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Abstract —Iceland is one of the most active and productive terrestridtanic regions, with eruption frequency
of >20 events per century and magma output rates Bkm’ per century. Although Iceland is dominated by
mafic magmatism and volcanism, as is evident from 91:6:8ilolision of mafic, intermediate and silicic erup-
tions, its record also features most common terrestrial madypes and eruption styles. Postglacial volcanism
is confined to the neovolcanic zones where 30 active volcysiems are responsible for most of the Holocene
activity. On the basis of our current post-glacial eruptidata set we estimate that Icelandic volcanism has
produced around 2400 eruptions and about 0 kni of erupted magma in the last 11 ka. Effusive activ-
ity accounts for~500 eruptions; the remainder is explosive and dictated igkacial mafic events~<77%),
demonstrating strong environmental influence on eruptigtes in Iceland. In terms of magma output the
record is dominated by large volume (>1 Kneffusive mafic eruptions. About 50 such eruptions havercetu
throughout postglacial time or2% of the total number of eruptions. However, collectivelse events pro-
duced about 55% of the postglacial magma volume. The EaMaoanic Zone is responsible for >80% of
the eruptions and-60% of the erupted magma volume and has been by far the mdi$icgrooducer among
the neovolcanic zones. Furthermore, the volume of mafisieffieruptions is not evenly distributed through
post-glacial time, because only 30%111 kn?) of the total volume was produced in the last 5 ka and the re-
maining 70% ( 258 k) between 5-11 ka. However, the production rate per mill@mithin these two periods
appears to be fairly even, ranging from 20-30°kim<5 ka period and 35-40 kin the 5-10 ka interval. The
exception is the 10-11 ka interval, wheff0 kn? of mafic lava was formed by the effusive activity or close to
double the volume produced per millennia in the period thb¥ved.

INTRODUCTION put rates of~8 km?® per century in historic time (i.e.

over the last 1100 years). Furthermore, the volcanism
Volcanism in Iceland is diverse, spanning almosfs symbolized by mafic effusive eruptions, although
the range of common terrestrial magma types anghixed (i.e. tephra- and lava-producing) and explosive
eruption styles (e.g. Thordarson and Larsen, 2007pafic eruptions are more common in Iceland than
Nonetheless, it is dominated by mafic magmatisnh other compatible volcanic regions. The relatively
and volcanism, representing91% of the total post- high frequency of mixed eruptions is primarily due
glacial magma output and number of eruptions. Iceto prolific activity at the Hekla volcano during the
land is also one of the most active and productivg{olocene, whereas the mafic explosive events results
subaerial volcanic region on Earth, with eruption frefrom the country’s geography, which promotes fre-
quency of>20 events per century and magma out-
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guent subglacial and submarine (i.e. hydromagmatic) VOLCANISM IN ICELAND

eruptions, including.the t_hree largest terrestrial ®The |celand Basalt Plateau rises more than 3000 m
plosive basalt ’erupt|on’s n the last 10 _I§a_ (Larsenabove the surrounding sea floor, has crustal thickness
1984, 2005; Johannsdotet al, 2006). Silicic vol- ¢ 1649 km and covers about 350,000 Xmit is
canism does feature strongly in Iceland and some e only currently active part of the2000 km-long

the largest explosive eruptions in Europe originate orth Atlantic Igneous Province (e.g. Gudmundsson,
at Icelandic volcanoes and produced tephra Iaye%OO; Saunderst al, 1997). The neovolcanic zones

that now serve as time markers in Holocene sedimeit | .ojand. which collectively cover30,000 kni, de-

sequences on both sides of the North Atlantif: (e'qmeate discrete 15-50 km-wide belts of active fault-
Haflidasoret al, 2000). Consequently, Iceland is of-;, 0 2nq yolcanism. The nomenclature used here for
ten identified as an ideal 'natural’ laboratory for vol-; 4 4121 zones is shown on Figure 1. The neo-

canological research and as such has attracted M&Bicanic zones are further divided into volcanic Sys-
researchers for more than a Century. tems, which can be viewed as the principal geological
The task we were asked to undertake is to producgrycture in Iceland. It is characterised by conspicu-
an overview of post-glacial volcanism in Iceland (i.e.ous volcano-tectonic architecture that features a fis-
over the last 11ka). Although this task may appeagyre (dyke) swarm or a central volcano or both and
straightforward, the perception of the volcanism ifas a typical lifetime of 0.5-1.5 million years (e.g.
manifold and the topic can be approached from numsakobssoret al, 1978; Jakobsson, 1979; Seemunds-
ber of perspectives. To keep the scope of the study gbn, 1978, 1979; Gudmundsson, 1995b, 2000). The
manageable Iength we limit our treatment to the Sumssure swarms are e|0ngate structures (5 to 20 km_
aerial part of the volcanism and focus our efforts oRyide and 50 to 200 km-long) that normally are aligned
volcanic eruptions and their surface products. Conseyp-parallel to the axis of the hosting volcanic zone.
quently, no attempt is made here to evaluate subsufhe central volcano, when present, is the focal point
face volcanic processes despite their significance, egf eruptive activity and normally the largest edifice
pecially in regard to volcano monitoring. Also, noteyithin each system (Figure 1). A total of thirty ac-
all ages are given as calendar years. tive volcanic systems are identified; 3 within the RVZ,
In order to produce an up to date overview of thes in the WVZ, 2 in MIB, 5 in the NVZ, 8 in the
postglacial volcanic activity, we have compiled all ofEVZ and 3 in each of the intraplate volcanic belts
the eruption data available in published papers an@able 1). The size of individual systems ranges from
records. Here we evaluate the results provided by this25 to 2500 km and their length from 7 to 200 km.
data set in terms of number of postglacial eruptionFhe largest system is the Bardarbunga-Veidivotn vol-
and their magma outputs. We also use this dataset ¢anic system and the smallest the Hrémundartindur
produce an overview of the eruption styles that typsystem. Twenty systems feature a fissure swarm and
ify Icelandic volcanism and provide some assessmedf have well-developed and mature swarms, 5 are
of its authenticity. One aspect of the volcanic activ-of moderate maturity and 4 are embryonic (Thord-
ity that is not included because of space limitationgrson and Larsen, 2007). In total, 23 central volca-
is outgassing of magmatic volatiles during eruptiomoes are known from 19 volcanic systems and 4 sys-
as well as their potential environmental and climaticems - Hofsjokull, Tungnafellsjokull, Bardarbunga-
effects. Studies of Icelandic eruptions and their prodveidivotn and Grimsvotn - contain two central vol-
ucts have contributed significantly to this branch otanoes (Figure 1; Table 1).
volcanology and appropriate bibliography to studies Spreading and rifting is not a continuous process
on this topic can be obtained from Thordarsgirel.  and events on the volcanic systems are closely linked
(1996, 2001), Nichol®t al. (2002), Thordarson and to plate movements (e.g. Sigurdsson and Sparks,
Self (2003), Hoskuldssoet al. (2006), Mouneet al.  1978; Bjérnssomet al, 1979; Brandsdottir and Einars-
(2006) and Omaet al. (2006); Oladottiret al, 2007.  son, 1979; Bjérnsson, 1985). Spreading takes place in
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Figure 1. Distribution of active volcanic systems among volcanic zongbelts in Iceland as depicted by J6hannesson and
Saemundsson (1998). Abbreviations are as follows: RR, Reykjange RR¥B, Reykjanes Volcanic Belt; SISZ, South Ice-
land Seismic Zone; WVZ, West Volcanic Zone; MIB, Mid-Iceland Belt; EVEast Volcanic Zone; NVZ, North Volcanic
Zone; TFZ, Tjornes Fracture Zone; KR, Kolbeinsey Ridge; OVB, OMelcanic Belt; and SVB, Snzefellsnes Volcanic
Belt. Numbers refer to volcanic systems in Table 1. The large open cimieaites the approximate centre of the Iceland
mantle plume/anomaly as depicted by Wadteal. (1997). Dotted line shows the northern limits of the East Volcanic Zone,
whereas the hachured line indicates the boundary between the actiygaagjating rift segments of the zone.Ein-
faldad kort sem synir dreifingu og Gtbreidslu virkra eldstddvarkerfa ogbeglta & Islandi. Merkingar og skammstafanir:
RR, Reykjaneshryggurinn; RVB, Reykjanesgosbeltid; SISZ, Sndsskjalftabeltid; WVZ, Vesturgosbeltid; MIB, Mid-is-
lands beltid; EVZ, Austurgosbeltid; NVZ, Nordurgosbeltid; TFZ, Tioroetabeltid; KR, Kolbeinseyjarhryggurinn; OVB,
Oreefajokulsgosbeltid og SVB, Sneaefellsnesgosbeltid. Nimerin visa til eleifdv toflu 1.
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Table 1. Volcanic systems in Iceland. Based on J6hannessb8amundsson (1998) Virk eldstodvarkerfi a

Islandi.
Volcanic  Name Max. Elev. Length Width  Area Fissure  Central Name of
Zone (ma.s.l.) (km) (km) (k) swarn? volcano central volcano
1 RvVZ Reykjanes/Svartsengi 163 58 13 350 XXX d
2 RvZ Krysuvik 393 55 13 300 XXX d
3 RvZ Brennisteinsfjoll 621 45 10 280 XXX d
4 wvz Hengill 803 60 9 370 XXX cv Hengill
5 Wwvz Hrémundartindur 283 7 8 25 d
6 wvz Grimsnes 214 15 8 100 XX d
7 wvz Geysir 600 7 7 25 d
8 wvz Prestahnjakur 1400 80 27 950 XXX cv Prestahnjukur
9 wvz Hveravellir 1000 60 18 720 XX cv Hveravellir
10 MIB Hofsjokull 1763 95 38 2200 XXX cv Hj./Kerlingarfjoll
11 MIB Tungnafellsjokull 1520 55 15 530 XX cv Tj./Hagodngur
12 EVZ Vestmannaeyjar 283 28 25 <480 XX d
13 EVZ Eyjafjallajokull 1666 30 14 300 cv Eyjafjallaj.
14 EVZ Katla 1450 110 30 1300 X cv Myrdals;.
15 EVZ Tindfjoll° 1462 20 14 230 cv Tindfjoll
16 EVZ Hekla/Vatnafjoll 1491 60 19 720 XX cv Hekla
17 EVZ Torfajokull 1278 50 20 900 cv Torfaj.
18 EVZ Béardarbunga/Veidivotn 2009 190 28 2500 XXX cv Bb./Henm
19 EVZ Grimsvotn 1719 100 23 1350 X cv Gv./Thérdarhyrna
20 Nvz Kverkfjoll 1929 120 20 1600 XXX cv Kverkfjoll
21 Nvz Askja 1510 200 20 2300 XXX cv Askja
22 Nvz Fremrinamur 800 150 15 1200 XXX d
23 Nvz Krafla 818 100 19 900 XXX cv Krafla
24  NVZ beistareykir 600 90 9 650 XXX d
25 OvVB Oreefajokull 2119 20 21 250 cv Oreefajokull
26 OVB Esjufjoll° 1700 25 21 400 cv Sneehetta
27 OVB Sneefefl 1833 20 11 170 cv Sneefell
28 SVB Ljosufjoll 1063 80 15 720 X d Ljosufjoll
29 SvB Helgrindur (Lysuskard) 647 30 8 220 X d
30 SVB Sneefellsjokull 1446 30 20 470 cv Sneefellsjokull

