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Abstract —Radio echo soundings have revealed a large caldera beneath the Myrdalsjokull ice cap. The caldera
encircles an area of 100 Kimis 600 to 750 m deep and its highest rims reach 1380 m a.s.l. Three major outlet
glaciers have eroded 300 to 600 m deep breaches into the caldera rim. The northern part of the caldera floor,
where an area of 25 kfris below 800 m, is smoother and lies deeper than the southern part, which is character-
ized by subglacial ridges and individual mounts rising from 750 m a.s.l. to about 1100 m. A number of ridges
radiate out from the caldera, however, none toward south. One ridge strikes west toward the neighbouring
volcano Eyjafjallajokull, and a second ridge strikes E from the eastern rim of the caldera. Ridges also radiate
from the caldera rim toward NW, N, and NE. A linear depression, bounded by steep slopes, 200-250 m deep and
1.5 km wide, strikes NE toward the volcanic fissure Eldgja. Twenty eruptions have been documented from the
caldera during the last 1100 years, all causing catastrophic jokulhlaups. Over the last four centuries eruptions
have occurred on single vents and volcanic fissures trending both E-W and S-N. We suggest that the largest
eruption of the last millennium (1755 A.D.) took place on a several kilometers long fissure trending east from
Godabunga; and the eruptions of 1823 and 1918 on a northerly striking ridge from the eastern rim of Haa-
bunga. At present, meltwater drains southeastward, down to Myrdalssandur, from an area of @@tkimthe

caldera. All but two of the 20 recorded jokulhlaups in historical times have taken this path. An area of about
20 kn? within the caldera drains to the southwest, down to Solheimasandur. Two jokulhlaups are known to
have taken this route to the river Jokulsd & S6lheimasandi in historical times. A third route, northwestward into
Fremri Emstrua and the Markarflj6t river, was taken by a prehistoric jokulhlaup in 1600 B.P. Presently, geot-
hermal activity is displayed by several small cauldrons, 0.5-1 km in diameter on the glacier surface. Meltwater
accumulates beneath two or three of these cauldrons and is frequently drained in small jokulhlaups.

INTRODUCTION ve over several hundred thousand years and the basal

The Myrdalsjokull ice cap is the fourth largestmountains consist of hyaloclastites from glacial per-
glacier in Iceland, with a total area of 600 knThe i0ods (Robson, 1957; Jakobsson, 1979). The caldera
glacier rises 1300-1500 m above the surrounding lowsubsidence may date from the Pleistocene (Seemunds-
land (Figure 1), receives heavy winter precipitationS0n, 1982) and ash layers originating from the volcano
has high rates of summer melting and is thus draindgve been identified in the GRIP ice core dating
by many rivers. Located at the southern tip of thdrom 75,400 and 77,500 years B.P. (Gronvetdal.,
propagating Eastern Volcanic Zone, the ice cap i4995). An eruption producing more than 10 kof
underlain by a highly active central volcano containiephra in 12,000 years B.P. may have contributed to
ing a large caldera. The caldera, together with a 8is formation (Lacasset al., 1995; Sigurdssoet al,
km northeast-trending fissure swarm, comprise th&995). During the Holocene 150 to 200 eruptions
Katla volcanic system (Jakobsson, 1979; Jéhannegay have taken place in the volcanic system both
sonet al, 1990). The volcanic system has been action short volcanic fissures and single vents (Larsen,
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Figure 1. Location map of Myrdalsjokull and surroundings; outwash plains and glacial rivers. Insert map of
Iceland showing the location of the neo-volcanic zonélyrdalsjokull og nagrenni, jokulsandar, jokular og
lega gosbeltisins & Islandi.

1993, 2000), producing 30-35 Knof tephra, erupted volcanic eruptions, on average two per century, have
subglacially, mainly from the caldera (Pd4rarinssonbeen traced to the Myrdalsjokull volcanic system.
1975), and 15 krhof lava, largely originating from Eruptions under the ice cap rapidly melt large volu-
the fissure swarm (Jakobsson, 1979). mes of ice, triggering enormous jokulhlaups from the
The central volcano is one of the most seismicallyglacier margins, frequently breaking off large blocks
active in Iceland. The epicenters are bimodal; ongf ice (Palsson 1883, 1945; Eyborsson, 1945; por-
seismic zone lies within the caldera but the other benéVinsson 1957, 1967, 1975; Rist, 1967a; Einarsson
ath its western rim at Godabunga (Einarsson, 197¢t al. 1980; Larsen, 1993, 2000; Témasson, 1996).

1983, 1991; Einarsson and Bjérnsson, 1987; Einard-he jokulhlaups have threatened human population,
son and Brandsdoéttir, 2000). damaged vegetation, disrupted roads on the allu-

Since the settlement of Iceland (870 A.D.), twentyvIal plains surrounding the ice cap and even genera-
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ted flood waves in coastal waters. During 18 of theoroduced by the U.S. Army Map Service in a scale
20 documented eruptions the associated jokulhlaus 1:50,000 on the basis of aerial photographs taken
flowed southeast down to the Myrdalssandur outwash 1945-46, and the triangulation system previously
plain (Figure 1), but in two cases jokulhlaups flowedsurveyed by the Danish Geodetic Institute. The ice-
southwest to the Sélheimasandur outwash plain; theurface contours along the marginal areas of the ice
third route, northwestwards into the river Markarfljét,caps (some few km up from the edge) were compiled
was taken by a joékulhaup in 1600 B.P. (Haraldssorfrom aerial photographs; but higher up, the contours
1981). During the jokulhlaups, a mixture of water,were identical with those of the Danish Geodetic
ice blocks, volcanic products and sediment, frequentigurvey maps. The surface maps showed the gener-
hyperconcentrated, surges over the outwash plaial shape of the ice cap, the outlet glaciers and the
Velocities of 5-15 m/s, peak discharge of 100-300,000aldera depression surrounded by the higher domes
m3/s reached in a few hours, and total volumes of 1-8f Haabunga and Godabunga (bunga means dome in
km? have been suggested (J6hannsson, 1919; bérérelandic).
insson, 1957, 1959, 1975; Hannesson, 1934; Maizels, Exploration of the ice thickness of Myrdalsjok-
1993; Tomasson, 1996; Karlsson, 1994). These j6kill and its subglacial topography began in 1955 when
ulhlaups, along with heavy fallout of tephra, makeseismic reflection soundings were carried out at 9
the Myrdalsjokull volcano the most hazardous one iocations on the ice cap, showing an ice thickness of
Iceland. 300-400 m (Rist, 1967a). In 1977 a few radio echo-
In this paper we present detailed ice surfacgounding profiles on Myrdalsjékull showed consi-
and bedrock topography data from Myrdalsjokull,derable variations in bedrock topography. An ice
and describe the morphology, size and shape of thRickness of 500-600 m was observed in the central
Myrdalsjokull volcano with reference to its erupti- part of the ice cap (Bjérnsson, 1978) confirming the
on history. Furthermore, we present new informatipresence of a deep depression (caldera) beneath the
on regarding the location of eruptive vents, ice an@dentral part of Myrdalsjokull. ERTS Landsat-images
water drainage basins and subglacial flowpaths of jckrom the early 1970's also revealed surface forms

