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Abstract — Numerous jokulhlaups have followed the river Jokulsd d Fjollum in northeast Iceland during the
Holocene. Some of these fall under the category of catastrophic floods that carved out the present-day Jok-
ulsdrgljuifur canyon, over 100 km north of the present-day Vatnajokull. Sedimentary beds from 16 jokulhlaups
between 6.3 and 4.1 ka ago are preserved in Vesturdalur, near the north end of the canyon. Chemical composi-
tion of volcanic glass in the jokulhlaup deposits correlates to three volcanic systems beneath Vatnajokull. The
characteristics of the Bdrdarbunga volcanic system dominate in 12 beds, and those of Grimsvotn and Kverkfjoll
in one bed each, two remain unsolved. The characteristics of the Bdrdarbunga glass in the jokulhlaup sediments
are mostly low TiO, and high MgO (TiO, <1.6, MgO >7.3 w%). Seventeen basaltic “Low-Ti” tephra layers
from Bdrdarbunga have been identified in soil sections in north Iceland from this period. Grain characteristics
of the tephra indicate phreatomagmatic origin. Dispersal maps confirm source area below northwest Vatnajok-
ull and tephra volume (bulk) of the order of 1 km? for the largest layers. As the preserved soil sections are distal
(>50 km) from source, it is likely that only the largest tephra layers have been preserved. The mid-Holocene
floods confirm the existence of glaciers on Bdrdarbunga, Kverkfjoll, and Grimsvétn at that time. The magnitude
of these jokulhlaups is not well constrained, but apparent cross sections out of Vesturdalur fit a peak discharge
of order 50,000 m3/s and likely total volume of a few km3. These repeated jokulhlaups 6.3 to 4.1 ka ago did not
cause large erosion at Vesturdalur. Their source areas were most likely the calderas of the central volcanoes,
which may have changed in size and form since the mid-Holocene. Eruptions within the Bdrdarbunga caldera
are a possible source for 12 of the floods. Bdroarbunga may have hosted a geothermal area and a subglacial
caldera lake similar to present day Grimsvotn, which may explain the repeated, apparently similar-magnitude
Jjokulhlaups over this long period.

INTRODUCTION (Thordarson and Hoskuldsson, 2008). This combina-
tion has consequences when volcanoes jump into ac-
tion. Explosive eruptions beneath glaciers can cause
extensive tephra fall and large volcanogenic floods,
extensive ice cover on the high mountains of south  ¢ymetimes both at the same time (Gudmundsson et

and central Iceland, including some of the most active ;7 1997, 2008). Numerous volcanogenic jokulhlaups
volcanoes such as Katla, Grimsvétn, and Bardarbunga

The northerly position of Iceland in the North At-
lantic, with high annual precipitation, has resulted in
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as well as floods from glacier-dammed lakes have oc-
curred since the end of the last glaciation.

Volcanic activity at the volcanoes beneath Vatna-
jokull (Figure 1) has been periodic for at least the last
1200 years and peaks every 130-140 years with up
to 11 eruptions in 40 years during times of high ac-
tivity (Larsen et al., 1998). These volcanoes lie at or
close to the center of the Iceland hotspot. This peri-
odic activity is best developed in Grimsvétn volcanic
system whereas Bardarbunga may become active dur-
ing some of the periods and occasionally Orzfajokull
volcano joins in. The increased volcanic activity in
Grimsvétn and Bardarbunga since 1996 (1998, 2004,
2011, 2014-2015) can be seen as a part of such high
activity (Gudmundsson et al., 2012, 2016).

Recent eruption on the Bardarbunga volcanic sys-
tem (BVS), the 2014-2015 Holuhraun eruption, has
sparked interest in the eruption and flood history of
the ice covered part of the BVS. The Bardarbunga
central volcano is ice covered with a large 700 m deep,
65 km? ice-filled caldera (Bjornsson and Einarsson,
1990). Its rims, covered by 150-200 m of ice, rise
to 1850 m above sea level. Considerable knowledge
exists on the eruption history of the subglacial part of
the Bardarbunga volcanic system for the past 10 ka
(Larsen et al., 1998; Oladéttir et al., 2011a; Gud-
mundsdottir et al., 2016) and that of the subaerial
SW fissure swarm for the past 8.5 ka (Vilmundar-
déttir, 1977; Vilmundardoéttir et al., 1988, 1990, 1999;
Larsen, 1984; Larsen et al., 2013; Hjartarson, 2011;
Kaldal et al., 2018).

In north Iceland evidence of large floods have
been recognized in the river Jokulsd 4 Fjollum for
many decades (Thorarinsson, 1950; Témasson, 1973,
2002; Semundsson, 1973; Eliasson, 1977; Waitt,
2002; Ahlo et al., 2005; Carrivick et al., 2004; van
den Bilt er al., 2021) but opinions differ about their
number, peak flows, and origin. Most authors agree
on two catastrophic prehistoric jokulhlaups, one from
a glacier dammed lake in early Holocene and vol-
canogenic jokulhlaup in late Holocene with peak dis-
charge as high as 1 million m3/s.

Volcanogenic floods in south and southeast Ice-
land caused by eruptions of the subglacial volcanoes
Oraefajbkull, Grimsvotn, and Katla have been de-
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scribed by several authors (Thorarinsson, 1958, 1974;
Haraldsson, 1981; Témasson, 1996, 2002; Grondal
et al., 2005; Larsen et al., 2005; Smith and Haralds-
son, 2005; Gudmundsson et al., 2008; Roberts and
Gudmundsson, 2015; Larsen, 2018). In historical
time documented events indicate that volcanogenic
jokulhlaups have the largest peak discharges, in case
of Katla jokulhlaups up to 300,000 m3/s (Témasson,
2002).

Since the full retreat of the Icelandic ice sheet,
the largest Holocene jokulhlaups in Jokulsd 4 Fjollum
are of volcanogenic origin. Recent research into large
prehistoric floods has focused on the reconstruction of
the hydraulic conditions during the events, in particu-
lar along the upper half of Jokulsa 4 Fjollum. Sed-
imentary and erosional features indicate that these
floods ranged from moderate to catastrophic in vol-
ume and peak discharge (Waitt, 2002; Ahlo et al.,
2005; Carrivick et al., 2004).

The lower half of Jokuls4 river follows a canyon,
Jokulsargljifur, carved by numerous floods (Témas-
son, 1973, 2002; Semundsson, 1973; Eliasson, 1977,
Waitt, 2002; Kirkbride et al., 2006; Baynes et al.,
2015). Through erosion and sediment deposition,
the youngest of these have removed much of sedi-
ments and erosional landforms of older floods. A se-
quence of 16 mid-Holocene sand beds with sedimen-
tary structures resembling “backflood beds” is, how-
ever, preserved in the Vesturdalur valley (part of Jok-
ulsa canyon) and thought to result from floods with
moderate volumes and discharge (Waitt, 2002), pos-
sibly below the 100,000 m®/s peak discharge used
to define catastrophic floods. However, there have
also been suggestions (Kirkbride et al., 2006) that at
least some of those floods were megafloods (over a
1,000,000 m3/s).

In historical time no floods that fit the category
of catastrophic or megafloods have occurred in Jok-
ulsd 4 Fjollum. The last eruptions that caused signif-
icant volcanogenic jokulhlaups in Jokulsd 4 Fjollum
occurred in 1717, 1726, and 1729 CE (Thorarinsson,
1950, 1959; Isaksson, 1985) with estimated peak flow
of 15,000 to 20,000 m?3/s.

The origin or source area of some of the largest
jokulhlaups in north Iceland has never been verified
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Figure 1. ArcticDEM map of Central and North Iceland showing the location of the Jokulsa 4 Fjollum river and the Vatna-
jokull ice cap (ArcticDEM V4.1, Harvard Dataverse, V1, Porter et al., 2023, http://doi.org/10.7910/DVN/3VDC4W.) The
red circles mark the location of the central volcanoes Bardarbunga, Kverkfjoll and Grimsvotn, with their ice-filled calderas.
Vesturdalur area, where sediments from repeated jokulhlaups between 6.3 and 4.1 ka are preserved, is marked by a black
quadrangle. — Mid-Island og Nordurland frd Vatnajokli ad Oxarfirdi (sjd einnig innsetta mynd). Vesturdalssvedid er af-
markad med svortum ferhyrningi. Megineldstodvarnar Baroarbunga, Kverkfjoll og Grimsvotn, allar med jokulfylltar oskjur,
eru afmarkadar med raudum hringjum. Jokulsd d Fjollum og adrar dr sem nefndar eru i megintexta eru syndar i bldum

lit. Hvit lina er dregin eftir vestur- og nordurjadri Vatnajokuls. Fyrir 6,3 til 4,1 piisund drum var Vatnajokull minni og efsti
hluti paverandi vatnasvids dnna er ni undir jokli. Raudir deplar syna legu jardvegssnida og svort lina pjodveg 1.
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although the source has variously been suggested to
be Bardarbunga, Kverkfjoll, or Grimsvotn calderas,
or large subglacial reservoirs (S@mundsson, 1973;
Toémasson, 1973, 2002; Bjornsson and Einarsson,
1990; Eliasson, 1977; Waitt, 2002; Ahlo et al., 2005;
Carrivick et al., 2004).

Here we attempt to correlate the frequent mid-
Holocene (6.3 to 4.1 ka) jokulhlaups in Jokulsa 4
Fjollum to a prominent Bar@arbunga tephra sequence
(Oladéttir et al., 2011a) by the chemical composition
of volcanic glass in flood sediments and glass in air-
borne tephra. We also attempt to use the magma com-
position, the environmental conditions at that time,
and the jokulhlaup characteristics to constrain the lo-
cation of the eruption sites and how interaction be-
tween volcanic and geothermal activity within ice-
filled calderas may help explain repeated large jokul-
hlaups.

ENVIRONMENTAL CONDITIONS AND
EXPLOSIVE VOLCANISM IN THE
CENTRAL HIGHLANDS

Glaciers and climate.