IMaximum elevation above sea levékxx, mature; xx, moderate maturity; x, embryor?dlo verified eruption of Holocene age.

distinct rifting episodes that usually are confined to avell in Iceland (Figure 2). The country displays all
single volcanic system, although near-concurrent agnown volcano types on Earth (e.g. Thordarson and
tivity on two or more systems is known (e.g. EinarsdLarsen, 2007).

son and Johannesson, 1989; Sigurgeirsson, 1995; Lar-

senet al. 1998). The whole system is activated in  Despite the dominance of mafic volcanism in Ice-
these episodes and they can last for several yed@hd, the style and type of volcanic activity is very
to decades. It is tradition to refer to such volcanidiverse and not surpassed by any other volcanic re-

episodes as 'Fires’ (e.g. the Krafla Fires; Einarssor@ion on Earth. Emission of basalt magma has pro-
1991). duced effusive eruptions of hawaiian and flood lava

magnitudes. Expulsion of basalt, intermediate and
silicic magmas have produced explosive phreatomag-
VOLCANIC ERUPTIONS IN ICELAND matic and magmatic eruptions spanning almost the
Volcanoes define a wide spectrum of forms, rangingntire style range; from Surtseyan to phreatoplinian
from a crack in the ground to the stately stratovolcain case of 'wet’ eruptions and Strombolian to Plinian
noes, and this variability is showcased exceptionallyn terms of 'dry’ eruptions (e.g. Thordarson and Lar-
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Figure 2. Examples of volcano types in Iceland: (a) Eyj&jékull, shield volcano; (b) Hekla, stratovolcano;
(c) Oskjuvatn, caldera; (d) Eldborg & Myrum, spatter corfeo{p: Rurik Haraldsson); (e) Eldfell on Heimaey,
scoria cone; (f) Hverfjall at Myvatn, tuff cone (photo: Oddsigurdsson); (g) Kolléttadyngja, lava shield; (h)
Eldgja, chasm (photo: Oddur Sigurdsson); (i) Laki fissureied cone row; and (j) Vatnadéldur, row of tuff
cones and maars (photo: Oddur Sigurdssor)jésmyndir sem syna algeng eldfjoll & islandi. (a) Eyjdfal
jokull, hraunkeila; (b) Hekla, eldkeila; (c) Oskjuvatn, ka; (d) Eldborg & Myrum, klepragigur; (e) Eldfell,
gjallgigur (f) Hverfjall, sprengigigur; (g) Koll6ttadyrjg, hraunskjéldur, (h) Eldgja, eldgja; (i) Lakagigar,
blandréd, and (j) Vatnaéldur, sprengigigarod.
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sen, 2007). Consequently, the eruptions in Iceland, réall-park figures for the essential eruption variables.
gardless of their environmental setting, can be purelylagma volume figures are given here as DRE vol-
explosive or effusive or a mixture of both. Accordingumes, unless stated otherwise.

to the classification scheme of Thorarinsson (1981a),

an eruption is effusive if lava comprise95% of the LAVA-PRODUCING ERUPTIONS
volume of erupted products and explosive if the DREThe record on number and volume of lava-producing
volume (Dense Rock Equivalent volume) of the tephr&ruptions is reasonably complete and indicates that
is >95% of the total volume produced. Anything in-the number of postglacial effusive eruptions is 501,
between is considered as a mixed eruption. Howevelfiereof 56 since settlement (i.e. last 1140 yrs). How-
it is difficult to apply this classification scheme toever, although the 'Fires’ of historic time are counted
Holocene eruptions because the relative proportion @ one event, that is not the case for the prehis-
tephra to lava is not known for majority of the eventstoric events. Individual 'Fires’ in historic time typ-
Therefore, we have elected to let all identified lavaécally feature several eruptions (i.e. 2-9 events) and
represent an effusive eruption and by the same téhUS it is likely that we overestimate the actual num-
ken tephra layers mark an explosive event. Howeveper of effusive eruptions in prehistoric time by 10-
when the same eruption is known to have producedd%. Notwithstanding, these eruptions produced
tephra and lava, it is counted as explosive if the vol=~390+50 km? of lava (Table 2). About 90% of
ume of tephra is >50% of the total DRE product vol-the events are mafic and collectively account for

ume and effusive when the corresponding value for-370 kn? (94%) of the post-glacial lava volume.
the lava is>50%. Currently, there are 29 intermediate and 15 silicic

events on record, which producee3 km® (5.3%)
and~1.2 km? (0.3%) of lava, respectively. Although
NUMBER OF ERUPTIONS AND significant uncertainties remain regarding number and
MAGMA VOLUMES volume of events in the post-glacial lava successions,

the record for individual volcanic zones is reasonably
Over the last 40 years or so a number of researcheggperent and is summarized in Table 2. The compi-

have made an ample effort in documenting Holocengyion, indicates that the volcanic zones of the axial
eruptive events, mapping distribution of Holoceneriﬁ (i.e. RVB, WVZ, MIB, and NVZ) have featured
lava and recording the tephra stratigraphy (€.g. JO”EBB effusive eruptions in post-glacial time, including
son, 1978a, 1978b, 1983; Jakobsson, 1968, 1979 hisoric events, and producedl21420 kn? of

Joéhannesson, 1982, 1983; Johannsdottir, 2007; Lafiagma. All except two of the events in our records

sen, 1979, 1982, 1984, 2000; Larsen and Thole mafic (>99%). However, the most prolific pro-

arinsson, 1977, Larsest al, 1998; 1999, 2001, y,cer of the volcanic zones is the EVZ with163
2002; Hoskuldsson and Imsland, 1998; Mattson angdents and lava volume ef1744+10 kn? (Table 2).
Hoskuldsson, 2003; Oladottiet al, 2005, 2008; pv7 js also the site for 27 out of 29 (93%) interme-
Steinthorsson, 1978; Sigbjarnarson, 1988, 1996; Sigjiate events and 12 out of 15 (80%) of effusive silicic
valdasoret al, 1992; Sigurgeirsson, 1992, 1995; Sin-ghtions. Additional 52 effusive eruptions are known
ton et al, 2005; Seemundsson, 1991, 1992, 19954, the off-rift volcanic belts, 50 mafic events along
Seemundsson and Fridleifsson, 2001; Torfagbal, \yith one intermediate and one silicic event. Alone
1993; Thorarinsson, 1951, 1958, 1965, 1967a, 197¢he SvB has 45 basalt and one intermediate eruption,
1974, 1975; Vilmundardottir, 1977; Vilmundardottir with a compiled lava volume o8 km? (Table 2).

et al, 1983, 1988, 1990, 1999a, 1999b). Despite

this effort, the record of Holocene eruptions in Ice-

land is not complete, which exerts some limitation TEPHRA-PRODUCING ERUPTIONS

on assessments of postglacial volcanism in Icelanfissessing the number and volume of Holocene tephra
and the overview presented here, therefore, only givggoducing eruptions is more challenging because (a)
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Table 2. Estimated number of postglacial eruptions in Iceland and thgiteefwolumes. -Agetladur fjéldi eldgosa og
rammal gosefna a Natima.

a) Number of eruptions

Effusive eruptions Explosive eruptions Total %
Postglacial  historic  Postglacial  historic
predicted
Mafic 457 41 1772 146 2229 91
Intermediate 29 11 112 7 141 6
Silicic 15 4 48 8 63 3
Sum 501 56 1933 161 2434
Reykjanes Volcanic Belt 111 15 33 12 144 6
Western \olcanic Zone 39 1 8 0 47 2
Northern Volcanic Zone 129 13 17 5 146 6.0
Eastern \olcanic Zone 163 25 1860 142 2023 83
Mid-Iceland Belt 9 0 0 0 9 04
Oreefajokull Volcanic Belt 4 1 4 2 8 03
Sneaefellsnes Volcanic Belt 46 1 11 0 57 2.6
Sum 501 56 1933 161 2434
b) Erupted magma volume.
Lava %  Tephra %  Tephra %  Total % Total %
(DRE) (DRE)
Mafic 369 939 367 82 149 86 736 88 518 91
Intermediate 23 5.8 25 6 11 6.5 48 6 34 6
Silicic 1.2 0.3 54 12 13 7.5 55 7 14 3
Sum 393 446 173 839 566
Reykjanes Volcanic Belt 26 6.7 7 1.6 2.9 1.7 34 4.0 29 5.2
Western Volcanic Zone 94 24 0 0 0 0 94 11.2 94 16.6
Northern Volcanic Zone 90 23 12 3 3.3 1.9 102 12 94 165
Eastern Volcanic Zone 174 44 412 925 163.4 94.2 586 69.9 3385 5
Mid-Iceland Belt 1 0.3 0 0 0 0 1 0.1 1 0.2
Oreefajokull Volcanic Belt 0 0 11 2.4 2.4 14 11 1.3 3 0.4
Sneefellsnes Volcanic Belt 8 2 4 1 1.3 0.8 12 1.4 9 1.6
Sum 393 446 173 839 566

Sources: Jénsson, 1945; Thorarinsson, 1951, 1958, 196%a19970, 1974, 1975; Thorarinsson and Sigvaldason, 1962; Jakobsson,
1968, 1979b; Larsen and Thorarinsson, 1977; Vilmundardd®i77; Jéhannesson, 1977, 1982; Jénsson, 1978a,b, 1&883h8rsson,
1978; Larsen, 2000, 2002; Johannessbaml. 1981; Vilmundardéttiret al, 1983, 1988, 1990, 1999a, 1999b; Hjartarson, 1988, 2003;
Jéhannesson and Einarsson, 1988; Macdoethl, 1990; McGarvieet al, 1990; Seemundsson, 1991, 1992, 1995; Rébertsabtét,
1992; Sigvaldasoet al., 1992; Thordarson and Self, 1993; Torfasdral, 1993; Larseret al,, 1998; 1999, 2001, 2002; Haflidasenal.,
2000; Hardardottiet al, 2001; Seemundsson and Fridleifsson, 2001; Thordaesah, 2003a; Mattson and Hoskuldsson, 2003; Sinton

et al, 2005; Oladéttiret al, 2005; J6hannsdéttir, 2007; Sigurgeirsson, 1992, 1996rd&rson and Larsen, 2007; Larsen and Eiriksson,
2007.