ulhlaups during eruptions. which strongly suggested that the Myrdalsjokull ice
Previous mapping of the glacier surface and Cap covered a prominent volcanic caldera (Sigbjarna-
bedrock topography son, 1973; Seemundsson,1982).

The first maps outlining with some accuracy the co-
verage of Myrdalsjokull were surveyed by the Dan- SURFACE AND BEDROCK

ish Geodetic Institute in 1904-1907 (the southernmost
margins) and during 1937-1938 (the main ice cap) TOPOGRAPHY OF THE ICE CAP AS

The maps were published in a scale of 1:100,OO(MAPPED BY RADIO ECHO SOUNDING
(Ngrlund, 1944). However, the indicated ice-surfacén May in 1991 the ice surface and bedrock elevations
elevation on these maps was not based on the survef-Myrdalsjokull were mapped in detail. Ice thickness
ing data, except along the glacier edge. Instead, thofiling was carried out by continuous radio echo
contour lines were drawn with reference to obliquesounding (Figures 2 and 3). Navigation on the ice
air photos and show, according to Ngrlund (1944), theap employed GPS and Loran-C and position of the
shape of the ice surface rather than its elevation. Isounding equipment was logged at 50 m intervals
later editions of these maps, the position of the glaciarith an accuracy of 50-100 m. Most of the sound-
edge has been revised using aerial photographs. ing lines run along longitudes or latitudes, but some
The first triangulation surveying on the ice capwere placed perpendicular to the trend of the buried
was carried out in 1943 by Steinpor Sigurdssonsubglacial structures in order to minimize lateral ref-
who compiled a surface map, later published byection. Crevasses prevented sounding on the steepest
Rist (1967a). The next maps of the ice cap wereutlet glaciers, flowing to the east, south and north-
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west. A total sounding line length of 900 km was usedied to 15 reference points on the optically levelled
in the compilation of the maps. line and neighbouring mountain peaks. In addition,
the elevation was measured at about 230 gravity mea-

Glacier surface mapping . :
) ) . surement points, spread over the ice cap. The absolute
The ice surface elevation was measured by PreCisizeyracy in elevation is considered to €5 m on

on bar_ometnc altimetry and rec‘?rde‘_’ automatlcal!y ahe sounding lines, whereas the relative elevations are
50 m intervals along the sounding lines. Correctiong ., rate tat 3 m

were made for the effects of temperature, and variat’
ons in atmospheric pressure were logged by a contr

barometer at a base station within the caldera. s,| A BRI~
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Figure 3. Data source map. The position of the sound-

Figure 2. Schematic illustration of the surveying lines and the optically levelled profila] across
technique of ice thickness, position and elevation.the ice cap, the location of radio echo soundings (+)
Skissa af teekjum sem maela ispykkt, stadsetningu pg Mackintosh et al. (2000), base camps (B-I and
haed jokulsins. B-1l). Names of the main outlet glaciers. Gagna-
safnskort og nodfn skrigjokla. Lega meelilina og snids
Elevations were calculated from the standargéem landmaelt var yfir jokulinn, meelipunktar vid is-
barometric altimeter equation: sjarmeelingar a S6lheimajokli, lega baekistbdva.
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220 = (T,/B)[1 — (p/po)RB/g] @ Radio ec_ho sounding measurements

The radio echo sounder consists of a mono-pulse
in which T,, andp, are the absolute temperature andsystem (Sverrissoet al, 1980). Pulses of 0.2s
the atmospheric pressure, respectively, at elevatjon duration are transmitted into a 30 m long resistively-
(elevation of base camp},= 0.0065 K/m is the tem- loaded dipole antenna at the repetition rate of 1 kHz.
perature lapse rate for an international standard athe reflected signal is picked up by an identical an-
mosphere (i.eT = T, — z), and p is the obser- tenna and fed into a receiver which has a 1-5 MHz
ved pressure at the elevatien For height reference bandwidth. The transmitter and the receiver are placed
a 40 km long optically levelled profile was surveyed,on sledges at the centre of the antennae and towed on
traversing the ice cap from SSW to NNE and tied ta line along the glacier surface by a tracked vehicle.
benchmarks of the Icelandic Geodetic Survey on botfihe intensity modulation (Z-scope display) of the
sides (Fig. 3). The elevation accuracy along this refreceived signal is recorded photographically with a
erence line was close to 1 m. Other survey lines wer@ mm camera. The speed of the scanning beam is
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proportional to the velocity of the receiver sledgeresolved, e. g. hyaloclastite ridges and major normal
measured with a bicycle wheel odometer. The velocitfaults but we are unable to delineate fissure zones with
of electromagnetic waves in ice was assumed to kmmall vertical displacements.

