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Abstract — Nine nunataks have been exposed during the post-Little Ice Age recession of Breidamerkurjokull,
an outlet glacier of the Vatnajokull ice cap in Southeast Iceland. The outlet is fed by three branches that
originate from the central ice cap. We analyse from digital elevation models (spanning 131 years, with the
Equilibrium-Line Altitude (ELA) rising from 1000 m to 1200 m) the changes in the surface elevation and
the development of the medial moraines originating from the nunataks. Elevation changes surrounding the
nunataks in the central ablation zone show that ice flow compensated for about half of the lowering due to
negative mass balance (up to 40 m from 2000 to 2022). During the 20th century, the internal driving stresses
of the large ice branches (flow units) caused lateral displacement of medial moraines (up to 500 m), but as the
glacier receded in the early 21st century, the subglacial topography started to dictate the migration patterns of
the medial moraines. The Breidamerkurjokull medial moraines are of the Eyles and Rogerson (1978) ISI and
ADI and AD3 types, whose historical lateral migration in some areas will disrupt their eventual accumulation
as unbroken linear features on the deglaciated foreland, giving rise instead to gently inclined or folded englacial

debris banding and ultimately the production of a supraglacial veneer.

INTRODUCTION

Nunataks are rock outcrops, mountain ridges, or peaks
that protrude from the surface of glaciers. The term
is derived from the Greenlandic ‘nunataq’ (lonely
peak), signifying an isolated rock or mountain peak
surrounded by a glacier (Neuendorf, 2005; Ballan-
tyne, 2013). In Iceland, they are named ‘jokulsker’,
meaning a skerry or outcrop enveloped by the glacier.
Nunataks are critical to the development of medial
moraines, especially the ice stream interaction (ISI),
below firn-line ablation-dominant (AD1) and sub-
glacial rock-knob ablation-dominant (AD3) types of
the Eyles and Rogerson (1978) scheme of medial
moraine genetic classification. Rockfall material from
nunataks also feeds supraglacial lateral moraines and
can feed englacial debris bands where it descends into
marginal crevasses (Small er al., 1979; Small and
Gomez, 1981; Small, 1987).
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The identification of former nunataks in glaciated
terrains (palaconunataks) using trimline evidence
(Ballantyne, 2013; Rootes and Clark, 2020, 2022)
has been controversial in debates over palaeoglacio-
logical reconstruction since the recognition of poten-
tial glacial refugia and altitudinal weathering zones in
the mountains of eastern North America and Scan-
dinavia (Ives, 1978; Marquette et al., 2004; McCar-
roll 2016). Medial moraines associated with palaeo-
nunataks predominantly have a poor preservation po-
tential, but where they are preserved have been em-
ployed in improving our understanding of the interac-
tions between rock slope processes (extraglacial de-
bris provision) and glacial transport mechanisms (e.g.
Ballantyne and Dawson, 2019). Like all aspects of
palaeoglaciological reconstruction, our understanding
of palaeonunataks and medial moraine construction
relies ultimately on the appreciation of modern ana-
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logues, of which there have been very few that have
reported on the spatial and temporal emergence and
development of nunataks and medial moraines over
historical timescales (e.g. Eyles and Rogerson, 1978;
Vere and Benn, 1989; Gudmundsson and Bjornsson
et al., 2016; Brook et al., 2017). Hence, in this paper,
we analyze the response of glacier ice and the devel-
opment of emerging medial moraines and nunataks
in Breidamerkurjokull, a maritime temperate outlet
glacier of the Vatnajokull ice cap in Southeast Iceland,
since the late 19th century to provide quantified ob-
servations on such features in thinning ice caps more
generally.

STUDY AREA AND SITE-SPECIFIC
CONTEXT

General background

Breidamerkurjokull is one of the most studied glaciers
in Iceland. In the last few decades, its terminus be-
haviour, mass balance, recession rates and internal
dynamics, together with the geomorphological de-
velopment of the foreland, have been surveyed and
analysed (Thorarinsson, 1943; Todtman, 1960; Price,
1969, 1982; Price and Howarth, 1970; Sigbjarnarson,
1970; Boulton et al., 1982, 1988; Bogaddttir et al.,
1986; Boulton, 1986; Vikingsson, 1991; Bjornsson
et al., 1992, 1999, 2001, 2003; F. Bjornsson, 1993,
1996, 1998; H. Bjornsson, 1996, 1998b, 2009; Evans
and Twigg, 2000, 2002; Jéhannesson et al., 2005,
2006; Nick et al., 2007; Dabski and Angiel, 2010;
Guérin et al., 2010; Schomacker, 2010; Bergsdéttir,
2012; Gudmundsson, 2014; van Boeckel, 2015; Stor-
rar et al., 2015, 2017; Jénsson, 2016; Brandon et al.,
2017; Palsson, 2018, 2019, 2021, 2022, 2023; Gud-
mundsson and Bjornsson, 2016, 2020a; Gudmunds-
son et al., 2017, 2019; Evans et al., 2019; Gudmunds-
son and Evans, 2022). Since 2004, detailed reports on
Breidamerkurjokull’s mass balance and various other
aspects have been published annually, providing accu-
rate records of the glacier’s budget and runoff (Péls-
son, 2023).

Breidamerkurjokull is the fourth-largest outlet
glacier of the Vatnajokull ice cap. It is a complex of
several ice flow units emerging from separate accu-
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mulation areas and converging in a wide outlet glacier.
The feeder ice systems for this complex comprise the
steep valley glaciers from the Mt. Orefajokull stra-
tovolcano and two relatively flat ice flow units, one
emerging between Mt. Mavabyggdir and Mt. Esjufjoll
and the other from the Vatnajokull basin (Bjorns-
son, 1998a, 2009). The three main ice flow units, com-
monly acknowledged as Mdavabyggdajokull, Esju-
fjallajokull and Nordlingalegdarjokull, are here re-
ferred to as the west, center and the east ice flow units
(Sigbjarnarson, 1970; Bjornsson, 1996, 1998a). Its
surface altitudinal range is from 0 m to ~1900 m, and
the accumulation areas of the three main flow units
vary in size. According to results from mass balance
measurements taken over several decades, the average
altitude of its ELA is 1150 m (Palsson, 2023). The
data demonstrate persistent negative annual net mass
balance and indicate that for recovery, the ELA would
need to remain at ~960 m and expand the accumula-
tion area ratio (AAR) from 0.6 to >0.7.

The west flow unit is fed by glaciers originating
in the northeast flanks of Orzfajokull and Hermanna-
skard pass (two-thirds) and from the valley south of
Mt. Mavabyggdir. Its accumulation area, above an el-
evation of 1150 m, spans ~46 km?, accounting for
ratio of 0.32 AAR of the unit, and is slightly less than
1> (48.5%) of the size of the center flow unit accu-
mulation area (again above 1150 m), which measures
95 km?. The AAR of the center is 0.49. Additionally,
in comparison with the accumulation area of the east
flow unit, which is 337 km?, the center flow unit ac-
cumulation area corresponds to less than /3 (28.2%).
The AAR of the East unit is 0.7, if the calving process
to Jokulsarlén lake is excluded. The west flow unit ac-
cumulation area is only about a tenth of that of the east
flow unit (13.7%). For the west flow unit to maintain
a similar ice throughput to the center and east flow
units, there must be substantial ice mass production
in Orzfajokull and rapid ice movement through the
ELA. The accumulation areas of Esjufjoll (22 km?)
and the Pverartindsegg massif (5 km?) are compara-
tively insignificant, exerting only minor influence on
the main ice flow units.

Breidarrond, which is the third most prominent
medial moraine in the Breidamerkurjokull complex,
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divides the west unit into two sub-units. The cen-
ter unit originates in Snehettudalur valley, between
Mavabyggdir and Esjufjoll, and is bounded to the
north by the Mt. Esjufjoll massif and Mt. Snzhetta
(1745 m). The east unit moves down the valley east of
Esjufjoll, with origins from the central Vatnajokull ice
cap, Nordlingalegd, Briarjokull and Breidabunga.

The main ice flow units merge in the wide, low-
elevation valley separating the Orzfajokull strato-
volcano and the Vedurardalsfjoll mountain massif in
Sudursveit district (Figure 1). The unit confluences
are marked by prominent medial moraines, identi-
fied as Mdvabyggdarond and Esjufjallarond, but sev-
eral other inconspicuous medial moraines occur on
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Figure 1. Location maps Breidamerkurjokull and Breidamerkursandur. Pléiades ©CNES (2021), Distribution AIRBUS DS.

— Yfirlitskort af Breidamerkurjokli og Breidamerkursandi.
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the glacier surface, including Breidarrond. The rapid
changes of the calving front at Jokulsarlén have in re-
cent decades, shifted the ice divides, previously de-
fined by the Esjufjallarénd, west into the lower part of
the center unit (Gudmundsson and Bjornsson, 2016;
Storrar et al., 2017). The main ice flow units can
be sub-divided into smaller components or sub-units
by the tracing of the medial moraines and ice divides
(Gudmundsson, 2014). In this paper, the identity
of glacier flow units is related to local place names,
which are sparse in the glacial areas. They are pre-
sented in Table 1, along with numerical information
of altitude, area and length. Furthermore, we identify
previously unnamed nunataks and medial moraines to

facilitate narration and geographical descriptions. In
those cases, we looked for nearby place names or the
appearance of definite landforms, as regional settlers
used to do.

Nunataks are numerous in Iceland’s largest ice
caps, both in the accumulation and ablation zones.
Several nunataks protrude from the surface of Breida-
merkurjokull (Figure 1). Some are peaks or rocks that
rose above the glacier during the Little Ice Age, along
with the Mt. Mdvabyggdir and Mt. Esjufjoll massif.
However, nine nunataks, presented here, have been
exposed after 1930 as a result of glacier recession.
A few of these have been investigated for plant col-
onization and vegetation development (Flosi Bjorns-

Table 1. Glaciological components of Breidamerkurjokull with adjoining valley glaciers, including individual glacier flow

units (column 1), center lines, and ice divides. Details include the elevation of the ice divide or head of the flow units

above sea level (col. 2), snout elevations (col. 3), the length of each flow unit (col. 4), and flow unit area size (col.5). The

bold numbers represent the totals for each of the major flow units and mountain areas (based on Gudmundsson, 2014). —

Jokularmar Breidamerkurjokuls (2021) dsamt adliggjandi daljoklum (1 ddlkur). Mesta hed d isaskilum eda toppi jokul-
arms (2. ddlkur). Minnsta hed yfir sjavarmdli vid spord (3. ddlkur). Lengd (4. ddlkur) og flatarmdl (5. ddlkur). Feitletruou
tolurnar eru heildartolur fyrir helstu jokularma eda adliggjandi fiallasvedi (byggt d Guomundsson, 2014).
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son, 1951; Halfdan Bjornsson, 1958; Einarsson, 1946;
Sigurdsson et al., 2020).

Medial moraines, mostly composed of supra-
glacial sediment that originates from the nunataks
and the Mt. Mdvabyggdir and Mt. Esjufjoll massif, are
actively transported by the glacier to the terminus.
The medial moraines not only emphasize that Breida-
merkurjokull is made up of several adjoining ice flow
units but also reflect another aspect of the glacier re-
cession beyond the obvious terminal retreat and sur-
face lowering, and that is the ice dynamic response to
outlet glacier thinning.

In the last few centuries, Breidamerkurjokull has
undergone major changes. It is assumed that in the
relatively warmer climate following the settlement of
Iceland, in the late 9th century, glaciers were much
smaller than now. During the cooler climate period
after 1250, they advanced down valleys and extended
into the lowlands. Most of the Icelandic glaciers
reached their maximum extent in the 18th and 19th
centuries (Helgi Bjornsson, 2009). In the late 1870s,
after progressive, longstanding advance of several
kilometers, Breidamerkurjokull’s margin was near-
ing the coast, within only 230 m of the sea (Watts,
1962). Shortly after, it reached its maximum extent
in historical time and presumably in the Holocene
(Thoroddsen, 1892; Thorarinsson, 1943; Tdémasson
and Vilmundardoéttir, 1967; Bjornsson, 1998a; Evans
et al., 2019; Gudmundsson and Evans, 2022). The
estimated surface area of Breidamerkurjokull at that
time was 1020 km?2, and its thickness was such that no
nunataks protruded from the ice surface in the valley
between Mt. Orzefajokull and Vedurérdalsfjoll massif
(Figure 1). However, before the end of the 19th cen-
tury, the glacier had begun to recede. That recession
has continued at various rates, with the result that the
terminus of Breidamerkurjokull has retreated between
4.5 and 8.5 km since its maximum extent (H. Bjorns-
son, 1996; Gudmundsson and Evans, 2022).

In 1894, the terminus had retreated 43 m from its
end moraine east of the river Jokulsa, and a decade
later another 100-300 m (Thoroddsen, 1895; DGS,
1905). In the first decades of the 20th century, Breida-
merkurjokull continued retreating slowly (F. Bjorns-
son, 1998). In the decades after 1925, the climate
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warmed in comparison to previous decades, result-
ing in the glacier retreating more rapidly than before
(Evans et al., 2019).