The Holocene Climate Optimum (HCO), or thermal
maximum, in Iceland and on the North Iceland shelf
appears to have been between 8 and 7 ka (e.g. Ran
et al., 2008; Larsen et al., 2012; Striberger et al.,
2012; Karlsdéttir et al., 2014; Eddudottir et al., 2015;
Jiang er al., 2015). This conforms to the NGRIP 580
curve that indicates the highest temperature around
8 ka whereas GRIP §'80 curve indicates highest tem-
peratures around 9 ka (Vinther et al., 2006).

After the HCO a general cooling trend began with
superimposed shorter cooling events (e.g. Vinther et
al., 2006; Ran et al., 2008; Larsen et al., 2012; Jiang
et al., 2015). Cooling events between 8.2 to 8.0, 6.7
to 6.1, 4.3 to 4.1, and 3.0 to 2.7 ka are recorded on
the North Icelandic shelf (Ran et al., 2008). In cen-
tral Iceland two cooling events between 8.7 and 7.9 ka
are recorded in the sedimentary record of lake Hvitar-
vatn and a significant cooling was also detected at
about 6.4 ka (Larsen et al., 2012). Glacial water reap-
peared in lake Logurinn around 4.4 ka (Striberger et
al., 2012).
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Glaciers in Iceland are thought to have reached
their minimum extent already before the climate op-
timum (e.g. Norddahl and Pétursson, 2005; Larsen
et al., 2012). Vatnajokull may have disappeared al-
though the highest mountains may have been ice-
capped, such as Bardarbunga, Kverkfjoll and Grims-
fjall (Bjornsson, 2009). But Kirkbride et al. (2006)
argued that a “large composite ice cap” must have
existed in the Vatnajokull area through the early and
mid-Holocene to generate the jokulhlaups in Jokulsa 4
Fjollum. Whether the ice in the volcanic areas below
present day Vatnajokull existed as separate mountain
ice caps at 6.3 ka or had begun to coalesce into proto-
Vatnajokull is not known.

The calderas of Bardarbunga, Kverkfjoll, and
Grimsvdétn volcanoes may have been somewhat dif-
ferent from the current ones, the recent changes in
the Bardarbunga caldera in 2014-15 CE being a re-
cent example (Gudmundsson et al., 2016) but unless
some major changes have occurred they all had ca-
pacity to hold caldera lakes. At present the Bérdar-
bunga caldera holds about 43 km? of ice up to 800 m
thick (Bjornsson et al., 1992, Bjornsson, 2009). The
melting of about 10% of this ice would generate a to-
tal water volume of 4 km?, potentially resulting in
an event similar to the large Katla 1918 jokulhlaup
(Témasson, 1996). The melting of 20% of the ice in
the caldera could generate a considerably larger event.

Around 6.3 ka, the rivers originating in the area
now below Vatnajokull had none or a very minor
glacial component. Glaciers continued growing and
the first signs of glacial water in Jokuld & Flj6tsdal
(Figure 1) appeared about 4.4 ka (Striberger et al.,
2012). Jokuls4 4 Brd was a quiet run-off and spring-
fed river flowing along a richly vegetated valley floor
until about 2.6 ka when thick gravel deposits were
deposited onto vegetation and soil that had formed
since about 8 ka (Larsen and Oladéttir, 2015). For
Jokulsd 4 Fjollum no such information exists, be-
cause large late-Holocene jokulhlaups have modified
the “riverbed” and removed the evidence — with the
exception of the Vesturdalur sediments.

The central highlands are thought to have been
largely vegetated at this time (Arnalds, 1992; Olafs-
dottir et al., 2001). Remnants of old soil (histosol,

JOKULL No. 75, 2025



andosol), with tephra layers of known age are found
throughout the now desertified lava fields north of
Vatnajokull. Extensive and unvegetated glacial san-
dur areas are unlikely to have existed when glaciers
were at minimum.

Explosive volcanism and tephra layers

Numerous tephra layers have been identified in soil
sections and lacustrine sediments around the present
day Vatnajokull, in north, northeast, east, southeast,
and central Iceland, and in marine sediments on the
North Iceland shelf (Thorarinsson, 1950; Larsen and
Thorarinsson, 1977; Saemundsson, 1991; Eiriksson
et al., 2000; Larsen et al., 2002; Sigvaldason, 2002;
Kristjansdéttir et al., 2007, Oladéttir et al., 2011a,b;
Gudmundsdéttir et al., 2012, 2016; Sigurgeirsson,
2016). The volcanic systems producing these layers
have been identified by tephra dispersal and chemical
characteristics (Jakobsson, 1979; Larsen, 1981; Sig-
valdason, 2002; Oladéttir et al., 2011a,b; Gudmunds-
déttir et al., 2012, 2016; Sigurgeirsson, 2016). Figure
2 shows a part of a key section for northeast Iceland at
Karahnjiikar and the relevant volcanic systems (Ola-
déttir et al., 2011a; Larsen and Oladéttir, 2015).

Most tephra layers in the soil of north, northeast,
and east Iceland are basaltic phreatomagmatic tephra
layers from Bardarbunga, Grimsvotn, and Kverkfjoll
volcanic systems (Olad(’)ttir et al., 2011a), and many
extend onto the North Iceland Shelf at least as far as
Grimsey island (Gudmundsdéttir et al., 2012) (Figure
1). They are distinguished by their chemical charac-
teristics, in particular TiO,, FeO, MgO, and K,O (Jak-
obsson, 1979; Larsen, 1981; Oladéttir et al., 2011b).
Some volcanic systems on the Reykjanes Peninsula
have chemical characteristics similar to Bardarbunga
(e.g. Jakobsson et al., 1978; Sigurgeirsson, 1992).

Tephra layers with Bardarbunga, Grimsvétn and
Kverkfjoll characteristics have been traced back to
~11 ka in soil-sections in north Iceland, to >10.4 ka
in lacustrine sediments and >14 ka in marine sedi-
ments on the North Iceland shelf (Gudmundsdoéttir et
al., 2012, 2016; and references therein).

A low in the frequency of tephra layers from
the Grimsvotn and Bardarbunga volcanic systems be-
tween 9 and 7 ka in lake Logurinn may correlate to
a minimum in glacier ice extent and availabilty of
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meltwater to generate explosive activity. There is a
800-900 year gap with no Bardarbunga tephra layers
preserved between 9.2 and 8.4 ka, during which 10
Grimsvdtn tephra layers are preserved in the Logurinn
sediments (Gudmundsdottir et al., 2016). Whether
this absence of Bardarbunga tephra is due to reduced
volcanic activity at that volcano is not known. How-
ever, if Bardarbunga was ever ice-free during the
Holocene, it may have been in this period. Grims-
votn continued to emit tephra throughout this period.
Caldera lakes may have provided water for interaction
with the basaltic magma during such minima.

In the vicinity of the Vatnajokull ice cap the soil
record extends back to ~7.5 ka. The Bardarbunga
tephra record for the period 3-7.5 ka is treated be-
low. For the Grimsvotn and Kverkfjoll tephra record
see Oladéttir ez al. (2011a,b) and Figure 2.

Bardarbunga Low-Ti tephra layers

Basaltic tephra layers with Bardarbunga characteris-
tics are well presented in soils around Vatnajokull, in
particular during the last 7.5 ka when robust soil and
vegetation cover had been established in the highlands
(Oladéttir et al., 2011a,b). Between 7.5 and 3.5 ka
basaltic tephra layers with TiO,<1.6% (Low-Ti) dom-
inated the Bardarbunga record, whereas tephra layers
with TiO,>1.6% dominate the period 3.5 ka to present
(Figure 3), see also Supplement). Two distinct peaks
in Low-Ti tephra layer frequency, from 6 to 5.5 ka
and 4.5 to 3.5 ka (6.1-5.4 and 4.4-3.7 ka), are promi-
nent in key sections north of Vatnajokull, at Hreys-
iskvisl, Sauddrhraukar, and Karahnjikar (()ladéttir,
2009). Before 6 ka basaltic tephra with higher TiO,
(High-Ti) was erupted as well.

In the following the focus is on Low-Ti tephra lay-
ers in the period 6.3 to 4.1 ka which corresponds to
the period of frequent jokulhlaups recorded in Vestur-
dalur valley (see below). The number of Low-Ti units
varies between locations/soil sections. At Karahnjik-
ar, 90 km to the northeast of Bardarbunga, 10 tephra
units have been identified in this period, whereas at
Hreysikvisl, 50 km to the W of Bardarbunga, 9 tephra
units have been preserved and at least 12 at Saud-
arhraukar (Oladéttir er al., 2011a). Cross correlation
between locations indicates that some 17 Low-Ti lay-
ers could have erupted between 6.3 and 4.1 ka.
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Figure 2. Part of the key-soil section at Kérahnjikar (red dot at
Jokulsa & Brd, Figure 1), showing tephra layers between 3 and
7.1 ka (marker tephras Hekla-3 and -5) modified from Oladdttir
et al., 2011a. The site is about 90 km ENE of Bardarbunga, 95
km ENE of Grimsvétn and 60 km NE of Kverkfjoll. Also shown
is part of the Vesturdalur sequence, see Figure 5. Inset shows the
volcanic systems of Iceland, relevant systems in colour. — Hluti
Iykilsnids vio Kdrahnjiika, milli Heklu-3 og -5. Snidid er 90 og
95 km ANA Bdrdarbungu og Grimsvatna og 60 km NA Kverk-
fjalla. Gjoskulog i snidi i Vesturdal til heegri. Innsetta myndin
synir helstu eldstodvakerfi d Islandi.
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Mapping of the Low-Ti tephra layers shows that
at least 12 layers have origin below the northwest part
of Vatnajokull (Figure 4). Their eruption sites and
proximal deposits now lie beneath the ice and adja-
cent sandur areas. The closest adequately preserved
soil sections lie 50 to 80 km from Bardarbunga cen-
tral volcano, and maximum measured tephra thick-
ness is about 6 cm. Likely the smaller tephra layers
are under-represented at this distance. Figure 4 shows
four of these layers as well as direction of thickness
axis for the 12 layers and localities where Low-Ti
tephra has been detected.