<35% of explosive eruptions is registered as a tephisult, we do not have a complete record of the number
layer in Holocene sediment archives, (b) the postef tephra layers preserved in the Holocene sediment
glacial tephra stratigraphy for Iceland is not completarchives let alone the number of explosive eruptions
or fully synchronized and (c) distribution of <10% of in the last 11 ka.

the known tephra layers have been mapped. As a re-
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As expected, the record of explosive eruptions is The tephra capture frequency in post-AD1200 soill
most comprehensive in historical times, especially it any one site near the active volcanic zones is on the
the last 800 years (i.e. since AD 1200). The existorder of 1-2 layers/100 yrs. However, the composite
ing record has been compiled from three types afecord compiled here indicates that collectively about
archives: (a) tephra layers preserved in soil profileg tephra layers are incorporated into the soil cover in
across the country, (b) layers in ice cores and ice alieeland per Century. This value compares favourably
lation areas within the Vatnajokull Glacier, and (c) in-with the first three Centuries of settlement, where to-
formation on eruptions contained in historical chrontal of 18 layers imply a capture rate of 6 layers/100
icles. It indicates that-156 explosive eruptions have yrs. Thus, collectively the historic soils register <1/3
taken place in Iceland since 1200 AD, but only 57 aref the actual number of explosive eruptions. This in-
registered as tephra layers in the post AD1200 soifermation is important for assessment of number of
(e.g. Thordarson and Larsen, 2007; Larsen and Eirikprehistoric explosive eruptions, because the on-land
son, 2007). tephra stratigraphy is the principal data archive. Ac-

The AD1200-AD2004 record is dominated by ac-cordingly, the prehistoric tephra stratigraphy is likely
tivity within the EVZ volcanic systems, which are t0 underestimate the number of explosive eruptions in
responsible for~87% of the recorded events. Thelcéland by a factor of-3.
subglacial Grimsvétn volcano has been most active, The prehistoric tephra record in Iceland is im-
with ~47% of the events ané-22% (3.6 kni) of pressive and has been measured in thousands of soil
the magma output. The Bardarbunga-Veidivétn, Katlarofiles across the country (e.g. Thorarinsson, 1958,
and Hekla systems are accountable<$di5%,~12% 1967a) and steadily improved over the last 30 years by
and ~11% of events and-15% (2.5 kni), ~28% various studies. Nonetheless, majority of published
(4.6 km®) and 7% (1.2 km) of the magma output. records only extend back to H3 ( 3 ka) or H4 ( 4.2
The remaining EVZ volcanic systems produced <3%a) or H5 (~7 ka) times (Larsen, 1979, 1984, 2002;
of the explosive eruptions and6% (1 kn?) of the Johannessost al. 1981; Robertsdottiet al, 2092;
erupted magma. Other volcanic zones collectively adBoygle, 1999; Larseet al. 2001, 2002; Hardardottir
count for~13% of the events and22% (3.6 knt) et al, 2001). Only a handful of measured sections
of the magma output (e.g. Thordarson and Larsemxtend beyond 8 ka (e.g. Seemundsson, 1991; Larsen,
2007). 2000; Oladéttiret al,, 2005). However, recent stud-

Despite the dominance of Grimsvétn and Bardares of the tephra succession in lake sediments have
bunga volcanoes in the explosive eruption recorcextended the record.beyonq 10 ka (e.g. J6hannsdottir,
their activity has only produced 14 (<25%) out of 572007). Offshore marine sediment- and Greenland Ice-
tephra layers present in the post-AD1200 soils (e.§Ores extend the record even further back in time al-
Thorarinsson, 1967a; Larsen, 1979; 1982: Haflisahough much fewer events are preserved at these far-
sonet al, 2000; Thordarsot al, 1998). The soil field sites (e.g. Haflidasoet al., 2000; Jenningst al.
record is governed by the Katla and Hekla volcanoe£002; Larseret al, 2002; Kristjansdéttiet al.,, 2007).
which have produced >55% of the tephra layers pre- Despite the existence of extensive records for the
served in the post-AD1200 soils. The simplest explalast 7 ka in all parts of the country, the total tally of
nation of this differential representation is the remoteexplosive eruptions represented by the tephra layers
ness of Grimsvotn and Bardarbunga and favourabiae these archives is still uncertain. The most complete
position of Katla and Hekla with respect to good soilrecords exist closest to the active volcanic zones, es-
trap sites. Conversely, the tephra-in-ice record frorpecially near the EVZ (Figure 3a). The soils in the
the Vatnajokull ice-cap is dictated by the GrimsvétnAlftaver highland pasture, South Central Iceland (site
and Bardarbunga (Figure 1). About 88% of the tephra on Figure 3a), preserve a record extending back to
layers in the ice originate from these two volcanoes-8.5 ka, containing about 208 tephra layers, indicat-
(Larsenet al., 1998). ing a capture of~2.5 layers/100 years (Oladottit
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al.,, 2005; 2008). Further east, at sites 2 and-3, If we take the numbers derived above at face
ka-long records contains 73 and 25 layers, or 1 anehlue, a 6.5 layer per century capture rate indicates
0.4 layers/100 yrs, respectively (Thorarinsson, 1958}hat the post-glacial soil and lake sediment archives
Similarly long records at sites 4, 5 and 6 in the interioin Iceland should contain >700 tephra layers. As
of North and East Iceland contain 67, 20, 11 layerthe preserved tephra layers only correspond to one-
each, indicating a capture of 1 to 0.2 layers per Certhird of the actual events, the total number of explo-
tury (Thorarinsson, 1958; Larseat al, 2002). The sive eruptions in Iceland over the last 11 ka should
tephra layer capture rate in 3—7 ka-long records alonige about 2000 events, which brings the total tally of
the western edge of the EVZ isl tephra layer per post-glacial eruptions to just over 2400 events (Table
Century (range 0.3-1.5; Thorarinsson, 1967a; Larsef) This figure corresponds to 22 events per Century,
1979), whereas in the lake sediment archive at siteswhich is similar to the eruption frequency obtained
and 8, extending back ta11 ka, the rate is 1.3—1.6 by previous studies (Thorarinsson and Seemundsson,
layer/100 yrs (e.g. J6hannsd@ttir, 2007). Further to th&#979; Thorarinsson, 1981a). However, this assess-
NW (i.e. sites 9 to 13 on Figure 3a), the capture ratenent includes number of assumptions with high de-
is ~0.4 t0~0.02 layers per 100 yrs. This information gree of uncertainty. It also presupposes a steady state
shows that the prehistoric tephra capture rate at sitésr the activity over a period of 11 ka, which in the
near the active volcanic zones is comparable to that abntext of our knowledge of Icelandic volcanoes may
historic time. It also shows that the capture rate droplse an oversimplification. By the same token, the total
off abruptly with increasing distance from the activeDRE volume of tephra produced is173+50 kn?,
volcanic zones (Figure 3b). indicating a total magma output e$566+100 kn?

for the post-glacial period. This figure suggests an av-

Sites 1, 4, 7, and 8 contain the most comprehen

sive tephra record and individually exhibit capture fre=rade postglacial output rate &6 km® per Century,

guencies of 1 to 2.5 layer/100yrs. These records a%/ghmh is lower than the 8 kihper Century obtained

likely to be complementary because of their relative_: historic time by Thordarson and Larsen (2007) by

position to the most active tephra producing volcad factor~1.6. However, itis still significantly higher

noes (see below). Their collective capture ratess than the output rate of Hawaiian volcanoes, which
" . Pt " __is estimated at~3.6 kn? (range, 2.1-4.3 ki) per
layers/100 yrs or identical to that obtained for histor- ' -
entury (e.g. Swanson, 1972; Dvorak and Dzurisin,

ical .SO'IS.' This sgggests that the overall pattern ° 993). This magma output (5 K100 yrs) is about
prehistoric explosive volcanism in Iceland was sim-

: . 33% and 5% of the inferred peak output rate for the
ilar to that of the last 800 years, although the erUpt'O'&qumbia River Basalt Groug and ths Deccan traps
pattern of individual central volcanoes changed som

what from time to time. Furthermore, chemical anal ?IOOd basalt provinces (Tolaet al, 1989; Selfet al,

V- . .
sis of the tephra succession at sites 7 and 8, which ir%—O%)' Note, that these output figures given here are

dicate that >95% of the post-glacial tephra layers ori minimum values for the magma productivity at all of

inated from the EVZ volcanoes, Grimsvotn, Bélréar-hese provinces, because they do not account for the

bunga, Katla and Hekla. It also shows that Katla am\j/olume of non-erupted magma stored in lithospheric

Hekla layers dominate the record, primarily becaus'e?trusmns' Their productivity is likely to double or

. . ~éven triple if intrusive volumes are included (e.g. Dvo-

of these volcanoes are closest to these sites (Flgurek L
: X i > _rak and Dzurisin, 1993).