From 1890s to 1930 the terminus retreated 0.4—
1.0 km (see Table 2). In the years 1930-1945 it
retreated 0.6—1.5 km. The ice surface lowering in-
creased rapidly during this period (Gudmundsson and
Bjornsson, 2017). Between 1936 and 1940, the
nunatak Kdrasker (Figure 1) appeared. A compari-
son of the 1890 and 1945 DEMs indicates that at the
nunatak’s location, the surface dropped by >1 m/year
on average during the 55-year period, while it low-
ered ~0.5 m/year on average on the adjoining glacier
branch. This suggests a distinction between ceased
ice flow on the nunatak compared to the continuous
ice flow of the glacier branch.

After the mid-1950s, a moderate but variable
glacial retreat was recorded. These were decades of
variable warmth; however, temperatures declined as
the 1960s progressed (Evans et al., 2019). Most
glaciers in Iceland, monitored by the Icelandic
Glaciological Society, retreated between 1930-1960
(Sigurdsson et al., 2007; Hannesdottir et al., 2020).
In 1945-1965, Breidamerkurjokull retreated 0.9-
1.3 km. In this period the Braedrasker nunatak (1960)
appeared in the glacier. The ice surface had lowered
on average of 0.8 m/year since 1890, which is a little
less than at Kérasker.

From 1965 to 1995, the climate cooled and, early
in this period, coastal drift ice years became more
frequent than in previous decades (Sigurdsson et al.,
2007; Evans et al., 2019). Glaciers either remained in-
active, advanced, or receded slower than before (Sig-
urdsson et al., 2007). However, Breidamerkurjokull
continued retreating, and in the period 1965-1980
it retreated 0.6-1.0 km. In this period, the remote
nunatak Nyrdra-Nupasker became exposed (1970s),
at an altitude of about 1000 m. In 1980-1995, the
terminus of Breidamerkurjokull remained in a pas-
sive position (Table 2), retreating in some sectors and
slightly advancing in others. Short sectional advances
are also known in the east flow unit during this period
(Bjornsson and Palsson, 2008).

After 1995, glacier down-wasting accelerated as a
consequence of a warming climate. Between 1995 and
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Table 2. Breidamerkurjokull’s recession from the 1890s to 2021. The western and eastern sections are defined by the glacial

river Jokulsa. — Hop Breidamerkurjokuls fra 1890 til 2021. Horfun spordsins (i km) yfir umreedd timabil og drsmedaltol

(AAR), fyrir vestur- og austurhluta jokulsins, sem adgreinast af Jokulsd.

2010 the terminus of Breidamerkurjokull retreated
0.4-1.4 km. During this period, Marfusker (2000),
Sydra-Nupasker (2006), and Systrasker (2008) ap-
peared in the glacier. Climate warming has decreased
slightly since 2010, but the terminus of Breidamerkur-
jokull has continued retreating rapidly. Between 2010
and 2021 it retreated 0.9-1.3 km. In this period,
the nunataks Grannasker (2010), Hrafnakambur and
Grj6thofdi (in 2016) appeared on the glacier surface.

Most studies highlight rapid response to climate
fluctuations over the last century. These include some
short re-advance phases (Evans et al., 2019) as well as
mini-surges by Nordlingalegdarjokull or the east flow
unit (Boulton, 1986; Boulton ef al., 2001; Bjornsson
et al., 2003; Bjornsson and Palsson, 2008) but the
overall trend has been one of marked recession. In
2021, after a recession period lasting approximately
130 years, the area of Breidamerkurjokull alone was
878 km?. The glacier had then shrunk by 142 km?, or
just over 1 km?/year on average (Gudmundsson et al.,
2017; Gudmundsson and Evans, 2022). On several oc-
casions in the second decade of the 21st century, a
section of the 15 km long terminus has retreated more
than 200 m per year. The equilibrium line altitude
(ELA) during the recession of Breidamerkurjokull has

risen from approximately 700 m in the 1890s and var-
ied from around 1100 m to 1200 m in recent decades
(Thoroddsen, 1892; Palsson, 2023).

The above details indicate that a major factor driv-
ing the mass loss of Breidamerkurjokull is the pres-
ence of the proglacial lakes that began to form in the
1930s, especially the Jokulsarlon tidal lagoon. Jokuls-
arlon expanded gradually until the second half of the
20th century, with occasional periods of increased
calving, the first between 1954 and 1960 and shortly
before the turn of the 21st century. A further ac-
tive calving period occurred between 2001 and 2010
(Evans et al., 2019; Gudmundsson and Evans, 2022).
The mass loss into the lake has been significant. Rela-
tively warm, salty seawater enters the lake during high
tide, and the circulating current brings it under the ice
front, stimulating the calving. Despite accelerated ice
flow, the glacier snout does not keep up with the ice
mass loss into the lake (Bjornsson et al., 2001; Bergs-
déttir, 2012; Brandon et al, 2017). Currently, the calv-
ing process is responsible for one-third of the mass
loss of Breidamerkurjokull, and the glacier has lost
up to 0.5 km? per year into the lake since the 1990s,
keeping its total mass balance negative.
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Nunataks in Breidamerkurjokull

At the turn of the 20th century, although the termi-
nus of Breidamerkurjokull had retreated from the end
moraine on both sides of the Esjufjallarond medial
moraine, the eastern margin remained not far from the
coast. Several peaks on the upper slopes of Orzfa-
jokull (Figure 2) lay beyond the Little Ice Age ad-
vance limits, and north side of the Mt. Vedurardals-
fjoll massif (Mt. Eyjolfsfjall) was partially covered
by the glacier. But overall, the wide valley occu-
pied by the Breidamerkurjokull snout was an unbro-
ken ice surface with no protruding nunataks. It is
likely that a small distinct outcrop at an altitude of
1600 m in Snzhettudalur valley, clearly visible in
aerial photographs from 1946 (AMS, 1951), was ice-
free in the accumulation area due simply to its eleva-
tion. Another remote nunatak, previously identified as
Stakasker (Desolate Nunatak), is located at the ice di-
vide between Breidamerkurjokull and Skeidararjokull
(Gudmundsson, 2014), and it can also be identified on
aerial photographs from 1946.

Mt. Esjufjoll and Mt. Mdvabyggdir are massive
nunataks within the boundary of Breidamerkurjokull.
The Esjufjoll massif is formed of four parallel
ridges identified as Vesturbjorg, Skdlabjorg, Esjubjorg
and Austurbjorg, to the southeast of Mt. Sn®hetta
(1745 m), which is a 15 km long subglacial moun-
tain ridge (Figure 1). The east section of the ridge is
occupied by a few minor peaks that protruded from

the glacier at the end of the 19th century. How-
ever, from the basin of the 4 km long, vertical cliff
of Mt. Mavabyggdir, two sharp ridges now stretch
prominently but they were mostly covered by the
glacier at the turn of the 20th century.

No written sources mention the nunataks in
Breidamerkurjokull before 1900, except Mt. Mava-
byggdir and Mt. Esjufjoll (Palsson, 1945; Thorodd-
sen, 1895). In 1903-4, geodetic surveys were car-
ried out in the region by the Danish General Staff
(DGS). The surveyors mapped the nunataks in the
field and identified some of them with names (DGS,
1905). On their maps, a number of elevation marks
are recorded on the ice surface, including crevassed
bumps on the glacier surface, from which rocks later
protruded. These important data therefore give an in-
dication of the thickness of the ice cover on the top of
the nunataks at the turn of the 20th century.

In recent decades, the retreat and volume loss of
Breidamerkurjokull have been estimated on a few oc-
casions (Sigbjarnarson, 1970; Bjornsson, 1996; Gud-
mundsson et al., 2017). The studies reveal that above
an altitude of 1800 m at the caldera of Oraefajékull,
the ice surface elevation has remained similar. How-
ever, at the terminus, where the ablation is great-
est, the surface drop has been extremely rapid (Gud-
mundsson et al., 2012; Hannesdottir et al., 2014,
2015; Gudmundsson and Bjornsson, 2020b). Assess-
ments of the analyses have been based on a linear

Figure 2. View southwest from the Vesturbjorg mountain ridge of the Esjufjoll massif, across mid-Breidamerkurjokull to-

wards the stratovolcano Orazfajokull. At lower elevation on Breidamerkurjokull, south of Mavabyggdir, nunataks have

appeared since the late 1930s. — Utsyni til sudvesturs frd Vesturbjorgum i Esjufjollum, yfir midbik Breidamerkurjokuls, til

Oreefajokuls. Nedar d Breidamerkurjokli, sunnan vid Mdvabyggdir, hafa jokulsker komid i ljés frd pvi d pridja dratug 20.
aldar. Oblique aerial photograph:/Flugmynd: S.G., September 9th, 2021.
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surface reduction over time. As the surface lower-
ing of Breidamerkurjokull has increased, the nunataks
have become more prominent. The aim here is to es-
timate the ice surface lowering using the nunataks as
reference marks (dip-sticks; e.g., Mackintosh et al.,
2007) and then trace changes in the medial moraines
of Breidamerkurjokull. In addition, we chronicle the
developments in the nunataks’ existence.

Medial moraines at the turn of the 20th century

A handful of sources written in the 18th and 19th cen-
turies mention the medial moraines on Breidamerkur-
jokull. Undoubtedly, people must have noticed these
striking features and even known their origin, but
rarely wrote about them. The pioneering glaciolo-
gist Sveinn Péalsson (1762-1840) noted in his diary the
view from Orzﬂfaj okull on August 11, 1794, of the two
prominent medial moraines he could trace downslope
from Mt. Esjufjoll to the glacial river Jokulsa (Péls-
son, 1945). In his writings, Pdlsson considered the
medial moraine of Esjufjallarond to divide Breida-
merkurjokull into separate units at the river Jokulsa
(F. Bjornsson, 1951). He described the western part
as more rugged, crevassed, and debris-covered, in
contrast to the eastern part, which he claimed was
smoother and less silty (Pélsson, 1945). The descrip-
tion verifies that the Jokulsa river debouched east of
the Esjufjallarond medial moraine in the late 18th cen-
tury. The proximity of the river to the "dirty" part of
Breidamerkurjokull (i.e., Esjufjallarond) is also noted
in a few other 19th-century sources (Henderson, 1815;
Thieneman, 1824; Gadde, 1983 [written 1857]; Hol-
land, 1863; Thoroddsen, 1895), supporting the obser-
vation that the river was more or less attached to the
medial moraine. Nevertheless, there are documented
instances of the river breaking out of these confines
and debouching from unexpected places (Nordanfari,
1870; F. Bjornsson, 1993).

It cannot be excluded that the cartographer Bjorn
Gunnlaugsson (1844) may have identified the Esju-
fjallarond medial moraine on his map of Iceland in
1839 when he drew a district boundary from Jokulsa
towards the north, 13 km up the glacier. The English-
men E.T. Holland and C.W. Shepherd rode across
Breidamerkursandur on August 13, 1861. Holland
(1863) noted the view and said (F. Bjornsson, 1984):

"As we rode on, I spotted one or two medial moraines
on the glacier. They descend from Breidamerkurmaili,
a peculiar grassy mountain inside the glacier." Despite
the disorientation of its origin, it is more likely that
any of the three prominent medial moraines, Breidar-
rond, Mavabyggdarond or Esjufjallarénd, were iden-
tified by Mr. Holland and Shepherd.

The Swedish geologist Carl W.Paijkull (1836-
1869) crossed Breidamerkursandur in 1868. He as-
sumed that the three conspicuous medial moraines in-
dicate that the outlet glacier is formed of four units
(Paijkull, 1868). In 1893, the Englishman Freder-
ick W. W. Howell wrote: “On a later visit, I discov-
ered that the medial moraine is a range of ice hills a
hundred feet in height, bearing its load of sand and
stones from certain peaks upon Vatnajokull which are
not marked upon the usual map. For the last ten miles
of its course, its average fall amounts to about one
hundred and twenty feet per mile”.

When describing the outlet glaciers in southeast
Iceland in 1895, the geologist Porvaldur Thoroddsen
(1895) recognized the medial moraines. He observed,
"From there [the river Jokulsd], there is a wide stripe
of gravel and boulders heading up the glacier; it
runs along the entire middle glacier, to Mt. Esjufjoll
and is 2-3 [Danish] miles long (one Danish mile =
7.532 km)." Then he continued: "Between the west-
ernmost and center glaciers, there is a great stripe of
gravel heading towards Mt. Mdvabyggdir, and there is
an inlet up to the main glacier in front of the joints,

. There, the river Breidarvotn outlets the glacier,
but Jokulsa appears to the streak that heads towards
Mt. Esjufjoll.  The main water accumulates in both
places at the joints of the glacier.”

Medial moraines were depicted on the DGS maps
at the beginning of the 20th century (DGS, 1905). Be-
sides confirming the survey team’s ambitious cartog-
raphy, the bands indicate how prominent they were
on the glacier surface. However, not all of them are
drawn right up to their places of origin on Breida-
merkurjokull. The medial moraines are also fea-
tured on most glaciers on the AMS map series (AMS,
1951). On Breidamerkurjokull, the bands are iden-
tical with those shown on the DGS maps (i.e., only
Esjufjallarond is depicted up to its origin).
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METHODS AND DATA

The work presented here is based on fieldwork, re-
mote sensing and published maps utilizing a selection
of DEMs and ESRI ArcGIS. Using visually selected
longitudinal profiles parallel to the ice movement di-
rection over the nunatak location and the year 2021
as a reference frame, the objective was to estimate
the ice surface lowering and nunatak areal expansion
since the late 19th century, when nunataks were sub-
merged, up to the present day. The medial moraines
of Breidamerkurjokull, many of which emerge from
the nunataks, were also delineated using a wealth of
aerial photographs and Landsat satellite images.

