
doi:10.1144/SP344.9 
 2010; v. 344; p. 89-102 Geological Society, London, Special Publications

 
Luke D. Trusel, R. D. Powell, R. M. Cumpston and J. Brigham-Grette 
 

 Kongsfjorden, Svalbard
Kronebreen and Kongsvegen polythermal tidewater glaciers, 
Modern glacimarine processes and potential future behaviour of
 

 Geological Society, London, Special Publications

 service
Email alerting

article 
 to receive free email alerts when new articles cite thisclick here

 request
Permission  to seek permission to re-use all or part of this article click here

 Subscribe
Publications or the Lyell Collection 

 to subscribe to Geological Society, London, Specialclick here

 Notes   

 Downloaded by on 17 November 2010 

London 
© 2010 Geological Society of

http://sp.lyellcollection.org/cgi/alerts
http://www.geolsoc.org.uk/gsl/publications/page417.html
http://sp.lyellcollection.org/subscriptions


Modern glacimarine processes and potential future behaviour

of Kronebreen and Kongsvegen polythermal tidewater glaciers,

Kongsfjorden, Svalbard

LUKE D. TRUSEL1,2*, R. D. POWELL1, R. M. CUMPSTON1 & J. BRIGHAM-GRETTE3

1Analytical Center for Climate and Environmental Change, Department of Geology and

Environmental Geosciences, Northern Illinois University, 310 Davis Hall, Normal Rd.,

DeKalb, Illinois 60115, USA
2Present address: Graduate School of Geography, Clark University, 950 Main St.,

Worcester, Massachusetts 01610, USA
3Department of Geosciences, University of Massachusetts – Amherst, 611 N. Pleasant St.,

Morrill Science Center, Amherst, Massachusetts 01003, USA

*Corresponding author (e-mail: ltrusel@clarku.edu)

Abstract: Glacimarine dynamics and associated sedimentary processes are closely tied to glacial
regime and reflect dominant climatic conditions. Quantitative measurements for subpolar glaciers,
such as sediment yield, are limited especially near glacial termini where most sediment accumu-
lates. Here we characterize the modern glacimarine environment, quantify sediment flux and
yield, document landform genesis and hypothesize potential future behaviour of Kronebreen and
Kongsvegen glaciers in inner Kongsfjorden, Svalbard. A minimum of 6.74 �103 g m22 d21 (at
least 300 mm a21) of glacimarine sediment is building a grounding-line fan via submarine
stream discharge from Kronebreen. Average daily sediment flux to the ice-contact basin is recorded
to be 2.6 �103 g m22 d21 or an average annual flux of 1.56 �105 g m22 a21. We measure an
average annual ice-contact sediment yield of 1.20 �104 tonnes km22 a21 associated with the
rapid genesis of grounding-line landforms. With forecasted warming we expect meltwater
volumes and sediment flux to increase. Grounding-line deposits may aggrade above water,
tending to stabilize the terminus at least initially if the sediment is sufficient to counteract total
terminus ablation. This would hold until either the glaciers next surge or climatic warming ablates
the glaciers through surface melting.

The glaciers of western Spitsbergen, Svalbard are
highly susceptible to climate fluctuations because
of their intermediate position relative to the warm
West Spitsbergen Current that transports Atlantic
Water from the south and the colder Polar Water
that flows from the north (Hald et al. 2004).
Changes in freshwater flux from western Svalbard
glaciers have many implications including influ-
ences on fjord sea ice, local biotas, fjord and river
hydrology and, in extreme climate warming scen-
arios, a disturbance in deepwater production on
the Svalbard shelf (Hagen et al. 2003). Sediment
flux to marine grounding lines also has significant
influences on glacial stability and potential future
retreat or advance rates (Alley 1991; Powell 1991;
Powell & Alley 1997; Fischer & Powell 1998;
Alley et al. 2007). Because of amplified climatic
warming at northern high latitudes (e.g. IPCC
2007), the glaciers of Spitsbergen, Svalbard are

prime subjects for understanding not only glacial
dynamics but also the effects of contemporary
climate change.

Modern baseline measurements are fundamental
and must be established to quantify the potential
effects of climatic variability. Glacimarine pro-
cesses such as sediment flux and yield, terminus
fluctuations, calving rates, freshwater flux and
mass-balance are useful for comparison among dif-
fering glacial and climatic regimes as well as for
overall characterization of the state of the glacimar-
ine system. Additionally, understanding the
relationship of complex modern processes to those
found in the glacimarine sediment record can
enhance interpretation of past glacimarine processes
and changes in biological productivity (Powell
1984).