169 mps. This same value was also used for the The maps are presented in conformal conical
surface firn layer, as its maximum thickness is ontambert-coordinates with coordinate axes originating
ly about 20-30 m. The vertical thickness of the iceat 65N and 18W. The rows and columns in the
was computed from a digitized sounding record usingnatrix implicitly define the geographic coordinates.
general inversion techniques as described by HarrEmoothed contour maps were drawn from the digital
son (1970). The sounder sees a strip along the bedatrix.

of width typically 100-200 m (defined by the first :

Fresnel zone for a pulse length of 34 m, Bj(jrnsson-l,-he glacier surface map _
1988). Along each sounding line the recorded datAhe central parts of the ice cap form a plateau at
represents a moving average of the real bed profile 6! elévation of about 1,300 m (Figures 3 and 4),
a strip beneath the line. The accuracy of the absol§urrounded by higher rims at Haabunga (1497 m)
te ice-thickness measured along the sounding lines &d Godabunga (1505 m), the nunatak Austmanns-
considered to be-15 m or 2%, whichever is greater. Punga (1377 m) and Kétlukollar (1320 m). This is the
Echo returns were obtained over the whole g|acie§urface ex_pressmn_of the Myrdalsjokull caldera. Steep
however, they were faint in some places adjacent tgutlet glaciers flow in narrow valleys down to 100-800
and south of the northeastern caldera rim, Austmann§ on the southern and western flanks. Broader outlets
bunga, where the ice thickness reaches 600-680 ain eastward down to 200-400 m, and one large ice
Data from Mackintoshet al. (2000) were used to lobe covers the northern flank down to 600-650 m.
compile the map of the Sélheimajokull outlet glacier. ~ The surface map shows 12 small depressions in
The bedrock elevation was obtained as the differendB€ glacier surface that have been created by su-

between the ice surface altitude and the ice thicknesdglacial geothermal activity. These ice cauldrons are
typically 20 to 50 m deep and their diameter is 500 to

Map compilation 1000 m.

Digital elevation maps (DEM) of the bedrock and  The most striking difference between our map and
surface topography, with equal grid spacing Othe 1938 map of the Danish Geodetic Institute is that
100x100 m, were compiled by interpolating data fromye describe the sharp elongated shape of the ridges
our soundings and existing geodetic maps of thRjaahunga and Godabunga. At Haabunga the elevati-
area surrounding the ice cap. Outside the surveygg, of the old maps was wrong by up to 200 m, mainly
area, the final glacier surface map is based on thg,e to misplacement of the dome. In contrast our map

DMA-series of the Iceland Geodetic Survey (1990);s very similar to that compiled by Sigurdsson in the
The residual between elevations on our survey lineggsg (Rist, 1967a).

and the DMA-map was calculated and a new map
produced by adding the calculated residuals to th8edrock terrain and geological structures
DMA-map. The outlines of the glaciers are the sam&he most prominent landform beneath the ice cap is
as on the DMA-series. a large volcano with a circular base of a 20 km dia-
Due to the large spacing between the soundinmeter at 700 m elevation and 30-35 km at the base.
lines (typically 500-1000 m), the topographic mapThe mountain rises up to rims of 1300-1380 m that
does not fully reproduce features smaller than 1-2 kraurround a 650-750 m deep caldera, reaching down to
across, but local detail is described along the soundiran elevation of about 650 m (Figures 5, 6 and 7). The
lines. However, relative resolution of the bedrock datarea of the depression, girded by the highest points on
with respect to topographical features is considerahe rim, is 100 krnd. The arcuate ridges reaching about
bly better. Volcanic and tectonic structures of verticall300 m elevation, form the caldera rims beneath Haa-
extension of the order of 10 m and larger can thus beunga, Godabunga, and between Enta and the nuna-
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Figure 4. Surface elevation of Myrdalsjokull in 1991, 25 m contours. Surface depressions (cauldrons) created
by subglacial geothermal melting are marked by circles. — Yfirbordskort af Myrdalsjokli med 25 m heedarlinum.

Hringir syna legu sigkatla d jardhitasvedum.

tak Austmannsbunga. The caldera rim has an elliptical
outline, with a 14 km long major axis striking SE-
NW, and a 9 km long minor axis striking SW-NE.
The lower flanks of the volcano are mainly basaltic
but rhyolites are exposed on all outcrops that protrude
through the ice cover on the caldera rims (J6hannes-
son et al., 1990).
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The bedrock floor within the caldera has an
elevation of 650-1000 m (Figure 5). On the basis of
the bedrock topography the caldera floor can be di-
vided into two main parts of almost equal size, on
each side of the major axis. The floor is lower and
more flat in the northeastern than in the southwestern
part of the caldera. In the northeastern part an area of



10 km

Surface and bedrock topography of Myrdalsjokull

Figure 5. Sub-ice topography of Myrdalsjokull, 25 m contours. Location of cauldrons marked by red circles and
the caldera rim is shown by a red hachured line. — Kort af botni Myrdalsjokuls med 25 m hedarlinum. Hringir
syna legu sigkatla d jardhitasvedum og slitrott lina afmarkar oskjubarmana.

25 km? lies below 800 m. However, a row of peaks,
100-150 m high and trending NNW, is seen 2 km
within the eastern rim of the caldera. In the rugged
and elevated southwestern floor, subglacial ridges and
isolated mounts rise above 1100 m surrounded by
depressions that reach down to 750 m. A 3 km long
NNW trending ridge strikes from the eastern part of

Haabunga and a 5 km long ridge east from Goda-
bunga. About 3 km north of Hdabunga an isolated
ridge strikes E-W parallel to the caldera rim. The dif-
ferent morphology of the caldera floor, on each side
of the major axis, reflects different production rates
of volcanic material after the volcano became covered
with ice.
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Eyjafjallajokull volcano. The Kétlukollar ridge on the
eastern side of the caldera has the same trend. Entu-
jokull flows between two parallel NW-striking ridges
named Enta and Entukollur. In contrast, no ridges
strike toward south in the direction of propagation
of the rift zone. A ridge strikes N4& from Aust-
mannsbunga toward Oldufellsjokull, separating Sand-
fellsjokull and Sléttjokull, and the deep and narrow
V-shaped gorge north of Austmannsbunga. This gor-
ge is 200-250 m deep and 1.5 km wide, and bounded
by steep slopes. This roughly linear structure is a
continuation of the Eldgja fissure, which produced
a lavaflow of 14 km in 934 A.D. and is of tect-
onic origin. However, it may subsequently have been
eroded by jokulhlaups. Beneath Sléttjokull and Botn-
jokull several isolated peaks bear witness to recent
volcanic activity that has created new mountains at a
rate, which keeps up with glacier erosion.