3a). This conjecture can be used, along with exist-

ing data on the prehistoric tephra layers, as a template

to estimate the total number of post-glacial explo- ERUPTION TYPES AND STYLES

sive eruptions in Iceland as well as their cumulativd_ava-producing eruptions in Iceland occur at mono-

magma output volumes. These estimates are given genetic point-source and fissure type volcanoes as

Table 2, along with their likely distribution among thewell as central volcanoes where such eruptions typ-

active volcanic zones. ically take place on caldera ring fractures or radial
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Postglacial volcanism in Iceland

Figure 3. (a) Sites of selected postglacial tephra sectioiseland: 1. Alftavatnsafréttur (Larsen, 2000; Ola-
dottir et al, 2005), 2. NUpstadarskégur, 3. Baejarstadarskogur, 4i&8kat, 5. Bra, 6. Hallormstadur (Thor-
arinsson, 1958), 7. Hestvatn, 8. Hvitarvatn, 9. Haukad#aihsvi0. Torfadalsvatn, 11. Vatnsdalsvatn, 12. Efs-
tadalsvatn, 13. Laugabdlsvatn (Thordarson et al., 200%nkisdoéttir, 2007). (b) Change in number of tephra
layers in soils with distance from active volcanic zonese filambers at the top of each column refer to sites
shown on the map in (a) and figures at the base indicate numhteptoa layers in each section. Position of the
Settlement layer is indicated by green connectors and tkeuBarvatn tephra horizon by the red connectors;
tb, tephra layer of transitional basalt composition; H6A88kla tephra layer of intermediate composition and
approximately 6000 years old. Both layers represent usefinker horizons in the Holocene sediments across
Vestfirdir peninsula. {a) Stadsetning valdra gjoskusnida 4 islandi: 1. Alftawsatinéttur, 2. Nupstadarskogur,
3. Beejarstadarskogur, 4. Svartarkot, 5. Bru, 6. Hallorndsta 7. Hestvatn, 8. Hvitarvatn, 9. Haukadalsvatn,
10. Torfadalsvatn, 11. Vatnsdalsvatn, 12. EfstadalsviEdn] augabdlsvatn. (b) Breytingar a fjdlda vardveittra
gjoskulaga i jarovegi med fjarlaegd fra gosbeltum. Niumefanwid hvert snid visa i stadsetningar & kortinu a
mynd 3a og pau sem eru undir gefa til kynna fjélda gjoskulageeiju snidi.

fissures. Purely effusive basalt and silicic events are ™
known in the post-glacial volcanic succession, but ef- **
fusion of intermediate magma without accompanying 3o
explosive phase has yet to be recorded. The basglts
lava morphology spectrum spans the range of pahog-,
hoe, rubbly pahoehoe to aa. The first two are by fa§

the most common lava types in Iceland, representinﬁ15
83% of the 190 lavas analysed so far and fissure-fed™
pahoehoe are as common as shield-forming pahoe-s
hoe (Figure 4). The intermediate lavas are charac- .

Is, pahoehoe (lava shields)

ph, pahoehoe (fissures)

p+rph, pahoehoe and
rubbly pahoehoe

rph, rubbly pahoehoe

aa-b, aa lava (mafic)

aa-a, aa lava (intermediate)

bl, block lava

co, coulee

] ]

ph p+rph rph aa-b aa-a bl co

. oy . [
terized by aa and block flows, whereas silicic lavas Flow types
are typically of the coulee type. No lava dome erup- basaltic ,andesitic , _silicic
tions are confirmed in Iceland over the last 11 ka, al- Magma Composition

though it is probable that some domes of Myrdalsjok-_ )
ull, Oreefajokull and Snzefellsjskull volcanoes were 19ure 4. Frequency of lava flow types in Iceland (see
formed in this period. Mixed eruptions is included*€Y for details). —Tidni hraungerda a Islandi (sja
here as a distinct category because they feature potkyringar i myndlykli).
explosive and effusive activity in significant propor-
tions (Thorarinsson, 1981a). In historic time they EXxplosive eruptions feature strongly in Iceland,
have almost exclusively been produced by intermddecause of high event frequency as well as partic-
diate eruptions and are estimated to represdit8%  ular environmental circumstances, and represent the
of postglacial events in Iceland. With the exceptioriwo basic classes of 'wet’ (hydromagmatic) and 'dry’
of the 1973 Eldfell eruption at Heimaey (Vestmanna{magmatic) explosive eruptions. The historic records
eyjar archipelago), mixed eruptions have been corand the estimates presented here show that three out
fined to the Hekla volcano (e.g. Thorarinsson 1967af every four eruptions are explosive, of whist86%
1970; Mattsson and Hoskuldsson, 2003). Thereforare 'wet’ and 14% are 'dry’. The most active volca-
intermediate Hekla eruptions are taken here to typifyioes in the country are covered or capped by a thick
this group (see below). glacier. Also, the proximity to the North Atlantic
Ocean means that numbers of the active volcanic sys-
tems extend into or are situated within the shallow ma-
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a) Lava Flow Field

flow lobes vents
(sheet lobes) Lava flow 1

active flow front lava pathway

d) pahoehoe

Figure 5. Volcanic architecture of lava flow fields, illuging the key structural components: lava flows, flow
lobes, closed and open transport system and active flonsfrefityggingareinkenni basalthraunbreida.
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Postglacial volcanism in Iceland

rine environment. In addition, the land is wet becauseesult, styles of explosive eruptions in Iceland have
of high groundwater level induced by widespread antieen inferred on the basis of qualitative observations
impermeable glacial deposits in the regolith. Thiof the events and/or nature of their fall deposits. Al-
abundant availability of KO at the surface explains though the grouping of explosive eruptions presented
the dominance of 'wet’ eruptions and the elevated exdelow is marked by these deficiencies, we have in-
plosivity of mafic eruptions (>90% of all explosive cluded In(thickness) - (isopach ar&2)plots for sev-
events are mafic), which otherwise would be effusiveral events to provide some quantification of and com-
or weakly explosive as exemplified by the postglaciaparative information on the relevant explosive erup-
activity on the RVB, WVZ and NVZ. Thus, it is no tion styles, (see below).

surprise that mafic explosive eruptions have become

Iceland’s trademark events as exemplified by the well- EEFUSIVE ERUPTIONS

publicised eruption of Surtsey in 1963-67 (e.g. Thori\/lafic lava-producing eruptions are the building-

arinsson, 1967b, 1967c¢; Walker, 1973b) and recentIocks: of Iceland and represent an assorted class of

mafic activity at the ice-covered Grimsvotn volcanogvents that span a wide spectrum in terms of eruption
(e.g. Gudmundssoet al. 1997, 2002; Sigmundsson .
and Gudmundsson, 2004). style and magnltudg. They occur on.all. qf the vent
system types mentioned above and individual erup-
Silicic explosive eruptions in Iceland are confinedtions can feature styles ranging from passive lava ef-
to central volcanoes and in post-glacial time theyusion to vigorous fountains to explosive phases of
have produced about 58 tephra layers (e.g. Larsen asdbplinian intensities. In terms of erupted magma vol-
Eiriksson, 2007). The existing record is noteworthyumes, they span the range from % to 25 kn? (e.g.
indicating an event frequency efl eruption every Thordarson and Larsen, 2007). For purpose of de-
200-300 years and approaches that observed at theription, we divide effusive eruptions into small to
highly active silicic systems such as the Taupo Volmedium (<1 knd) and large £1 km?) volume events,
canic Zone in New Zealand (e.g. Houghteh al,  where each involves a spectrum of eruption behaviour
1995). The recurrence frequency of large events iepresented here by low- and high-magma discharge
significantly lower, or one eruption every 1000 yeargnd-member types.
for events in the volume bracket of 1-10 krof The small to medium volume effusive basalt erup-
tephra, (0.25-2.5 kiDRE) and roughly one every tions are common in Iceland. They have typical re-
100.000 years for events >10 Rrtephra (>2.5 kmd  currence of a few decades and as a class include low-
DRE; Lacasse and Garbe-Schonberg, 2001; Thorand high-discharge events. The low-discharge events
arson and Larsen 2007). Silicic events are categ¢<30 m’/s?) are typified by submissive lava emis-
rized as 'dry’ (2.5% of all explosive events) and 'wet’ sions or hawaiian-style of activity (e.g. Mattseat
(1.4%) eruptions. Both types have occurred at iceal., 2005a). They form pahoehoe flow fields that are
free and glacier-covered volcanoes. Although, quareharacterised by thermally insulated transport system,
titative classification schemes for explosive eruptions/hich delivers lava from the vents to active flow front
have been introduced, first by Walker (1973b) andvhere the effective lava growth takes place via lobe
later by Pyle (1989) and widely used (e.g. Cas antb lobe emplacement and flow inflation (Figure 5).
Wright, 1987; Francis and Oppenheimer, 2004), thesthese lavas reach lengths up to 25 km when the topog-
schemes have generally not been applied to Icelandiaphy is favourable (Figure 6). The high-discharge
eruptions. For example, Walker indices have onlgnd-member$100 n?/s?) is characterised by strom-
been calculated for a handful of events and Pyle inbolian vent activity and formation of channel-fed aa
dices have only been produced for one event (Pyléows that advance relatively short distance4 8 km)
1989). The main reasons for this shortage are ladkecause of the inefficient thermal insulation of trans-
of adequate grain size data as well as dearth of pupert system (e.g. Sekt al., 1998; Harris and Row-
lished good quality isopach and isopleth maps. As Eand, 2001; Thordarson, 2008).
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Figure 6. Plot showing length versus volume for Icelandi@lfiow fields. Abbreviations are as follows: Is,
pahoehoe (lava shield eruptions), ph, pahoehoe (fissupi@ng), ph+rph, pahoehoe and rubbly pahoehoe,
rph, rubbly pahoehoe, aa-b, aa lava (mafic), aa-a, aa laear(iadiate), bl, block lava, co, couleeGraf sem
synir tengslin & milli lengdar og rimmals islenskra hrauskammstafanir: Is, helluhraun (hraunskildir), ph,
helluhraun (sprungugos), ph+rph, hellu- og klumpahrauph rklumpahraun, aa-b, apalhraun (basalt), aa-a,
apalhraun (isurt), bl, blakkarhraun, co, stokkahraun.