Historical changes were estimated from a selec-
tion of maps (the oldest being the DGS map of 1905),
aerial photographs taken in 1945-1946 and the de-
rived maps of the US Army Map Service (AMS) , and
the aerial image databases of the National Land Sur-
vey of Iceland (NLSI) and the company Loftmyndir
ehf for specific years in the late 20th century. To trace
the recent changes in the area size of the nunataks,
Landsat images (Landsat 1-5 and 7-9, courtesy of the
US Geological Survey), especially recent Landsat 7-9
with its 30 m (spectral) and 15 m (panchromatic) pixel
resolution, have been used. The Landsat 1 image from
1973 with a resolution of 60 m/px was used to trace
medial moraines and nunataks. LiDAR DEMs of the
Vatnajokull ice cap and its foreland (J6hannesson et
al., 2011, 2013) were the source of the data for the
first part of the 21st century.

To estimate the subsequent elevation changes of
the glacial surface around and above the nunataks,
a selection of DEMs was used. A high-resolution
DEM of the region was produced from an airborne
lidar survey in 2010-2012. It was also used to gen-
erate derivational DEMs of Breidamerkurjokull be-
tween 1945 and 1890. The reference LIDAR DEM
has a resolution of 5x5 m/px, with horizontal and ver-
tical (X, y, z) deviations of <0.5 m (J6hannesson et al.,
2011, 2013).

The additional 1945 and 1890 DEMs were previ-
ously made for volume change estimations of the out-
let (Gudmundsson et al., 2017). The modification of
these DEMs relied on the reference DEM from 2010
and maps produced from the contemporary surveys of
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the Danish General Staff (DGS, 1905) and the later
American Map System of the US Navy (AMS, 1951).

The DGS map series is based on a triangulation
survey conducted in 1903 and 1904 by the Danish
General Staff (DGS, 1905). The DGS maps needed
horizontal corrections by a few tens of meters, but
they are estimated to be accurate within 20 m after
re-projection on the glacier foreland. The glacier
marginal position of 1903 was delineated from the
map, with corrections based on identified landforms
and rivers, and the position was recorded (in meters)
by local farmers at that time.

The AMS (1951) sheets are relatively accurate
in comparison with the Lidar DEMs 2010, with
an estimated horizontal accuracy of +5 m below
600 m a.s.l., after correction with respect to the Lidar
DEMs. The C762 maps of the AMS were based on
photogrammetry of aerial photographs taken in 1945
and 1946 (AMS, 1951). Above 600 m, the recon-
structed 1890 and 1945 DEMS were derived by verti-
cally lifting the elevation (y) of the glacier surface of
the LIDAR DEM (x) from 2010-2011, using the least-
squares relationship, and based on the lateral 1945 and
LIA extent. The uncertainty in the reconstructed 1890
and 1945 DEMs is estimated at 210 m over the entire
glacier surface. It was estimated quantitatively based
on the different data sources, but the assessment has
been defined in Gudmundsson et al. (2017).

The NLSI aerial photographs required rectifica-
tion, which was accomplished using ESRI ArcGIS.
The georectification was carried out by identifying
several control points on each image or map and the
LiDAR DEM using ArcGIS tools for re-projection
and warping. The 2010 DEM also made it possible
to georectify AMS aerial photographs and re-project
the horizontal positioning of the 1904 and 1945 maps.
The datasets are listed in Table 3. The area size and
development of the nunataks were estimated using
ESRI ArcGIS and supplied data, including Pleiades
DEM for 2021.

A set of Pleiades (CNES, 2021) DEM, from opti-
cal stereo images, acquired on August 31 and Septem-
ber 1, 2021, corrected for horizontal and vertical devi-
ation by the National Land Survey of Iceland (NLSI),
serves as the reference for the year 2021. They also
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Table 3. Data utilized to evaluate changes in the area of nunataks, the elevation of the ice surface, and to determine the
position of medial moraines from the 1900s to the present. — Gogn sem voru notud til ad meta breytingar d flatarmdli

Jjokulskerja, yfirbordshed jokulsins og til ad dkvarda stodu urdarrana fra 1900 til 2021.

provided the opportunity for recent area estimations
of the nunataks. Furthermore, a DEM was acquired
from a radio echo sounding (RES) survey carried out
in 1991 (precision barometry, Loran-C, GPS), result-
ing in DEMs of both the surface and the bed of the
glacier (Bjornsson, Palsson and Gudmundsson, 1992;
Bjornsson and Palsson 2020). These DEMs were used
to estimate the surface elevation near the nunataks in
1890, 1945, 1991, 2010 and 2021.

The delineation of medial moraine positions and
lengths, and their development, are based on the same
data set (see Table 3). To estimate changes in the me-
dial moraines, the georeferenced old maps, aerial pho-
tographs, and satellite images (Landsat 7 and Landsat
8) were used for comparison. For lateral displacement
estimations of the Esjufjallarond and Mavabyggda-
rond, several reference points with an interval of 1 km,

10

located in a line parallel with the medial moraines,
were selected. From these the termini of the outlet
and the moraine itself were digitized. The distance
from each reference point to the center of the medial
moraine was then measured.

RESULTS
The nunataks

The Breidamerkurjokull nunataks (Figure 3) are typ-
ically composed of bedrock, usually covered with an
unsorted mixture of undifferentiated glacigenic mate-
rial. In the late 20th century, Flosi Bjornsson from
Kvisker, who measured Breidamerkurjokull, noted
several protrusions in the Mt. Esjufjoll massif (Rist,
1985). The 1991 radio echo sounding surveys on
Breidamerkurjokull not only revealed deep trenches
and sub-valleys in the glacier base but also subglacial
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mounds and mountain peaks (Bjornsson, Palsson and
Gudmundsson, 1992). It was predicted that with the
ongoing thinning of Breidamerkurjokull, these fea-
tures would later emerge as nunataks.

Kdrasker

This nunatak is made of intrusive rocks, dikes, and
fine-grained basalt. The late Bjornsson brothers from
the nearby farm Kvisker (referred to as the Kvisker
brothers) were the first to notice this nunatak (Figures
3b and 4) in 1940. They named it Karasker in honor
of a local hero from the historic farm Breida, named
Kari S6lmundarson. They assumed it first appeared
after 1935 but definitely before 1940 (S. Bjornsson,
1958). Helgi Arason (1893-1972) from the nearby
farm of Fagurhélsmyri took a photo across the area in
1935, showing no sign of the nunatak, which emerged
one or two years later. Based on an AMS aerial photo-
graph (September 1946), Kérasker consisted of three
flat rock surfaces, roughly 0.14 km? (14 ha) in size,
and later merged into a single protrusion. In 2021, the
area was 1.27 km?.

Karasker rises to an altitude of 760 m. In 2021,
the glacier surface south of the nunatak (profile A-A’
in Figure 3b) was at an elevation of 400 m. When
Breidamerkurjokull was at its maximum extent at the
end of the 19th century, the ice surface above the
then-submerged Karasker was at an elevation of 700-
860 m a.s.l. On the DGS map (1905), a crevassed
bulge elevated to 862 m and located west of the
nunatak, reveals the subglacial existence of Karasker.
The nunatak first protruded ~0.5 km southeast of
this bulge. While the surface elevation of the de-
flected glacier alongside Karasker lowered by about
30 m in the period 1890-1945 (55 years), the ice
over the nunatak shrank by ~60-90 m, an average
>1.0 m/year (Figure 5). The overall surface lowering
between 1890-2021 (131 years) was 120 m, averag-
ing 0.9 m/year. The detailed temporal changes, based
on the DEM selections previously described, are de-
tailed in Table 4.

Breeorasker

The lower part of Bredrasker is gabbro, and the up-
per part is mainly basalt with multiple dikes. This
nunatak became exposed in 1960 (Figures 3b and 4).
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However, a depression that formed in the glacier two
years earlier became an indication of what could be
expected (S. Bjornsson, 1958). The Icelandic botanist
Eyp6r Einarsson (1929-2021) named it Bredrasker
(the Brother’s Nunatak) in honor of the Kvisker broth-
ers (Elin Palmadottir, 1968). Eypor, together with
the Kvisker brother Halfdan Bjornsson (1927-2017),
having monitored the progress of vegetation coloniza-
tion in the Kdérasker nunatak, instantly started ob-
servations of Bradrasker (Guttormsson, 1968). An
AMS aerial photo from 1945 shows the depression in
the glacier where the nunatak appeared later, together
with the Mdvabyggdardnd moraine that emerges from
it. In 2021, Bredrasker’s area was 0.98 km?.

The Bradrasker nunatak rises to an altitude of
730 m. In 2021, the glacier below (section B-B’ in
Figure 3b) was at an elevation of 450 m. In the 1890s,
the ice surface, then above the submerged Bradrasker
was at an elevation of 700-830 m and the ice thickness
was 100-120 m (Figure 5). The total surface lower-
ing of the period 1890-2021 was 150 m, or an average
of 1.15 m/year. The temporal changes, based on the
DEM selections previously described, are detailed in
Table 5.

Mariusker and Grannasker

These nunataks are mostly plutonic rock and acidic
basalt (Sigurdsson, 2003). In the last two decades,
three nunataks have become exposed near the Breid-
arrond medial moraine. Two of them, Mariusker
and Grannasker (Figures 3b and 6), join the same
mountain ridge, which is currently mostly covered
by glacier ice. Marfusker appeared in the year 2000
(Bjorn J. Bjornsson, 2005). Initially, it was identi-
fied as Systrasker (see later) due to a misunderstand-
ing (Sigurdsson et al., 2020). The nunatak is al-
most 2 km north of Breidamerkurfjall. In 2002, the
Kvisker brothers became the first visitors, intending
to examine plant colonization (H. Bjornsson, 2003).
Three years later, 15 species of plants were found in it
(Bjorn J. Bjornsson, 2005). In 2005, Hélfdan Bjorns-
son at the Kvisker farm named it after the entomolo-
gist Maria Ingimarsdoéttir, who at that time conducted
biological studies on a few nunataks of Breidamerkur-
jokull (H. S. Gudmundsson, 2012). In 2021, the area
of Marfusker was 0.28 km?.
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Figure 4. The nunatak Karasker. The Mdvabyggdarond medial moraine (left) originates from Bradrasker, below the cliffs of
Mavabyggdir. — Jokulskerin Kdrasker og Breedrasker. Mdvabyggdarond d upptok { Breedraskeri, nedan vio Mdvabyggoir.
Oblique aerial photograph:/Flugmynd. S.G., August 17, 2006.
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Figure 5. Cross-sections of the nunataks in Breidamerkurjokull, depicted in Figure 3, arranged by elevation. Profile length
on the x-axis and altitude a.s.l. on the y-axis. The ice surface in 1890, 1945, 1991, 2010, and 2021 is presented by blue
lines. The upper panels contain the highest nunataks. — Pversnid af jokulskerjum i Breidamerkurjokli sem synd eru d 3.
mynd. Heed y.s. d l6dds og lengd snida d pverds. Bldar linur syna yfirbord jokulsins drin 1890, 1945, 1991, 2010 og 2021.
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Table 4. Glacier surface changes at selected nunataks of Breidamerkurjokull. Average surface lowering (m/year)
and annual mean for three periods. — Breytingar d yfirbordi jokuls vid valin jokulsker i Breidamerkurjokli. I
2. 0g 3. ddlki er had jokulskerja y.s. og yfirbordshad jokulsins mioud vid drid 1890. Medalyfirbordslekkun
(m/dr) er synd fyrir prjii millitimabil auk drsmedaltals midad vid allt timabilio.

Altitudem) Average ice surface lowering
Nunatak Peak is"(1s00) 1890-1945 myr?! 1945-2010 myr? 2010-2021 myr? Totalm  Avr myr!?
Stakasker 1492 1480*! 0 0,0 -11 -0,2 -3 -0,3 -14 -0,1
N-Nupasker 1020 1060 -25 -0,5 -35 -0,5 -15 -1,4 -75 -0,6
S-Nupasker 890 950 -25 -0,5 -35 -0,5 -20 -1,8 -85 -0,6
Urdadalsjokull 960 1000 -15 -0,3 -100 -1,5 -40 -3,6 -155 -1,2
Karasker 760 810 -60 -1,1 -45 -0,7 -15 -1,4 -120 -0,9

*is = glacier surface elevation in the 1890s, *! Based on derived ice surface elevation.

Table 5. Glacier surface changes at selected nunataks of Breidamerkurjokull. Average surface lowering (m/year)
and annual mean for four periods. — Breytingar d yfirbordi jokuls vid valin jokulsker { Breidamerkurjokli. [
2. 0g 3. ddlki er heo jokulskerja y.s. og yfirbordshed jokulsins mioud vio drid 1890. Medalyfirbordslekkun
(m/dr) fyrir fjogur millitimabil auk drsmedaltals midad vio allt timabilio.