The basaltic Low-Ti tephra layers are widely dis-
persed, in particular those erupted between 6 and
5.4 ka. Tephra layers of the Low-Ti series have been
identified in marine sediments on the North Iceland
Shelf (Gudmundsdéttir et al., 2012) some 210 km to
the north of Bardarbunga, and also in lake sediments
in east and possibly in northwest Iceland (Gudmunds-
déttir et al., 2016; Harning et al., 2018). Harning
et al., attribute the Low-Ti layers to the Reykjanes
volcanic system (see Discussion). The occurrence of
these tephra layers in marine sediments on the North
Iceland Shelf (NIS) near Grimsey island, over 200 km
from the Bardarbunga volcanic system, shows that at
least some of those layers had substantial volumes.
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Figure 3. Bar graph (1000 year bins) showing number
of recorded tephra layers with Bardarbunga characteris-
tics based on six soil-sections around Vatnajokull. The true
eruption frequency is higher as tephra from smaller erup-
tions are likely missing at >50 km distance from Bardar-
bunga volcano. All six soil-sections cover the period be-
tween present and 6.1 ka. Modified from Oladéttir er al.
(2011a). — Siilurit sem synir fjolda gjoskulaga med Bdrdar-
bungueinkenni i sex jarovegssnioum umhverfis Vatnajokul
(biiid ad tengja milli snida). Byggt d grein Bergriinar Ornu
Oladéttur o fl. (2011a) en breytt til ad syna mun d efnasam-
setningu gjoskunnar. I gjésku med bddum samsetningum
rédi meirihluti litnum. Gjoska/kvika med Ldg-Ti samsetn-
ingu var rikjandi par til fyrir um 3,5 pvisund drum en eftir
pad verdur Hd-Ti gjoska/kvika rikjandi. Jarovegssnidin eru
i 60-80 km fjarlegd frd midjum Vatnajokli og oliklegt er
ad gjoskulog vr ollum sprengigosum par hafi fallio eda
vardveist { peim snidum.

Volume estimates of the Low-Ti layers are ham-
pered by lack of proximal data. The distal dispersal
pattern of the two largest layers (6 and 8 on Figure 4)
is similar to that of the Grimsvotn 2011 tephra which
had a volume of 0.740.1 km® and maximum erup-
tion column height of about 20 km (Gudmundsson e?
al., 2012 and unpubl data; Hreinsdéttir ef al., 2014).
Preliminary calculations with Tmax set at 300 cm in-
dicate volumes in the order of 1 km? for these Low-Ti
tephra layers. The wide dispersal supports high erup-
tion columns, comparable to that of Grimsvotn 2011
eruption.

The phreatomagmatic characteristics of the Low-
Ti tephra show that the magma was erupted in the
presence of ice (meltwater) or water. Hence the most
likely localities within the Vatnajokull area were ice-
filled or lake-containing calderas and /or ice caps on
the highest mountains.

The 6.3—4.1 ka jokulhlaup sequence in Vesturdalur

At least 16 jokulhlaups deposited stacked backflood
beds in the Vesturdalur valley (Waitt, 2002). Waitt
dated the sequence to 8—4 ka using tephrochronology.
This sequence has now been dated to a period between
6.3 and 4.1 ka (Larsen et al., 2023) and has been fur-
ther extended within the Vesturdalur area (Kirkbride
et al., 2006; Larsen et al., 2023). However, the best
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exposure is still the Vesturdalur sequence (Figure Sa-
c¢) described by Waitt (2002) and the floods will be
referred to as W-jokulhlaups (W for west and Waitt).

Waitt describes 16 beds of brownish grey, strongly
rippled medium to fine sand, with symmetrical to
strongly asymmetric climbing ripples of variable dips.
These beds lie between 180 and 190 (188) m a.s.l.
They are inter-layered with yellowish to brownish ae-
olian silt, occasionally with tephra layers, marking
periods of background sedimentation (Waitt, 2002;
Kirkbride et al., 2006). Waitt (2002) interprets the
sand layers as resulting from a counter-clockwise
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eddy circulating along the west side of the valley dur-
ing a succession of valley-filling floods, also point-
ing out resemblance to the stacks of graded beds de-
posited in back-flooded tributaries by the giant Lake
Missoula jokulhlaups (Waitt, 1980, 1984).

Waitt (2002) considers the floods through Vest-
urdalur of moderate volume and discharge without
defining their magnitudes further. He inferred that the
outlet from the valley was “hydraulically retarding”
allowing the flood water to partially pond in the valley
and pointed out that younger, larger flood could have
changed the topography.
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Figure 4. a) Locations where the Low-Ti tephra layers have been measured and/or analysed. Red cirlces: Sections or
cores with detailed stratigraphy partly or fully EPMA analysed (Wastl, 2000; Larsen et al., 2002; Oladéttir ef al., 2011a;
Gudmundsdéttir et al., 2012, 2016). Orange circle: Core with potential Low-Ti tephra layers (Harning ez al., 2018). b)
Thickness axes of 12 Low-Ti tephra layers from the period 6.1-5.4 ka. Axes of thickness and chemical characteristics
indicate source area within the presently ice-covered central part of the Bardarbunga system. c-f) Examples of dispersal
(thickness in cm) of Low-Ti tephras with dispersal axes towards east, north and west. Numbers according to 4b, age
according to Kérahnjikar section in Oladéttir et al. (2011a). The north-trending layers 6 and 8 of an age of 5770 and 5880
years, respectively, may correlate to a group of Low-Ti layers, 5760-5900 year old in marine core MD99-2275 50 km off
the north coast (Gudmundsdéttir et al., 2012) — a) Stadir par sem Ldg-Ti gjoskulog hafa verid meeld og/eda efnagreind.
Raudir hringir takna meeld jardvegssnid eda setkjarna par sem gjoska iir éllum eda hluta gjoskulaga hefur verid efnagreind
i orgreini (M. Wastl, 2000; Gudrin Larsen o.fl., 2002; Bergriin A. Oladéttir o. S, 2011a; Esther R. Gudmundsdottir o.fl.,
2012, 2016). Raudgulur hringur taknar setkjarna par sem Ldg-Ti l6g er hugsanlega ad finna (Harning o.fl, 2018). b)
bykktardsar 12 gjoskulaga frd timabili fyrir 6,1-5,4 piisund drum. Pykktardsar og efnasamsetning benda til upptakasveedis
i Bdrdarbungukerfinu undir nordvestanverdum Vamajokli. c-f). Demi um dreifingu Ldg-Ti gjosku. Nimer visa til érva d
mynd 4b, aldur er skv. lykilsnidi vio Kdrahnjiika (2. mynd). Mesta meelda pykkt er 6 cm skammt nordan Vatnajokuls en flest
log eru punn pegar komid er i 90 km fjarlegd fra Vatnajokli. Gert er rdd fyrir ad gjoskulog 6 og 8 tengist 5760-5900 dra

gomlum gjoskulogum i setkjarna MD99-2275 vestan Grimseyjar (Esther R. Gudmundsdottir o.fl. 2012).

Large jokulhlaups have strongly modified the
lower part of the course of Jokulsa 4 Fj6llum in the
late Holocene (Témasson, 1973, 2002; Seemundsson,
1973, 1991; Eliasson, 1977; Waitt, 2002; Carrivick
et al., 2004; Ahlo et al., 2005; Baynes et al., 2015)
after neoglaciation set in and Vatnajokull probably
began growing into a major ice cap. It is important
to keep in mind that Jokulsd canyon upstream from
Vesturdalur was significantly different at the time of
the W-Jokulhlaups (Baynes et al., 2015) as was the
outlet downstream from Vesturdalur (Larsen et al.,
2023).

The W-Jokulhlaups ponded to the same height/-
elevation at the Vesturdalur sediment sequence for
over 2000 years. An effort was made to reconstruct
the pre-4 ka environment in the Vesturdalur area based
on previous work (Eliasson, 1977; Waitt, 2002; Kirk-
bride et al., 2006; Sigurgeirsson, 2016; Hjartardottir
and Einarsson, 2019) and by further mapping of sed-
iments in the Vesturdalur depression to clarify its de-
positional/erosional history and to allow estimates of
jokulhlaup magnitude (Larsen et al., 2023).

At the time of the W-jokulhlaups (6.3—4.1 ka) the
Vesturdalur depression (Figure 6a, present conditions)
was largely infilled by early Holocene (~11 ka) lava
flow(s) and scoria cones (Figure 6b) partly overlain
by alluvium dating back to the retreat of the inland
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ice (Sigurgeirsson, 2016; Hjartardéttir and Einars-
son, 2019; Larsen et al., 2023). The ~11 ka lava(s)
had also followed and partly filled a gorge previously
draining the depression (Larsen et al., 2023, supple-
ments). A canyon downstream from the depression
with the present dimensions did not exist at that time.
A narrow pre-flood canyon was suggested by Waitt
(2002). However, the outlet from the depression must
have been shallow, a deep channel would have al-
lowed the W-jokulhlaups to gradually erode the scoria
and lava out of the Vesturdalur depression and change
the conditions for retaining floodwater (Larsen et al.,
2023). The dry gorge at Laxavogur (Figure 6a) north
of the present canyon, which does not extend into the
depression, may have been the outlet at this time (6.3—
4.1 ka) when the river Jokulsa 4 Fjollum probably had
none or a small glacial component, akin to Jokulsa 4
Fljotsdal (Striberger et al., 2012) and not much ero-
sional power.