A special class among these high-discharge arfdom frequency distribution of flow types, this hybrid
small-volume mafic eruptions are events that havelass appears to be the most common style of effusive
produced, concurrent with fountain-fed lava flowseruption in Iceland (e.g. Guilbaud, 2006; Thordarson,
rather extensive welded and rheomorphic spattet008).
aprons that mantle the landscape around the source
vents (Karlunhen, 1988; Calderoséal., 1990; See- Large volume (>1 kr#) effusive events, distin-
mundsson, 1991). A good example of these stunninguished here as flood lava eruptions, have the recur-
volcaniclastic deposits is the4000 ka Biskupsfell rence period of several hundred years. They are pro-
formation (~0.038 kn?) from the Kverkfjoll volcanic duced by relatively low-discharge central vent events
system. The lava fountains of the Biskupsfell eruptioras well as high-discharge fissure eruptions. Lava
formed a rheomorphic apron that blanketed the Pleishields are the principal representative of the low-
tocene pillow lava ridge topography up to 1.5 km fromdischarge €300 n¥/s?) end-member and their for-
the source fissure and supplied fountain-fed flows thabation is largely confined to mid- and early-Holocene
reached length of5 km. times as majority of the shields predates 3000 yrs BP

(e.g. Hjartarson, 2003; Sintoet al, 2005). They

Effusive eruptions typified by intermittent hawai- are thought to be produced by a long-lived (years to
ian and strombolian phases as well as pulsating dislecades) eruptions of olivine tholeiite or picritic mag-
charge form rubbly pahoehoe flow fields. Judgingnas that are fed by sustained lava lakes residing in the
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Figure 7. Growth stages of lava shields (a) the lava conestad (b) lava apron stage. (c) profiles of type A and
B lava shields. See text for further detailsVaxtarstig hraunskjalda: (a) hraunkeilustig og (b) hravostustig.
(c) bversnio af A og B geroum hraunskjalda.

summit vent. They often, especially the olivine tholei-  Lava shields in Iceland are typified by a spectrum
ite events, produce vast pahoehoe flow fields that hawd profiles that fall between two end-member types:
radius (i.e. flow length) up to 28 km and volumes ap{A) very low profile shields with <2 sloping flanks
proaching 20 km (Figure 6). Lava shields often form and large lava apron and (B) shields with slope an-
remarkably symmetrical volcanoes, where a lava congles >3, a steepening summit-terminus profile and a
with summit crater and gently sloping (3-3®uter well-defined, proportionally large volume lava cone
flanks is circumscribed by a lava apron with surfacéFigure 7c). Type A shields are thought to be con-
slope of 0.5-2 (e.g. Rossi, 1996). Study by Thordar-structed by steady, low-discharge eruptions with min-
son and Sigmarsson (2008) indicates that lava coné@sal surface flow activity, whereas type B shields
and aprons are formed in sequence rather than syare formed by eruptions supporting prolonged peri-
chronously. The lava cones are constructed first, duods of relatively high-discharge and fountain-fed sur-
ing periods of relatively high magma discharge andace flows. It has been proposed that type B shields
vigorous lava lake activity producing surface flowswith proportionally large lava cones, such as Sk-
The lava aprons are formed subsequently, when thaldbreid and Troélladyngja, were formed by rela-
discharge is low (<50 fis?) and lava is fed passively tively high-discharge events (>50%/8?) with sus-
through internal pathways from the source vent to adained surface flow activity and eruption duration of
tive flow fronts out in the flow field. The lava cone isyears to decades. Conversely, low profile type A
essentially constructed by overbank and fountain-feghields, such as Peistareykjarbunga, were formed by
surface flows that exhibit a distinct lava facies associow and steady effusion of lava during eruptions that
ation characterized by shelly pahoehoe in the proximasted for decades to centuries in case of the biggest
ity of the vent and slabby pahoehoe and aa sheet flowghields (Thordarson and Sigmarsson, 2008). The
in the more distal sectors (Figure 7a). The surroundiigh-discharge (>1000 #8) flood lava events are
ing lava apron is produced by insulated transport tanost common on, but not exclusive to, the EVZ and
active flow fronts where growth takes place by lobeare some of the best studied manifestation of Ice-
to lobe emplacement and flow inflation (Figure 7b)landic volcanism (e.g. Vilmundardéttir, 1977; Lar-
The characteristic facies association of the apron sen, 1979, 2000; Hjartarson, 1988; Thordarson and
hummocky pahoehoe featuring tumuli, lava-rise pitSelf, 1993; Thordarsoet al, 2001; Thordarson and
and flat-topped sheet lobes (e.g. Walker, 1991; Rosdiarsen, 2007). They include the 1783-1784 AD
1996; Thordarson, 2000a). Laki (15.1 kn?), 934-940 AD Eldgja (19.6 ki) and
~8600 years BP Thjorsa (25 Kinfissure eruptions
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Figure 8. (a) Map of Iceland show-
ing the 1783-84 Laki, 934-40 Eld-
gja and 8.6 ka Thjorsa lava flow fields
and tephra dispersal for the first two
events. Abbreviations: KV, Katla vol-
cano; GV, Grimsvotn volcano; BV,
Baroarbunga volcano. Inset shows
the change in thickness for the Laki
and Eldgja tephra layers with distance
from source (from Thordarsoet al,
2001), (b) Schematic illustration of
sequence of events during the 1783—
84 Laki-Grimsvétn eruptions. Extent
of earthquake swarms is indicated by
wiggly lines; fluctuations in lava dis-
charge shown by shaded area (not to
scale); eruption clouds denote explo-
sive activity at Laki fissures; eruption
clouds with a cone at the base denote
explosive activity at Grimsvotn vol-
cano; arrows indicate onset and ter-
mination of Laki eruption. The solid
bars show the extent of each eruption
episode, labelled I, II, 1l etc. Modi-
fied from Thordarson and Self (1993).
(c) Magma discharge during Laki erup-
tion; solid line and shaded area show
the mean discharge estimated from po-
sition of the lava flow front at different
times during the eruption as depicted
by contemporary accounts and field
observations. Broken line illustrates
the anticipated variation in discharge
during individual eruption episodes.
Based on Thordarson and Self (1993)
and Thordarson et al. (2003a). -
(a) Kort af islandi sem synir Skaft-
arelda-, Eldgjar- og bjérsarhraun og
Utbreidslu gjoskunnar fra Skaftar- og
Eldgjareldum. Innsetta myndin synir
hvernig pykkt gjéskulaganna breytist
med fjarleegd fra upptékum. (b) Mynd-
reen framsetning & framvindu Skaftar-
elda. (c) Uppstreymi (framleidni) kviku
a timaeiningu i Skaftareldum.



Postglacial volcanism in Iceland

(Figure 8a), which have produced the longest lavaon and Fridleifsson, 2001). Silicic lavas in Iceland
flows in Iceland (65—130 km) and represent some ddre characterized by aspect ratios of 0.02—0.05, which
the largest flood lava events on Earth in post-glacids very low compared to the typical aspect ratio of
time. Recent studies, especially those focused on0.1 for the same flow types in other volcanic re-
the Laki event (e.g. Thordarsaet al, 1996, 2003a; gions (Walker, 1973a). The low aspect ratio of the
Keszthelyi et al, 2000, 2004, Guilbawd al, 2005, Icelandic lavas is though to reflect their relatively high
2007), have played an important role in enhancing®00—1000C) eruption temperature and low viscosity
our understanding of flood basalt eruptions and thei~10°-10° Pa s).

potential environmental and climatic effects (e.g. Self

et al, 1996, 1997, 1998, 2006; Thordarson and Self,

1996, 1998; Keszthelyi and Self, 1998). In Iceland,

the flood lava events take place on 10's of km long MIXED ERUPTIONS

linear vent system demarked by a row of often tightly, . . :
. . > _'Mixed Hekla eruptions follow a consistent pattern of

packed cratered cones that delineate multiple fissure ..~ . : .
) . activity with 3 phases. Each eruption has built over

segments arranged in an en echelon fashion. The

. e}few minutes into a vigorous subplinian to Plinian
flood lava events are prolonged eruptions that las : . .
. event (phase 1) characterised by high magma dis-
for months to years and feature numerous eruptlonh : . .
. . . charge (Figure 9a). Phase 1 is typically of <1 hr
episodes (Figure 8b). Each episode appears to repf uration irrespective of the maximum intensity of
sent arifting event (i.e. formation of a new fissure) an

begins with a short-lived explosive phase followe he eruption (e.g. Thorarinsson, 1954, 1976; Thor-

by a longer phase of lava emissions. The ex Iosivarinsson and Sigvaldason, 1972a; Gronvetdal,
y a longer p ' PlOSVT983; Gusmundssaet al, 1992, Larseret al, 1992;

phases at the beginning of each episode last for houl[ﬁjskuldssoret al, 2007). The initial phase is fol-
to days and coincide with times of peak magma dis:- y '

charge of~6-7000 ni/s (Figure 8c). They are typi- lowed by a stepwise opening of thé km long Hekla

fied by magmatic and phreatomagmatic phases of Sug§sure and commencement of lava fountain activity

L o ; marking the onset of Phase 2 that features simulta-
plinian intensities that produce widespread tephra lay- : o i

. neous sustained emission of moderately widespread
ers of substantial volumes. For example, the 934t_e hra fall and fountain-fed aa lava (Figure 9b). The
940 Eldgja event formed a tephra layer that covers P 9 |

>20,000 krd within the 0.5 cm isopach and hasaVol_mtensity of the eruption decreases sharply during

ume of~1.2 km¥ DRE or~5 km? freshly fallen (Fig- Phase 2 along Wlth a concurrent Increasing in the
) ) lava to tephra ratio (Figure 9a). Phase 3 activity is
ure 8a; Larsen, 2000). The subsequent effusive phas . . . ;
. / . Characterised by discrete strombolian explosions and
features relatively quiet effusion of lava at more m0d§/er low magma discharge (<20%s) and its pri

erate (1000-3000 #s) and steadily declining dis- y lagma g P
) : mary contribution is to broaden and to lesser extent
charge (Figure 8b). The flood lava flow fields con- : . )
: - lengthen the aa lava flow field (Einarsson, 1949; Thor-
sist of pahoehoe and rubbly pahoehoe (or platy-ridge . ) .
SN . arinsson, 1976; Thordarson, unpublished observa-

lava), signifying insulated transport, growth by infla- L

. - tions from January and February 1991; Héskuldsson
tion and break-up of the original pahoehoe to form