Beneath the deeply-eroding Sdélheimajokull the
Figure 6. Sections across the Myrdalsjokull calderabottom dips 50 m below sea level, which is 100 m
AB: Godabunga to Kétlukollar, CB: Fimmvorduhals lower than the terrain in front of the glacier outlet, and
to Kotlukollar, DE: Haabunga to Sléttjokull. Snid is indeed the lowest observed elevation under Myr-
yfir 8skju Myrdalsjokuls dalsjokull (Mackintostet al,, 2000). The region under

Several glacially eroded passes cut the caldeffOtlujokull, however, has not been sounded.
rim but the elevation of their deepest points has ndte thickness

been exactly determined. The lowest pass seems e ice thickness of Myrdalsjokull is highly variable
lie at about 740 m between Haabunga and Kétlukollrigyre 8). The maximum ice thickness of about 740
ar, facing southeast to the glacier outlet Kotlujokull.y, ‘is found in the northern part of the caldera where

Solheimajokull drains southwest through a 1050 My grea of 12 kihis covered with more than 600 m
breach between Haabunga and Godabunga. A passiiick ice.

the northwest at about 1100 m heads toward Entu- oytside the caldera the greatest ice thickness of
jokull, and a northeastern pass toward Sandfellsjokisg m was measured on the Eldgja fissure. The
ull. A narrow gorge trending northeast is located jushickness of the ice capping caldera rims is 150 to
west of Austmannsbunga. This gorge may be a tecbpg m at Haabunga and Godabunga. The main part of
onic feature subsequently eroded by water and ice. A@Iéttjbkull has an ice thickness of 200-300 m, as has
these breaches in the caldera rim are potential patRg|heimajokull. The ice thickness of Kétlujokull is
ways for jokulhlaups from subglacial lakes at geotynknown. The distribution of the glacier surface area
hermal areas and during volcanic eruptions. and ice volume for given elevation shows that about
Outside the caldera, several linear structures a20% of the bedrock of Myrdalsjékull and 55% of its
prominent on the bedrock map. The topographi@ce surface lies above 1000 m (Figure 9). The total
ridges that strike outward from the central volcanoyolume of ice on Myrdalsjokull is about 140 Knand
presumably consist of hyaloclastites, and crater rowthe average thickness only 230 m. Inside the caldera
built up on volcanic fissures. On the western side ofn area of 17 krhis below 740 m elevation containing
the caldera margin an E-W trending ridge, Fimm-0.7 kn¥. The area and volume of ice inside the rims
vorduhals, connects Godabunga to the neighbourinaf the caldera, is 100 kkand 45 kni, respectively.
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Figure 7. Perspective plot of the sub-ice topography of Myrdalsjokull and surroundings. View from SW. —
Fjarviddarmynd af botni Myrdalsjokuls og ndgrenni. Horft { nordaustur.

Figure 8. Ice thickness of Myrdalsjokull, 100 m
contours. — Ispykktarkort af Myrdalsjokli.

ICE CATCHMENT BASINS

The ice flow of Myrdalsjokull is separated into many
distinct ice catchment basins. The boundaries of five
main ice catchment basins have been delineated us-
ing the surface elevation map (Figure 9, Table 1). We
assume that the location of the central flow divide
of the ice cap corresponds to the highest ice-surface
profile. The boundaries of the major ice drainage bas-
ins were drawn manually upstream from the edge to
the highest point, perpendicular to smoothed elevation
contours.

The main ice divides are located on the southern,
western and northern rims of the caldera. Kotlujokull
collects ice across the entire reach of the caldera, from
an ice divide at the head of Entujokull, from where it
flows over 20 km downslope to Myrdalssandur. The
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Figure 9. Distribution with elevation of ice surface, bedrock area and ice volume of Myrdalsjokigedar-
dreifing yfirbords, botnflatar og isrammals Myrdalsjokuls.

width of the ice drainage basin is 7-8 km in most part:
and the ice thickness reaches 740 m. Sélheimajol
ull drains up to 500-600 m thick ice from a saddle
between Haabunga and Godabunga that extends
2 km inside the rim of the caldera. Sandfellsjokull
drains ice from the northeastern caldera rims and i
separated from Koétlujokull by Kétlukollar. Sléttjokull
and Botnjokull drain the northern flanks of the centra
volcano. The ice catchment basin of one ice cauldror
at the head of Solheimajokull, about 2 kim area, is
shown in Figure 10.

WATER DRAINAGE BASINS

Many rivers drain Myrdalsjokull. The meltwater
reaches the glacier bed through moulins, crevasses

and veins, and drains along the base together witkigure 10. Ice divides of the main ice drainage basins

basal meltwater produced by frictional and geoof Myrdalsjokull. — Skipting Myrdalsjokuls i nokkur
thermal heat. Subglacial drainage is commonly thoughelstu isasvaedi.

ht to take place via numerous conduits that may join

together forming a few final tunnels, which leave the = The watershed on the glacier for this river is drawn
glacier in a portal. Water that drains out of a number oés a continuation of the watershed outside the glacier
such portals joins in the foreland to one glacial river. and encircles the individual water drainage basins on
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Table 1. Data for five ice catchment basins on Myrdalsjok@égn um fimm hluta Myrdalsjokuls.

Name Area Volume | Mean thickness| Max. elev. Min. elev.

Flatarmal | Rummal Medalpykkt Mesta haed| Leegsta haed
km? km3 m m m

Soélheimajokull 47 12.5 268 1510 120

Entujokull 57 16.2 285 1510 420

Sléttjokull,

Botnjckull, 171 40.0 233 1370 620

og Oldufells].

Sandfellsjokull 66 ca. 15 223 1370 240

Koétlujokull 148 ca. 40 274 1497 200

Myrdalsjokull 598 140 230 1510 120

the glacier. The watershed at the glacier base is locatooke, 1984); thus, the water divides would entirely
ted where the gradient is zero for the fluid potentiafollow the basal topography.

