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Modelling the 20" century and future evolution of Hoffellsjokull,
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Finnur Palsson® and Sven b. Sigurdsson®
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ABSTRACT

During the Little Ice Age the maximum extent of glaciers in Iceland was reached about 1890
AD and during the 20" century most of the glaciers have been retreating. Radio-echo
sounding measurements from Hoffellsjokull, a south-eastern outlet glacier of Vatnajokull ice
cap, were performed in 2001 and surface mass balance measurements were done. The
measured bedrock topography reveals that during the Little Ice Age advance, from about
1600-1900 AD, the glacier excavated about 1.6 km?® deep trench over an area of 11 km?. This
trench is 300 m below sea level where it is the deepest and is now emerging as a lake in front
of the glacier as it retreats. Maximum thickness of the glacier is measured 560 m. The area of
the glacier at maximum extent was 234 km? it retreated to 227 km? by 1936, and to 212 km?
in 2001, or 10% during the 20™ century. The volume reduction during same period is about
20%. The present mass balance and climate conditions are similar to those observed during a
Swedish-Icelandic expedition 1936-1938, about -0.5 m ™.

Figure 1  Surface topography of Vatnajokull ice cap on the south-east coast of Iceland. The
red circle indicates the modelled area, including Hoffellsjékull and neighbouring
outlet glaciers.

Adalgeirsdottir and others 1
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Figure 1. Wavelet coherence between the different ions in Lomonosovfonna and
Holtedahlfonna. The top row are from left to right for Cl, NOs, SO, middle row,
MSA, NH; K, bottom row Ca, Mg, Na. The arrows pointing to the right indicate
in-phase relationships between the 2 sites.
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Figure 2 Residual plots (left: Holtedahlfonna, right: Lomonosovfonna) from 2 regression
models (Empirical, Expected) when the chemistry data are interpolated to yearly
values. The dots in the upper two plots are each of the 50 models that run for
each sample. The upper and lower lines are 95% and 99% significance levels. The
Holtedahlfonna plot has good similarities with known major eruptions spikes on
Lomonosovfonna.

13 Dating of Holtedahlfonna ice cap
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ABSTRACT

This study reveals the glaciotectonic architecture and structural evolution of the
Eyjabakkajokull 1890 surge end moraines in Iceland. Based on morphological, geological and
geophysical data from terrain cross-profiles, cross-sections and ground penetrating radar
profiles, we demonstrate that three different conceptual models are required to explain the
genesis of the Eyjabakkajokull moraines. Firstly, a narrow, single crested moraine ridge at the
distal end of a marginal sediment wedge formed in response to decoupling of the subglacial
sediment from the bedrock and associated down-glacier sediment transport. Secondly, large
lobate end-moraine ridges with multiple, closely spaced, narrow asymmetric crests formed by
proglacial piggy-back thrusting. Thirdly, a new model shows that moraine ridges with
different morphologies may reflect different members of an end-moraine continuum. This is
true for the eastern and western parts of the Eyjabakkajokull moraines as they show similar
morphological and structural styles which developed to different degrees. The former
represents an intermediate member with décollement at 4-5 m depth and 27-33% shortening
through multiple open anticlines that are reflected as moderately spaced symmetric crests on
the surface. The latter represents an end member with décollement at about 27 m depth and
39% horizontal shortening through multiple high amplitude, overturned and overthrusted
anticlines, appearing as broadly spaced symmetric crests. We propose that the opposite end
member would be a moraine of multiple symmetric, wide open anticlinal crests of low
amplitude. Our data suggest that the glacier coupled to the foreland to initiate the end-moraine
formation when it had surged to within 70-190 m of its terminal position. This indicates a
time frame of 2-6 days for the formation of the end moraines.
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ABSTRACT

The aim of the project is to investigate the glacial history and surge dynamics of Malajokull, a
southern surge-type piedmont outlet of the Hofsjokull ice cap in central Iceland. Mulajokull
descends through a 2 km wide trough and spreads out on the bjorséarver plain with a 12 km
long margin. Its surge history is known back to 1924 with surges occurring on average every
10 years, the last surge being in 1992. At present, the glacier has a steep gradient (10-12°) in
the marginal ~1 km but levels out above (1-3°). The forefield is characterized by a number of
end-moraine ridges, drumlins, crevasse-fill ridges, lakes and small outwash fans. The
drumlins are juxtaposed across the forefield forming a drumlin field on which the other
landforms are superimposed. Annual moraines were observed in front of the present margin in
the NE and SW part of the forefield.

The first field season took place in the summer 2009 with two weeks of fieldwork in the
forefield of Mulajokull. Five main tasks were set for the first season: 1) To establish a net of
ground control points with a DGPS in order to orthorectify a series of aerial photogaphs from
1945-2000 and produce digital elevation models that will be used for quantifying sediment
transport, dead-ice melting and other changes related to the Mulajokll surges; 2) to investigate
the stratigraphy of the forefield in order to identify surge-related sedimentary units and to gain
insight into the surge history; 3) to examine the geometry and sedimentary composition of the
drumlins; 4) to investigate the internal architecture of the end moraines; and 5) to document
the situation and ongoing processes at the glacier margin.