! - etal, 2007). This sequence of events as well as styles
rubbly flows brought about by the highly fluctuating - . ;
discharge (e.g. Keszthelgt al. 2000, 2004; Thord- of activity characterizes all Hekla eruptions that have

. been described in historical accounts. It is worth not-

arsonet al, 2003a; Guilbauet al, 2005). ing that the Phase 2 fountain-fed lavas formed in the
Effusive silicic eruptions are relatively rare occur-eruption in 1991 makes up more than 60% of the lava
rence in the Holocene and generally have producdtbw field volume. These lavas cascaded down the
small volume (<0.2 ki) subaerial block lavas and slopes of the volcano and reached lengths of 4-5.5 km
coulees (Seemundsson, 1972; Blake, 1984; Macdom less than 6 hours (Figure 9b). Observations (e.g.
ald et al, 1990; McGarvieet al, 1990; Seemunds- Einarsson, 1949; Thorarinsson, 1976; 1967a) indicate
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similar behaviour in other historic Hekla eruptions,most likely caused by overheating and pressurization
suggesting that Phase 2-like activity can produce rel@f water and/or steam in such systems driven by sud-
tively long and perceivably hazardous fountain-fed aden excess heat flux from magma at very shallow lev-
flows in a short period of time. els (e.g. Seemundsson, 1991).
Two well-documented periods of phreatic erup-
tions are known in historic time. First is the phreatic
WET EXPLOSIVE ERUPTIONS activity associated with the 1874-1876 Askja Fires.
'Wet' explosive eruptions in Iceland straddle the in-The main silicic explosive eruption on 28-29 March
terface of water/ice and subaerial environments antB875 was preceded by a series of small phreatic as
are typified by three elementary styles, which inwell as phreatomagmatic and effusive eruption (Sig-
order of increasing eruption intensity are: phreaticyrdsson, 1875). This activity formed tephra fall de-
phreatomagmatic and phreatoplinian (Figure 10ajosits that are largely confined to the Askja caldera
With the exception of phreatic eruptions (see below)that collectively is known as unit A of the 1875 tephra
they involve physical interaction of the emergingsequence (Sparkd al., 1981, Carey, 2008). Phreatic
magma with non-magmatic water, which greatly enactivity continued in the wake of the main eruption on
hances their explosive power. The efficiency (powerfracture systems within the newly formed Oskjuvatn
of the explosive interaction depends principally on the€aldera and by sustained explosive activity at a crater
water to magma mass ratio (e.g. Wohletz, 1983; 198@;st north of the caldera (Watts, 1876). The activity at
Morrisseyet al, 2000), but other variables are alsothis crater, which later became known as Viarmed
important because the process of eruption involvef@ll deposits that covered the ground within 1.5 km
several interlinked mechanisms such as magma fragadius of the vent (Johnstrup, 1877a,b, 1886). The
mentation and detonation, expulsion (jetting) of solidsecond example is the 17 May 1724 Viti eruption at
steam mixture, as well as transport and deposition dfrafla, which marks the onset of the 1924-1929 My-
the solid products. The 'wet’ mafic eruptions are sigvatn Fires. This eruption formed a tephra fall deposit
nificantly more vigorous than their 'dry’ counterparts,consisting of clay and rock fragments that extends up
whereas the silicic members are typically highly exto 13 km southwards from the Viti crater at Krafla.
plosive although their intensity is dependent on thén addition, small phreatic eruptions occurred at Leir-
exact eruption condition (e.g. Thorarinsson, 1967d)njukur towards the end of the Myvatn Fires. Addi-
White and Houghton, 2000; Houghtat al., 2000; tional five to six prehistoric phreatic eruption periods
Carey, 2008). Phreatic eruptions are relatively rare ihave been identified within the Krafla system (See-
Iceland, registering 0.5% of explosive events. Submundsson, 1991). On the Krysuvik volcanic system
glacial phreatomagmatic eruptions (75%) dominatghreatic activity is exemplified by prehistoric maar
the explosive event record, whereas the submarirw®lcano complex, Graenavatn, and associated explo-
and subaerial equivalents account 6% and 0.5% sion craters (Jonsson, 1978a). Graenavatn crater is
each. The phreatoplinian eruptions represeht6% ~300 m in diameter, and was formed in an eruption
of the total explosive event tally. that began with vigorous lava fountaining phase that
Phreatic (i.e. hydrothermal) eruptions are known produced small rheomorphic mafic lava flow followed
from three volcanic systems in Iceland - Krafla, Askjaby powerful phreatic explosions (Hoskuldsson, un-
and Krysuvik - although their occurrence is likely topubl. data, 2008). The Greenavatn maar is well known
be more widespread. They are typically associatef@r the olivine-gabbro xenoliths and their occurrence
with major volcano-tectonic episodes, often as disih the tephra deposit suggests that the activity resulted
crete events during times of precursor activity and/offom deep-rooted explosions, perhaps as deep as 2—
stages of waning activity. They also appear to b8 km (Tryggvason, 1957).
confined to high-temperature geothermal systems and

1Direct English translation of Viti is hell.
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Figure 10. (a) Walker classification of explosive eruptiensgption phases in Iceland. Events are numbered
as follows: 1. 1973 Eldfell, 2. 1783-84 Laki (magmatic plgs8. 1783-84 Laki (phreatomagmatic phases),
4. 1875 Askja (phase B), 5. 1875 Askja (phase C), 6. 1875 AdKj@ase D), 7~870 AD Vatnadldur and 8.
1477 AD Veidivotn. Data from Selt al. (1974); Self and Sparks (1978); Spadtsl. (1981); Thordarson and
Self (1993); and Larsen (2005). (b) — (e) In(thickness) welgrea)’? plots for tephra deposits produced by a
range of explosive eruptions in Iceland (see key for dgtaBseep negative slopes indicates deposit geometry
approaching that of a cone, whereas shallow slope indieatbeet-like geometry. Please note the scale change
for the x-axis between plots b-c and d-e. See text for furttetails. Data obtained from tephra dispersal
maps by Thorarinsson (1958, 1967a, 1970, 1976); Thoraninasd Sigvaldason (1972); Seif al. (1974);
Jéhannesson (1977); Larsen and Thorarinsson (1977);.618&9, 1984, 2000); Gronvokt al. (1983); See-
mundsson (1991); Larseat al. (1992); Thordarson and Self (1993); Haraldsson (2001);59akd (2007) and
Carey (2008). «a) Tegundargreining a islenskum gosum samkveemt Walkkksiflimni. (b) — (e) Grof sem
syna breytingu & In(pykkt) & méti (flatarmalf fyrir valin islensk gjoskulég.
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Phreatomagmatic (or surtseyan; Walker, 1973b; Fig-  About 20 submarine (i.e. surtseyan) eruptions are
ure 10a) eruptions occur as discrete events at polnown in historic time, or~10% of the events on
genetic central volcanoes, monogenetic central ascord, and are estimated to have delivered <2.5%
well as fissure vent systems and span the range of the erupted basalt magma volume. In the last
subglacial, subaerial and submarine environment800 years they have been most frequent on the off-
The event record is dominated by explosive basatthore segment of the RVB, but also have occurred
eruptions from three ice-covered central volcanoegn the submarine extension of the NVZ and within
Grimsvotn, Bardarbunga and Katla (Figure 1), acthe Vestmannaeyjar volcanic system (e.g. Thorarins-
counting for~60% of the total event tally. These ex-son, 1965). Many more submarine events are in-
plosive subglacial eruptions are typically small (mearferred from prehistoric geological record, including
volume ~0.1 kn?; range, 0.01 to~1 km?) and the Seefell tuff cone (diatreme) on Heimaey along with
are estimated to have produce®0% of the mafic additional 60 submerged surtseyan vents within the
magma volume erupted in post-glacial time. DriverMestmannaeyjar volcanic system (e.g. Mattsson and
by explosive water to magma interactions these erugdtskuldsson, 2003; Mattssaat al., 2005b). In ad-
tions are typified by 'surtseyan-like’ activity featur- dition, at least three events are known within the RVB
ing both events of 'continuous uprush’ and intermit-(e.g. Jonsson, 1978a).

tent rooster-tail’ jets: They are known to main-  The Syrtsey volcano, the westernmost island of
tain 6-15 km high eruption columns, suggesting thahe \iestmannaeyjar archipelago, is undoubtedly the
the former style is the principal eruption mechay, gt renowned of the Icelandic submarine events. It
nism (e.g. Gudmundsson and Bjérnsson, 1991; GUgas formed by a prolonged eruption between Novem-

mundssoret al, 1997; Larsen, 2000; Sigmundssonye, 1963 and June 1967, producing a 6 km long east-
and Gudmundsson, 2004). Although these subglacighheast trending submarine ridge that rises from a

eruptiops are highly explosiye, their tephra dispers%epth of 125 m and covers 14 Rmlts most promi-
power is weak to modest (Figure 10b), because onlyent feature is the island of Surtsey, a submarine table
small proportion of the magma thermal energy is pafm oy ntain that consists of two abutting 140 m high tuff
titioned _into driving the eruption plume. Most of the .5es and a small pahoehoe lava flow field (e.g. Kjart-
energy is taken up by the processes of magma fragysson, 1966a,b; Thorarinsson, 1967b,c). The island
mentation and ice melting (e.g. Gudmundsson, 200355 immediately proclaimed a nature reserve because

2005). However, as shown on Figure 10b, there args ihe ynique opportunity to study the development of
noticeable exceptions to this blueprint because thge on a new land (e.g. Fridriksson, 1994).

