof theseareasstill have only a thin, easily
puncturedsoil andvegetationcover.

Theextentandeffectsof jökulhlaupsaccompany-
ing theEldgjáeventcannotbe realisticallyestimated
becausetheEldgjá lavasandpost-Eldgjájökulhlaups
in theMýrdalssandurareahave coveredmostof their
tracks. The nicknameAurgoði (Lord of the mud)
of a secondgenerationNorsesettlerin that areaim-
plies that water-transportedsediments(aur = mud)
occurredwithin his estate. Broadly speaking,ar-
easalong the easternand northernperipheryof the
Mýrdalsjökull ice cap may have beenaffected to a
greateror lesserextentby theEldgjájökulhlaups.

Topographicalchangesbelow the Mýrdalsjökull
icecapcanonly beguessedat. Accumulationsof vol-
canicdebriswithin the calderaand elsewherealong
thesubglacialpartof theeruptingfissurearelikely to
have causedchangeslocally. Erosionby meltwater
mayhave beensubstantialin someareas.Subsidence
of the calderafloor as a consequenceof such large
eruptionis also a definite possibility. Whatever the
causes,drainagefrom thecalderawaspermanentlyal-
teredasaconsequenceof theEldgjáevent;pre-Eldgjá
jökulhlaupsescapedthroughthe Sólheimajökulland
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Entujökull gaps(e.g.Larsen,1978; Dugmore,1987;
Sigurðsson,1988), as well as the Kötlujökull gap,
while post-Eldgjájökulhlaupshave beenconfinedto
theKötlujökull gap.

Lastingeffects:Thepost-Eldgjáchanges

Whenvolcanicactivity wasresumedafter the � 200
yearreposefollowing the Eldgjá eruption,new con-
ditionshaddevelopedon thesandurplain in front of
Kötlujökull. The Álftaver lava wasnow a high area
that formed a barrier obstructingmeltwater flow to
theeast.Hyaloclastiteflow(s) at Kriki had,possibly,
raisedthe topographyon the northernsideof Kötlu-
jökull by tensof metresandchangedthe topography
below the glaciersignificantly. The combinedeffect
wasto directjökulhlaupsescapingthroughtheKötlu-
jökull passin a southerlydirection,into thelower ly-
ing areasto thewestof thelavafields.

Somerecovery of the areasdamagedby the Eld-
gjá eruptiontook placeduring the long repose.The
areasalong the edgesof the Eldgjá lava fields are
likely to have developedin the sameway asBruna-
sandurin front of the 1783Skaftáreldarlava, which
becamevegetatedwithin decadesandfarmablewithin
two centuries(Thoroddsen,1911). In the following
centuries,revegetatedareasandfarmlandswithin and
along the bordersof the presentsandurplain were
graduallydestroyed(e.g.S.t.s.Ísl. IV, 1907-15).

Tephrafall affectedtheneighbouringareas,some-
timesseverely, but the effectswere temporary. Per-
manentdamageon the scaleinflicted by the Eldgjá
tephrahasnot reoccurred. Comparedto the jökul-
hlaups,airfall tephraplaysa minor role in the post-
Eldgjáchanges.

Changescausedby the post-Eldgjájökulhlaups
can be assessedfrom many sources. The first doc-
umentedoccurrenceof a jökulhlaupafter more than
200 yearsreposewas Höfðárhlaupthat flooded the
westernpart of Mýrdalssandurshortly before 1179
AD, destroying severalfarmsandtwo churcheswithin
the Höfðabrekkaparish(BiskupaSögur1878). The
commentin the Book of Settlementthat a sandur
plain, Höfðársandur, now lies wheretherewas pre-
viously a fjord, suggeststhat significantchangeshad
takenplacewhenthecommentwaswritten in thelate
12th or early 13th century(ÍslenskFornrit I). Farms

within theÁlftaver lava werefloodedandabandoned
in the late 15th century(Gestsson,1987; Árnadótt-
ir, 1987), indicating that by then jökulhlaupscould
flood the lava field. This implies that the surfaceof
thesandurplain westof thelavafield hadbeenraised
to apointwherejökulhlaupswereno longerdeflected
by the lava edgeand that the sandurwas progress-
ing ontothelavafield. Continuationof this develope-
mentis seenin all thedocumentedjökulhlaupssince
1625 (S.t.s.Ísl. IV, 1907-15). The shorelineat var-
ious times sincethe Norsesettlementcan be recon-
structedwith referenceto theBook of Settlementand
youngersources(e.g.S.t.s.Ísl. IV, topographicmaps
from 1904 onvards). An extensionof up to 4 km
from the pre-Eldgjáshoreis implied by suchrecon-
structions.Thepermanentadditionto Mýrdalssandur
alongthe 30 km of shorebetweenVík andÁlftaver
lava is at least60 km

�
.