By mapping the extent of the W-sediments (Fig-
ure 6¢) the “hydraulically retarding” part in the val-
ley, about 0.8 km wide, could be defined and recon-
structed (Figure 6d). The most likely cross section,
assuming a bottom defined by the lava at 170 m a.s.l.
(Figure 6b) is about 15.400 m? (Larsen et al., 2023).
Such “gate” or “outlet” could convey 43.000 to
93.000 m?/s, depending on flow rate and surface con-
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~ Grayish silt ash (Hekla-O ~6.1 ka)
Grayish-brown compact sand
Rounded cobbles
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Modified from Waitt 2002

Figure 5. a) The 8-9 m thick Vesturdalur sediment sequence, modified from Waitt (2002). Beds 1-16 are waterlaid greyish
brown, ripple-drifted sand. Beds 17-21 are aeolian massive sand. In the silty soil between beds 1 and 2 several tephra
layers have been identified and chemically analysed, including the 6.1 ka Hekla-O, previously considered to be the ~7.1 ka
Hekla-5, (Waitt, 2002). Top of bed 16 is close to 188 m a.s.l. b) Upper part of the waterlaid sediments, beds 14 and 15,
and the white ~4.3 ka tephra layer Hekla-4 above bed 15. ¢) Lower part of the sequence, beds 2—7. Scale is 1 m long. —
a) Snid Waitts (2002) af 8-9 m pykkum setlagastafla i Vesturdal ad vidbeettu gjoskulaginu Heklu-O (6100 dra) milli setlaga
1 0g 2, sbr. 2. mynd. I nedstu sex metrunum eru 16 adgreind setlsg med misgreinilegum, siltkenndum ,jardvegi d milli
laganna (Waitt, 2002). Nedsta setlagio liggur d storgryti vir misvel niinum hnullungum. Setlogin eru 10-90 cm pykk, iir
glerrikum, briingrdum-grdsvortum sandi, gdrottum, skdalogudum og/eda vixlloguoum (Waitt, 2002; Kirkbride o.fl. 2006).
b) Efri hluti setlagasyrpunnar, 10g 14 og 15, efst sést i hvitt gjoskulag, Heklu-4. Setio er hardnad en vindsorfid. c) Nedri
hluti setlagasyrpunnar, log 2—7. Mcelikvardinn er einn metri ad lengd.
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ditions (average flow rate of Ahlo et al., 2007, 2005).
However, if substantial sediment cover existed on top
of the lava the cross-section could have been some-
what smaller. The values above should therefore be
regarded as maximum estimates. See Discussion.

The W-jokulhlaups apparently did not erode or
widen the outlet at Vesturdalur, ponding to largely the
same elevation in the depression for more than 2000
years. This indicates limited erosional power and sug-
gests that the above discharge estimates are on the
high side for the W-jokulhlaups.

The youngest sediment layer in that sequence (bed
16) may just be the last preserved sediment layer. If
that particular jokulhlaup significantly eroded the re-
stricting channel the following jokulhlaups did not
pond or reach the same level as before, leaving no ev-
idence at Vesturdalur.

CHEMICAL CHARACTERISTICS OF
THE VESTURDALUR SEDIMENTS —
CORRELATION TO BARDARBUNGA
LOW-TI TEPHRA
Methods

We sampled the Vesturdalur sequence (Figure 5) in or-
der to check if the glass-rich sediments held some in-
formation about the origin of the floods that deposited
them. The east part of the exposure had accumulated a
cover of remobilized sediments and our sampled sec-
tion lies in its west part. It may therefore lie some
tens of m away from the sequence described by Waitt
(2002) and we cannot be certain that our sampling re-
flects his stratigraphy in detail in the middle part of
the section.

About 50 cm thick soil with tephra layers (Figure
2, Vesturdalur section) separates the lowermost two
beds (1 and 2) in the sequence. One of the tephra layer
is the 6.1 ka Hekla-O (Gudmundsdéttir ez al., 2011),
previously thought to be the 7.1 ka Hekla-5 tephra by
some authors (e.g. Eliasson, 1977; Waitt, 2002). The
4.3 ka Hekla-4 tephra layer (Dugmore et al., 1995)
separates the two uppermost beds in the Vesturdalur
sequence (beds 15 and 16).

Each bed was sampled with the exception of the
lowest one (1) which is almost completely indurated.
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Most samples were collected near the base where sed-
imentary structures were distinct. In some beds both
fine and coarse lenses of sand were collected to check
if grain size mattered. In one instance sample from
the upper part of the deposit was collected as well to
see if the composition had changed with time.

The samples were hand sieved and grains close to
the modal grain size selected and mounted in epoxy
for electron probe micro-analysis (EPMA), most of-
ten 63 or 125 micron grains. For one sample larger
grain size, 250 micron, was mounted to see if that af-
fected the composition. 20 grain were analyzed from
each sample in this study. The glass grains were ana-
lyzed for major-element chemistry on a JEOL JSL-
8200 super-probe at the University of Copenhagen
(accelerating voltage of 15kV and beam current was
10 nA, slightly defocused beam of 7 ym) and on a
JEOL JXA-8230 electron microprobe at the Univer-
sity of Iceland (acceleration voltage of 15 kV, beam
current of 10 nA and beam diameter of 10 ym). Nat-
ural and synthetic minerals and glasses were used as
standards. During each run glass standards were regu-
larly analyzed. See also Gudmundsdéttir ef al. (2011).

The tephra sampled in soil sections around Vatna-
jokull (Oladéttir et al., 2011a,b) was analyzed on
a third instrument, WDS Cameca SX100 electron
microprobe at the Laboratoire Magmas et Volcans,
Clermont-Ferrand (acceleration voltage of 15 kV,
beam current of 8 nA and beam diameter of 20-
10 pgm). Counting time varied from 10 to 40 s depend-
ing on the element analyzed. Glass standards were
regularly analyzed. Results from different instruments
may show a slight shift towards higher/lower values
for some elements but these are much too small to
affect interpretation/comparation of the analytical re-
sults.

Chemical characteristics of the Vesturdalur sedi-
ments

The “medium to fine sand” in the Vesturdalur se-
quence consists mostly of volcanic glass of basaltic
composition. The glass grains are bounded by frac-
ture planes, partly equant massive grains with thick
walls between gas bubbles and partly more vesicu-
lated grains with irregular surface, both indicative of
rapid quenching. Crystals, mostly plagioclase, are
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present as well as whitish, sub-rounded, opaque grains
(geothermal?) and occasional sub-rounded-rounded
lithic grains.

The glass grains have the chemical characteristics
of the Bardarbunga, Grimvotn, and Kverkfjoll vol-
canic systems (Figure 7a-b, Figure 8, see also Ta-
ble S-1 in Supplements). Basalt from Bardarbunga
dominates in 12 out of 15 Vesturdalur beds, basalt
from Kverkfjoll and Grimsvotn systems dominate in
one bed each, and one has similar amount of glass
from the three systems. The Bé4rdarbunga glass ex-
hibits the known range of glass compositions, includ-
ing the most primitive glass sometimes correlated to
the Gigoldur crater complex (Oladéttir ef al., 2011b).
The Low-Ti glass composition is present in all 15
analysed Vesturdalur sediment beds and is the dom-
inant component in 11 of them (Figure 7a).

Bed 8 was sampled near the base and in the up-
per part of the sediment. All samples from the base

Mid-Holocene jokulhlaups in Jokulsd d Fjollum

tains only Bardarbunga glass, mostly the Low-Ti com-
ponent (See Figure 7b and Table S-1 in Supplements).
Having obtained these results we speculate that per-
haps the most representative results of the true source
of the glass come from samples in the middle to up-
per part of each flood-bed of Vesturdalur sediment.
When these “late” sediments are in transit the flood
route has been cleared of the non-juvenile material
which was, however, entrained into the early trans-
ported/deposited sediments.

The presence of Kverkfjoll and Grimsvétn glass
as subpopulations is easily explained. Glass from
eruptions in these systems was also present in the
environment, possibly both as fall tephra or water-
transported material. Some glass was inevitably in-
corporated into the jokulhlaup sediment during trans-
port, in particular when the first part of the jokul-
hlaup swept through the flood channels. If we as-
sume that these sediments were transported by melt-

water floods from a source area near Bardarbunga,
Kverkfjoll, or Grimsvotn, the flood had to travel at

contain some grains with Kverkfjoll and/or Grimsvotn
characteristics whereas the sample from the top con-