(expressed as pressure, Pa): Under thick ice we expect the water pressure to
be close to the ice overburden, at least close to the
bb = pwg2p + Pu (2)  water divides where the water is flowing slowly and

arpelting of the subglacial tunnels by frictional heat is
negligible. On the basis of the predicted potentigl,
at the glacier bed, according to equations (2) and (3),

= 3 i =
9 813 ?;)sl;ggth:aeg::iseelgrt:\ti?: (?j;?gy :)a]:v\ilratg ; d the Myrdalsjokull ice cap is divided into three main
| g y drainage basins (Figure 11, Tables 2 and 3).

is the elevation of the glacier substratum relative to
sea level. Water flow in an isotropic basal layer woul
move perpendicularly to the equipotential lines.
The location of the water divides was predicted b
a theory of water-filled subglacial conduits (Shrev

i. e. the sum of a term expressing the gravitation
potential and the water pressysg. The symbolp,,

dI'able 2. Water drainage basins on Myrdalsjokull.
Delineation of water drainage basin¥atnasvaedi &
Myrdalsjokii

it 1 ' Outwash plain Area Volume | Mean thickness
1972; Rothlisberger, 1972). The basal water pressur%ku|Sandlour Flatarmal | Rammal | Medalpykkt
was assumed to be km?2 km3 m
Soélheimasandur 108 20.3 189
Pw = kp; (3) Markarfljotsaurar 167 38.5 230
Myrdalssandur 323 (79) (244)
wherep; = p;gH is the ice overburden pressure, and_Tota! 598 138 230

k is a constantp; = 916 kgnt 3 represents the density

of ice andH is the thickness of the glacier. This is Table 3. Water drainage basins within the caldera rims —
a first-order approximation of the water pressure andatnasvaedi innan Kétludskjunnar

does not describe small-scale variations or fluctuati-outwash plain Area Volume | Mean thickness|
ons with the supply of meltwater. Jokulsandur Flatarmal | Rimmal |  Medalpykkt
. 2 3
In places where the water pressure is equal to the_ km km m

heri -0l fi fth ter di Solheimasandur 19 7.7 401
atmospheric pres.surplgl— ) location 0 ewaterdi- | \arkarfitsaurar 23 129 525
vide, can be obtained directly from elevation contours myrdalssandur 60 28 (467)
of the glacier bed, as if no glacier were present. Total 102 48 470

Atmospheric water pressure may occur in steeply- The predicted water drainage basins are larger th-
sloping conduits near the edge of the glacier wheran they would be if the subglacial water pressure were
closure due to the ice overburden pressure cannot keapmospheric. The local gradient in the ice overburd-
up with the enlargement due to frictional melting (seeen pressure drives water out of the caldera through
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the passes in the caldera rim. Kétlujokull would col- GEOTHERMAL AREAS, ERUPTION

lect water from the entire eastern part of the caldera. SITES AND ROUTES OF

The watersheds, however, coincide with the ice divi- JOKULHLAUPS

des on the sharpest rims of the caldera at Hdabunga

and Austmannsbunga. Outside the caldera the wat&eothermal activity under Myrdalsjokull is mani-
divide between Myrdalssandur and Markarfljétsaurafested by several ice cauldrons in the glacier surface.
lies down the central part of Sléttjokull. The current activity is located just inside the caldera
rims, where faults allow rapid vertical transport of
geothermal fluid. Accurate and reliable descriptions
of eruptions over the last four centuries indicate that
they have occurred both on single vents and short
volcanic fissures. According to borsteinn Magnusson
at bykkvabeer in Alftaver (162&afn til S6gu Islands

IV, p. 208) many small vents were observed east of
the main crater six days after the start of the eruption.
Due to melting in the eastern part of the ice cap during
the 1721 eruption, black cliffs or a mountain became
visible that had been covered by the ice for more than
100 years (p. 228).

In 1755, Jon Sigurdsson (175Safn til Ségu Is-
lands IV, p. 236) reported two vents almost due
north from the farm Holt in Myrdalur. He counted
T fok up to five vents two months after the start of the
eruption. Three distinct columns of fire side by side
were depicted towards the end of the eruption (Eggert
) X - b Olafsson, 1772). Based on this description we sug-
the ice-bed interface (kPa). Water divides are show est that this eruption took place on a several kilo-
as blue lines. The location of ice cauldrons are marke, eters long fissure trending east from Godabunga
by red circles and the caldera rim by a red hachuregtig re 12). The fissure extended far into the draina-

Iing. - Mat?. mae_Eti sem rekur vatn eftir jﬁkU|b0tnl-.ge basin of Kotlujokull and therefore meltwater was
Skipting Myrdalsjokuls i nokkur helstu vatnasveedigirected eastward to Myrdalssandur. This was the lar-

Hringir syna legu sigkatla a jarShitasveedum og slitr- 4t eryption of the millennium in Myrdalsjokull after

ott lina afmarkar Gskjubarmana. the settlement, producing 1.5 Rnof tephra (Pérar-

Meltwater is known to have accumulated in subinsson, 1975). The proximity of the eruption site to
glacial lakes beneath the cauldron west of KotluSélheimajokull may have caused the peculiar surge-
kollar and frequently drain in small jokulhlaups like behavior of this glacier outlet. Eggert Olafsson
under Kétlujokull. Frequent observations of sulp-(1772) reported that “during the eruption the glacier
hurous smell from Mulakvisl indicates that meltwaterwent up and down in an undulating motion and finally
may continuously drain from geothermal areas insisettled so puffed-up that it became twice as high as
de the drainage basin of Kotlujokull. The cauld-before . Moreover, the neighbouring Eyjafjallajokull
rons east of Godabunga drain to Fremri-Emstrudsubsided due to the eruption so two ice free peaks
Continuous smell of hydrogen sulphide from Jokulsdise above the glacier with a black cliff between them,
& Solheimasandi indicates drainage of geothermathich nobody has seen as far back as people remem-
fluid from beneath cauldrons at the saddle betwedper” (Olafsson, 1772).

Godabunga and Haabunga. J6én Austmann (1845Safn til Ségu islandslV,

Markarfljot

¢
Sélheimasandur

Figure 11. Estimated water pressure potenthg) at
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p. 255 and 262) described the 1823 eruption site iBuring the 1860 eruption a small jokulhlaup drained
a detailed diary from the district Alftaver (Figure 1). this way (Hakonarson, 1860) but the main flood went
He also climbed Austmannsbunga from where hdown to Myrdalssandur. Only one eruption site was
portrayed the eruption site at the northern slopes o&ported. However, some melting must have taken
Héabunga. He described a horseshoe shaped glagiaice in the western part of the caldera.

fissure with a SW-NE direction closest to Austmanns
bunga but a SE-NW direction close to Haabunga. Th
bearing from Vik was by the western slopes of the
mountain Hatta (p. 268). We suggest that this eruptio
may have taken place on the 2-3 km long ridge strik
ing NNW from the eastern rim of Haabunga (Figure
12).