Evidenceof the changesis alsopreserved in the
soil in areaswithin and adjacentto Mýrdalssand-
ur. The soil that beganto form on the Álftaver lava
shortly after the eruption, is devoid of windblown
sandsizematerialuntil the early 15th century. This
changebecomesnoticeableabove the tephra layer
from the1416Katlaeruptionandincreasesdrastically
above the 1625Katla layer. The increasinginflux of
windblownmaterialis bestexplainedby sandblowing
in from areascloseto theÁlftaver lava, i.e. agrowing
sandurplain.

Frequentrenamingof the riverson Mýrdalssand-
ur implies that both their coursesandcharacterhave
repeatedlychangedthroughtime. Somehave disap-
pearedwhile othershave appearedtemporarily fol-
lowing major jökulhlaups. The mostrecentexample
is the disappearanceof the Sandvatn river, a glacial
river in the middle of Mýrdalssandur, following the
1918jökulhlaup.

The picture emerging from the piecesof infor-
mation is the following: When volcanic activity re-
sumedaftera longrepose,jökulhlaupsaccompanying
Katla eruptionsrepeatedlyfloodedthe areabetween
theÁlftaver lavafield andthehyaloclastitemountains
of Höfðabrekkuheiði.Dif ferentpartswereaffectedin
differenteruptionsbut the overall effect of repeated
depositionof water-transporteddebriswas to fill in
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lagoons,raisethesandursurfaceandenlargethesand-
ur plain at the expenseof vegetatedareas,shift river
coursesandextendtheshorelinesouthwards.

DISCUSSION
Therecurrencetime of eruptionsin eachof the three
categoriesof volcanicactivity within theKatlasystem
apparentlydiffersby ordersof magnitude.The intra-
calderabasalticeruptionsoccurat intervalsof decades
while thesilicic eruptionsoccurredatintervalsof cen-
turies and the "fires" involving both the centralvol-
canoandits fissureswarmoccurat intervalsof thou-
sandsof years.Thepastelevencenturiesareatypical,
firstly becauseof themajor"fires" in the10thcentury,
andsecondlybecauseno silicic eruptionshave been
identifiedduringthis period.

The eruption frequency presentedin this paper
shouldberegardedasa minimumfor theintracaldera
basalticeruptionsand silicic eruptions. Only sub-
glacialeruptionsthatbroke throughtheice coverand
left a tephra layer are recorded. Small subglacial
eventssuch as the 1955 and 1999 events, someof
which may have beensmall eruptions,went unno-
ticed until this century. The long reposeafter the
Eldgjá eruption is definedby the absenceof tephra
layersin soils formedduringthefollowing centuries,
andeventsthatdid not leave suchevidencemayhave
taken place during this interval. Infrequentrifting
episodesresultingin major"fires" are,however, in ac-
cordancewith thelocationof thesystemwithin azone
of propagatingrift.

The absenceof silicic eruptionsafter the Eldgjá
eruptionmayimply thatthemagmasystembelow the
centralvolcanowasdisruptedor reorganizedasa re-
sult of thatevent. Thefairly homogenousglasscom-
positionof the 12 tephraseruptedin the interval be-
tweenthe two "fires" indicatesthat stableconditions
prevailed during that period. The fact that the com-
positionof the Holocenesilicics differs significantly
from thepre-Holocenesilicicsmaysimilarily indicate
significantchangesof subcalderaconditionsatanear-
lier stage,eitherasa resultof the 1030014C yrs BP
eruption(Lacasseetal., 1995;Bardetal., 1994)or of
theHólmsáfiressome680014Cyrsago.