The primary objective of this study is to char-
acterize the modern ice-contact and ice-proximal
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glacimarine environment of the Kronebreen-Kongs-
vegen glacier complex (Fig. 1). We employ sedi-
ment flux records as well as fjord hydrographic and
bathymetric profiling. This glacimarine system has
been previously studied (e.g. Elverhøi et al. 1980,
1983; Svendsen et al. 2002) although extremely ice-
proximal (within 1 km) measurements of sediment
flux and water column properties are very limited.
This understudied proximal zone is consequently
the most dynamic, owing to the interplay of fresh
meltwater discharge mixing with saline fjord water,
rapid sediment flux and deposition, sediment slides
and slumps, active calving and debris dumping,
among other processes. Further, the confluent glacier

complex has recently undergone pronounced
changes including the emergence of Kongsvegen
from tidewater. Post-surge quiescent phase con-
ditions (cf. Meier & Post 1969) combined with
significant meltwater and sediment fluxes have con-
tributed to these conditions. Bathymetry near the
termini reveals landforms that serve as records of
ice-contact sediment flux. These measurements are
the first of their kind in Kongsfjorden and represent
the full potential of these subpolar glaciers in land-
scape denudation. We evaluate the modern system
in relation to historical measurements and ultimately
assess the ability of these glaciers to potentially
influence their own future behaviour.

Fig. 1. Regional setting of Kongsfjorden and the glaciers of this study, Kronebreen and Kongsvegen as well as
Infantfonna. Location of the large map is shown with respect to the islands of Svalbard in the inset map. Locations
of additional figures indicated.
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Study area

Physical setting

Kongsfjorden is a 22 km long and 4–12 km wide
glacially eroded fjord in western Spitsbergen,
Svalbard (Fig. 1). Fjord bathymetry is complex
and variable, ranging from ,60 m at its head to
400 m in several areas, separating the fjord into
multiple distinct basins. Marine processes in
Kongsfjorden are both spatially and temporally
dynamic, characterized by a high degree of season-
ality as is typical of arctic fjords (e.g. Syvitski
1989). Lacking a well-defined sill at its mouth
(Howe et al. 2003), the fjord is highly intercon-
nected with neighbouring water masses on the
West Spitsbergen Shelf, including Atlantic Water
(Svendsen et al. 2002), with influx particularly
pronounced during midsummer (Cottier et al.
2005). Weather in the region is commonly unstable
since Svalbard lies on the border-zone of cold
Polar Basin circulation and warm maritime air
masses from the south (Ingólfsson 2004). These
conditions, combined with a seasonally abundant
glacial meltwater flux, dictate both the physical
(Svendsen et al. 2002; Gerland et al. 2004;
MacLachlan et al. 2007) and biological (Hop
et al. 2002) oceanography and make the Kongsf-
jorden area particularly susceptible to climate
change (Lamb 1977).

Numerous subpolar, polythermal and surge-type
tidewater glaciers calve into the fjord (e.g. Hagen
et al. 1993) including the glaciers of this study,
Kronebreen (445 km2) and Kongsvegen (165 km2)
at the southeastern fjord head (Fig. 1). These gla-
ciers join 5 km from their termini, forming a con-
fluent glacier complex with Infantfonna (85 km2)
but with Kronebreen as the dominant tidewater
cliff (Fig. 1). A recent widening of Kronebreen
and the very slow, post-surge quiescent velocity of
Kongsvegen (2.6 m a21) (Melvold & Hagen 1998)
combined with its significant meltwater and sedi-
ment fluxes contributed to Kongsvegen emerging
from tidewater between 1990 and 2005. Unlike
Kongsvegen, Kronebreen has a high velocity of
about 2 m d21 (Hagen et al. 2003) or about
750 m a21 (Melvold & Hagen 1998), providing
evidence for sliding and melting at its bed to
produce significant meltwater and sediment fluxes
to the fjord (Svendsen et al. 2002). Bedrock strata
underlying the complex include Devonian sand-
stone, conglomerate and localized marble,
Carboniferous-Permian red sandstone, shale, coal
and Proterozoic phyllite, carbonates and schists
(Hjelle 1993). The length of the melt season for
the Kronebreen-Kongsvegen complex is not directly
known; however, the melt season for nearby terres-
trial glaciers is documented at 60 days (Hodson
et al. 1998).

Methodology

Field methods

All samples and data were collected from the inner
basin of Kongsfjorden between July 18 and 31,
2005. Sample locations were sited using a hand-held
GPS unit. Samples were collected from a 6 m alu-
minium skiff and 5 m inflatable boat.