Figure 6. The Vesturdalur depression, extensively eroded by jokulhlaups younger than the 6.3—4.1 ka jokulhlaup sequence.
a) Areal photo showing the present conditions (From Map.is — Loftmyndir ehf). The bed of the Jokuls4 river is the most
prominent feature, crossing the area from south to north. Circle: Exposure measured by Waitt (2002) and in the present
study (Fig. 5a-c). b) Contour map (interval 5 m), showing the ~11 ka lava flow that entered the depression from south
(lower right corner) with possible eastern margin now covered by sediment, indicated by crimson outline. Arrow: Remnant
of lava at 170 m a.s.l., defining original surface of lava flow. This lava also extended northwards into the Kviar channel
and towards east along the edge of an older lava flow. c) Extent of the 6.3—4.1 ka sediments within the Vesturdalur de-
pression. Possible extension below younger sediments is indicated by yellow outline. d) Approximate area inundated by
the 6.3—4.1 ka jokulhlaups, defined by the extent of sediments and assuming maximum water level of about 190 m a.s.l.
Small blue arrows indicate localities of overtopping at approximately that elevation. Broken line indicates the narrowest
(0.8 km) and ‘“hydraulically restricting” part of the jokulhlaup path, causing floodwater ponding in Vesturdalur valley. —
a) Loftmynd sem synir niiverandi adstedur i Vesturdals-Hljodaklettadceld (Map.is— Loftmyndir ehf). Farvegur Jokulsdr er
greinilegur eftir endilongu sveedinu frd sudri til nordurs. Hringur: Lega snidsins d 5. mynd. Orvar benda d leifar hraunsins
i deeldinni sem er mikid rofid af yngri jokulhlaupum. b) Kort med 5 m heedarlinum af sama svedi. Upphafleg iitbreidsla
hrauns i deeldinni er synd sem raudbleik pekja og sem iitlinur par sem pad er pakid pykkum setlogum. Hraunio fylgdi farvegi
Jokulsdr niour i deeldina, teygdi sig inn i Kviafarveg og til austurs medfram eldra hrauni. Svort or bendir d hraunstall {
170 m y.s sem markar upphaflegt hraunyfirbord i deeldinni. c) Gul pekja synir titbreidslu 6,3—4,1 pusund dra gamalla set-
laga samkveemt kortlagninu og efnagreiningum (opnir hringir og punktar) og gul titlina synir liklega iitbreidslu undir yngra
seti. d) Vatnssofnun i Vesturdals-Hljodaklettadeeld i hlaupum fyrir 6,3—4,1 pusund drum. Vatnsbord er synt i 190 m y.s. (dn
rennslishalla) og tekur mid af yfirrennsli gegnum giga i Hljooaklettum t peirri heed (litlar bldar érvar). Brotin lina synir
hvar likleg prengsli voru milli Lambafells og gigleifanna i Hljooaklettum (0,8 km nii en gigarnir voru pd e.t.v. minna rofnir)
og storar orvar syna hlaupleidina it tir deeldinni. Prengslin ollu vatnssdfnun { deeldinni en hiin virdist hafa ndd svipadri
heed yfir tvo puisund dra timabil sem bendir hvorki til mikils rofs né ad hlaupin hafi verid hamfarahlaup.
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Figure 7. Proportions of glass grains from the Bardarbunga, Grimsvotn and Kverkfjoll volcanic systems in the Vesturdalur
sediment beds. 20-40 grains from each bed were analysed except 100 grains from bed 8. Preferred grain size was 63 pm. a)
Beds 2-16: Bardarbunga composition dominates in 12 out of the 15 beds analysed. Grimsvotn and Kverkfjoll compositions
are the largest components in beds 5 and 11, respectively while no component dominates in bed 3. The time interval is
defined by Hekla-4 (4.3 ka) and Hekla-O (6.1 ka) The average interval between sediments beds 2 and 15 is about 150 years
but the length of intervals varied. b) Origin of glass grains in bed 8 in Vesturdalur. Three samples were collected, two from
the lower part (8fn and 8gn) and one from the upper part (8e¢). The samples from the lower part have minor components of
Grimsvotn and Kverkfjoll glass. Three different grain sizes were analysed from the coarsest sample (8ng) but no systematic
trend was observed. The uppermost sample (8¢) consists of solely of Bardarbunga glass. The most likely explanation is
that the first part of the jokulhlaup incorporated older material along its route and therefore the sediment in the late part
better represents the primary/juvenile material erupted. — a) Hlutfoll glergeroa (%) i synum tir setlogum 2—16 i Vesturdal.
Einnig er synt hvar gjoskulogin Hekla-4 (4,3 pis. dra) og Hekla-O, (6,1 piis. dra) eru { staflanum. 20—40 glerkorn, yfirleitt
i 0,063 mm steerd, voru efnagreind vr hverju lagi nema 100 korn iir lagi 8. Bdrdarbungusamsetning er rikjandi i 12 af 15
setlogum. Grimsvatna samsetning er rikjandi i lagi 5 og Kverkfjalla samsetning i lagi 11. Hlutfoll i lagi 3 benda einna
helst til Bardarbungukerfis. Ad medaltali voru um 150 dr milli hlaupanna sem settu af sér setlogin en hléin voru vafalaust
mislong. b.) Hlutfall glergerda i prem synum iir setlagi 8. Syni 8e er ofarlega ir laginu, 8fn er fint lag nedarlega, ofan d
8gn sem er tir grofri linsu nedarlega. Einnig voru mismunandi kornasteerdir efnagreindar i syni 8gn. Athygli vekur ad i
efsta syninu, i setinu sem sidast lagdi af stad frd eldstodinni, er einungis gler frd Bdrdarbungukerfi — pd var hlaupid biiio
ad hreinsa farveginn af 60ru efni. Vidauki med efnagreiningum er fdaanlegur hjd hofundum.

least 190 km down to Vesturdalur and inevitably in-
corporated some non-juvenile material along the way.
Dominant Kverkfjoll and Grimsvotn glass in two of
the beds may, however, indicate input of meltwater
from eruptions in these volcanoes.

If we assume that the glass-rich sediments are
the product of eruptions in contact with ice or water,
their source area is without doubt where either ice or
caldera lakes existed at the time — or both. Proto-
Vatnajokull is the only candidate for such ice contact.
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As pointed out above, the Low-Ti tephra layers are
prominent in soil sections in the same period as the
deposition of the Vesturdalur sediments, 6.3—4.1 ka
(Oladéttir et al., 2011a). This is demonstrated in Fig-
ure 9 where both sediment beds and tephra layers are
grouped into 500-year bins. The average interval be-
tween the sediment beds is ~150 years but different
thickness of the aeolian interbeds implies intervals of
varying length. The thicker silt layers between beds
9, 10, 11 are taken to indicate longer intervals be-
tween jokulhlaups that may relate to a period of low
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Figure 8. Biplots of TiO2-FeO and K2O-FeO showing how EPMA analyses of volcanic glass from the Vesturdalur sed-
iments correlate to EPMA results of tephra layers from volcanoes below Vatnajokull ice cap (Oladéttir et al., 2011b).
GVS: Grimsvotn volcanic system; BVS: Bardarbunga volcanic system; KvVS: Kverkfjoll volcanic systems. Black circles
indicate glass from Vesturdalur sediment beds 2—16. Left panels: The Low-Ti glass grains form distinct clusters within the
BVS field, note that those with the lowest TiO» are better represented in the older sediment beds 2—-9 than in the younger
sediment beds 10-16. Grains with “Grimsvotn” affinities are more scattered and lie above GVS field in the older sediments.
Grains attributed to Kverkfjoll lie above the KvVS in the younger sediments. Right panels: The Low-Ti glass grains in
all sediment beds form distinct clusters within the BVS field but with a slight overlap to the GVS field in the younger
sediments. Grains with “Grimsvotn” affinities are more scattered as are those attributed to Kverkfjoll. The sediment glass
was analysed on two instruments, in Reykjavik and Copenhagen. Glass from the tephra layers was analysed on a third
instrument in Clermont-Ferrand. This may explain some of the scatter and shifts seen in the biplots. However, the biplots
strongly support that the provenance of the dominant volcanic glass in the Vesturdalur sediments was Bardarbunga volcanic
system. — Efnagreiningar d gleri (i drgreini) tir gjoskulogum frd eldstoovakerfum undir Vatnajokli. BVS: Bdrdarbunga,
GVS: Grimsvotn , KvVS: Kverkfjoll (Bergriin A. Oladéttir o.fl. 2011b). Svartir hringir syna gler iir setlégum { Vesturdal
efnagreint d sama hdtt (bo ekki i somu orgreinum). Til vinstri er TiO2 lagt iit d moti FeO, eldri setlogin 2—-9 d nedra grafi
og yngri setlogin 10-16 d pvi efra. Ldg-titan glerio myndar pyrpingar innan Bdrdarbungusvidsins, i eldri setlogunum
myndar glerid med leegsta TiO2 sér pyrpingu. Gler med Grimsvatnaeinkenni hefur dreifdari samsetningu, myndar ekki
greinilegar pyrpingar og i eldri setlogunum liggur pad ofan Grimsvatnasvidsins. Gler med Kverkfjallaeinkenni er einnig
dreift og myndar ekki pyrpingar. Til heegri er K20 lagt iit d moti FeO, eldri setlogin 2-9 d nedra grafi og yngri setlogin
10-16 d pvi efra. A pessum gréfum sést einnig ad ldg-titanglerid myndar pyrpingu innan Bdrdarbungusvidsins en gler
med Grimsvatna- og Kverkfjallaeinkenni er dreift og fellur ad hluta utan pessara svida. Misremi [ efnasamsetningum md
e.t.v. ad hluta skyra med greiningum d prem mismunandi teekjum. Hins vegar syna grofin greinilega ad meirihluti glersins {
setlogunum i Vesturdal er eettadur frd Bdrdarbungukerfi og veentanlega i gosum undir jokli.
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Figure 9. Left: All recorded tephra layers with Bardarbunga characteristics, plotted in 500 year bins, based on 6 soil-sections
around Vatnajokull (modified from Oladéttir er al., 2011a). The Low-Ti composition prevailed between 7.5 and 3.5 ka with
a few exceptions whereas from 3.5 ka to present the High-Ti composition prevails. Two peaks appear in the Low-Ti tephra,
with a lull between 5 and 4.5 ka. This lull is present in all six soil-sections and may indicate fewer or smaller eruptions.
Right: The Vesturdalur sediment beds deposited by jokulhlaups in Jokulsd 4 Fjollum, in 500 year bins. The oldest bed in
Vesturdalur predates 6.1 ka and the youngest postdates 4.3 ka. On the graph it is assumed that the thicker “soil” below
sediments layers 3, 9, 10, 11 and 16 indicates intervals two to three times longer than between the other floods. Bed 11 (K)
has tentative age of 4.7 ka that fits well with Kverkfjoll tephra in the Kdrahnjikar key section, see Figure 2. At least two
younger deposits interpreted as eolian sand by Waitt (2002) exist at Vesturdalur. Also shown on the graph are two major
deposits from younger floods in Jokulsa, preserved a few km upstream from Dettifoss. The dominant composition of the
glass fraction in these deposits is that of Bardarbunga, but now with significantly larger High-Ti component. —T.v. Gjdskulog
med Bdrdarbungueinkenni i sex jardvegssnioum umhverfis Vatnajokul (biiid ad tengja milli snida) skipt i 500 dra timabil.
Byggt d Bergriinu Ornu Oladéttur o fl. (2011a) en breytt til ad syna mun d efnasamsetningu gjéskunnar. Gjdska med Ldg-Ti
samsetningu var rikjandi milli 7,5 og 3,5 pusund dra med nokkrum undartekningum en eftir pad er Ha-Ti gjoska rikjandi.
Tveir toppar i fiolda Ldag-Ti gjoskulaga/gosa eru milli 4 og 3,5 piisund dra og milli 6 og 5,5 puisund dra. Leegd er milli
4,5 og 5 piisund dra, annad hvort vegna ferri eda minni gosa. T.h. Tilraun til ad skipta setlogum/jokulhlaupum d 500 dra
timabil, midad vid ad setlog 9, 10 og 11 veeru frd timabili ldgrar gostioni og lengri hléa, sbr. mynd 7b. Setlog par sem
Ldg-Ti gler er rddandi eda stor pdttur eru augljoslega frd somu timabilum og Ldg-Ti gjoskulogin. Setlag 11 (K), par sem
Kverkfjallagler er stor pdttur, geeti tengst 4,7 piisund dra gomlum gjoskulogum med Kverkfjallaeinkenni i Kdarahnjiitkasnioi
(Bergriin A. Oladéttir ofl. 2011a). Setlogin heettu ad hladast upp i Vesturdal fyrir 4,1 piisund drum en jokulhlaupin geetu
hafa haldio dfram dn pess a0 skilja eftir setlog i Vesturdalssnidinu ef adstedur voru breyttar. Foklégin ofan d setlogunum
geetu bent til slikra atburda. Tvo yngri setlog, par sem H-Ti gler er dberandi pdttur i setinu eru einnig synd.