The hyaloclastiteflow depositsat Kriki may be

thefirst Holocenedepositsof this kind thathavebeen
identified in Iceland. The relationshipto the other
Eldgjá productsis still not sufficiently clearandfur-
ther field work is neededto establishan unambigu-
ouscorrelation.Theapparentlow productivity of air-
bornetephrawithin the calderais, however, readily
explainedif mostof themagmaeruptedthereescaped
from thecalderaasa hyaloclastiteflow.

Changesin subglacialdrainageroutes of post-
Eldgjá jökulhlaupstowardsthe Kötlujökull gap can
have several causes. Different ice thicknesswithin
thecalderaasa resultof differentclimateconditions
cannotbe disregarded,e.g. migration of the ice di-
vide,whichDugmoreandSugden(1991)proposedto
explain changesin maximumadvancesof Sólheima-
jökull during the Holocene. Other plausiblecauses
for changeddrainageroutesarea shift in locationof
intra-calderaeruptionsitesor alteredcalderatopogra-
phy. The latter would also affect the outlet glaciers
andmight explain someof the changesobserved by
Dugmore(1987)andothers.Consideringthemagni-
tude of the Eldgjá event and the activity within the
caldera,changesof calderatopographycannotbedis-
countedas a contributing factor, while an eastward
shift of post-Eldgjáeruptionsitesis themoststraight-
forwardexplanation.

Old traditions regarding settlements in the
Mýrdalssandurareabecomeunderstandablein light
of the changescausedby the Eldgjáeruption. Large
partsof theareanow known asMýrdalssandurwere,
withoutdoubt,favourablefor farmingbeforetheEld-
gjá eruption. In the two quiet centuriesfollowing
the eruption, someof the areaslaid wasteby lava
flows andjökulhlaupsrecovered,if only temporarily.
In sucha casethe existenceof farmsalongthe now
sand-coveredwesternedgeof thelavaflow, aswell as
elsewherealongthe edgesandon islandswithin the
lava, is readilyexplained.Talesof clusters(hverfi) of
farms,bothat thetime of theNorsesettlementandin
the centuriesfollowing the Eldgjá eruption,in areas
now laid waste,do not contradictwhat is currently
known aboutthe geologicalandgeographicalcondi-
tions. Thesetalesmay thereforecontainsomelarge
grainsof truth - or simply betrue.

The greatesthazardin historicalKatla eruptions
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hasbeenthat of the accompanying jökulhlaups,be-
causeof the shortwarningtime for peopleandlive-
stockexposedto thefloodsandbecauseof thedamage
inflicted on the environment. This hazardis reduced
with thecurrentmonitoringof thevolcano.Themost
seriouseffectsof future Katla eruptionscould, how-
ever, be on power transmissionin SouthernIceland
asa resultof tephrafall andlightning in theeruption
cloud. The latter is potentiallythe greatesthazardto
peopleandlivestockin areaswithin 30-40km of the
eruptionsite.A moderncommunitywith powertrans-
missionlines, television aerialsandelectricalfences
(rural areas)is morevulnerableto this menacethan
earliercommunitiesin thevicinity of thevolcano.

SUMMARY AND CONCLUSIONS
Intracalderabasalticeruptions,thetypical hydromag-
matic Katla eruptions,occurat intervals of decades.
The averagefrequency during the last 9 centuriesis
closeto two eruptionsper century, with the shortest
andlongestinterval of 13 and80 years,respectively.

Intracalderasilicic eruptionsoccurredat intervals
of hundredsof yearsin the period 6600 - 1700BP.
Theaveragefrequency wascloseto two eruptionsper
millennium,andtheshortestandlongestintervalwere
ca.100andca.1000years,respectively.

Large, predominantlyeffusive fissureeruptions,
involving both thecentralvolcanoandfissureswarm
occur at intervals of thousandsof years. Two such
episodesareknown in the Holocene.They represent
major rifting episodesthat may modify the volcanic
system,includingthesubcalderaconditions.

Katlaeruptionsof known calendardatesall began
in thespring-fall season.Futureeruptionsmayfollow
thattrend.Theventareain mosthistoricalKatlaerup-
tionswasapparentlyin theeasternpartof thecaldera.
The bestdocumentedlocationslie within the south-
easterncornerof thecaldera.