Figure 6. The two nunataks in western Breidamerkurjokull, Marfusker and Grannasker. View towards the Orzfajokull strato-
volcano with its protruding peaks and nunataks. — Jokulskerin Mariusker og Grannasker i vestanveroum Breidamerkurjokli.
I baksyn er Oreefajokull med tindum sinum og jokulskerjum. Oblique aerial photo:/Flugmynd. S.G., Sept. 9, 2021.
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In 2021, the ice surface below the 490 m high
Marfusker remained at an elevation of 320 m. In
the late 19th century, the ice surface height above
the then-submerged Marfusker and Grannasker (pro-
file D-D’ in Figure 3b) extended from 600 to 660 m,
resulting in an ice thickness of 120-130 m (Figure 5).
The total surface lowering in 1890-2021 was 160 m,
or an average of 1.2 m/year, (Table 5).

Grannasker reaches a height of 555 m. The
nunatak was first identified and named by two ecol-
ogists in 2016 (Nf, 2016). However, satellite im-
ages and DEMs revealed its existence (Figure 5) in
2010. It is located to the west of Marfusker (Figure
3b). In 2010, the distance between these nunataks was
~1.4 km but was less than 1.3 km five years later. In
2021, they were separated by 360 m of ice, and they
will likely connect in the next few years or decade. In
2021, the area size of Grannasker was approximately
0.16 km?. The surface lowering from 1890 to 2021
was 150 m, or ~1.15 m/year, (Table 5).

Grjothofoi

The third nunatak located near the Breidarrond me-
dial moraine, we identify as Grj6th6foi (Rubble head)
due to its appearance as a striated promontory cov-
ered with an unsorted mixture of glacigenic debris.
This protuberance consists of basalt on top of tillite.
One of the authors of this paper (S.G.) explored it in
July, 2017. His conclusion, presented here, is that it
emerged about 0.4 km up glacier of the terminus in
2016 (Figure 3b). The glacier retreated rapidly in the
following years, and completely vanished south of the
115-meter-high nunatak in 2021 (Figure 7).

When Breidamerkurjokull was at its maximum
extent in the late 19th century, the glacier surface
above the nunatak (profile F-F’, Figure 3b) was at an
elevation of 380 m, and the ice thickness 265 m (Fig-
ure 5). The total surface lowering for the period 1890—
2021 was 295 m, an average of 2.2 m/year, (Table 5).

Systrasker

A Landsat-7 satellite image confirms that this nunatak
(Figures 3b and 8) emerged in the summer of 2008.
Based on the results of the RES survey on Breida-
merkurjokull in 1991, one of the authors, Helgi
Bjornsson, predicted that a nunatak would appear
there after a few years due to continuing glacier re-
cession. He suggested its name should honor the sis-
ters at Kvisker farm, both named Gudrin (Bjorn J.
Bjornsson, 2005). However, before it became ex-
posed, Mariusker appeared, which at first was as-
sumed to be the Systrasker nunatak. This confusion
caused the first articles, which were written in the
first decade of the 21st century, to propose Mariusker
nunatak as Systrasker (Sigurdsson et al., 2020). In
2021, the area size of Systrasker was 0.17 km?2.

In 2021, the glacier surface below the 690-m-high
Systrasker (C-C’ in Figure 3b) remained at an eleva-
tion of 590 m. In the late 19th century, the ice surface
above the then-submerged Systrasker was at an eleva-
tion of about 750-820 m and, therefore, its thickness
on Systrasker was 130 m (Figure 5). The total sur-
face lowering of the period 1890-2021 was 140 m, or
1.1 m/year, (Table 5).

Figure 7. View from the Grj6thofdi promontory down the Breidarrond medial moraine. Note that to the east (left), the
glacier had disappeared when the image was taken. — Utsyni frd Grjothifoa nidur Breiddrrond. Pegar myndin var tekin var
Jjokullinn til austurs (vinstri) horfinn framan vid skerio. Photo:/Ljésmynd. S.G., July 7, 2021.
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Figure 8. The nunatak Systrasker and Mavabyggdir. — Systrasker og Mdvabyggdir. Oblique aerial photograph:/Flugmynd.
S.G., May 31, 2023.

Hrafnakambur byggdarond medial moraine and hence was only no-

This nunatak (Figures 5 and 9) is composed of rapidly ticed later. 11'1 2021, the area size of tgle 1.1 km long
cooled basalt, acidic basalt, and tuff, exposing some and 150 m wide nunatak was 0.35 km?*.

dikes. It is identified here as Hrafnakambur (Raven’s At the end of the 19th century, the surface of the
Crest). It is vaguely visible on satellite images from  Breidamerkurjokull above Hrafnakambur (profile E-
2016, mainly because it was attached to the Mdva-  E’ in Figure 3b) was at an elevation of 490 m, and the

e e e

AN S NRINS . . L SRR Firk .
Figure 9. The Hrafnakambur nunatak is attached to the Mavabyggdarond medial moraine. In the spring of 2020, a lateral
lake (moat) formed on the west side of the nunatak. — Jokulskerid Hrafnakambur, vid vestanverda Mdvabyggdarond. Vorid

2021 myndadist jadarlon vestan skersins. Oblique aerial photograph:/Flugmynd. S.G., April 24, 2020.
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nunatak was submerged under 240 m of ice. The total
surface lowering therefore amounts to an average of
1.9 m/year for the 131 years until 2021, (Table 5).
Eyjolfsfjall og Urdadalsjokull

The remote Mt. Eyjdlfsfjall adjoins a mountain crest
that encloses, together with Mt. Snaefell, a glacier-
filled valley, which we identify here as Urdadalur. It
is covered with an almost 2 km wide and 4 km long
Urdadalsjokull, whose three medial moraines demar-
cate the ice tongue and extend to Breidamerkurjokull
(Figures 3c and 10). Eyjolfsfjall is mostly made of
basalt and rhyolite. The identification of the nunatak
was by Danish surveyors who, in 1904, honored
their guide, Eyj6lfur Runélfsson of the farm Reyni-
vellir, then district administrative officer (Guttorms-
son, 1993). At that time, the crest rose to a height of
about 160 m above the glacier and reached 1.75 km to
the east before disappearing into the glacier. In 1945,
this crest had extended to a length of 2.1 km due to ice
thinning. Now, a more than 4 km-long rocky edge ex-
tends closer to the rim at Kalfafellsdalur. In the future,
the crest will become more prominent because the ice
flow from above and into the Urdadalur continues to
thin out and may eventually cease to enter into it. In
2021, the area of Eyjolfsfjall was 2.67 km?.

At the mouth of the valley, south of Eyjdlfsfjall,
the glacier surface has lowered by 100 m since the end
of the 19th century. The cross-section in Figure 5 is,
however, to the east (profile I-I" in Figure 3c), where
the glacier was about 30—60 m thick and covered the
crest of Eyjolfsfjall when the DGS survey was carried
out in 1904. There, the edge of the mountain is at
an altitude of 960 m. The ice surface lowering here
has been interesting. From 1890 to 1945 (55 years),
the glacier receded 20—40 m, or 0.3-0.7 m/year. On
an AMS aerial photograph from 1945, conspicuous
crevasses indicate the presence of a submerged crest,
and to the south of it, a valley (later Urdadalur). Then
the crest east of Eyjolfsfjall gradually began emerging
in the 1970s. Shortly after the turn of the 21st century,
the glacier ice vanished from the crest, with a 1.38 km
wide valley glacier remaining. In the late 19th century
it was 3.8 km wide.

From 1890 to 1945 (55 years), the surface of
Urdadalsjokull lowered 15 m, or 0.3 m/year on aver-
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age. From 1945-2010 (65 years), the surface low-
ered 100 m or 1.5 m/year on average. During 2010-
2021, the surface level dropped 40 m, or an average
of 3.6 m/year The total surface lowering in the period
1890-2021 was 155 m, or 1.2 m/year, Table 4).

Ntipasker

Three nunataks appeared north of Eyjolfsfjall after
the 1970s. These are the promontories of a moun-
tain crest encircling a subglacial valley (Figures 3c,
10 and 11). We identify them here as Sydra-Nupasker
and Nyodra-Nupasker, located about 1 km and 3 km
north of Eyjélfsfjall (Figure 10). From an image taken
by the Landsat-1 satellite in 1973, it can be verified
that the northern nunatak was exposed at that time.
The Sydra-Nipasker, however, appeared in the years
2006-2007.

Nyrdra-Nupasker is currently made up of two
nunataks, formed from tuff and acidic basalt. The
main nunatak is located on a slanting slope at an al-
titude of about 920 to 1020 m. In 2018, the other
nunatak began to emerge in a glacial depression be-
low the main nunatak, at an altitude of 810 m (Figures
3c and 5). Based on the constructed 1890 DEM, we
can infer that at the end of the 19th century, the ice
surface above the then-submerged northern nunataks
(profile G-G’ in Figure 3c) was at an elevation of
1000-1090 m, covering it with 70-80 m thick ice.
The total surface lowering in the period 1890-2021
was ~75 m or 0.6 m/year on average, (Table 4).

The Sydra-Niipasker (profile H-H’ in Figure 3c) is
at an altitude of 930 m, but in 2021 the glacier below
it was at an altitude of about 790 m (Figure 5). At the
end of the 19th century, the ice surface above it was
at an elevation of 1000 m, and the nunatak was buried
under 70-90 m of ice. The total surface lowering in
the period 1890-2021 was 0.6 m/year on average.

Stakasker

This nunatak is located in the ice divide between
Breidamerkurjokull and Skeidararjokull, about 11 km
north of Hermannaskard, and 7 km southwest of
Snzhetta (Figure 1). The name of Stakasker (Deso-
late nunatak, 1492 m) comes primarily from how re-
mote it is in the accumulation zone of the glacier (Fig-
ure 12a,b). The top of this nunatak is composed of
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Figure 10. The mountain crest Eyjélfsfjall, Urdadalsjokull and the two Nipasker nunataks. The Vedurdrrond medial
moraine sways left from the light-colored slopes of Snaefell. — Fjallskamburinn Eyjolfsfjall, Urdadalsjokull og Nipaskerin

tvo. Urdarraninn Vedurdrrond sveigir frd ljosum hlioum Sneefells. Oblique aerial photo:/Flugmynd: S.G. September 9,
2021.

Oraefajokull

~ S e P -
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Figure 11. View southwest from the nunatak Nyrdra-Nupasker. — Utsyni til sudvesturs frd jokulskerinu Nyrora-Nipaskeri.
Photo:/Ljosmynd: S.G. May 31, 2023.

rapidly cooled basalt. It can be spotted in AMS aerial  is not known; however, its protrusion is not unlikely
photographs taken in 1946 on Vatnajokull. In 2010, given its location at the ice divide. The glacier surface
the nunatak was about 5-15 m higher than the glacier  surrounding Stakasker had lowered by about 14 m be-
surface, and its area was about 0.003 km?. Whether it  tween 1945 and 2010, (Table 4).

protruded from the glacier during the previous century
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Summary of the nunataks

A comparison of glacier surface elevation and tem-
perature measurements over the melting season, at the
nearby farm Fagurhdlsmyri (Figure 13) demonstrates
the surface lowering since the late 19th century. The
glacier’s lower portions are melting more rapidly, as
evidenced by a steeper slope. Profiles along the main
ice flow units (Figure 14) depict a similar pattern (i.e.,
faster ablation closer to the terminus).

The results of ice surface change calculations ob-
tained using the DEMs of Breidamerkurjokull are pre-
sented in Tables 4 and 5. The tables show the surface
lowering over the periods 1890-1945, 1945-2010,
and 2010-2021, at the high-elevation and lower ele-
vation nunataks (Table 4) for which it was possible to
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Figure 12. a) The Stakasker nunatak,
on the border of Breidamerkurjokull
and Skeidardrjokull, northwest of Mdva-
byggdir. b) View towards south from
Stakasker. — a) Jokulskerid Stakasker d
morkum Breidamerkurjokuls og Skeid-
ardrjokuls. Mdvabyggdir i forgrunni. b)
Utsyni frd Stakaskeri sudur til Orefa-
Jjokuls. Photos:/Ljosmyndir: S.G., Sept-
ember 13, 2014 (a) and June 4, 2012 (b).

use the 1991 DEM. The expectation was to estimate
an even more rapid progression of glacier changes be-
tween 1995 and 2010.