The stratigraphy in the forefield is dominated by till layers which are differentiated on the
basis of their sedimentary properties, such as grain size, matrix composition, clast content,
and deformation structures. Stratigraphical investigations revealed 4 different tills where each
till is thought to represent one surge. This is especially clear on either side of the 1992 end
moraine where an extra till was found at the surface proximal to the moraine.

The drumlin field is formed by juxtaposed drumlins across the entire forefield. The drumlins
are 5-10 m high separated by glacial lakes, streams or outwash fans. Investigation of the
interior of the drumlins showed that they are made of at least 4-5 till units, indicating that the
drumlins are formed by till deposition during repeated surges. Drumlin fields are commonly
described from Pleistocene ice sheets (e.g. the New York drumlin field of the Laurentide ice
sheet) but have rarely been reported from modern glaciers. Therefore, the drumlin field at
Mdalajokull provides an ideal opportunity to study the origin of drumlin fields, and thereby
serves as an analogue to Pleistocene drumlin fields.

The outermost end moraine, known as Arnarfellsmdlar, is 5-10 m high and ~100 m wide. It
usually has a steep proximal slope and a gently sloping foreslope. The moraine consists of a
sequence of loess, peat and tephra that is draped by, and interfingered with, basal till on the
proximal slope. The end-moraine architecture is dominated by multiple narrow and
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overturned anticlines and shear zones in the proximal and central parts, but inclined and open
anticlines in the distal part. This indicates high ice-marginal stresses during the formation of
the moraine and is compatible with other surge moraines in Iceland.

Observations at the present ice margin revealed a prominent and newly developed end
moraine and a series of annual moraines. The end moraine was ~5 m high with the toe of the
glacier standing on its crest in some places, but at the foot of the proximal slope in other
places due to the summer melting. Although mainly single-crested, the moraine had several
minor asymmetric ridges on the crest and the foreslope, indicating thrusting as the principal
style of deformation. Thus, the moraine is thought to represent a recent advance of
Mulajokull, possibly a small surge. The annual moraines were observed within ~200 m from
the ice margin in the NE and SW parts of the forefield. Counting of these moraines on the
ground, from terrain-cross profiles and oblique aerial photographs showed 10-12 moraines
with 5-20 m spacing, indicating small winter re-advances during an overall retreat of the
margin in the past 10-12 years. Annual moraines are very unusual at surge-type glaciers as
movement in the marginal zone tends to be negligible after a surge. Thus, the question arises
whether for 10-12 years ago the glacier switched from being a surge-type glacier with
negligible motion between surges to be a non-surging glacier with steady annual flow and
winter re-advances. Further investigation of past years’ behaviour is needed for answering
that question.

Future work at Mulajokull will be directed towards: a) further documentation of the general
stratigraphy in the area; b) mapping of the drumlin field, drumlin geometry and sedimentary
composition; ¢) quantifying the sediment volumes re-distributed by the previous surges and,;
d) sediment coring in lakes and peat bogs on the pPjérsarver plain in order to document the
environmental history of the area.

Figure 1  Left: The Mulajokull piedmont lobe viewed from the south. Note the drumlin
field with lakes between the drumlins. Right: View from the NE across the
Mulajokull forefield. Note the profile of the glacier front, the annual moraines and
1992 surge moraines at the bottom of the photo. Dark linear feature along the
margin is the newly formed moraine.
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ABSTRACT

Over the last 50 years, retreating glaciers and ice caps (GIC) contributed 0.5 mm/yr to SLR,
and one third is believed to originate from ice masses bordering the Gulf of Alaska. However,
these estimates of ice wastage in Alaska are based on methods that directly measure a limited
number of glaciers and extrapolate the results to estimate ice loss for the many thousands of
others. Here, using a comprehensive glacier inventory with elevation changes derived from
sequential digital elevation models (DEMs), we found that, between 1962 and 2006, Alaskan
glaciers lost 41.9 + 8.6 km*/yr water equivalent (w.e.) and contributed 0.12 + 0.02 mm/yr to
SLR. Our estimate of the ice loss is 34% lower than previous estimates. Reasons for our lower
values include the higher spatial resolution of the glacier inventory used in our study and the
complex pattern of ice elevation changes at the scale of individual glaciers and mountain
ranges which was not resolved in earlier work. Estimates of mass loss from GIC in other
mountain regions could be subject to similar revisions.
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ABSTRACT

Systematic studies of surging glaciers in Iceland and elsewhere over the past decades have
greatly increased our understanding of surging glacier behaviour. Most studies have focussed
on surging behaviour of large outlet glaciers, whereas comprehensive studies of small cirque
glaciers have been lacking. In consequence, small surging cirque glaciers in Iceland have
hitherto not been thoroughly studied. The three surging cirque glaciers known in Iceland are
situated at Trollaskagi peninsula, a high mountainous area in Northern Iceland. Two of the
glaciers, Burfellsjokull and Teigarjokull, are located in cirques located 800-1100m a.s.l.,
which are surrounded by 1200-1300m high shading mountains.