Twelvesilicic eruptionstookplacein theca.5000
yearperiodbetweentheHólmsáandEldgjáfires,dur-
ing which time the compositionof silicic magmare-
mainedfairly homogenous.Theinterval sincethelast
silicic eruptionca.170014Cyearsagois the longest
onrecord.Thereasonasto whysilicic activity hasnot
recurredmaybesubcalderachangesbroughtaboutby

theEldgjáevent.A substantialsilicic eruptioncannot,
however, beexcludedin thefuture.

Ventareasin thesilicic eruptionshave beenasso-
ciatedwith the caldera. Accompanying jökulhlaups
mayhaveescapedfrom thecalderathroughany of the
threegaps,dependingon pre-Eldgjátopographyand
theice thicknessin thecaldera.

The75km longEldgjáfissureis oneof thelongest
known fissuresactive in a singleHoloceneeruption.
The Eldgjá tephrais the third or fourth largesthis-
torical tephralayer in Icelandandthe lava flows are
theamonglargestin recordedhistory. A hyaloclastite
flow thatescapedfrom thecalderathroughtheKötlu-
jökull gapappearsto bepartof its products.

Sinceactivity on the Katla systemwas renewed
in the12thcentury, afteranapparentreposeof some
200 years,all associatedjökulhlaupshave escaped
through the Kötlujökull pass onto Mýrdalssandur.
Possibleexplanationsare changesin ice thickness,
subglacialtopographyof thecalderaand/orthe loca-
tion of theeruptionsite.

The immediateenvironmentaleffectsof the Eld-
gjá event includedpermanentor temporarydestruc-
tion of largevegetatedareasby tephrafall, lava flows
andjökulhlaups. Between3000and4000km

�
were

severelyaffected,whereofseveralhundredkm
�

were
permanentlylaid waste. The drainagepatternof at
leasta 2000 km

�
subaerialand subglacialareawas

permanentlyaltered.
Long-termenvironmentalchangesbroughtabout

by the Eldgjá event areexemplifiedby the post-Eld-
gjá jökulhlaupsand include1) lateralextensionand
raisingof the surfaceof the Mýrdalssandurplain; 2)
extensionof the sandurcoast line to the south; 3)
changesin thecourseof riversand4) continuingde-
structionof vegetatedareasby jökulhlaups.

The immediateandlong term changesfollowing
the Eldgjá event may be the mostextensive environ-
mentalchangescausedby volcanicactivity in Iceland
sincesettlement11 centuriesago.
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ÁGRIP
Eldgos á Kötluk erfi á Nútíma; einkenni þeirra og
áhrif á næstaumhverfi

Eldstöðvakerfið semkennter við Kötlu er um 80 km
langt, breiðastsuðvestastog mjókkar til norðaust-
urs (1. mynd). Megineldstöðþesser fjallendið undir
Mýrdalsjökli, meðallstórri öskjuog jarðhitasvæðum.

GosáKötlueldstöðvakerfinuánútímavirðasthafa
veriðaf þrennutagi:
1) Basískþeytigos á gossprungumsemopnastundir
jökli, líklega oftast innan Mýrdalsjökulsöskjunnar.
Þettaeru hin dæmigerðuKötlugos og jafnframt al-
gengustugosin bæðiá sögulegum og forsögulegum
tíma.
2) Súrþeytigosá gosopumsemopnastundir jökli, að

því er virðist innanöskjunnar. Vitað er meðvissuum
12 slík gosog þaugætuverið fleiri. Þauerunæstal-
gengustugosináKötlukerfinuá forsögulegumtíma.
3) Basískflæðigosá gossprunguminnan megineld-
stöðvarinnarog á sprungureininninorðaustanMýr-
dalsjökuls.Stærstugosiná Kötlukerfinueruaf þessu
tagi. Vera má að mörg þeirra séu í raun blönduð
gos,þ.e.bæðiþeyti- og flæðigos,vegnaþessaðhluti
gossprungnannaopnastundir jökli. Milli basísku
þeytigosannalíða áratugir, milli súru þeytigosanna
líða aldir og milli elda á borð við Eldgjárgos og
Hólmsáreldalíðaárþúsund.