Length-sections along the eastern and center flow
units of Breidamerkurjokull (Figure 14) reveal a
marked surface difference between the two profiles,
one terminating in the Jokulsarlon lake and the other
subaerially. The transport of ice down Breidamerkur-
jokull is compensated by about 1/3 of the mass loss
in the ablation zone (Figure 15). In the period
2000 to 2020 the cumulative mass balance at 350 to
480 m a.s.l. was -120 m elevation but the glacier sur-
face elevation was only lowered by 80 m. In the accu-
mulation zone the surface elevation remained constant
due to vertical emergence flow of the glacier.
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Figure 13. Above: Temperature at Fagurhdlsmyri,
1898-2015. Source: Meteorological Office of
Iceland. Each point represents average temper-
ature of five months (MJJAS), considered the
main annual melting season of Breidamerkur-
jokull, with standard deviation (grey lines). The
5-year average (red line) and the overall linear
trend (blue dashed line) reflect increasing tem-
perature since the beginning of the 20th century.
Vertical dashed lines refer to DEMs used for com-
parison. Below: Glacier surface elevation changes
(multicoloured lines), based on the DEMs, indi-
1600 cate surface lowering since the late 19th century.
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The medial moraines

Multiple medial moraines extend from nunataks and
mountains to the terminus of Breidamerkurjokull.
Medial moraines are longitudinal supraglacial debris
stripes that result from a range of glacial debris en-
trainment and transport processes. The classification
scheme of Eyles and Rogerson (1978) is widely em-
ployed for medial moraine types. Under this classifi-
cation scheme, the medial moraines of Breidamerkur-
jokull are likely evolving as ice stream interaction
(IST) and ablation dominant (AD) types 1 and 3. The
ISI type medial moraines form at the intersection of
ice flow unit boundaries, where debris is delivered to
the flow unit intersections by adjoining supraglacial
lateral moraines. A temporal evolution of AD medial
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moraine types at Breidamerkurjokull likely involves
first the development of AD3 types, where debris is
elevated from the bed in the lee of ice-covered rock
knobs by converging ice flow (e.g. Vere and Benn,
1989). Glacier thinning then causes such rock knobs
to form nunataks and consequently AD1 type medial
moraines develop in the lee of the nunataks, where
rockfall debris enters the heavily crevassed ice and
then becomes exposed downglacier by ablation.

A comparison of georeferenced aerial photo-
graphs and the 1991 RES data, which shows the sub-
glacial terrain beneath Breidamerkurjokull (Bjorns-
son, Palsson and Gudmundsson, 1992), makes it pos-
sible to trace medial moraines that emerge from the
glacier surface in the ablation zone to origins that may
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Figure 14. Length-sections down the eastern (a, a’) and center (b, b’) ice flow units of Breidamerkurjokull, demonstrat-

ing the glacier retreat and surface changes from 1890 to 2021. — Langsnid nidur austurarm (a, a’) og midarm (b, b’)

Breidamerkurjokuls endurspegla horfun jokulsins og yfirbordsbreytingar frd 1890 til 2021.

appear in the future with the ongoing rate of reces-
sion (i.e. from AD3 to ADI1 types). Where the de-
bris appears on the ice surface, it forms an insulat-
ing layer that slows melting. As a result, the medial
moraines are frequently ice-cored stripes covered with
supraglacial debris, rising higher than the glacier sur-
face on either side (Anderson, 2000; Benn and Evans,
2010). In the region of Southeast Iceland, medial
moraines are locally referred to as ,,-rond*, meaning a
band or strip. Consequently, the identity of the medial
moraines usually ends with this word.

The Hrossadalur medial moraine

The Breidamerkurjokull and Fjallsjokull outlets
merged in front of Mt. Breidamerkurfjall prior to
1700 and remained coalescent until the 1940s. A me-
dial moraine, described by Bjornsson (1984) as low
and inconspicuous, formed south of the Hrossadalur
valley. It is visible on a photograph from 1935, but is
not identified on the 1904 DGS map. The glaciers had
completely separated in 1946 (F. Bjornsson, 1998)
and now a scatter of debris from this weakly devel-
oped medial moraine can be traced on the foreland.
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Saumhoggsrond

Saumhoggsrond, the westernmost medial moraine
of Breidamerkurjokull, extends from Saumhogg and
Mt. Heljargnipa to the east, north of Breidamerkur-
muli. This band is composed of a thin surface cover
of silt and sand, as well as unsorted angular and sub-
angular pebbles and boulders. It consists of basaltic
rock and fragments of plutonic rock (Figure 16).
Saumhoggsrond is not marked on either the DGS
or AMS map. However, aerial images from 1945
show the moraine curving north of Mulah6fdi and
terminating at the mouth of the Jokuldalur valley.
South of it is Saumhoggsjokull, the westernmost flow
unit of Breidamerkurjokull, which drains the flanks of
Mt. Kératindur and Heljargnipa (Figure 1). In the first
half of the 20th century, this glacier terminated in the
Jokuldalur valley, but the medial moraine may have
been located even further south in the 19th century.
The Jokuldalur was ice-dammed, forming a glacial
lake which regularly drained and created annual jokul-
hlaups. In 1904, its areal extent was about 0.5 km? (F.
Bjornsson, 1962; Gudmundsson ef al., 2019).
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Figure 15. Left: Mass balance survey sites on Breidamerkurjokull. Sentinel-2 satellite image, Sept. 23, 2022. Right: Cu-
mulative mass balance for the period 1999-2000 to 2021-2022, compared to elevation change at the survey sites measured
with the Global Navigation Satellite System (GNSS instruments). — Stadsetning afkomumcelistada d Breidamerkurjokli d
Sentinel-2 gervihnattamynd frd 23. september 2022. Linuritin syna uppsafnada afkomu d meelistodunum timabilido 1999—
2000 til 2021-2022, borin saman vid hedarbreytingar d somu stédum sem meeldar eru med Global Navigation Satellite

System (GNSS) teekjum.

The Saumhoggsjokull medial moraine retreated
from 5.6 km in 1945 to 4.8 km in the 1970s, when the
moraine terminated on Breidamerkurmuli. The me-
dial moraine was 2.8 km long in 2021. Saumhdoggs-
rond is about 20-30 m wide east of Saumhogg but
expands to 10 m wide where it currently terminates
on Breidamerkurmdli. Since 1945, the moraine has
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migrated 140 m to the south on a 1 km-wide section
facing the valley occupied by the glacier. The shift
in the years 2010-2021 accounted for half of the pre-
ceding seven decades. The lateral shift indicates less
ice moving down the valley than previously. Nonethe-
less, the medial moraine has maintained a consistent
orientation (Figure 17).
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Figure 16. Crossing the rock debris of the Saumhoggsrond medial moraine. — Gengid yfir auri drifna Saumhoggsrond.

Photo:/Ljosmynd: S.G., July 28, 2011.
Breiddrrond

Breidarrond (or Vesturrdond, see F. Bjornsson (1985))
is located to the east of Saumhoggsrond and forms
the third-largest medial moraine in Breidamerkur-
jokull. It outlines the western section of the west
flow unit, which drains the northeastern flanks of
Orazfajokull, identified as Heljargnypujokull. Ad-
ditionally, it is the only ice flow unit that termi-
nates in the proglacial lake Breidarlén. The medial
moraine originates from Mt. Fjolsvinnsfjoll and the
Mariusker nunatak. The Breidarrond medial moraine
turns sharply to the southeast 5 km east of Fjolsvinns-
fjoll, from Marfusker nunatak down to the terminus
(Figure 18). The moraine debris is composed of rhy-
olite and basalt. A small portion of the debris is sub-
rounded by glacial transport, the majority of clasts
being angular. The glacigenic debris (diamicton) is
coarse-grained and contains boulders. The debris is
thick enough to significantly reduce the ablation of
the underlying ice so that near the glacier terminus the
medial moraines rises tens of meters above the glacier
surface (Figure 19).
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On the DGS map, Breidarrond is drawn more than
4 km up the glacier from the terminus before disap-
pearing about 2.3 km east of Breidamerkurmili. On
the AMS map, it extends 3.4 km up the glacier. How-
ever, on the 1945 aerial photos, the medial moraine
is traceable to Mt. Fjolsvinnsfjoll. An oblique aerial
photograph in the Kvisker collection, taken in 1938,
also confirms its existence. We believe the upper part
of Breidarrond, no matter how indistinct it was, ex-
isted during the DGS survey in 1904, although it is not
depicted on the map. East of Fjolsvinnsfjoll, Breidar-
rond has remained 10-30 m wide but has been close to
250 m wide at the terminus since the turn of the 20th
century. In 2021, the Breidarrond medial moraine
extended 9 km from the base of Mt. Fj6lsvinnsfjoll to
the terminus.

At the turn of the 20th century, the ice surface near
Mt. Fjolsvinnsfjoll was 80-100m above the current
elevation and about 120 m higher where Grannasker
and Marfusker now protrude from the glacier north
of Breidarrond. At that time, Breidarrond termi-
nated about 260 m east of Krékur, which is the inlet
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Figure 17. The migration of Saumhoggsrond, based on its location in 1945 (blue), 1973 (violet), 2010 (red), and 2021 (yel-
low). The orange line shows the glacier margins at LIA’s maximum extent, around 1890. — Hnik Saumhdggsrandar, midad
er vid stadsetningu hennar 1945 (bld), 1973 (fjolubld), 2010 (raud) og 2021 (gul). Raudgul lina synir jadar jokulsins vio
hdmarksiitbreidslu, um 1890. Satellite image:/Gervihnattamynd: Sentinel 10/23/2022.

where Breidamerkurjokull and Fjallsjokull adjoined.
This area now forms the southernmost cove of the
proglacial lake Breidarlon, which began to form in the
1930s, east of Breidarrond (Figure 18b). The glacial
river Breidd debouched there in 1903 and 1904 but
migrated further east before the proglacial lake devel-
oped (DGS, 1905; F. Bjornsson, 1998; Gudmundsson
and Evans, 2022). Later, in tune with glacier retreat,
the lake gradually stretched to the south of the me-
dial moraine. Simultaneously, another lake formed
to the west of the moraine in 1945-1950, and these
two lakes merged in front of it in 1954 (F. Bjornsson,
1996; Gudmundsson et al., 2019). This resulted in the
medial moraine terminating in the lake until around
1980. Then ice retreated out of the lake and onto a
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rocky hill (Rist, 1982). Traces of Breidarrond remain
south of the lake and on those rock outcrops north of
it.

Breidarrond has shifted westward by 180-300 m
since the mid-20th century. Earlier migrations cannot
be determined. Closer to Mt. Fjolsvinnsfjoll and to
the east of Mariusker, a shift of about 80 m has taken
place since the 1970s (Figure 18a).

Systrarendur

Breidarrond is depicted as 0.9-1.1 km wide over the
first kilometer up ice from the terminus, according
to the 1904 DGS map (Figure 18). Not only did
supraglacial deposition expand the moraine at the ter-
minus, but also smaller medial moraines emerged
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Figure 18. a) The development of Breidarrond and nearby medial moraines (Systrarendur), and b) its terminus position since
the early 20th century. — a) Breytingar Breiddrrandar og neerliggjandi urdarrana (Systrarendur), og b) endamdork peirra
frd pvi snemma d 20. dld.

close and running parallel to Breidarrond. This batch  nunataks. In 2021, they appeared about 130, 270, and
of inconspicuous medial moraines are identified here =~ 770 m east of Breidarrond. These have become more
as Systrarendur (-rendur is the plural form of *-rond’)  apparent as the glacier recedes.

because one of them originates at Systrasker nunatak. The Grannasker and Marfusker medial moraines
The others are traced to the Marfusker and Grannasker  run contiguously east of Breidarrond, extending
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~3.3 km to the terminus. They are mostly vague
on the surface, but emerge from the glacier about
340 m above the terminus and are around 80 m wide
at most. The glacigenic debris is mostly light-colored
basalt and plutonic rock pebbles, and the grain size
is dominated by sand and gravel containing a con-
siderable number of sub-rounded and rounded clasts.
In 2022, where this debris emerged from the glacier
surface close to the terminus, it had been locally re-
worked into an esker (Figure 20). The juxtaposi-
tion of medial moraines and englacial eskers in par-
ticular is a common landform relationship on Breida-
merkurjokull and one that is entirely predictable, be-
cause sedimentation in ice-walled tunnels requires the
availability of large volumes of englacial debris that
is afforded by medial moraines. Moreover, meltwa-
ter drainage pathways driven by supraglacial melt are
concentrated in the suture zones between ice flow
units and hence major tunnels tend to be in the same
locations as medial moraine debris septa (Price, 1969;
Evans and Twigg, 2002; Storrar et al., 2015, 2020).
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Figure 19. The Breidarrond medial moraine. — Breiddrrond. Photo:/Ljosmynd: S.G., July 28, 2011.
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A little further east of the Marfusker medial
moraine, the Systrasker moraine appears (Figure 21).
On the AMS map, there is no indication of it, but
the 1945 aerial photographs distinctly show it disap-
pearing into the glacier where it was mostly under
80-90 m of ice. The Systrasker medial moraine was
7.3 km long in 2021 but vaguely traceable on the sur-
face up to almost 5 km from the Marfusker nunatak.
The width at that time was about 10 m, but it gradu-
ally widened to 120 m at about 2.3 km above the ter-
minus. The poorly sorted debris consists of a mixture
of basalt, gabbro and rhyolite, subrounded to angular
clasts up to boulder size.

A comparison of satellite images taken in 1973
and 2021 indicates that the medial moraine shifted by
150-160 m to the southwest and migrated closer to
Breidarrond over that time period (Figure 18).

Yet another vague medial moraine emerges from
beneath a crevassed bulge, approximately 1.5 km
north of Marfusker but it cannot be traced to a
nunatak. On the DGS map, the moraine is depicted
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Figure 20. The Marfusker medial moraine. — Uro.

as being 0.7 km up from the terminus of the glacier
and 1.2 km east of Breidarrond (Figure 18a). It is
similarly depicted on the AMS map, but its width is
greater, and it is situated 0.5 km east of Breidarrond.
Howeyver, aerial photographs from 1945 reveal that the
medial moraine can be traced higher up the glacier. In
2021, this moraine measured about 4.5 km in length.
The clasts in the glacigenic debris consist mainly of
subtypes of basalt, ranging from very angular to sub-
angular in form, along with tuff fragments and tephra.
Additionally, moss-clad pebble-sized sandy gravel ag-

arraninn frd Mariuskeri. Photo:/Ljosmynd: S.G., July 26, 2022.