Monitoring of the 2001 — 2004 surge in Burfellsjokull generated some new data that can
improve the understanding of small surging cirque glacier behaviour in Iceland. Data that
includes photographs, observations on surface and frontal changes as well as measurements of
the frontal advance were collected during the surge. The geographical software ArcGis was
used to compare GPS measurements of the glacier surface with DEM (digital elevation
model) and areal photographs to identify ice volume and mass transition of the surge.

Even though we were first aware that the surge had started in late winter of 2000-2001, we
can not exclude that it started up to a year earlier. During the winter 2000-2001 a remarkable
formation of crevasses in the glacier was noticed. In addition it was noticed late in the
summer of 2001 that a major bergschrund was forming along the mountain slopes near the
head of the glacier. Until the summer of 2003 numerous new crevasses formed and the
surface morphology of the glacier became rough and broken. During the late summer 2003
the glacier was impassable because of its heavily crevassed surface. At that time the surge
bulge was pressing to the glacier front and the margin had started to advance. The main
advance occurred between late summer 2003 and the summer of 2004, when the glacial front
flattened out as it advanced 150 — 250 m. A glacial melt water outburst marked the
termination of the surge, as the ice front only moved 10 - 30 meters in the weeks following
the flood.

Remote sensing and observation data on the surge of Buarfellsjokull 2001-2004 have increased
our understanding of surging cirque glacier behaviour. Small cirque glaciers (0,5 km? - 2 km?)
show behaviour that is comparable to surge behaviour of the large surge glaciers in Iceland
(which can be 10’s to 100’s of km?). The melt water outburst that marked the termination of
the surge suggests that a relatively large volume of water was stored under the glacier, and it
was squeezed out when the surge stopped and the glacier settled down. An active surge phase
lasting at least four years is very interesting compared to the much shorter surging phase of
the large Vatnajokull surging glaciers. This difference is considered to be a consequence of a
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combination of relatively cold climate in the high (>1000 m) mountains of Trollaskagi and the
thin and small cirque glaciers occurring on the peninsula. This can suggest an intermediate
class of surging glaciers, between the polythermal surging glaciers in Svalbard (with a surge
phase of 4 — 10 years) and temperate glaciers of Iceland (with a surge phase lasting 1 — 2
years).

Figure 1 ~ Small surging cirque glaciers at Trollaskagi peninsula, Teigarjokull to left and
Burfellsjokull to right.

Figure 2  Early in the surge phase of Burfellsjokull numerous crevasses were forming near
the head of the glacier, especially along the mountain slopes.

20 Character of surge activity in small cirque glaciers at Trollaskagi, Northern Iceland
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ABSTRACT

Surging glaciers leave specific landforms and sediment accumulations that generate particular
geomorphological settings. Characteristics of surging glacier environments have been
described by a process-form landsystem model, based primarily on the surge morphology and
sediments at Bruarjokull, Iceland. The surging glacier landsystem model works well for the
large outlet glaciers of Vatnajokull, but does not readily explain patterns of erosion,
sedimentation and morphology at surging cirque glaciers. Three surging cirque glaciers are
known at the Troéllaskagi peninsula in North Iceland. By mapping the geomorphological and
sedimentological environment of two surging glaciers at Trollaskagi, Burfellsjokull and
Teigarjokull, we aimed to develop a new landsystem model for small surging cirque glaciers.

The area was mapped during two summer fieldwork periods. Sediments, moraines and other
landforms in front of the glaciers were described and interpreted. The non-surging
Deildarjokull glacier in Svarfadardalur, at Trollaskagi peninsula, was also studied for
comparing geomorphological environments of surging and non-surging cirque glaciers. The
geographical software ArcGis was used for mapping and remote sensing.

High grade of frost weathering and rock fall on the glaciers from the mountains make coarse
and angular sediments prominent around the glaciers. Finer material (clay, silt and sand) is
limited in the area. GPS measurements show a very slow ice-flow velocity during the
quiescent phase, only few meters in a year. Consequently, rock-fall debris accumulates in the
accumulation area of the glaciers during the quiescent phase. When the glaciers surge, this
material is transported englacially and supraglacially to the marginal (ablation) zone where it
forms a debris cover over a melting stagnant ice and subglacially deposited sediments.
Occurrences of course-grained hummocky moraines and terminal moraines in front of the
surging cirque glaciers are results of the accumulation of rock-fall sediments during the
quiescent phase and short transport distance during the surge phase. In general, landforms
such as flutes and crevasse ridges are considered to be typical for surging glaciers. However,
they are rare in the Trollaskagi surging glacier landsystem. Likewise, concertina eskers,
typical for the large surging glacier environments, are lacking in front of the Trollaskagi
surging cirque glaciers.

A new landsystem model was developed for the small surging cirque glaciers at Trollaskagi,
to highlight and explain the uniqueness of their geomorphological environment. The model is
based on the surging glacier landsystem model of Evans and Rea (2003), but modified in
accordance with field observations from Bdarfellsjokull and Teigarjokull. The model will be
tested in a near-future survey of the more than 150 cirque and valley glaciers at Trollaskagi
peninsula.
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