tephra fall from the largest historic Katla eruptions Subaerial mafic phreat i " h
(e.g. in 1625 and 1755) have significantly more ex- ~uYPaernal mafic phreatomagmalic eruptions have

tensive distribution with ash fall observed as far agccurred sporadically throughout postglacial times.

mainland Europe (e.g. Thorarinsson, 1981b). They are not confined to specific reg_ions or volcanig
systems but appear to have formed in range of envi-

Despite their small size, the subglacial eruptionsonments, including eruptions through shallow lakes,
generate some of the most catastrophic natural everitsod plains and fault systems acting as channels for
in Iceland; known as jokulhlaup (i.e. glacial flashgroundwater. In terms of style they span a similar
flood), and discussed elsewhere in this issue. spectrum as the subglacial eruptions, but are on av-

2Surtseyan eruptions are characterized by two distincttimmistyles — rooster tail and continuous up-rush eventsch eaiven by
copious tephra-rich explosions on the time scale of secandsiriutes. Rooster tail events typify the activity when exééwater has
a ready access to the vent(s). They originate from intermighallow explosions in a water-filled vent, each produaciagical to sub-
horizontal black tephra jets that typically reach heighisgéances of <1000 meters. Continuous uprush events tage wlaen the access of
water to the vent(s) is restricted and originate from explusrooted deeper within the vent. They produce 0.5 to 2 kgh-kertical black
tephra-rich columns (momentum jets) with muzzle velocitiesoupd0 m s, and are known to support 615 km high eruption columns.
Continuous uprush events are normally more powerful thanabster-tail events because of more favourable water to magnmaratas
Based on Thorarinsson (1967b,c).
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erage more powerful (Figure 10b). In total, twelvematic phases in the 1783-1784 Laki flood lava erup-
subaerial phreatomagmatic events are known in pogien (Thordarson and Self, 1993). Notable prehis-
glacial time, either as individual eruptions or phasetoric events are those of the 3 ka Hverfjall and 7—
within larger events. They occurred on the follow-8 ka Hrossaborg in North Iceland, both of which pro-
ing volcanic systems: Krafla, Askja, and Hengill asduced prominent tuff cones as well as pyroclastic den-
well as on the subaerial segments of the Kverkfjéllsity current and tephra fall deposits (Thorarinsson,
Grimsvotn and Bardarbunga-Veidivétn systems. Hist952a,b; Einarsson, 1965; Seemundsson, 1991; Miller
toric events include three eruptions within the Askjeet al., 1989).

\_I/_%Ice:jno (e. 1867t;| 1(1875 58(?81922; Jons';son, 194%ootlerssconegroupsare the most common subaerial
ordarson, unpubl. data )and two p reatoma%’hreatomagmatic landforms in Iceland (e.g. Thorar-
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Figure 11. (a) Schematic cross section through a rootlass gmoup. The cones typically rise 2—35 m above
host lava surface and their basal diameters range from 5¥4S@e key for details). (b) Formation of the root-
less cone groups. The lava has covered a water-logged basthiakened by flow inflation. Initially the lava
enters the wetlands as relatively small pahoehoe lobes dresat of frontal breakouts at the active lava fronts.
The insulating crust seals the lobe interiors from the whitgged environment and the lobes inflate and expand
laterally in response to continued injection of lava. Thieinal pathways (or lava tubes) are thus extended
to new breakout points and the process repeats itself, dixigthe lava further across the wetlands. Another
consequence of this process is that the lava behind theedtdiw fronts increases in thickness by inflation
and preferably so over the internal pathways. Consequeh#ypathways begin to sink into the soft mud on
the lake bottom and cracks open in the base of the lava alipthie glowing hot lava to flow straight into the
water-saturated mud and initiate steam explosions. (c)ll fleveloped rootless cone group. After Fagents
and Thordarson (2007). Stilsett (a) pversnid i gegnum gervigigapyrpingu, (b)rteig sem synir myndun
gervigigapyrpinga og (c) fullmyndud pyrping.
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insson, 1951, 1953). They are positive landforms corfellow and, in doing so, gradually build a group of
sisting of 10s—1000s closely packed crater cones thedotless cones on top of the lava (Figure 11c).

cover an area ranging from 0.5 Rno >100 kn¥.  Phreatoplinian eruptions represent only 1.6% (24
They are without exception associated with tube-fedvents) of post-glacial explosive eruptions in Iceland,
pahoehoe and rubbly pahoehoe flow fields and thget are a diverse group that includes silicic eruptions
cones rest directly on the host lava flow (Figure 11afrom ice-free and ice-capped central volcanoes as well
The cone groups are situated where the lava advancas large volume mafic fissure eruptions (Spatkal.,
over wetlands, such as shallow lakes, fluvial plaind981; Larseret al., 2001; Larsen, 1984; 2005). The
or swamps. Each cone is formed by a phreatomagmifying feature of the phreatoplinian eruptions is that
matic eruption driven by explosive interaction (i.e.they all involve interaction of highly vesicular magma
physical mixing) between degassed liquid lava angvith surface water, have Walker F indices 280%
water-logged substrate (e.g. Thordarstral, 1992; and form widespread thin tephra blankets dispersed
Thordarson, 2000b; Fagents and Thordarson, 200%)ver areas of 10to 10 km? (Figure 10a,d). How-
These are sustained (hours to days) eruptions, asdser, their tephra volumes vary by >2 orders of mag-
evident from the distinctive internal layering of eachnitude, from 0.01 to 5 krh The Icelandic record also
cone. The cones typically feature two distinct strucincludes the only verified historical example of sili-
tural components; a lower well-bedded sheet-like seic phreatoplinian eruptions (1875 AD Askja C) on
guence consisting of 0.2-0.6 m thick lapilli tephraEarth and is one of the type-eruption for this style of
beds alternating with <0.2 m thick mud-rich andvolcanism (e.g. Self and Sparks, 1978; Carey, 2008).
cross-bedded ash beds and a upper indistinctly bednother historic example is the 1206 AD dacite erup-
ded cone-forming sequence consisting of several 0.3ien at Hekla, which formed the olive grey layer; an
1.5 m thick spatter beds, often capped by a 1-2 nimportant tephra marker horizon in South Central Ice-
thick welded to rheomorphic layer. The upward in-land (e.g. Larsen, 1979; Thordarsetal., 1998). The
crease in grain size of these deposits emulates the 4821 AD and 1613 AD dacite eruption of Eyjafjalla-
tenuation of explosive power during individual root-jokull most likely fall also under this eruption cate-
less eruption. The cone conduits are crudely funnefory, along with 17 prehistoric events, including the
shaped, extending from the flow base up through cdwelve Katla events that produced the SILK tephra
herent lava and terminating in a bowl-shape crater refiayers (e.g. Larseat al,, 1999; 2001).

resent volcanic vents (Figure 11a). These conduits The explosive fissure eruptions of Vatnadldur
have lateral feeders (i.e. lava tubes), hence the nange870 AD) and Veidivdtn (1477 AD) can now be
'rootless’ eruptions, cones and cone groups. added to the list as type examples of mafic phreato-

. . linian eruption (e.g. Larsen, 1984, 2005). Both of
Formation of rootless cone groups requires th . .
. L ese eruptions produced widespread tephra layers
lava to cross wetlands and a simultaneous initiation
. 1-1.5 kn? DRE) that cover more than half of the

rootless eruptions through contact between hot la . .
. country (Figures 10a,d and 12a). In terms of inten-
and external water, constructing cones on top of ac- .
Sity and size they are only superseded by the three

tively advancing lava that are in no way modified byearly Holocene £10-10.5 ka) mafic phreatoplinian

its movements. As shown on Figure 11, this can onI}éruptions at Grimsvotn that collectively produced the

be accomplished if the lava is flowing within preferredSaksunarvatn tephra layer (J6hannsdéttil, 2006)
internal pathways (e.g. lava tubes) beneath a Statio\r/]v_hich extends to the continents on both ;ides o;‘ the
ary crust. If the explosions are powerful enough, theKIorth Atlantic (Figure 12b)

burst through the overlying lava to emerge as rootless '
eruptions that build cones around the vents (Figure
11b). At any site, the eruption stops when the sup- DRY EXPLOSIVE ERUPTIONS

ply of water (i.e. mud) and/or lava runs out. As theAccording to the classification of Walker (1973b) the

flow migrates across the wetlands, the explosive vengtyles of 'dry’ eruptions are in order of increasing
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Vatnadldur ~870AD

Figure 12. (a) Coverage of the Vatnadldu870 AD tephra (i.e. Settlement Layer) in Iceland; solid liepre-
sents the 0.5 cm isopach of the basaltic (blue) and rhydligiow) component, respectively. The broken line
indicates the known extent of the rhyolite tephra. ModifitéraLarsen (1984). (b) Map showing the known
distribution of the~10 ka Saksunarvatn tephra (J6hannsdéttial, 2006). —(a) Utbreidsla Vatnatldugjosk-
unnar (p.e. Landnamslagsins) fra 870 e.kr. (b) Utbreidsiassinarvatngjéskunnar sem myndadist fyrir um pad
bil 10.000 arum.

intensity - hawaiian, strombolian, subplinian, vulca-  High-discharge (up to 6600 tfs) mafic explo-
nian and Plinian - reflecting the fundamental differ-sive phases produced by flood lava eruption in Ice-
ence between weak and powerful eruptions resultinignd have produced tephra layers with dispersal pat-
from contrasting magma rheologies (e.g., Vergnioll¢erns that fall between subplinian and Plinian deposits
and Mangan, 2000; Cashmanal,, 2000). All of the (Figures 10a,c,d; Thordarson and Self, 1993; Thord-
'dry’ explosive eruption types, except vulcanian, ararsonet al, 2001). These high-discharge explosive
represented in Icelandic eruption record (Figure 10ajphases occur at the beginning of eruption episodes
Strombolian and 'hawaiian’ explosions are typifiedand are short-lived (hours to days). They are driven
by low-discharge events (1 to 10 m3/s) produc- by extremely efficient outgassing and very high gas
ing tephra deposits that are largely localised about thHéux that results in two-phase (annular) conduit flow
vent(s) as steep sided cones (Figures 4d-e). Althougitoducing gas-charged spray-like fountains that could
number of eruptions or phases of eruptions in Icelande coined as vigorous ’'hawaiian’ activity (Thordar-
have been identified as strombolian (Thorarinsson argbnet al, 1996). In addition, this process results in
Sigvaldason, 1972; Thorarinssen al., 1973; Gud- volatile-depletion of the lower (later erupted) part of
mundssoret al, 1992), only one has been verifiedthe magma column and subsequent transformation to
as such by Walker indices, namely the 1973 Eldfelstrombolian and hawaiian activity as individual erup-
eruption at Heimaey (Figure 10d; Self al, 1974). tion episodes proceed.