In 1918, J6hannsson (1919, p. 12 and 47) viewe
two eruption vents from the south but the location wa
reported on the northern slopes of Haabunga, 15C
to 200 m north of its highest crest (Sveinsson, 191¢
p. 15 and 57). Rist (1967a), however, suggested thi
the 1919 eruption site was farther north, where twc
cauldrons suddenly subsided in June 1955 about 3 k
southwest of Kotlukollar (Figures 3 and 4), followed
by a jokulhlaup under Kétlujokull (Rist, 1967b).
Tryggvason (1960) presented seismic data suppot
ing the hypothesis that a small subglacial eruption ha
taken place in June 1955 where the cauldrons forme
Our radio echo soundings show a 60 m high moun
with a diameter of 300 m beneath the southernmo:
cauldron. The northern cauldron is situated above
depression in the base between two 100-150 m hig
mounds, that may be the remnants of a crater with a
inner diameter of 400-500 m, or a ridge formed during| 2 2 suspected fissure L1 1 Caldera rim
an eruption. The ice there is 400 m thick. n 1755 eruption ______. Present water divides

Bjornsson (1970) presented bearings of the 1910
eruption site taken from a coastal vessel located to the, . . . . ,
east of the ice cap that combined with a bearing fron{ '9ure 12. Likely location of recent eruptions in Myr-

Vik gave a location slightly south of the cauldronsdalsjdku" (1755, 1823, 1918, 19557 A.D.) Likleg

(63°37'5'N, 19°3'W). Photographs taken by Kjart- lega nylegra gosstddva (1755, 1823, 1918 og 1955?).
an Guomundsson 23. June 1919 on Haabunga toward

Kétlukollar (Porarinsson, 1959, p. 16, figure 8) show  prehistoric eruptions have also drained down
that the crater was neither situated at this positiogntujokull (Haraldsson, 1981; Sigurdsson, 1988).
nor where the cauldrons subsided in 1955. Thereforgxtensive flood deposits, found between Oldufell and
we suggest that the description of Sveinsson (191Rstlujokull, may also be produced by volcanic acti-
should be taken literally and that the position of theity outside the caldera. In 934 A.D. a subglacial part
crater was as shown in Figure 12. of the Eldgja fissure erupted and jékulhlaups drained
No observations locate sites of eruptions triggerdown to Maelifellssandur and south of Oldufell to the

ing jokulhlaups draining toward Soélheimasandurriver Holmsa (Larsen, 2000).

0 5 10 km
. Eruption sites O Present geothermal area
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Our model predictions of the delineation of the = The maps describe the geometry of the ice cap and
water drainage basins suggest that from an area of @8 flow and provide data to evaluate the drainage of
km? of the caldera floor, meltwater is drained down tameltwater from the ice cap during normal conditions
Myrdalssandur, as did 18 of 20 recorded jokulhlaupand volcanic eruptions. All but two of the 20 jokul-
in historical times; from about 20 kKhrdown to So6l- hlaups in historical times have taken a path through
heimasandur as did 2 of the jokulhlaups. The third pass in the caldera rims southeastward, down to
route down Entujokull was taken by the jokulhaup inMyrdalssandur. An area of 60 Knwithin the caldera
1600 B.P. (Haraldsson, 1981). drains now to Myrdalssandur, and an area of about

The location of the watershed predicted by ouf0 kn? to the southwest, down to Solheimasandur.
data may change during volcanic eruptions. Howevenwo jokulhlaups are known to have taken this rou-
if our calculations apply for normal conditions andte to the river Jokulsa & S6lheimasandi in historical
at the start of an eruption we consider it likely thattimes. A third route, westward into Fremri Emstrua
meltwater from the eruption site will continue toand the Markarfljot river, was taken by a prehistoric
drain through pre-existing channels. After the eruptijokulhlaup in 1600 B.P.
on breaks through the ice cover the basal water The maps form the basis for studies of glacier-
pressure will be determined by the water level at thgolcano interactions and provide a reference datum
crater and the energy used to transport the water doviar monitoring temporal changes in the geometry
the glacier. and flow of the glacier in response to basal geot-

hermal activity as well as to climatological impact.
CONCLUSIONS Presently, geothermal activity is displayed by sever-
We present the first maps of Myrdalsjokull that descri?! small cauldrons in the glacier surface, 0.5-1 km in
be with known accuracy the surface and bedrocE'ameter' Meltwateraccgmulates beneat_h twq orthree
topography. The maps provide basic data for variou%f these cauldrons and is frequently drained in small
2t : okulhlaups.
studies in geology, glaciology and hydrology. The))

. : ver the last four centuri ruptions hav r-
describe the shape of the subglacial part of the Katla Ove .t e last four centu ese upto S have occu
red on single vents and volcanic fissures trending E-

volcanic _system, the geome'_[ry Of. the central \_/olcan({N and S-N. We suggest that the 1755 eruption, the
the location of recent eruptive sites and their conn:

. : . . largest eruption in Myrdalsjokull of the millennium,
ection with structures in the surrounding Iandscap%ok lace on a several kilometers long fissure trend-
The caldera encircles an area of 100%kiis 600 to P 9

750 m deep and its highest rims reach 1380 m as9 east from Godabunga. The fissure extended far

) ifto the drainage basin of Kétlujokull and therefore
The northern part of the caldera floor is smoother and : ,
. S meltwater was directed eastward to Myrdalssandur.
lies deeper than the southern part, which in contraaY/

: : o Lo e suggest that the 1823 eruption took place on the
is characterized by subglacial ridges and individu -3 km lona ridae strikina NNW from the eastern rim
mounts rising from ca. 750 to 1100 m a.s.l. A row of greg 9

mounts trending NNW, presumably active in recenf).f Haabunga (Figure 12), and that the 1918 eruption

eruptions, lies 2 km within the eastern rim of theSlte was situated in the same area.