Figure 21. The Systrasker medial moraine. In the distance to the left is the Breidarrond medial moraine. — Urdarraninn frd

S it

gregates (joklamys or glacier mice; Eythorsson, 1951)
are numerous in the moraine; such features are com-
mon in areas of thin supraglacial debris cover with
abundant tephra content (Benn and Evans, 2010). The
debris is spread thinly over the ice and hence its insu-
lation effect is small and the medial moraine has no
significant relief (Figure 22).

Mdvabyggdarond

Mavabyggdarond, the second-largest medial moraine
on Breidamerkurjokull, separates the western and
central ice flow units of Breidamerkurjokull and in

T e, oM ~ &

Systraskeri. Fjeer er Breiddrrond. Photo:/Ljosmynd: S.G., July 26, 2022.
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Figure 22. The easternmost medial moraine on the west ice flow unit of Breidamerkurjokul. — Austasti urdarraninn d
vesturarmi Breioamerkurjokuls. Photo:/Ljosmynd: S.G., July 26, 2022.

2021 it measured 250-300 m wide at the termi-
nus. Mavabyggdarond is a fusion of medial moraines
originating from Mt. Mdvabyggdir, as well as those
from the Braedrasker, Karasker, and Hrafnakambur
nunataks (Figures 3 and 23). The two longest me-
dial moraines extend from Mavabyggdir but are diffi-
cult to trace high up on the glacier. They are linked
to the two rock ridges in Mdvabyggdir. The north-
ern medial moraine, referred to here as Fingurbjargar-
rond, measured about 13 km in length down to the
terminus in 2021, while the southern one, Kaplaklifs-
rond, originating from the Kaplaklif ridge, measured
15 km long. These moraines manifest as 20 m wide
parallel bands in the glacier between the Karasker and
Bradrasker nunataks.

The Kaplaklifsrond merges with Bradraskers-
rond, the medial moraine from Bradrasker, approx-
imately 1 km east of the nunatak, and by then is 70 m
wide. Fingurbjargarrond joins them about 4 km south-
east of Bradrasker, having expanded to about 100 m
wide at that point. In 2021, Bradraskersrond mea-
sured just over 8 km in length. Kéraskersrond, which
was 8.3 km long in 2021, connected with the medial
moraine fusion about 1 km up ice of the terminus
(Figure 23). Bradraskersrond is indistinct where it
is less than 20 m wide, but it widens to 70 m close
to the terminus. About 2.5 km up ice of the termi-
nus, Mdvabyggdardnd veers around the side of the
east slope of Hrafnakambur. Another medial moraine
joins there, contrasting the west side with its light
coloured basaltic debris (Figure 24).

The debris cover on the west side is mostly com-
posed of sand and silt, and contains gravel and peb-
bles with rounded or sub-angular forms. The pri-
mary content is a mixture of debris from Bradrasker
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and Mdvabyggdir, featuring predominantly red-brown
tuff, fragments of rhyolite, and grayish subtypes of
basalt. The main ridge comprises silt and sand inter-
spersed with angular or sub-angular cobbles and boul-
ders, which constitute approximately 30% of the de-
bris. Conversely, the debris originating from Karasker
(Figure 25) and adjoining the east side of the main
ridge, forms a layer of silt and sand. It is scattered
with greyish basalt cobbles and boulders, creating a
contrast with the main moraine ridge. The majority of
this debris is considerably rounded or sub-rounded.

The DGS map from 1904 depicts Mavabyggda-
rond as being located 2.7 km east of Breidarrond, and
8.5 km up-ice from the terminus. The medial moraine
splits apart about halfway indicating that two separate
medial moraines existed already in the early 20th cen-
tury. At that time, Mavabyggdarond was about 21 km
long extending from Mt. Mavabyggdir and, at the ter-
minus, more than 0.5 km wide. On the AMS map,
the Mdvabyggdarond is composed of four stripes, and
the longest is 5.2 km (Figure 23a). The aerial pho-
tographs from 1945 confirm its position but the stripes
are rather vague except near the terminus, where its
expanded width was 0.75 km and it was 10-20 m
higher than the glacier surface.

Between 1904 and 1945 the glacier terminus and
the outer edge of the medial moraine retreated towards
the north, but the moraine changed orientation grad-
ually towards the north-northwest after 1945 (Figure
23b). This shift spanned many decades. Simultane-
ously, Mavabyggdarond migrated west, south of the
Kérasker and Bradrasker nunataks. Over a period of
76 years, a segment of Kédraskersrond moved >0.5 km,
and Bradraskersrond about 0.25 km towards the west.
Concurrently, the coalescence point, where the medial

JOKULL No. 74, 2024



Nunataks and medial moraines of Breidamerkurjokull, SE-Iceland

16°30'0"W

16°18'0"W

64°3'0"N

16°22'0"W 16°20'0"W

16°25'0"W

16°25'0"W

16°20'0"W 16°15'0"W

/’W

64°8'0"N

64°6'0"N

64°4'0"N

64°2'0"N

16°20'0"W

Figure 23. a) The development of the medial moraine Mavabyggdarond and b) its terminus position since the early 20th
century. — a) Proun Mdvabyggdarandar, og b) endamork hennar frd pvi snemma d 20. old.

moraines fused, moved >6.5 km to the north in an up
glacier direction (Figure 26).

In 2021, the west ice flow unit had retreated more
than 5.8 km from its maximum extent in the late
19th century. The Hdlfddnaralda end moraine re-
mains as the outermost locality of the former Mava-
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byggdarond. Since the medial moraine did not termi-
nate in a proglacial lake, its former position can be
traced on Breidamerkursandur. North of Halfddnar-
alda, a band of rock debris, erratics, eskers, kames,
and kettle holes marks the path where it terminated
throughout the 20th century (Price, 1969; Evans and
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Figure 24. The medial moraine Mavabyggdarond, showing its mixed colors due to the different debris origins. — Litblondud
Mdvabyggdarond, vegna uppruna urdarrana frd mismunandi skerjum. Photo:/Ljosmynd: S.G., July 26, 2022.

Twigg, 2000, 2002). These landforms developed
through the interaction of meltwater and supraglacial
hummocky moraine formation in association with the
medial moraine debris septa; englacial tunnels also
created eskers in this setting (cf. Levson and Rutter,
1989). The Breida glacial river also discharged from
the glacier close to the Mavabyggdarond (Figure 23b),
although it temporarily changed course in the 19th
and 20th centuries (F. Bjornsson, 1998; Gudmunds-
son and Evans, 2022).

Esjufjallarond

Esjufjallarond, which separates the central and east-
ern ice flow units, is the longest medial moraine com-
plex on Breidamerkurjokull and currently terminates
in Jokulsarlén (Figures 27a,b and 28a,b). It consists of
two main medial moraines, each composed of smaller
septa-controlled ridges originating in the Mt. Esjufjoll

massif. The eastern main moraine, identified here as
Austurbjargarond, was 18 km long down to the ter-
minus in 2021. It comprises two longitudinal debris
septa, the larger one coming from Austurbjorg and
the other from Esjubjorg (Esjubjargarond). Austur-
bjargarond is about 100 m wide where it meets Esju-
bjargarond, 2 km to the south. They run parallel,
approximately 120-140 m wide for the next 7-8 km
and merge southeast of Skalabjorg. At that point, the
medial moraine narrows due to its attenuation in re-
sponse to increased ice flow velocity. The western
main medial moraine is identified as Skalabjargarond,
which in 2021 measured 11.7 km down to the termi-
nus. Three inconspicuous medial moraines emerge
from Esjudalsjokull and join Skédlabjargardnd. Skéla-
bjargarond is widest south of Skélabjorg but narrows
to <30 m where it meets Austurbjargarond, approxi-

el

Figure 25. The medial moraine Karaskersrond contrasts the east side of Mavabyggdarond (to the left) with its mixed colors

related to different debris origins. — Kdraskersrond sameinast austanverdri Mdvabyggdarond (til vinstri) sem verdur mislit

vegna mismunandi uppruna setsins. Photo:/Ljosmynd: S.G., July 26, 2022.
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Figure 26. The displacement of Mdvabyggda-
rond that occurred between 1945 and 2021 on
a 10 km long section south of the Bradrasker
and Kdrasker nunataks. — Tilfersla Mdvabyggoa-
randar sem vard d 10 km longum kafla sunnan vio
Breedrasker og Kdrasker d drunum 1945 til 2021.
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mately 4 km south of Skalabjorg. In recent decades,
they have merged, but in the 20th century, they ran
parallel, separated by Esjudalsjokull. The debris is a
mixture of rock fragments from various sources, in-
cluding basalt, rhyolite, tuff, and tillite and is domi-
nated by silt and sand (Figure 28a).

Esjufjallarond is the only medial moraine that is
delineated to its origin on the DGS map. The glacial
river Jokulsd usually discharged east of Esjufjalla-
rond or near it (F. Bjornsson, 1998; Gudmundsson
and Bjornsson, 2020a). However, after the proglacial
lake was formed, the medial moraine terminated on
its western bank. According to the DGS map, the
two main medial moraine components merged about
6 km south of Skalabjorg. The length to the termi-
nus was 20.6 km from Skdlabjorg and 25.2 km from
Austurbjorg. The measured width appears to be be-
tween 120 and 90 m, but extends to 200 m after the
merging and gradually widens to 2.2 km at the termi-
nus. A comparison with the AMS map and aerial pho-
tographs from 1945 reveals that the medial moraine
had only retreated a few hundred meters in the first
half of the 20th century (Figure 27a). It terminated
in the proglacial lake Jokulsarlén in 1945, but this
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section had retreated slowly since its maximum ex-
tent in the 1930s (F. Bjornsson, 1998; Gudmunds-
son and Evans, 2022). Aerial photographs from 1945
show that the two parallel medial moraines forming
Esjufjallarond were separated nearly all the way from
their sources to the terminus. Skalabjargarénd me-
dial moraine was about 30—-50 m wide, while Austur-
bjargardnd was close to 100 m wide. The gap be-
tween them was occupied by the Esjudalsjokull outlet
glacier of Esjufjoll

More changes have been observed in Esjufjalla-
rond than in the other medial moraines on Breida-
merkurjokull, especially in the last few decades.
Throughout the 20th century, the supraglacial debris
of Esjufjallarond remained denser and more promi-
nent on the surface of the glacier compared to re-
cent decades. The ongoing thinning of the glacier and
the increased speed of the ice being drawn down into
Jokulsérlon has attenuated the medial moraine down
the glacier. In addition to this, another kinematic
phenomenon has occurred in Breidamerkurjokull and
recorded by Esjufjallarénd (Bjornsson et al., 1999,
2001, 2003). For most of the 20th century, Esju-
fjallarond gradually migrated to the west. This sub-
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Figure 27. a) The development of the medial moraine Esjufjallarond and b) its terminus position since the early 20th century.
— a) Breyting Esjufjallarandar og b) endaméork hennar frd pvi snemma d 20. old.

tle movement has taken place almost all the way to 1. When the DGS survey was conducted in 1904, the
Mt. Esjufjoll, but the shift was greater near the termi-  entire medial moraine was east of Skimey. The DGS
nus and decreased up the glacier. (Figure 29 shows  map delineates a conspicuous curve, but it is unknown
the sequence of events. The green dot, which is the  whether or not it is a surveying error. However, this
islet Skimey, is used here as a reference mark for the  detail does not affect the shift, as that is based on the
following chronological details: position of Esjufjallardnd in 1945.
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Figure 28. Esjufjallarond: Top: The rock debris on the surface of the medial moraine. Below: The moraine terminating in
Jokulsarlén after its migration to the east between 2004 and 2016 due to the snout thinning. — Esjufjallarond: Ofar: Set d
Yfirbordi randarinnar. Nedar: Endamirk randarinnar { Jokulsarloni eftir ad hafa ferst til austurs 4 arunum 2004 til 2016
vegna jokulryrnunar. Photos:/Ljosmyndir: S.G., July 21, 2022 (left) and October 5, 2021.

2. In 1945, the western border of Esjufjallarond lay
above the eastern edge of the Skiimey.

3. In 1954, Esjufjallarond began to migrate over the
eastern side of Skumey.

4. In the 1960s (frames 1960 and 1965), Skimey was
entirely under Esjufjallarond. At that time, the glacier
terminus had retreated 2.9 km to the west of Jokulsar-
16n and calved into the lake. Skimey remained sub-
glacial, 1 km inside the terminus.

JOKULL No. 74, 2024

5. In the 1970s, Skiimey was under the middle of the
medial moraine, but only a few years later it emerged
from under the receding glacier margin. The south
coast of Skiimey was first exposed in 1976-1977, and
the glacier finally retreated from it entirely in the year
2000 (Gudmundsson et al., 2018).

6. By 1982, the Esjufjallarond had migrated >0.4 km
to the west in this area.
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Figure 29. The shift of the medial moraine, Esjufjallarond, as revealed using the reference mark of Skiimey (green dot). —
Hliorun Esjufjallarandar, verdur ljos pegar notad er viomidunarmerki, i pessu tilfelli Skiimey (greenn punktur).