Kötlugosá sögulegumtíma eru um 20 talsinsog
þaraf 18 síðustu1000árin. Þáer miðaðvið gossem
brutustuppúr jöklinum ogskildu eftir sig gjóskulagí
jarðvegi í nágrenniMýrdalsjökuls(2. og 3. mynd og
tafla1). Kötlugoseruöflugþeytigosoggosmökkurinn
hefur náðmeiraen 14 km hæðá fyrsta degi. Kötlu-
gosumfylgir gjóskufall, jökulhlaupogeldingarí gos-
mekki. Þauhafa staðiðfrá 2 vikum uppí meiraen5
mánuði.Gjóskufall er yfirleitt mestfyrstu gosdagana
engeturorðið hvenærsemer allangostímann.Magn
gjóskusemkomið hefur upp í Kötlugosumer mjög
breytilegt. Stærstagjóskulagiðsem myndasthefur
í Kötlugosi á sögulegum tíma er talið vera K 1755,
og er áætlaðmagnloftborinnar gjósku um 1.5 km

�

(nýfallin gjóska). Magn gjósku í smæstugjóskulög-
unumer tveimurstærðargráðumminna. Meðallengd
goshléasíðanum 1500 er 47 ár og mestufrávik í
hvoraátt 33 og 34 ár. Síðanum 1500hafa öll Kötlu-
goshafist á tímabilinu maí-nóvember. Jökulhlaupin
eru blandaaf vatni, krapa,ísstykkjumog gosefnum.
Meginhlaupin í öllum Kötlugosumsíðaná 12. öld
hafa komið undanKötlujökli, eftir því semnú er best
vitað (4. mynd).Hámarksrennslier talið veraábilinu
100.000til 300.000m

�
/sek. Magn gosefnannasem

hlaupinberaframerbreytilegt, í Kötlugosinu1918er
þaðtalið veramilli 0.7og1.6km

�
. Jökulhlaupinhafa

lengstumveriðtalin hættulegastiþátturKötlugosanna.
Eldingar eru algengarí gosmekkiKötlugosa. Þeim
geturslegið til jarðarí a.m.k.30km fjarlægðfrá Kötlu
ogorðiðþarfólki og fénaðiaðbana.

Að minnstakosti 12 súrforsöguleg gjóskulögeru
ættuð frá Mýrdalsjökli (5. mynd og tafla 3). Út-
breiðslaog lögun gjóskugeirannabendir til að súru
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þeytigosinhafi í flestumtilfellum staðiðfremurstutt.
Þykktarásargjóskulagannabendatil upptakainnan
öskjunnar en ekki er hægt að útiloka að einhver
þeirra eigi upptök við jaðra öskjunnar (6. mynd).
Magnloftbornugjóskunnarí þessumgosumerfremur
lítið. Gjóskufallssvæðistærstalagsinsálandier rúmir
15000km

�
innan0.2cmjafnþykktarlínu(7.mynd)og

rúmmálgjóskunnareinsog húner í jarðvegi (þjöpp-
uð) er um 0.16 km

�
. Þaðsamsvarar um 0.27 km

�

af nýfallinni gjósku. Yngstagjóskulagiðer um 1700
geislakolsáraog þaðelstasemþekkt er meðvissuer
um 6600 geislakols ára (tafla 3). Að minnstakosti
sumþessaragosaollu jökulhlaupumsembáruvikur til
sjávar, því rekjamáupprunasjórekinsvikur á strönd-
um handanAtlantshafstil þeirra.

Stór flæðigos eru sjaldgæfustuviðburðirnir á
Kötlukerfinu.Vitað er um tvo slíka„elda“ á sprungu-
reininni norðaustanMýrdalsjökuls á nútíma. Þeir
fyrri, semef til vill mætti nefnaHólmsárelda,urðu
fyrir um 6800 geislakolsárum. Í þeim runnu hraun
niður Álftaversafrétt frá gossprungumnorðaustan
Mýrdalsjökuls. Ekki er fullljóst hversu langt þau
hraunná til suðursþví þaueru hulin yngri hraunum
aðhlutaog magngosefnaer því ekki þekkt. Hraunin
eruminni aðflatarmálienÁlftavershraunog vafalítið
einnig að rúmmáli, sem gæti þó verið um 5 km

�
.