tephra layer frequency between 5 and 4.5 ka (Figure  jokulhlaups is the Bardarbunga volcano and its imme-
9). In the sediment sequence, this “low” between 5  diate vicinity.

and 4.5 ka is not as distinct, partly because of a sedi-

ment bed attributed to Kverkfjoll (K in Figure 9). The Vesturdalur flood routes 6.3—4.1 ka

It seems not a coincidence that sediments de- The upper flood routes of the W-jokulhlaups are partly
posited by floods, most likely volcanogenic jokul-  hidden below the present Vatnajokull ice, and the sub-
hlaups, in this period are dominated by the Low-Ti  aerial parts have been extensively modified by the late
glass composition (Figure 9). The volcanic source of  Holocene floods. It is likely that the W-jokulhlaups
the fall tephra (Oladéttir ef al., 2011a) and at least 12 followed larger, older channels and gullies that pre-
of the jokulhlaup sediments must be the same. The viously drained glacial water and early volcanogenic
only area where presence of ice and possibly acaldera  floods from the retreating ice sheet. During the
lake could provide conditions for hydromagmatic ex- Holocene climate optimum these channels are ex-
plosive eruptions of Low-Ti tephra accompanied by  pected to have been occupied by rivers of more stable
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flow with only a minor glacial component or none. It
is also likely that some ponding occurred in the W-
jokulhlaups in the same areas as did the late Holocene
floods, in particular in the Modrudalur area (e.g. Ahlo
et al., 2005, 2007). There is evidence that at least
some of the W-jokulhlaups ponded in depressions
some 15-18 km upstream from Vesturdalur (Larsen
et al., 2023) but the exposures are poorer than those
in Vesturdalur. The oldest sediments deposited there
are about 7 ka old.

The flood routes from Vesturdalur to the north
coast of Iceland at Oxarfjordur may either have fol-
lowed a route to the east into the Laxavogur gorge
and along the edge of the obstructing lava flows or
to the north across the lavas into the now dry Asbyrgi
canyon. There are indications that at least some of the
6.3—4.1 ka jokulhlaups flowed along the north chan-
nel towards Asbyrgi canyon and left glass-rich sed-
iments in the channel. These sediments have now
been eroded by younger floods of larger magnitude
but evidence is found in the soil alongside the chan-
nel as thick layers of wind- or water-carried glassy
material deposited shortly before the 4.3 ka Hekla-4
tephra (Eliasson, 1977; Larsen et al., 2023). A sam-
ple collected from glass-rich sediments just below the
Hekla-4 tephra was analysed and has the same Low-
Ti characteristics as the Vesturdaldur sediments. This
confirms that the flood that deposited bed 15 in Vest-
urdalur flowed into and most likely through that chan-
nel into the now dry Asbyrgi canyon.

DISCUSSION
The source of water and ice cover at 6.3 ka

The source of water in the 6.3—4.1 ka floods in Jokulsa
4 Fjollum must either have been meltwater from ice
or lake water. Megafloods in some parts of the world,
such as the Missoula floods in North America (Bretz
et al., 1956; Bretz, 1959) occurred when large vol-
umes of meltwater were accumulated in ice-dammed
regions during the early part of deglaciation, in the
waning stages of the last glacial period. In Iceland,
several large jokulhlaups from ice-dammed lakes oc-
curred during the deglaciation (e.g. Témasson, 2002;
Hannesdottir et al., 2009; Wells et al., 2022) and
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postglacial, ice-dammed marginal lakes have been a
source of recurring jokulhlaups (e.g. Thorarinsson,
1939). However, historical events of this type have
been orders of magnitude smaller than the large jokul-
hlaups needed to explain the Holocene history of
Jokulsa 4 Fjollum. In contrast, volcano-ice interac-
tion has repeatedly generated jokulhlaups transporting
some km? of water and peak discharge of magnitude
similar to 10° m3/s. The 1996 Gjaélp jokulhlaup (max.
discharge 4-5x10* m®/s) and the 1918 Katla jokul-
hlaup (exceeding 10° m3/s) are recent examples (e.g.
Gudmundsson et al., 1997; Témasson, 1996). In both
cases volcanic eruptions under ice caused the melt-
ing. The main reason for the large magnitude of the
Gjalp 1996 jokulhlaup was ponding of meltwater in
the Grimsvotn caldera, where persistent geothermal
activity has sustained a subglacial lake that can store
large volumes of meltwater before it undermines the
containing ice dam. In the case of Katla 1918 and ear-
lier such events in that volcano, very large eruptions
cause melting rates comparable to the discharge rate
(Gudmundsson and Hognadéttir, 2005).

Our data indicate that most of the W-jokuhlaups,
6.3-4.1 ka, originated from Bardarbunga; indicating
extensive ice cover at that volcano over long periods
during the early to mid-Holocene. The cause of these
large jokulhlaups may have been purely volcanic, that
the melting all took place in eruptions, most likely
within the Bardarbunga caldera. An alternative pos-
sible explanation is that Bar@arbunga may over this
period have been similar to Grimsvotn, hosting a large
geothermal area, that sustained a subglacial lake. The
caldera in Bardarbunga is considerably larger than at
Grimsvotn and may have been a considerably larger
storage area for meltwater.

Béardarbunga has recently been active with a slow
subsidence occurring in 2014-2015 (Gudmundsson et
al., 2016), resulting in enhanced geothermal activ-
ity (Reynolds et al., 2019). If Bardarbunga hosted
a large geothermal area during the mid-Holocene, a
large subglacial lake may have existed in the caldera,
that may have periodically released large jokulhlaups.
The onset of volcanic activity may even have been
regulated by this behavior of the subglacial lake, as
at Grimsvotn over extended periods (Thorarinsson,
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Figure 10. Present subglacial topography of the area below NW-Vatnajokull (Bjornsson, 2009). The three central volcanoes
of Béardarbunga, Grimsvotn and Kverkjoll with their calderas illuminated. The map shows how each central volcano may
have had a separate ice cap during the mid-Holocene, with possible pathways of jokuhlaups towards north. It is likely that
the main path for jokulhlaups from Grimsvé6tn during this period was towards south, as it is today, while jokulhlaups towards
north would also have been possible. The cross sections show the profiles in Fig. 11. — Niiverandi landslag undir nordvest-
anverdum Vatnajokli. Megineldstodvarnar Bdardoarbunga, Grimsvotn og Kverkfjoll med dskjum. Kortid synir mogulega legu
Jjokla yfir hverri eldstod um midbik Niitima, og liklegar leidir jokulhlaupa til nordurs. Liklegt er ad hlaup hafi ad mestu fario

til sudurs frd Grimsvotnum d pessum tima, eins og er i dag, en hlaup til nordurs veeru einnig moguleg vid pesar adstedur.

Snidin synd d 11. mynd merkt inn.

1953; Bjornsson, 1988; Gudmundsson et al., 1995).
This plausible hypothesis for Bardarbunga remains
speculative.

The glaciers covering the three large central volca-
noes, Bardarbunga, Grimsvotn, and Kverkfjoll during
mid-Holocene, may have been similar to the present-
day glacier covering of Katla, a few hundred square
kilometers, the bulk of ice filling the large caldera
(Bjornsson et al., 2000). Figure 10 shows schemati-
cally the possible extent of glaciers at the three cen-
tral volcanoes and possible flowpaths of jokulhlaup
towards north. The elevation of the rims of present-
day Bardarbunga is 1600-1800 m a.s.l. An ice cap
filling the caldera to an elevation similar to or slightly
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lower than today (Figure 11) could be stable at equi-
librium line altitude about 1600 m a.s.l.; a few hun-
dred meters higher than at present, consistent with 2—
3°C higher average temperatures than today (Ander-
son et al., 2019; Bjornsson and Palsson, 2008; Palsson
etal.,2022).

The equilibrium line altitude for a temperate
glacier is primarily influenced by summer tempera-
ture and winter snow accumulation (e.g. Cuffey and
Paterson, 2010). At times during the Holocene when
Vatnajokull in its present form did not exist, precip-
itation relative to the southeast coast may have been
higher at ice caps in central Iceland than today at
Bérdarbunga. This might have resulted in a some-
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Figure 11. Cross sections through Bardarbunga showing the present-day Vatnajokull and subglacial topography and how
mid-Holocene glacial cover may have looked like. See Figure 10 for location. (a) The likely profile of a 400-500 km? ice
cap centered on Bardarbunga. The high rims imply that the surface elevation at Bardarbunga may have been broadly similar
to what it is today. (b) The same profiles assuming that a caldera lake, similar to the one that has existed in Grimsvotn
for centuries (Bjornsson, 1988; Thorarinsson, 1974). — bversnid gegnum Bdrdarbungu sem syna jokulyfirbord og botn vid
niverandi adstedur, og mogulega legu jokuls um miobik Nitima, sjd stadsetningu d 10. mynd. (a) Liklegt pversnid jokuls d
Bdrdarbungu, 400—-500 km? ad steerd. Jadrar sskjunnar liggja pad hdtt og styra ad miklu leyti haed jokuls { oskjunni og pvi
veeri jokulyfirbord litlu leegra en er i dag. (b) Somu snid par sem gert er rdd fyrir vatni undir isnum innan éskjunnar, likt og

verid hefur i Grimsvotnum i nokkrar aldir (Bjornsson, 1988; Pérarinsson, 1974).

what lower equilibrium line relative to atmospheric
summer temperatures today. This may have been a
contributing factor in preserving a stable ice cap on
Bardarbunga and possibly also Grimsvotn and Kverk-
fjoll during the relatively warm climate of the early to
mid-Holocene

Figure 11 shows schematically what a mid-
Holocene glacier covering Béardarbunga may have
looked like. Two possible end members are shown
(Figures 11a and 11b). Figure 11a has a fully ice-
covered caldera. In the event of a large eruption, e.g.
of similar magnitude to Gjalp 1996 (Gudmundsson et
al., 1997) or Katla 1918 (Larsen et al., 2021), large
scale melting may produce some km?® of meltwater
during hours to days. This scenario would explain
jokulhlaups similar to those seen from Katla, with the
1918 eruption being the most recent example (Témas-
son, 1996). The alternative scenarios is shown in Fig-
ure 11b, where a large subglacial lake exists in the
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caldera, sustained by geothermal activity, similar to
Grimsvdtn over the last several hundred years (Thor-
arinsson, 1974; Bjornsson, 1988).