Esjufjallarond’s shift extends as far as 2.5 km
south of Skalafellsbjorg, where it has remained stable.
A possible explanation is that a subglacial peak ap-
pears to control the glacial flow (Figure 30). This peak
was discovered in the RES survey in 1991 (Bjorns-
son, Palsson and Gudmundsson, 1992) and its loca-
tion is indicated by a crevassed bulge on the glacier
surface. A subglacial trench remains in the bed to the
east of the peak, extending to the rim of the offshore
shelf. The trench, along with others under Breida-
merkursandur, was excavated by previously more ex-
tensive Pleistocene glaciers but filled with river and
estuarine deposits during the Holocene. During the
Little Ice Age, Breidamerkurjokull removed this un-
consolidated sediment from the trenches (Boulton et
al., 1982; Bogadottir et al., 1986; Bjornsson, 1996,
1998b). As the glacier retreated, glacial lakes imme-
diately formed in them, the largest being Jokulsarlén,
Breidarlén, and Fjallsarlon.
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Esjufjallarond runs parallel to and above the west-
ern slope of the subglacial trench. After 2005, the
lower section of Esjufjallarond began to move back
eastwards, a consequence of rapid calving in Jokuls-
arlon and the lowering of the glacier surface above the
lake, and bed landscape diverting the flow of the now
considerably thinner ice at the current calving edge,
diverting flow eastward. Consequently, the eastern
part of the center ice flow unit began to draw down
towards the lake. As a result, the ice divide shifted to
the west from Esjufjallarond into the center ice flow
unit (Figure 30). The east ice flow unit has therefore
encroached on the eastern part of the center ice flow
unit, along with the Esjufjallarond medial moraine,
which now terminates in Jokulsarlon (Gudmundsson
and Bjornsson, 2016; Storrar et al., 2017).

Over the same period, the coalescence point
of Skdlabjargarond and Austurbjargarond gradually
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Figure 30. Subglacial topography and medial moraine development at Breidamerkurjokull: Hillshaded DEM of the glacier
bed from a RES survey (Bjornsson, Palsson and Gudmundsson, 1992) and overlaying ice surface Lidar data from 2010
(J6hannesson et al., 2011). The Esjufjallarond medial moraine is marked for 2004 (red line) and 2016 (dark gray line).
Breidamerkurjokull is semi-transparent to reveal the bed beneath it. The trench under the east flow unit is delineated with
depth contours every 20 m. Esjufjallardnd is situated above the western slope of the trench. About 2.5 km south of Skala-
fellsbjorg, the medial moraine passes over a subglacial peak, where it has not shifted. — Landslag undir Breidamerkurjokli
og framvinda hliorunar Esjufjallarandar: Hlidaskyggt heedarlikan af botni jokulsins, samkvemt issjarmeelingum (Bjorns-
son, Pdlsson og Guomundsson, 1992). Yfirbord jokulsins er samkvemt Lidar gognum frd 2010 (Johannesson o fl., 2011).
Esjufjallarond er hnitud fyrir drin 2004 (raud lina) og 2016 (dokkgrd lina). Breidamerkurjokull er hdlfgagnseer til ad jokul-
beelid sjdist. Rennan undir Austurarminum er med 20 m dyptarlinum. Esjufjallarénd er ofan vid vesturhlio rennunnar. Um
2,5 km sunnan vio Skdlafellsbjorg liggur Esjufjallarond yfir fjall { jokulbeelinu en par hefur hiin ekki hliorast.

moved further north towards Esjufjoll, above the climatic changes. Since 1995, these small outlets

aforementioned subglacial peak, and simultaneously
shifted to the west (Figure 31). This movement can
be linked to the progressive recession of glaciers on
Mt. Esjufjoll. There remain five steep valley glaciers
(Table 1) with independent but small accumulation
areas. The small area of accumulation and rapid
ice movement mean that they respond quickly to
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have receded rapidly. As an example, the terminus
of Fossadalsjokull, a 6.6 km-long glacier occupying
the Fossadalur valley in Mt. Esjufjoll, converged with
an ice flow unit from Snazhettudalur. It began to
break up rapidly after 1995 and subsequently formed
the proglacial lake Fossadalslén in just a few years.
About 25 years later, the glacier tongue had retreated
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Figure 31. The shift of the Esjufjallarond medial
moraine and the coalescing point of the Skalabjarga-
rond and Austurbjargardond on a 6 km long section,
1904-2020. — Hlidrun Esjufjallarandar og samruna-
punkts Skdlabjarga- og Austurbjargaranda d 6 km
longum kafla sudaustan vid Skdlabjorg i Esjufjollum
d drunum 1904 til 2020.
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by 4.6 km. A similar sequence of events can be
traced on all these glaciers. Three of them, Esjudals-
jokull, Austurbjargajokull and Flekksjokull, moved a
short distance alongside Breidamerkurjokull. Esju-
dalsjokull is the largest glacier/ice flow unit and the
only one that reached the terminus of Breidamerkur-
jokull, which it no longer does. In the middle of the
20th century, Esjudalsjokull separated the two main
medial moraines in a 100 m wide gap down to the ter-
minus. The gap had disappeared in the first decade of
the 21st century, and the coalescence point moved to
the north by almost 1.5 km. As the glacier tongues in
Esjufjoll have receded, Austurbjargardnd has shifted
west, because the east ice flow unit of Breidamerkur-
jokull transports much more ice mass from Vatna-
jokull than the center ice flow unit.

Veourdrrond and Urdadalsjokull

The Vedurdrrond terminal moraine skirts the junc-
tion of Svoludalsjokull in the remote Vedurardalsfjoll
massif and Breidamerkurjokull, in a 3.5 km-long arc
(Figure 32). The place name first appears on the DGS
map, suggesting that the Danish surveyors who mea-
sured here in 1904 identified it as such. It is an ice-
cored end moraine (controlled moraine, sensu Evans,
2009) interwoven with lateral hummocky moraines
on both sides of the Svoludalsjokull outlet, forming
a 5.6 km long complex. The surface is covered with
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a layer of fragmented rock debris. It is uniform and
rounded in cross-section but steeper on the proximal
side, facing Svoludalur. The moraine is currently
about 25-35 m higher than the ice surface on both
sides. The DGS map indicates it was about 20 m
above the ice surface in 1904, slightly lower than its
state after the mid-20th century.

According to the DGS map, the arc-like end
moraine was 3 km long but included a smaller bend in
its form. The probable reason is the resistance of the
Breidamerkurjokull margin, which was also thicker
at that time. The moraine was 400-700 m further
south in the mouth of the valley than later (Figure
32). It was about 50 m wide but is currently 170-
200 m wide. The DGS map indicates the elevation of
Vedurarrond to be 824 m in 1904. In 1945, that sec-
tion of the moraine was at an altitude of 800 m, but
it had dropped to 700 m in 2010. The moraine and
the entire glacier surface have therefore dropped by
120 m since the beginning of the 20th century: 20 m
from 1904-1945 and 100 m between 1945-2010. In
1945, Vedurarrond had advanced north of the mouth
of Svoludalur and was located not far from its cur-
rent location (Figure 32). Since then, the curved end
moraine has moved about 0.5 km further to the west
and 0.3 km to the north but has remained unchanged
below Mt. Snafell.
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Figure 32. The Vedurarrond complex and the Urdadalsjokull medial moraines south of Mt. Eyjélfsfjall. — Vedurdrrond og

urdarranarnir, d Urdadalsjokli, sunnan vio Eyjolfsfjall.

The glacier between Mt. Eyj6lfsfjall and Mt. Snae-
fell, previously identified as Urdadalsjokull, main-
tained a similar thickness for several decades in the
20th century because it was supported by a secondary
glacier flowing from Breidabunga, over the mountain
ridge connecting to Eyjolfsfjall and into the valley.
However, the ice mass influx has gradually decreased,
and Urdadalsjokull began to recede in the second half
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of the 20th century for that reason. When the sup-
porting glacier stops feeding the Urdadalsjokull out-
let, the entire glacier surface in Urdadalur valley will
be below the equilibrium line altitude (ELA) and in
the ablation zone.

Urdadalsjokull is composed of three narrow ice
flow units, resulting in two medial moraines and an
ice-cored lateral moraine that curves like an end
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moraine and converges with the confluence with
Breidamerkurjokull (Figure 32b). The DGS map and
a photograph taken by the Dane Daniel Bruun from
above Vedurardalsfjoll in 1904 confirm that these me-
dial moraines were located 800 m further east in the
valley than now, due to the dominance of Breida-
merkurjokull. At that time, the ice surface was less
steep and at a higher altitude. The length of the north-
ern medial moraine was about 1.5-2 km, at an ele-
vation of 840-870 m. It curved slightly to the north,
towards Eyjoélfsfjall. On the southern medial moraine,
the Danish surveyors measured its altitude at 828 m.

In 1945, the medial moraines had shifted 0.3—
0.4 km to the southwest down the valley, but the
glacier surface was still at the same height as 55 years
earlier (Figure 32b). The longer northern moraine had
been modified into an even greater curve, extending
to the lateral moraine of Eyjélfsfjall. In 2021, the
moraines had moved an additional 0.4 km, but their
altitude had dropped by 120 m since 1904.

Changes and displacements of the medial
moraines in Breidamerkurjokull are presented in
Table 6. The origin and length of the moraines are es-
timated from the DGS map (1904) or AMS aerial pho-
tographs (1945), compared with the length in 2021.
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DISCUSSION

The historical emergence and evolution of Breida-
merkurjokull’s nunataks and medial moraines

The impact of the current climate on the glaciers of
southeast Iceland has been widely charted as a pattern
of accelerating snout recession (e.g. Bjornsson et al.,
1992; Evans et al, 2019; Gudmundsson and Evans,
2022; Pélson, 2023). The concomitant emergence
and enlargement of nunataks and medial moraines, as
well as the displacement of medial moraines in re-
sponse to changing ice flow patterns, is significantly
less well documented (e.g. Gudmundsson and Bjorns-
son, 2016; Storrar et al., 2017). The assessment of
the retreat of the Breidamerkurjokull terminus and
ice surface lowering in particular is based on mea-
surements and analyses of various data sources dat-
ing back to 1890 (Bjornsson, Pdlsson and Gudmunds-
son, 1992; Gudmundsson and Evans, 2022; Palson,
2023). In summary, Breidamerkurjokull reached its
maximum extent around 1870-1880 and its terminus
occupied that position more or less passively over the
next few decades while downwasting. After 1890, it
began to retreat slowly on both sides at Esjufjalla-
rond (F. Bjornsson, 1998; Gudmundsson and Evans,
2022). The nunatak Karasker first emerged in the late
1930s, followed by the Bredrasker nunatak in 1960
and Nyrdra-Nupasker in the 1970s. Since the begin-
ning of the 21st century, numerous nunataks have ap-

Table 6. The medial
moraines of Breidamerk-
urjokull and their dis-
placements since the
turn of the 20th century.
— Hliorun d urdoarronum
Breioamerkurjokuls  frd
byrjun 20. aldar.
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peared: Marfusker (2000), Sydra-Nupasker (2006),
Systrasker (2008), Grannasker (2010), and Hrafna-
kambur, and Grj6thofdi in 2016.

Due to the glaciological complexity of Breida-
merkurjokull, the impact of glacier recession is man-
ifested not only in a retreating terminus and ice sur-
face lowering. The different fluxes and vigour of
the main ice flow units, as well as the recession
of the smaller tributary glaciers are reflected in the
development and migration of the medial moraines.
Furthermore, valley glaciers in the Mt. Esjufjoll and
Vedurardalsfjoll massif have thinned and retreated
rapidly in the last decades. Several are still conflu-
ent with the center or the east ice flow units, but
their surface lowering reflects the reduced ice flux.
As the Breidamerkurjokull snout draws back, the co-
alescence points of the medial moraines migrate up
glacier. Glacier tongues in Innri-Vedurardalur and
Fossadalur in Mt. Esjufjoll have become detached,
and consequently glacier-dammed lakes have formed,
which are potential jokulhlaup sources.

Ongoing ice thinning has resulted in some exam-
ples of significant medial moraine migration where
smaller tributary ice flow units have been moved lat-
erally by the main glacier and their trunk has nar-
rowed as a consequence. For example, Saumhoggs-
jokull (Figure 17), the westernmost tributary glacier
of the Breidamerkurjokull complex, has narrowed and
its medial moraine with Heljargnipujokull has mi-
grated southward by 140m, intensifying in recent
decades. A similar displacement of over 100 m has
occurred over the same time period on the upper sec-
tion of the Breidarrond medial moraine, on the other
side of Heljargnypujokull (Figure 18). In contrast,
the lower section of Breidarrond has remained rela-
tively stable, indicating a more balanced ice mass flow
on either side of it. However, the Systrasker medial
moraine has gradually migrated closer to Breidarrond,
as a result of the recession of the glacier flow unit be-
tween Marfusker and Systrasker. The 1904 map shows
the two medial moraines separated by more than 1 km
at the terminus; in 1945, the distance between them
was 0.6km, 0.5km in 1973, and 0.3 km in 2010. The
Systrasker medial moraine shifted up to 160 m to-
wards the southwest between 1973 and 2021. This
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indicates that the stability of medial moraines during
overall ice recession, and hence their accumulation as
an unbroken linear feature on deglaciated forelands
(e.g. Eyles and Rogerson, 1978; Levson and Rutter,
1989; Evans and Twigg, 2002; Ballantyne and Daw-
son, 2019), is not always guaranteed. Moreover, the
displacement of medial moraines gives rise to gen-
tly inclined or even folded englacial debris banding,
which produces longitudinal foliation and later melts
out as a supraglacial veneer often with weakly defined
linearity (Jennings and Hambrey, 2021).