Á 10. öld varð stórgos á gossprungusem nær frá
Kötlusvæðinutil norðaustursumEldgjáaðStakafelli,
alls um 75 km leið (8. mynd). Í því gosi runnuhraun
niðurÁlftaversafréttogí sjóframí Álftaveri, ogniður
í Landbrotog Meðalland. Rúmmálþeirra er a.m.k.
14 km

�
og nýlegt endurmatbendirtil allt að18 km

�
.

Stærstagjóskulagsemmyndasthefur á Kötlukerfinu
á nútímaog varðveitt er í jarðvegi erúr þessugosi(9.
mynd). Mestamældaþykkt er rúmir 5 m og innan
1 m jafnþykktarlínueru um 600 km

�
. Magn gjósku

á landi innan0.5 cm jafnþykktarlínuer um 2.7 km
�

og áætlaðheildarmagnum 4 km
�

(þjöppuð)en það
samsvarar um 4.5 og 6.7 km

�
af nýfallinni gjósku,

og 0.9 og 1.3 km
�

af föstu bergi. Þettaer líklega
fjórða stærstagjóskulagsemfallið hefur hérlendisá
sögulegum tíma. Hugsanlegt er að hluti gosefnanna
hafi brotið sér leið frá öskjunni niður í svonefndan
Krika, semblandaaf hrauni,gjóskuog bræðsluvatni.
Rúmmálgosefnakeilunnarþarer lauslegareiknaðum

0.5 km
�
. Heildarmagngosefnaí Eldgjárgosinugæti

því verið yfir 19 km
�

reiknaðsemfastberg. Í Eld-
gjárgosinuflæddujökulhlaup fram sunnanÖldufells
yfir Álftaversafrétt,ogframúr Krika sunnanSandfells
en ekki er vitað hversuvítt þau fóru neðanRjúpna-
fells. Hlaupfóru einnigtil norðursút áMælifellssand.

Gosá Kötlukerfinuhafa valdið einhverjummestu
umhverfisbreytingum sem orðið hafa á láglendi Ís-
landsá sögulegum tíma. Eldgjárgosiðbreytti lands-
lagi, vatnafari og nýtingarmöguleikumá stórum
landssvæðumá Suðurlandi. Eldgjárgjóskan olli
varanlegu tjóni á gróðurlendiþar semþykkt hennar
varmeiri en1metriáÁlftaversafrétti,áSnæbýlisheiði
og í nágrenni gossprungunnar. Eldgjárhraunin
runnu að hluta yfir gróið land og þau breyttu ein-
nig farvegum vatnsfalla. Eftir Eldgjárgos hafa öll
meginhlaupí KötlugosumfariðumskarðKötlujökuls
niður á Mýrdalssand,en stórhlaupum skarð Sól-
heimajökulshafa lagst af. Með Eldgjárgosinuhófst
sú þróunsemleitt hefur til myndunarMýrdalssands
einsog við þekkjumhanní dag.

Fyrir gosið í Eldgjá er líklegt að stórir hlutar
svæðisins,sem nú er sandurog hraun, hafi verið
grónirog ÁlftaversafrétturofanRjúpnafellsgætihafa
verið algróinn. Þykkur jarðvegur hafði myndastá
hraununumfrá Hólmsáreldumog sumsstaðará þeim
rannHólmsáí farvegi meðþykkumjarðvegsbökkum,
líkt ognúeruvið farveginnhjáHrífuneshólma.Vatna-
gangurhefurverið minni þáennú,bæðivegnaminni
jökuls og vegnaþessað fyrir Eldgjárgosfóru jökul-
hlaupeinnigumskörðSólheimajökulsogEntujökuls.
Jökulgarðurnorðanvið Álftaver hefur hlíft því við
vatnagangi(8. mynd) og gæti vel hafa haldið uppi
stöðuvatni. Þyrping af gervigígumofan við jökul-
garðinnbendirtil aðþarhafi hrauniðrunniðút í vatn
eðayfir bleytur. Jarðfræðilegar aðstæðurstyðja því
lýsinguLandnámuá staðháttumog atburðumá fyrstu
áratugumnorrænslandnáms.Ekki er vitað hvar eða
hversumikið tjón varðaf völdumjökulhlaupannaþví
ummerkineruhorfinundir framburðyngri hlaupa.En
leiðamáaðþví líkur aðviðurnefnið„aurgoði“ á syni
landnámsmannsinsHrafnshafnarlykilsséörstuttlýs-
ing á aðstæðumá óðali semáðurvar kenntvið skóg
(Dynskóga).