The Bardarbunga caldera may at times have held
a caldera lake but at what time and the likely volume
contained within such a lake at any time during the
Holocene is not known. It is likely, however, that the
Bardarbunga system has gone through repeated large
eruptive events with caldera subsidence. Eruptions on
Dyngjuhals part of the volcanic system, in particular
the eruption of the ~15 km?® Trolladyngja lava shield,
younger than Hekla-4 tephra (Hjartarson, 2011; Sig-
urgeirsson et al., 2015), may have caused caldera col-
lapse at Bardarbunga that enlarged the caldera sub-
stantially, analogous to a smaller subsidence accom-
panying the 2014 Holuhraun eruption (Gudmundsson
et al., 2016), but at a much larger scale.

The wide dispersal of the Low-Ti tephra suggests
that the eruptions became subaerial during peak inten-
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sity, as is the case in eruptions within the Katla caldera
where the eruption column emerges at the time of the
floods. The ice thickness above the 1918 eruption site
was about 300 m and the caldera floor 100400 m
above the pass through which the jokulhlaups escape,
allowing rapid course of events. The 1996 Gjélp erup-
tion, of similar magnitude as the large Low-Ti tephra
layers, started below 600-700 m thick ice and be-
came subaerial on day 4, emitting a minor tephra layer
only 1-2% of total erupted volume (Gudmundsson et
al., 1997). The present conditions at the Bardarbunga
caldera — ice thickness of about 700 m, caldera floor
at ~1100 m a.s.l., the lowest pass about 250 m higher
— do not favour a rapid breakthrough, indicating dif-
ferent conditions at 6.3—4.1 ka.

Peak discharges and number of W-jokulhlaups

The W-jokulhlaups seem to have ponded to about the
same height at the Vesturdalur sediment sequence for
over 2000 years, as indicated by the stacked water-
laid beds of similar grain size and sedimentary struc-
ture. This may imply floods of similar magnitude and
a largely similar outflow channel from the Vesturdalur
depression for 2000 years. If the restricting outlet
from the depression was enlarged by the jokulhlaup
that deposited bed 16 shortly after Hekla-4, similar
younger floods left no record preserved today. The
eruptions producing Low-Ti tephra continued for an-
other 300400 years until ~3.7 ka. Termination of
volcanogenic floods down Jokulsa 4 Fjollum around
4.1 ka after the formation of bed 16 seems unlikely as-
suming the same source area and a growing ice sheet.
However, as mentioned above, a major change at the
Bérdarbunga caldera may have occurred around that
time if Trolladyngja shield volcano is correctly dated
as younger than the Hekla-4 tephra (4.3 ka).

Large peak flow of up to 10° m®/s have been sug-
gested for some of the floods during mid-Holocene,
~6-4 ka (Eliasson, 1977; Kirkbride et al., 2006).
Kirkbride et al. (2006) considered at least the
youngest floods to be “megafloods” (peak discharge
exceeding 0.7x10°% m?3/s). Waitt (2002) considered
the floods to be “moderate” without mentioning likely
peak discharge. Ahlo et al. (2005, 2007) modelled
floods in Jokulsa 4 Fjollum with maximum discharge
of 0.9x10% m3/s and 0.18x10° m3/s respectively,
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where the average flow velocity was found to be 6 m/s
and 2.8 m/s, respectively. Jokulhlaups originating in
the Bardarbunga area travelled about 190 km before
entering Vesturdalur depression. Depending on the
duration of the time of the maximum flow, consid-
erable attenuation of the peak discharge may have
occurred along its route, especially where ponding
may have occurred within wide plains like Modru-
dalur (Alho et al., 2007) as well as in other areas
along the route, that will modify flow velocity and
peak discharge. The lowermost site in the modelling
of a 14 km?® meltwater flood with 0.18x 10° m3/s max-
imum discharge (Ahlo et al., 2007) is about 45 km up-
stream from Vesturdalur and there the calculated av-
erage flow velocity was 2.8 m/s.

The likely cross section of the hydraulically re-
tarding part in the Vesturdalur depression, is about
15.400 m? on a stripped lava surface at 170 m a.s.l.
(Larsen et al., 2023). If we assume an outflow veloc-
ity of 2.8 m/s when the depression had been filled to
190 m a.s.l., a peak discharge of 43.000 m?/s is ob-
tained. Flow velocity of 6 m/s would result in 93.000
m3/s. Tt is, however, difficult to envisage series of
93.000 m®/s floods rushing through Vesturdalur with-
out major changes in the hydraulically retarding parts.

The W-jokulhlaups seem to have ponded to about
the same height/elevation at the Vesturdalur sediment
sequence for over 2000 years. This indicates that the
erosional power of the jokulhlaups was not sufficient
to alter significantly the topography, which suggests
that the discharge estimates given above are likely on
the high side for the 16 W-jokuhlaups.

The W-jokulhlaups may have continued after
4.1 ka — the Low-Ti tephra layers were erupted until
at least 3.7 ka. If the jokulhlaup that deposited bed 16
significantly eroded the restricting channel the follow-
ing jokulhlaups did not reach the same level as before
and left no evidence at Vesturdalur.

Multiple ponding will modify flow velocity and
peak discharge. We argue that erosional power
was much reduced when the floodwaters entered
Vesturdalur, implying low flow velocity and modest
peak discharge. With the possible exception of the
flood that deposited layer 16 we agree with Waitt
(2002) that the W-jokulhlaups were moderate, signi-
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ficantly smaller than the 14 km3 meltwater flood with
0.18x 10° m3/s maximum discharge modeled by Ahlo
et al. (2007).

Jokulhlaups from Kverkfjoll and Grimsvétn

Carrivick et al. (2004) present evidence for at
least two large jokulhlaups from Kverkfjoll volcano
through Kverkfjallarani into Jokulsd 4 Fjollum. These
two jokulhlaups predate and postdate the ~4 ka
Biskupsfell eruption (Karhunen, 1988; Thordarson
and Hoskuldsson, 2008) but no further constraints on
their age are presented. The older jokulhlaup could
have contributed to the sediments in bed 11 at Vest-
urdalur, which has the highest percentage of Kverk-
fjoll glass. Each of the two Kverkfjoll calderas as de-
fined by Thorarinsson et al. (1973), could be a source
of substantial jokulhlaups. Carrivick et al. (2004)
conclude that a jokulhlaup from either caldera could
achieve a peak discharge of 10° m?3/s.

The path of Grimsvotn jokulhlaups in recent cen-
turies has been towards south. This is largely con-
trolled by the present configuration of Vatnajokull,
with the main ice divide lying north of the volcano.
This setting makes flood routes towards north highly
improbable. However, a separate ice cap covering
Grimsvdtn, with an eruption site in the northern part
of the central volcano might have sent a jokulhlaup
towards north during mid-Holocene (Figure 10).

Potential correlation of the Low-Ti composition to
environmental change

Tephra from Bardarbunga volcanic system, 7.5 ka to
present, display variable K,O and K,O-TiO, ratio as
a function of time (Figure 12; Oladéttir et al., 201 1a).
Radiogenic isotope ratios (Sr, Nd, Pb) compiled by
Hardardéttir et al. (2022) support a uniform mantle
source composition for Bardarbunga basalt through
the Holocene. In that case, decreasing K,O and
K;O/TiO, from approximately 7 ka to 5 ka may re-
flect increased mantle melting, all other parameters
being constant. Indeed, the warmer climate during
the Holocene Climate Optimum (8-7 ka, e.g. Ran et
al., 2008; Larsen et al., 2012; Jiang et al., 2015) lead
to less glacier mass and decreasing pressure on the
volcano that would have resulted in increased melt-
ing. Basalts of relatively low K,O and K,O-TiO, ra-
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tio were discharged until ~3.5 ka. Since 4.2 ka the
glacier mass has increased (Geirsdéttir ef al., 2019).
Basalts with increasingly higher K,O and K,O-TiO,
emitted during the last 3.5 ka (High-Ti tephra) may
reflect decreasing degree of mantle melting as a re-
sponse to increased pressure from growing ice mass.
An apparent delay of 0.7-1 ka in the response of the
melting to loading and deloading may be real but
needs more data to be confirmed.

Another source of the Low-Ti tephra?

Four tephra layers with Low-Ti composition, about
5.000 and 5.500 year old, were described from
Gedduvatn in northwest Iceland and attributed to un-
known eruption sites currently below Langjokull ice
cap on the Western Volcanic Zone, based on “typ-
ical” WVZ chemical characteristics (Harning et al.,
2018). Some of the volcanic systems on the WVZ
have very similar characteristics to that of the Bardar-
bunga volcanic system (e.g. Jakobsson et al., 1978;
Jakobsson, 1979). Basaltic tephra is most often gen-
erated in hydromagmatic eruptions requiring the pres-
ence of water or ice (meltwater). However, accord-
ing to Larsen et al. (2012) and Flowers et al. (2008)
Langjokull did not exist at that time. Moreover, no
thick tephra (cm to tens of cm) deposits with this affin-
ity have been described in the Langjokull area. These
tephra layers fall within the period of intense Low-
Ti activity on the Bardarbunga system and originate
most likely within that system. Apparently, Harning
et al. (2018) were not aware of the results of Oladéttir
et al. (2011a,b) and Gudmundsdottir et al. (2012a,
2016) demonstrating that the Low-Ti tephra layers are
most numerous and have maximum thickness around
Vatnajokull, are widely found in north, northeast and
east Iceland and are also found on the North Iceland
Shelf east of Grimsey.

Jokulhlaup deposits on the North Iceland Shelf?