Even on deglaciated forelands, medial moraine
alignments can record shifts in ice flow unit dom-
inance over time. For example, the Mdavabyggda-
rond medial moraine exhibited westward displace-
ment in its upper section, a migration of the Braedra-
skersrond and Karaskersrond coalescence point, and
a shift in its orientation on the foreland in the first
half of the 20th century. At that time, Madvabyggda-
rond terminated where Héalfd4naralda is located (Fig-
ure 23). The DGS map shows the lower section of
the medial moraine heading north, with a conspicuous
curve to the north-northwest, about 4.3 km above the
snout margin. In the mid-20th century, Mdvabyggda-
rond terminated about 1.7 km north of Halfddnaralda,
still curving to the north-northwest about 1 km up
glacier of the terminus. The medial moraine has left
traces on the foreland indicating that the direction of
Mavabyggdarond at the snout terminus shifted by 34°
from 1904 until the middle of the 20th century. In
1945, the Breedraskersrond and Karaskersrond coa-
lesced just above the terminus, but the coalescence
point had moved >6.5 km higher on the glacier in 76
years. The medial moraines have also shifted 0.25 and
0.5 km to the west, respectively. The retreat and the
migration of the coalescence point are signs of a re-
duced supply of ice in a limited area south and east
of Mt. Mavabyggdir. At that location, the glacier sur-
face, which was previously in the accumulation zone
in the early 20th century, has since lowered signifi-
cantly and is now below the ELA. As a result, the
massive center flow unit has moved the Kéraskersrénd
towards the west while simultaneously being shifted
by the east flow unit, which transports the largest ice
mass in the Breidamerkurjokull complex.
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The westward migration of the Esjufjallarond me-
dial moraine in the 20th century is linked to the re-
duction of the center flow unit and smaller glaciers
on Mt. Esjufjoll. AMS aerial photographs from
1945 confirm that Esjudalsjokull separated the medial
moraines of Skalabjargarénd and Austurbjargardnd
almost all the way to the terminus. Between 1904 and
1982, Esjufjallarond migrated at least 0.4 km west-
ward. Simultaneously, the teminus of the center flow
decreased from 4.8 km in 1904, to 4.1km in 1945,
3.7km in 1973 and 3.1km in 2010. This indicates
that the greater ice mass transport from the east flow
unit shifted the whole center flow unit. The impact is
clearer when examining the upper sections of Skdla-
bjargarénd and Austurbjargarond medial moraines.
The rapid retreat of small, highly responsive valley
glaciers in Esjufjoll led to the east flow unit moving
into the vacated space by 0.5-1.5km in the valley
east of Esjufjoll. Consequently, with Esjudalsjokull
receding, like other glaciers in Mt. Esjufjoll, the coa-
lescence points of Skalabjargarond and Austurbjarga-
rond have migrated >13 km closer to Esjufjoll.

In addition to changing dominance in ice flow
units, medial moraine migration may increasingly be
driven by ice margin flow patterns. For example, the
sudden eastward shift of Esjufjallarond is attributed to
rapid calving and ice surface lowering above Jokuls-
arlén, which caused a large segment of Breidamerkur-
jokull to draw down towards the lake. The east-
ern section of the center flow unit and Esjufjallardnd
both moved into the depression as a result and con-
sequently, the ice divide, once marked by Esjufjalla-
rond, has shifted west into the center flow unit (Gud-
mundsson and Bjornsson, 2016).

CONCLUSIONS

We have utilized a DEM from LiDAR survey in 2010,
a DEM derived form optical images from the Pleiades
satellite in 2021, a DEM acquired from the 1991 pre-
cision barometric survey, and derived DEMs refer-
enced to 1890 and 1945 to assess surface changes
at selected nunataks in Breidamerkurjokull, a mari-
time active temperate outlet glacier of Vatnajokull in
Southeast Iceland. This has facilitated the charting of
the glacier surface elevation at the end of the 19th cen-
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tury through the mid-20th century. Throughout this
period, Landsat satellite images, aerial photographs,
maps, written documents, and field studies have been
employed to track the evolution of the prominent me-
dial moraines of the glacier, thereby constituing a
modern analogue of such medial moraine develop-
ment on thinning ice caps more generally.

The nunataks are situated at different altitudes and
were submerged by various depths of ice at the end of
the 19th century. The ice surface lowering at their re-
spective locations aligns well with the overall glacier
surface development, particularly where topographi-
cal features like mountain ridges or other glaciers do
not impede observations. The most substantial sur-
face lowering occurs at lower altitudes. We presume
a minor surface decline at elevations above 1800 m.
The average annual glacier surface lowering since the
end of the 19th century at an elevation of 1490 m is
estimated to be -0.11 m/year, indicating a surface low-
ering of ~14 m over the period. This trend is consis-
tent with a surface lowering of: ~92 m at a rate of
-0.70 m/year at 1000 m altitude; ~157 m at a rate of
-1.2 m/year at an altitude of 600 m; and of -292 m at
arate of -2.23 m/year at a height of 100 m.

Any deviations from these overall trends are lo-
calised. For example, the surface of Urdadalsjokull,
south of Mt. Eyjolfsfjall, remained more or less at
the same elevation until the mid-20th century, be-
cause an extraneous glacier flow unit originating in
the glaciated Mt. Breidabunga nourished the glacier.
Along with the thinning of this feeder glacier, the sur-
face of Urdadalsjokull has lowered extremely rapidly
since the mid-20th century.

The development and movement of the me-
dial moraines on Breidamerkurjokull reflect changing
glacier dynamics during recession, especially higher
up in the glacier. The majority of the medial moraines
have migrated or been dislocated at different magni-
tudes and rates since the turn of the 20th century. In
general, the shift is oriented towards the west, and its
impact is greater on the east side of the glacier than
the west. The greatest shift occurred on Esjufjalla-
rond, likely due to the recession of the glaciers west
of the east flow unit; these glaciers transport less mass
from their accumulation areas and consequently do
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not impact substantially on the east flow unit. The
development in the 20th century of the gradual, west-
ward shift of about 0.8 km in the lower section of the
medial moraine is strongly related to the recession of
the center flow unit, the westward shift in the upper
section, and the migration of the coalescence point of
the two main medial moraines that form Esjufjalla-
rond in response to the rapid retreat of Esjudalsjokull
in Mt. Esjufjoll. In contrast, after 2004, the rapid calv-
ing and ice surface lowering above Jokulsarlon re-
sulted in Esjufjallardnd shifting to the east, where it
currently terminates in Jokulsarlén. This event is un-
related to the earlier shift of the medial moraine to the
west and hence is an excellent illustration of the role
of subglacial topography on ice flow unit dynamics
and medial moraine migration over short timescales.
Much more ice mass is transported from the Vatna-
jokull basin, east of Mt. Esjufjoll, than from the accu-
mulation areas of Snahettudalur (the center flow unit)
and Orzfajokull (the west flow unit). Consequently,
glacier recession and variable mass fluxes between ice
flow units has resulted in the center flow unit migrat-
ing westward, as reflected in the shift of Esjufjalla-
rond and Mavabyggdarond.

The Breidamerkurjokull medial moraines are of
the Eyles and Rogerson (1978) ISI and AD types. A
temporal evolution of the AD medial moraine types
appears to involve first the development of AD3,
where debris is elevated from the bed in the lee of
ice-covered rock knobs, followed by the emergence
of AD1 once glacier thinning causes the rock knobs
to form nunataks. Historical lateral migration, due to
changing dominance of ice flow units, also appears to
be affecting medial moraine construction at Breida-
merkurjokull, suggesting that their accumulation as
an unbroken linear feature on the deglaciated foreland
is not necessarily guaranteed. This is because medial
moraine displacement gives rise to gently inclined or
even folded englacial debris banding, which in turn
produces longitudinal foliation that later melts out as
a supraglacial veneer with weakly defined linearity.
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Jokulsker og urdarranar i Breidamerkurjokli

Breidamerkurjokull, einn skridjokla Vatnajokuls, hef-
ur ryrnad og hopad umtalsvert sidan hann nadi ségu-
legri hamarksstaerd nalegt lokum 19. aldar. Pegar yfir-
bordshadin for ad lekka téku jokulsker ad stinga kolli
upp ur isnum, sérstaklega 4 sidustu dratugum. Fyrsta
skerid kom { 1j6s 4 milli 1936 og 1940 en sidan hafa
atta onnur sker birst { joklinum. Nyleg Lidar landlikon
og ymis afleidd gégn gera mogulegt ad dztla breyt-
ingar 4 yfirbordsh®d og rimmadli jokulsins frd peim
tima ad hann var { himarksstodu. I pessari grein kynn-
um vid mat 4 hve pykkur jokull 14 yfir pessum jok-
ulskerjum og detlum yfirbordslekkunina i nokkrum
milliskeidum yfir ~130 dra timabil. Asamt pvi rekj-
um vid framvinduna 4 {syfirbordinu vid pau til pess ad
gera hverju jokulskeri soguleg skil.

Jokulskerin eru stadsett dreift { joklinum og { mis-
munandi had. Pau voru 4 kafi { mispykkum {s {
lok 19. aldar. Yfirbordslaekkun jokulsins yfir peim er {
samraemi vid jokulheildina, sérstaklega par sem fjalls-
hryggir eda adrar hindranir trufla ekki fledid. Haedar-
breytingar 1 kringum jokulsker 4 midhluta leysingar-
svadisins syna ad {sfledi batir upp um helming leekk-
unarinnar vegna neikvedrar afkomu (allt ad 40 m fra
2000 til 2022). Mesta yfirbordslekkun er vid spord-
inn en minnkar upp jokulinn. Vid gerum rad fyrir lit-
illi yfirbordslekkun { meira en 1800 m had yfir sjo.
Yfirbordslekkun fra lokum 19. aldar i 1490 m had
er metin 0,11 m/ari ad medaltali eda 14 m 4 timabil-
inu. T 1000 m hzd lzekkadi jokullinn um 92 m eda um
0,70 m/ari, 1 600 m had um 157 m eda 1,2 m/ari ad
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medaltali; og 1 100 m hed nam lekkunin 292 m eda
2,23 m/ari, ad medaltali.

Breidamerkurjokull er myndadur af premur meg-
indrmum sem eiga uppruna { misstérum safnsvedum
4 Vatnajokli. Fré jokulskerjum og fjollum i Breida-
merkurjokli liggja urdarranar, eda ,,rendur®, nidur 4
spord. Rendurnar myndast pegar joklar rjifa bergmol
ur hlidum fjalla, eda skridugrjot safnast 4 isjadrana.
Undir fjallshlidum geta myndast jadarurdir en pegar
joklar skrida badum megin vid jokulsker metist berg-
mol frd baAdum hlidum og rennur { staka urdarrana hlé-
megin. Slikir urdarranar marka mét adskildra jokul-
strauma og nefnast midrond. Urdarranar eiga einnig
uppruna { fjallskollum sem eru enn 4 kafi { {s.

Flokkunarkerfi Eyles og Rogerson (1978) er vida
notad til ad greina urdarrana. Samkvemt pvi mynd-
ast urdarranar 4 BreiGamerkurjokli par sem jokulrein-
ar renna saman (IST gerd) og leysing er rikjandi patt-
ur (gerdir AD1 og AD3). Timabundin framvinda AD
urdarrana 4 Breidamerkurjokli fellur liklega i AD3-
gerd, par sem bergmol berst frd botninum hlémegin
vid bergkolla undir joklinum pegar jokulstraumarn-
ir sameinast (t.d. Vere og Benn, 1989). Ryrnun jok-
ulsins veldur pvi ad slikir bergkollar verda med tim-
anum jokulsker og par med myndast AD1-urdarrani
hlémegin vid pa, par sem bergmol berst inn { mjog
sprunginn {s og kemur sidan { 1jés nedar 4 joklinum
vegna leysingar.

Kortlagning 4 legu urdarrananna allt fr4 byrjun 20.
aldar endurspeglar ekki adeins hreyfingu Breidamerk-
urjokuls heldur innbyrdis alagskrafta stéru jokular-
manna. Nidurstodur syna jafnframt ad vidbrogd jokla
vegna loftslagshlynunar birtast ekki einungis 4 horf-
andi spordi og leekkandi jokulyfirbordi heldur einnig
i pvi ad mismikid fledi jokularmanna fra safnsvaed-
unum veldur aflogun og hlidrun urdarrana. Sérstak-
lega hafa urdarranar { austanverdum Breidamerkur-
jokli hlidrast til en aflégun veri® minni 4 vesturhluta
hans. M4 vera ad hlidrun Esjufjallarandar, sem er
lengsti urdarraninn 4 Breidamerkurjokli, stafi af ryrn-
un midarms Breidamerkurjokuls 4 20. 61d.
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