caldera beneath 400 m thick ice. Acknowledgements

A number of ridges radiate out from the calderaMembers of the rescue group Vikverjar at Vik ass-
however, none towards south. One ridge strikes Wsted during field work. Axel Einarsson surveyed the
towards the neighbouring volcano Eyijafjallajokull, optically levelled profile across the ice cap. Georg
and a second ridge strikes E from the eastern rirGudni Tomasson, Halldor Gislason and Torfi Hjalta-
of the caldera. Ridges also radiate from the calderson assisted with field work. The work was supp-
rim towards NW, N, and NE. A linear depression,orted by the Icelandic Research Council. The National
bounded by steep slopes, 200-250 m deep and 1.5 KPower Company provided a hut on a sledge during the
wide, strikes NE towards the volcanic fissure Eldgja.field work.
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AGRIP sttd med hringlaga grunnfleti. Eldst6din 30-35 km
Yfirbord og botn Myrdalsjokuls: Kotluaskjan, ~ @0 pvermali i 200 m heed og ris upp i 1300-1380 m
gosstddvar og rennslisleidir jskulhlaupa haed. Bogadregnir hryggir vido Haubungu, Godabungu

Myrdalsjokull er fiorai steersti jokull landsins, 1300- °9 Milll Entu og jokulskersins Austmannsbungu (3.
1500 m har, alls um 600 k#ad flatarmali (1. mynd). MYNd) umlykja 650-750 m djupa oskju megineld-
’ ) " stédvarinnar, sem naer nidur i um 650 m haed. Innan

Han.n hylur eina ylrkustu meglnelgsto§ landsins, ,S?,ns]porbskjulaga barmanna er um 100%sueedi med 14
gosid hefur 20 sinnum fr4 landnamstio, svo ad atJaE s ) . .
m langas, i stefnu SA til NV og 9 km skammas, fra

sinnum _haf(:a JoI_<thIaup fallio _n|6ur Myrdalss,and %93y til NA. Munur & landslagi & dskjubotninum sitt-
tvisvar til Sélheimasands. Fyrir 1600 arum féll hlaup S L .
hvoru megin vid langasinn geeti endurspeglad fram-

nordvestur i Markarfljot. leidslu gosefna eftir ad eldstddin huldist is. | nordaust-

Fyrstu kort af Myrdalsjokli voru gerd af danska o ) .
herforingjaradinu 1904-1907 (sudurhluta) og 1937yrhluta éskjunnar er 25 Kirfidtur nedan vig 800 m

1938 (meginjoklinum) i meelikvarda 1:100.000, paPd Potninn er leegri og flatari en i sudvesturhiutanum.
! . ., 6 er r6d NNV-laegra tinda sem geetu verid gigar, um
voru gerd eftir skamyndum, sem teknar voru ar flug

X . , ; 3 km innan vid austurbran éskjunnar. I hinum 6slétta
vélum og var ekki tlad ad syna nakvaema haed helo_ halendari sudvesturhluta eru hryggir og stakir tind-
ur 16gun jokulyfirbordsins. Fyrsta kortid sem studdist 9 yggirog

vid landmeelingar & sjalfum joklinum vann Steinp(’)rar sem na yfir 1100 m haed en deeldir umhverfis pa

Sigurdsson arid 1943. Naestu kort voru gerd af korta 2 nidur fyrir 750 m. Um 3 km langur hryggur ligg-

stofnun bandariska hersins, U.S. Army Map Servic ur til NNV fra austurhluta Haubungu og 5 km langur

i meelikvarda 1:50.000. Haedarlinur vid jokulspordinn ryggur I]ggur austur fra Goéabungy. Um 3 km nord-
voru fundnar af loftmyndum fr4 1945-46 en ofar & VI(? ngpyngu er stakur hryggur f stefnu A-V sam-
joklinum voru peer eins og a kortum Dananna. Dess‘?i'éa Gskjubormunum.
kort syndu adaldraetti i 1ogun jokulsins, skridjokla og ~ Nokkur jokulsorfin skord eru i skjubormunum.
daeld i midjum jokli sem afmarkadist af Haubungu og?m bau geetu fallid jokulhlaup fra I6num & jardhita-
Godabungu. Reyndar lysti kort Steinpors Sigurdsonaive@dum og vid gos undir joklinum. Leegsta skargid
best skérpum brinum bungnanna. er i um 740 m haed milli Haubungu og Kétlukolla

Kénnun & pykkt Myrdalsjokuls og landslagi und-©9 snyr sudaustur ad Kotlujokli. Pétt haed annarra
ir honum hofst 1955 med jardsveiflumaelingum, sengkarda hafi ekki verid kdnnud nakveemlega ma eetla
syndu 300-400 m pykkan is i 9 punktum & héj('jk“n_aa Sélheimajokull falli um 1050 m hétt skard milli
um. Arid 1977 var 500-600 m ispykkt meeld med isHaubungu og Godabungu og hzed skards vid Entujok-
sja i nokkrum snidum & sému sl6dum. Stadfestu alld#ll S¢ um 1100 m. Einnig er skard ad Sandfellsjokli.
bessar maelingar hugmyndir manna um ad askja vad¥prdaustan vid Austmannsbungu er 200-250 m djupt
undir jéklinum. og 1.5 km breitt V-laga gljafur, & sprungusveim sem

Kort af yfirbordi og jokulbotni. Vorid 1991 var teydist fra Kétluoskjunni nordaustur ad Eldgja. pad
gerdur leidangur & Myrdalsjokul til pess ad kortleggjed@®ti upprunalega hafa ordid til vid jardskorpuhreyf-
yfirbord og botn hans svo og rennslisleidir iss og vatn&§gar en sidan rofist af vatni og is, m.a. arid 934 peg-
nidur ad jokulspordi og jokulam. Mikilvaegur pattur & gaus i peim hluta Eldgjarsprungunnar sem er hul-
i pessu verki var konnun & eldstédvum undir joklinin jokli og jokulhlaup féll nidur a Meelifellssand og
um og mat & pvi hvert jokulhlaup geta fallid vid gosSunnan vid Oldufell i HOImséa. Onnur gos utan 6skj-
undir honum. Haed jokulyfirbordsins var meeld med/nnar hafa einnig hafa valdio miklum jokulhlaupum
nakvaemum lofthaedarmaelingum og pykkt hans me@d geetu mikil hlaupset milli Oldufells og Kétlujokuls
issja (2. og 3. mynd). vitnad um pad.