Eldgjárgosinu fylgdi lengsta goshlé sem vitað
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er um á sögulegum tíma á Kötlukerfinu en ekkert
Kötlugjóskulager þekkt frá næstu200árum(tafla1).
Vafalítið hefureitthvaðaf þeimsvæðum,semgosefni
úr Eldgjárgosispilltu, gróið uppá þeimtímaog orðið
byggileg, á ný, t.d. með jöðrum hraunanna,líkt og
gerðistá Brunasandieftir að Skaftáreldahraunrann.
Sagnirum byggðahverfi á Mýrdalssandiá fyrstu öld-
um eftir norræntlandnám,hvort heldursemer fyrir
eðaeftir Eldgjárgos, eru ekki í neinni mótsögnvið
jarðfræðilegaraðstæður.

Þegar gos hófust á ný í Kötlu eftir rúmlega 200
áragoshlévoru aðstæðurbreyttar. Jökulhlaupinfóru
nú öll um skarðKötlujökuls út á Mýrdalssand.Þeg-
arÁlftavershrauniðrannhækkaðiþaðlandiðaustantil
á svæðinu. Vesturjaðarhraunsinshefur í fyrstu ris-
ið miklu hærrayfir sandinnen nú og lokað leiðum
vatnstil austurs.Meðansvo var hljóta hlaupað hafa
lagst af meiri þungaá svæðiðvestanhraunsinsþar
semlandvar lægra.enjafnframthækkaðsandinnþar
og fært ströndinafram. Hafi gosefnakeilan í Krika
myndastí Eldgjárgosinu hefur land einnig hækkað
norðanvið núverandiKötlujökul og beint bræðslu-
vatni og jökulhlaupum til suðursum svæðiðmilli
Höfðabrekkuheiðarog Álftavershrauns.Sandurinner
nú jafnhárhrauninuá köflum og hefurkaffærthraun-
jaðarinnástórumsvæðum.

Ekki er ljóst hvers vegna Kötluhlaup fara nú
um skarðKötlujökuls fremur en hinnaskriðjöklanna
tveggja, Sólheimajökulsog Entujökuls. Vel er lík-
legt aðstórgoseinsogEldgjárgoshafiáhrif á allt eld-
stöðvakerfið og geti valdi breytingum á kvikugeym-
um og landslagi, t.d. í öskju megineldstöðvarinnar.
Þarundirhafafundistmerkiumgrunnstættkvikuhólf.
Þaðer allrar athygli vert að ekkert súrt Kötlugos er
þekktfrá síðustu1700árum,semer lengstagoshléiðí
um7000ár. Einnigmábendaáaðöll súruKötlugosin,
semþekkterumeðvissu,urðumilli tveggjaelda,þ.e.
HólmsáreldaogEldgjárgoss,ogefnasamsetningkvik-
unnarhélst furðu stöðugþanntíma en er frábrugðin
efnasamsetningusúrrarkviku semupp kom í gosi í
lok ísaldar. Veramáaðstóruviðburðirnir valdi breyt-
ingumákvikukerfinu,semhelstsíðannokkuðstöðugt
þessí milli. Upphleðslagosefnaeðasig á botni öskj-
unnargætuskýrtbreyttarhlaupleiðir, einnigbreytt ís-
þykkt og ekki sístbreytt legagosstöðva.
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Grainsof silicic Katla tephra.The largestgrains(shown in both photographs)areabout4 cm long. Seealso
text on page9. – SúrKötlugjóska,sjá bls.23.Stærstukornin, semeru stækkuðá neðri myndinni,eru um4 cm
löng. Glerið í þeimmyndartrefjar sembrotnaauðveldlegaí smærrinálarlagakorn. Ljósmyndir/Photos.Ævar
Jóhannesson.
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