Occurrence of "hawaiian’ eruptions is inferred from  Thjrty-eight post-glacial ‘dry’ explosive silicic

presence of spatter cones and tephra fall of very limgryptions £2.2% of the total explosive event tally)
ited dispersal, but none have been verified in a quagppear to be classical subplinian to Plinian eruptions
titative manner (Figure 10a). The explosive phasegs their fall deposits consist of fines-poor pumice
of the ~900 AD Raudhalsar eruption at Snaefellsnegeds and exhibit dispersal patterns typical of such
might be the closest Icelandic example of explosiv@yents (Figure 10d-e). The record includes several
‘hawaiian’ activity (Figure 10d; Johannesson, 1977).major Plinian events, namely the prehistori¢2 ka
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Vedde event (>3.3 k&) at the Katla volcano,»7 ka  uniquely define a 'volcanic system’. This is not a triv-
H5 (0.7 kn?¥),~4.2 ka H4 (1.8 km), ~3.8 ka HS ial matter because candid examination of geological
(0.45 kn¥) and ~3.1 ka H3 (2.2 km) eruptions at maps and existing petrochemical data sets shows that
Hekla (e.g. Larsen and Thorarinsson, 1977; Lacassethe separation of many systems (e.g. 1-2-3, 4-8-9 and
al., 1995). In historic time the main eruptions are thafl8-21-22-23-24 on Figure 1) is not clear cut and their
of ~870 AD Torfajokull (0.1 kni), 1104 AD Hekla boundaries are, more often than not, ambiguous. In-
(0.5 kn?), 1158 AD Hekla (0.1 k), 1362 AD Or- evitably, a more detailed interdisciplinary research is
aefajokull (2 kn¥) and 1875 AD Askja (0.3 ki) and  required to clarify this issue because the concept of
span the range of subplinian to Plinian (Figures 10cdthe volcanic system currently underpins our under-
e; Thorarinsson, 1958, 1967a, 1970b; Larsen, 1998tanding of Icelandic volcanism and geology.
Larsenet al, 1999; Sparket al, 1981; Carey, 2008). ~ The data compiled for this study indicates that
At least two of these eruptions, the 1875 AD Askjaiceland has featured about 2400 eruptions in the last
and 1362 AD Oreefajokull, reveal a fairly complex11 ka and that these eruptions have expelled about
eruption history. The 28-29 March 1875 Askja event66+100 kn? of magma. However, and respectfully
involved four distinct eruption phases, identified agecognizing the ample efforts of previous researchers,
units B, C1, C2, and D within the deposits, reprethis assessment is hampered to a degree by imper-
senting rapid shifts from dry’ to 'wet’ to 'dry’ erup- fect postglacial eruption record, which largely stems
tions and changes in vent positions (e.g. Carey, 2008tom lack of comprehensive and precise basic factual
The eruption began with a subplinian phase (B). Aftefformation, such as eruption size, intensity and fre-
about 9 hour-long pause the eruption picked up its inquency. Notwithstanding the data base that we have
tensity with~1 hour-long phreatoplinian event (C1) compiled for this study from existing publications is
followed by an~2 hour-long drying-out phase char- neither complete nor flawless. Although we are of the
acterized by pyroclastic density currents (C2). Thepinion that the results extracted from it on number
eruption culminated in a 5-6 hour-long Plinian phasef postglacial eruptions and their magma output are
(D). The main eruption at Orzefajokull volcano tookof the correct magnitude, the exact numbers should
place in early June 1362 (Thorarinsson, 1958). It benot be taken too literally as well as applied cautiously
gan with a weak phreatoplinian phase immediatelgnd with proper judgement. However, despite these
followed by an intense collapsing-column phase protimitations, some useful inferences can be made on
ducing pyroclastic density currents that reached >1fhe basis of the current postglacial eruption data set:
km from the source vent. The event was punctuated

by a powerful Plinian phase (T. Thordarson and A. 1 postglacial magma output in Iceland is about

Hoskuldsson, unpubl. data, 2008). 5 kmP/century or about 1.4 times that of the volcan-
ism in Hawaii, implying that Iceland is most produc-
CONCLUDING REMARKS tive of the currently active terrestrial hotspots. How-

Postglacial volcanism in Iceland is confined to dis€Ver, when it comes to number of eruptions Iceland is

crete segments commonly referred to as the neovdl® match to Hawaii, where the event frequency is 3-5
canic zones, which by definition occupy about ondimes higher.

third of Iceland (Figure 2). The volcanic system is 2. Frequency distribution and magma volume pro-
recognized as the principal structure of the neovolportions of mafic, intermediate and silicic eruptions is
canic zones and currently 30 active systems are idenfipproximately 91:6:3 (Table 2), underlining the gov-
fied in Iceland (Figure 1). However, although the 'vol-ernance of mafic magmatism. However, it does not
canic system’ is a useful concept and at first glancgupport the notion that activity in Iceland is typified

appears to be a robust volcano-tectonic identity, it i8y bi-modal (basalt-silicic) magmatism (e.g. Jonas-
important to keep in mind that we have yet to pinpoinson, 2007).

the volcano-tectonic or petrochemical parameters that 3. EVZ is responsible for >80% of all Holocene
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eruptions and~60% of the erupted magma volume,occurred throughout postglacial time, or 2% of the to-
reinforcing the conclusion put forth by Thordarsein tal eruption tally, at recurrence frequency of 300-500
al. (2003b), that the EVZ has been the most prolifigyears, yet they produced about 55% of the postglacial
producer of eruptions and magma in Iceland over thenagma volume.

last 11 ka. Among the main volcanic zones the RVB

has the lowest productivity, whereas the WVZ has the

fewest eruptions and highest mean volume per evefcknowledgements.

(Table 2). We are grateful to Olivier Roche, Gudran Larsen and
4. Lava volume produced by mafic effusive erup-Olgeir Sigmarsson for their comments and sugges-
tions is not evenly distributed across the Holocendions, which significantly improved the manuscript.
About 30% (111 kn¥) of the total volume was pro-
duced in the mid- to late-Holocene (i.e. post-5 ka)
and the distribution is fairly even per millennia, ex- <
cept for the period 2—-3 ka, when lava production ap- AGRIP

pears to have dropped by factor ©8. The remain- {sjand er eitt virkasta og afkastamesta eldgosasvaedi
ing 70% 258 knt) were erupted in the early- t0 4 yfirhorai jardar med gostidni upp A20 aburdi &
mid Holocene (i.e. pre-5 ka) and the volume distribug|q sem framleida ad medaltakis knm? af kviku &
tion appears to be fairly even \{vith respect to time (i.enyerjum 100 arum. bratt fyrir ad basisk eldvirkni
around 35-40 kihper millennia), except that about s¢ ra3andi 4 fslandi (90% allra gosa), pa eru allar
one third (70 km) this volume appears to have beerg|ggosa- og kvikugerdir jardar pekktar hér & landi.
erupted between 10-11 ka. Eldvirkni & Natima afmarkast vid virku eldgosabelt-
In spite of the dominance of mafic magmatismjn og pa helst vid eldstédvakerfin 30 sem par er ad
the diversity of Icelandic volcanism is undisputablefinna. Su eldgosaskra sem nu liggur fyrir bendir til
and highlighted by the fact that it features close tdess ad um 2400 eldgos hafi att sér stad & islandi a
all known terrestrial volcano and eruption types (e.gsidustu 11000 arum og ad pau hafi samanlagt framleitt
Thordarson and Larsen, 2007; Larsen and Eirikssonm 566100 ki af kviku. Hraungos, ad medtéldum
). However, the current postglacial eruption data sedteedibasaltgosum (>1 ki eru um 500 talsins en af-
only allows first order grouping of events; into the ba-gangurinn eru sprengigos af ymsum gerdum. Algeng-
sic categories of effusive, mixed and explosive postdst eru basisk gos i jokli eda 77% allra sprengigosa,
glacial eruptions. A more sophisticated classificatiosem synir gléggt ahrif umhverfis & hegdun islenskra
is currently only applicable to a small selection ofeldgosa. Hvad vardar kvikuframleidni, pa er framlag
events because the necessary data has yet to be @iedibasaltgosa mest. Um 50 slik gos hafa ordid a Nu-
tained for majority of the events on the record. Theretima, eda adeins um 2% allra atburda, en framleiddu
fore, it is impossible at this stage to make a conclusamt 55% af heildarrimmali gosefna. Austurgosbelt-
sive assessment of the eruption styles that typify Icéd hefur verid afkastamest med >80% allra eldgosa
landic volcanism. However, the analysis presentedg ~60% gosefna. Ad auki, er rammal basaltkviku
here clearly indicates dominance of subglacial exploekki jafndreift i tima, pvi adeins 30%-(11 kn?)
sive mafic events, >75% of the total eruption tally,af heildarrdimmali basiskra gosefna kom upp i gosum
when it comes to number of eruptions. This is primara sidustu 5000 &rum og 70% 258 kn¥) & timabil-
ily an artefact of environmental factors because thanu 5-11000 ar. Kvikuframleidnin innan hvors tima-
most active central volcanoes in the country are situbils virdist hafa verid nokkud jofn, eda & bilinu 20-30
ated beneath or capped by a glacier. When it comésn®/1000 ar & sidustu 5000 arum, 35—-40%h®00 ar
to magma output the story is very different. Thea timabilinu fra 5-10.000 ar. Timabilid 10-11.000 ar
record is dominated by large volume (>1 Kneffu-  stendur upp Gr hvad petta vardar, pvi pa virdist fram-
sive mafic eruptions. About 50 such eruptions havieidnin hafa verid tvofalt meiri eda- 70 kn?/1000 ar.
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