Fyrstu kort af Myrdalsjoékli sem lysa af nakveemni  Undir hinum djupa og rofna Sélheimajokli neer
yfirbordi (4. mynd) og botni (5. mynd) hans synabotn 50 m nidur fyrir sjavarmal, eda 100 m laegra en
ad undir sunnanverdum joklinum er mikil megineld-landhaed vid jokulspordinn og leegsta land sem meelst
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hefur undir Myrdalsjokli. Botn undir Kotlujokli hefur prystingur viéd jokulbotn veeri jafn isfargi. brji meg-
hins vegar ekki enn verid maeldur. invatnasvid eru innan dskjunnar: ad Kétlujokli (60
isstraumar. Pykkastur er Myrdalsjokull um 740 km?), Entujokli (20 knt) og Sélheimajokli (20 k).
m i nyrdri hluta 6skjunnar par sem 12 Rrevaedi er Sé litid & allan jokulinn fellur vatn af um 310 kin
baki® meira en 600 m pykkum is (8. mynd). Utan vigsvaedi til Myrdalsjokuls, 110 kfhsvaedi til Sélheima-
oskjuna er jokullinn mest um 450 m pykkur, yfir geil i 0g Skégasands og 170 Rrad Markarfljoti.
framhaldi Eldgjarinnar. A 6skjubérmum Haabunguog  Gosstddvar.Oll gos sem lysingar eru til um hafa
Godabungu er jokullinn 150 to 200 m pykkur. Meg-ordid i austurhluta dskjunnar og jokulhlaup fallid nid-
inhluti Sléttjokuls er 200-300 m pykkur eins og Sol-ur a Myrdalssand (arin 1625, 1660, 1721, 1755, 1860,
heimajokull. Um 20% af botni Myrdalsjokuls og 55% 1918). Frasagnir benda til pess ad gosin hafi ordid a
af yfirbordi hans eru yfir 1000 m (9. mynd). Heildar- einstékum gosopum og sprungum. Arid 1625 faerd-
rammal Myrdalsjokuls er um 140 khrog medalpykkt ust gosopin til austurs frd megingignum medan a gosi
230 m. stéd (borsteinn Magnusson (1626, p. 208). Vid gos-
Meginisaskil liggja a bérmum 6skjunnar ad sunndi® 1721 laekkadi jokullinn svo vegna bradnunar ad is-
an, vestan og austan (10. mynd). Kotlujokull flytur idaus klettur kom i lj6s, sem hafdi verid hulinn jokli i
fra meginhluta 6skunnar, allt fra isaskilum vid Entu-meira en 100 &r (handrit i Safni til Sogu islands, p.
jokul. Solheimajokull er allt ad 500-600 m pykkur is 228; Eggert Olafsson, 1772).
par sem hann teygist 1-2 km inn fyrir rima dskjunn-  Arid 1755 kom gos fyrst upp & tveimur stédum
ar & sodlinum milli Haubungu og Godabungu. Sandeg var annar i nordri fra Holti i Myrdal (1. mynd),
fellsjokull flytur is fr& nordausturhluta 6skjunnar ogen tveimur manudum eftir upphaf gossins saust fimm
Kétlukollar skilja hann fra Kétlujokli. Sléttjokull og gigar (Jon Sigurdsson, 1755, p. 236; Eggert Olafsson,
Botnjokull skrida nidur nordurhlid megineldstddvar-1772). Af pessu ma aetla ad gosid hafi & sprungu innan
innar en flytja ekki is r éskjunni. Oskjunnar, sem teygdi sig ad vesturbrin hennar. Hér
Vatnasvaedi, sigkatlar og jardhitasveedi.Myr-  er peirri tilgatu varpad fram ad sprungan hafi nad ad
dalsjokull veitir stédugt vatni i margar ar en einnighryggnum austur tr Godabungu, en vid upphaf goss-
safnast breedsluvatn undir sigkatla & jardhitasvaeduiis hafi vatnsras opnast austur ad Kétlujokli svo ad
og hleypur padan i smaskvettum. A yfirbordskortinihlaupid hafi farid pa leid (12. mynd). Gosstddvar na-
fra 1991 matti greina 12 sigkatla, sem héfdu myndadeegt upptékum Sélheimajokuls geetu hins vegar hafa
vegna jardhita undir jéklinum, 20 til 50 m djupa og valdid auknum vatnsaga undir honum og hleypt hon-
500 til 1000 m ad pvermali (4. mynd). Af botnkort- um fram, pvi ad ,medan & gosinu st6d gekk jokull-
inu sést ad jardhitavirknin er rétt innan vid 6skjubarminn likt og i bylgjum, haekkadi ymist eda leekkadi og
ana par sem braedsluvatn naer ad hripa nidur l68réttad lokum belgdist hann svo upp ad hann er na helm-
sprungur i berginu. Stédug brennisteinslykt af Jokulsigi haerri en adur“(Eggert Olafsson, 1772). Vid gos-
& Soélheimasandi bendir til sirennslis undan sigkati® hitnadi einnig undir Eyjafjallajokli svo ad islaus-
& s68linum milli Godabungu og Haubungu (sja safnir tindar risu upp Gr joklinum og svartir klettar saust
sveedi & 10. mynd, 2 kﬁ)_ i Fremri-Emstrua hleypur milli peirra. Gosid 1755 er talid steerst allra fra Kotlu
hins vegar fra sigkétlum austan i Godabungu og unddfé pvi land byggdist. Upp komu 1.5 Kivaf gjosku
bremur kétlum vestan vid Kétlukolla koma smahlaup(Sigurdur Pérarinsson, 1975).
i Mulakvisl og Leira. Vatn virdist ekki safnast fyrir Arid 1823 lysti J6n Austmann, (1845, p. 255 og
i 6skjubotninum heldur renna padan sudaustur nidw62) gosstédvum i sudaustanverdri dskjunni, nord-
Kotlujokul. austan i slakka fra haestu brun jokulsins (Haubungu,
Vatnaskil vid jokulbotn eru dregin upp fra vatna-innskot hof.). Petta gos geeti hafa ordid a 2-3 km long-
skilum vid jokuljadarinn og umlykja pau svaedid semum hrygg NNV fra austurbrdn Haubungu (12. mynd).
veitir vatni ad einstékum jokulam (11. mynd, 2. og 3.  Af lysingu Gisla Sveinssonar (1918) og Gudgeirs
tafla). Vid mat a legu peirra var reiknad med ad vatnsJéhannssonar (1919) ma aetla ad gosid 1918 hafi kom-
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