Up to 12 Low-Ti tephra layers are found in the marine
core MD99-2275 (east of Grimsey island) between
6.3 and 4.1 ka (Gudmundsdéttir et al., 2012). The
jokulhlaups discharged into Oxarfjordur, 60-70 km
to the southeast of the core site. This is the distance
that the sediment load would have to travel to deposit
Low-Ti glass at the core site. The off-shore currents
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Figure 12. Changes in K20 and K2O/TiO> ratio with time for the Bardarbunga tephra layers (all units), most likely indicat-
ing changes in mantle partial melting with time in addition to inevitable fractional crystallisation. Stages I and IV would

indicate increasing mantle melting, whereas stages II and III suggest uniform and decreasing melting, respectively (see text
for further discussion). — Breytingar d K20 and K2O/TiO2 hlutfalli med tima i gjoskulogum frd Bdrdarbungu (61l Bdrdar-
bungugjoskulog iir sex snidum). Peer md e.t.v. tillka sem breytingar i hlutbrddnun mottuls med tima dsamt hlutkristollun.

Peim md skipta T fijogur timabil, breytingar i I og 1V benda til vaxandi hlutbrdadonunar, d timabili 1l helst hiin stooug en d

timabili Il fer hlutbrddnun minnkandi.

in the area are towards east away from the core site.
We therefore consider it more likely that the Low-Ti
glass in the marine sediments are airfall tephra than
deposits by associated jokulhlaups.

Future research — avoiding contamination

We recommend, for future work on the chemistry of
the Vesturdalur sequence of sediments, and other re-
lated sedimentary sequences, that samples should be
collected from middle and upper part of each bed as
well as from the base, in order to avoid contamination
from older material picked up from the environment
when the first flood waters swept through the chan-
nels. This should provide more homogenous data and
allow unequivocal correlation to source for each bed.

CONCLUSIONS

e We have for the first time employed the chemi-
cal characteristics of volcanic glass in distal jokul-
hlaup sediments deposited by Jokulsa 4 Fjollum to
determine the volcanic sources and the water/ice stor-
age/reserve area.
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e Basaltic volcanic glass, mostly Low-Ti glass, from
the Bardarbunga volcanic system dominates the sand
fraction in 12 out of 15 jokulhlaup sediment beds de-
posited by Jokulsd 4 Fjollum between 6.3 and 4.1 ka
at Vesturdalur, north Iceland. Grimsvotn and Kverk-
fjoll glass composition dominates in one bed each.

e Glass in Low-Ti tephra layers erupted from the
Bardarbunga system during the same period has the
same chemical characteristics as the glass in the sed-
iments. Cross-correlation between sections indicates
that up to 17 Bardarbunga eruptions took place be-
tween 6.3 and 4.1 ka, the largest having tephra vol-
umes of the order 1 km?®.

e The Bardarbunga affinities of the jokulhlaup sedi-
ments indicate an ice cap on the volcano in the early-
to mid Holocene. The Grimsvotn and Kverkfjoll glass
also supports a partial ice cover of these volcanoes,
implying substantial ice cover in the Vatnajokull area
at 6.3 ka and possibly before 7000 ka.

e Changes in K,O/TiO, ratio in Low-Ti tephra be-
tween 7.5-3.5 ka may indicate changes in the degree
of mantle melting in response to glacial deloading.

JOKULL No. 75, 2025



e Peak discharge through the Vesturdalur area in the
period 6.3-4.1 ka, may have been in the range 30,000
to 100,000 m3/s (magnitude 4 flood) after attenuation
along the 190 km travel from source.

e The average interval between the 16 floods is 150
years but different thickness of silt and “soil” between
the beds indicates intervals of different length.

e The apparently similar volume and discharge of
the jokulhlaups over two millennia indicate source in
areas where stable conditions prevailed between 6.3
and 4.1 ka. One possibility is an ice covered caldera
lake at Bardarbunga, similar to that has existed in the
Grimsvétn caldera for centuries.

o The floods may have continued after 4.1 ka although
not recorded in the sediment sequence if conditions
in Vesturdalur changed or the peak discharge was re-
duced.

e Termination of the floods shortly after 4 ka could
relate to an increasing ice load. A radical change
of the Bardarbunga volcanic system, caused by the
post Hekla-4 Trolladyngja eruption, may also have af-
fected the caldera and magma system, temporarily re-
ducing the potential to generate jokulhlaups.
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a separating value. Distinct low is observed between
1.61 and 1.70% TiO..

AGRIP

Jokulhlaup 1 Jokulsa 4 Fjollum fyrir 63004100 ar-
um tengjast sprengigosum { Bardarbungu sem einnig
dreifdu gjosku yfir A, NA, N, NV-land og landgrunnid
nordan Islands 4 sama timabili. Gjéskul6gin einkenn-
ast af gleri med TiO, <1,6 og MgO >7,3, hér nefnt
lag-titan gler. Sama efnasamsetning einkennir gler {
setlogum pessara jokulhlaupa.

Setlogum ur 16 hlaupum fra pessu timabili, sem
eru vardveitt { Vesturdal nedarlega { farvegi Jokulsar
4 Fjollum, var fyrst 1yst af Waitt (2002). T 12 setlog-
um er lag-titan gler @ttad Ur Bardarbungukerfi rikj-
andi, og { sitthvoru setlagi er gler frd Kverkfjollum
og Grimsvotnum rikjandi. I einu setlagi eru hlutfsll-
in svipud og eitt var ekki greint. Petta er 1 fyrsta sinn
sem gjoskugler 1 hlaupseti er notad til ad skera Gr um
upptakastad jokulhlaupa undan Vatnajokli til nordurs
og tengja hlaup vid gjéskulagasyrpu 1 jardvegssnidum
og liklegar gosstodvar.

Umfjo6llunin hér 4 eftir er um gjoskuldg og jokul-
hlaupaset med lag-titan einkenni. Lag-titan gj6skulog
fra pessum tima eru amk 17 talsins, par af finnast 12 {
sama jardvegssnidinu. Adeins sterstu gjoskulog nadu
ut 4 svaedin utan niverandi Vatnajokuls par sem pau
gdatu vardveist til framtidar svo liklegt er ad gjéskulog-
in/gosin séu fleiri. Utbreidslukort af ldg-titan gjésku-
logunum benda til upptaka undir NV-hluta Vatnajok-
uls en pykkasti hluti peirra er nd undir jokli. Dreifing
gjéskunnar og samanburdur vid nyleg Grimsvatnalog
bendir til ad sum peirra hafi verid nokkud stér, allt ad
1 km?® nyfallin.

Sprengigosin og hlaupin urdu 4 timabili pegar
loftslag var ad byrja ad kdlna eftir hlyjasta skeid 4 nu-
tima. Talid hefur verid ad Vatnajokull hafi ekki ver-
i0 til 4 mesta hlyindaskeidinu nema e.t.v. sem jok-
ulhettur 4 hastu fjollum, Bardarbungu, Kverkfjoll-
um, Grimsfjalli. Kornagerd gjoéskunnar bendir til ad
sprengivirkin stafi af snertingu kviku og vatns eda
iss/bradsluvatns og glerriku setlogin sem jokulhlaup-
in fluttu stadfesta slik samskipti. Mikil utbreidsla
gjosku geeti bent til ad gosin hafi komist undir bert
loft medan mikill kraftur var { gosunum. Liklegustu
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gosstodvar flestra pessara gosa eru { {sipoktum hlio-
um eda 0skju Bardarbungu.

Leidir jokulhlaupanna nzest gosstodvunum eru
nd undir Dyngjujokli en vatnsflaumurinn rann um
190 km leid nidur { Vesturdal. Liklegt er ad hlaup-
in hafi fylgt farvegum stérra eldri hlaupa frd horfun-
arskeidi jokla og hafi ekki purft ad grafa nyja farvegi
eda flzmast um utan farvega, sem skyrir ad tiltélulega
litid er um adkomuefni eins og bergmylsnu { hlaup-
setinu. Milli setlaganna { Vesturdal eru um 150 ar ad
medaltali en millilog syna ad timinn er mislangur.

Liklegt er ad jokulhlaupin hafi verid fleiri en 16.
Lag-titan gjéskulog voru einkennandi fyrir Béardar-
bungukerfid fyrir 7500-3500 drum, eftir pad breyttist
efnasamsetning kvikunnar (hé-titan gjéskulog). Elsta
pekkta setlag med somu ttlitseinkenni og Vesturdals-
setid fannst ofan vid Dettifoss og er um 7000 ara gam-
alt. Yngsta setlagid { Vesturdal er sidasta vardveitta
setlagid en vardveisluskilyrdi getu hafa breyst. Set-
16gin finnast vidar { Vesturdals-Hljédaklettakvosinni
en adstedur par eru nd mikid breyttar vegna storfellds
rofs jokulhlaupa yngri en 3000 4ra.

Waitt (2002) taldi setldgin hafa sest til { hring-
streymi { uppistodu sem myndadist vegna tregs tt-
rennslis hlaupvatns dr Vesturdals-Hljédaklettakvos-
inni. Hann taldi ad hlaupin sem fluttu setid hefdu
verid ,,moderate®, en skilgreinir steerdina ekki frekar.
Adrir hafa talid pau ,,megafloods*. Hlaupin sem settu
af sér setlogin 1 Vesturdal fylltu kvosina upp { somu
had { meira en 2000 ar an pess ad stekka farveg-
inn dr ur kvosinni. Petta stydur pa alyktun ad hlaup-
in hafi ekki verid hamfarahlaup. Reiknad hdmarks-
rennsli bendir til 30-100 pisund m?/s.

Meginnidurstodur

e Upptok jokulhlaupa fyrir 6300 til 4100 4rum eru
rakin til eldst6dva med efnagreiningum 4 jokulhlaupa-
seti.

o Synt er fram 4 tengsl milli gjéskulaga/sprengigosa af
dkvednum aldri og efnasamsetningu, og jokulhlaupa {
Jokulsa 4 Fjollum fra sama timabili. Flest jokulhlaup-
in 4ttu upptok { Bardarbungu.

o Synt er fram 4 ad Bardarbunga var hulin jokli fyrir
6300 4rum og liklega fyrir 7000 arum, { lok hlyjasta
timabils 4 Nitima.
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e Synt er fram 4 ad jokulhlaupin voru ekki ham-
farahlaup en reiknad hamarksrennsli liklega 30-
100 pis. m3/s.

e Efnasamsetning ldg-titan gjoskulaganna gati bent
til aukinnar hlutbradnunar mottuls pegar jokulfarg
minnkadi.
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