Several devices were used to profile the marine
water column in order to define its structure and
potential paths of sediment transportation. Salinity
and temperature were recorded and water density
calculated by using a Sea-Bird SBE 19 CTD Profiler.
The relative amount of suspended particulate matter
within the water column was determined using a
SeaTech transmissometer and an optical backscatter
(OBS) device. A remotely triggered water sampler
(2 L van Dorn bottle) was used to collect water
samples from various fjord depths to quantify the
suspended particulate matter (SPM) concentrations.
Although the OBS and water samples measure total
SPM, including both inorganic (siliciclastic) and
organic (biologic) components, for simplicity we
refer to total SPM as the ‘suspended sediment’
load because during summers the organic compo-
nent is relatively very small (Svendsen et al. 2002).

Sediment traps were used as the primary measure
of sediment flux and consequent rates of sedimen-
tation from the subglacial stream discharges. Each
trap was 250 mm � 48 mm and modelled after
Cowan (1988), a trap design determined sufficient
for quantitative sediment flux studies in Alaskan
fjords. Each mooring was anchored to the bottom of
the fjord and held relatively vertical using a rigid
submersible float at about 10 m below low tide
level to avoid iceberg interference. Each mooring
had traps set at three depths: one near the surface (c.
15 m), a second in the middle of the water column
(c. 25 m) and the third near the bottom (c. 50 m). At
each depth an array of four individual cylindrical
traps was set to assess error in trap measurements at
each level in the water column. The bottom trap
was located c. 5 m above the fjord floor, presum-
ably high enough to avoid turbidity current activity,
but low enough to accurately measure sediment
being deposited on the fjord floor at each location.

Fjord bathymetry was determined using a Knud-
sen 320BP echosounder and sub-bottom profiler
deployed along transects run across the fjord and fol-
lowing bearings approximately perpendicular to the
ice cliff and the across-fjord lines. Points along trans-
ects were recorded using GPS-located coordinates.

Laboratory methods

Initial laboratory analyses were performed at the
Arctic Marine Laboratory in Ny Ålesund, and
were completed at the home institutions in the US.

MODERN PROCESSES OF KRONEBREEN AND KONGSVEGEN 91



Individual samples from sediment traps at each
mooring were dried and the volume of collected sedi-
ment calculated. The dry sediment from these traps
was weighed and used to calculate sedimentation
rates per unit time. A Coulter LS-200 laser particle
size analyser was used for particle size measurements.

Annual sedimentation rates were linearly extrap-
olated from trap measurements using the 60 day
melt season of Hodson et al. (1998), derived from
nearby terrestrial glaciers. This time span mediates
a potentially pronounced midsummer meltwater
flux (e.g. Svendsen et al. 2002) and the likelihood
of longer melt seasons associated with the much
thicker and more dynamic glaciers of this study.
Sixty days are also significantly fewer than the aver-
age annual positive days between 2001 and 2008
(average 126 days per annum, most of which occur
in summer) (Norwegian Meteorological Institute
data from Ny Ålesund climate database website:
http://eklima.met.no). Further evidence of a pro-
longed melt season comes from direct observations
of meltwater effluent at the Kronebreen terminus
during colder annual periods in autumn, winter and
early spring, although this flux is thought to be
rather infrequent and of low volume (Sund pers.
comm. 2008). Therefore, although the Kronebreen-
Kongsvegen ablation season is likely longer, for
the purposes of conservative estimation a period of
60 days is used to calculate annual sediment flux.

Total volume of water in water samples was
measured and the sediment within each sample was
vacuum filtered using 63 mm Millipore filters. The
resulting dry sediment was weighed and used to
calculate suspended sediment concentrations in
kg m23. These concentrations were also used to
calibrate and convert OBS values into continuous
kg m23 measurements throughout the water column
(Fig. 2). Two separate OBS calibration curves were
generated based on different backscatter character-
istics for sand particles as opposed to clay and silt.
An upwelling-proximal calibration was therefore
used in the vicinity of the Kronebreen point source
with an r2 of 0.9841; a Kongsvegen deltaic runoff cal-
ibration with an r2 of 0.9844 was used for locations
not in direct influence of the glacial upwelling (Fig. 2).

Recorded bathymetric points were interpolated
using the Kriging method to create a continuous
bathymetric map near the glacial termini. Recent
terminus fluctuations were characterized using
several datasets including satellite imagery and
mapped terminus positions of other studies.

Results

Glacial retreat

The combined Kronebreen-Kongsvegen terminus
has fluctuated over time and is most recently

characterized by post-surge quiescent phase
retreat. Retreat has been variable along the margin
(Fig. 3), making the calculation of a retreat rate in
kilometres per annum impractical. Available data,
however, indicate overall terminus retreat rate has
generally decreased following the recent max-
imum extension during the surge of 1948. The
terminus has become almost stable since 1990,
including a slight advance between 1999 and 2001.

This retreat has exposed a new sediment basin in
the innermost fjord. Combined with recent quasi-
stability, this has allowed for the generation of
large submarine and subaerial morphological fea-
tures that act as records of recent glacial sedimen-
tary activity in the proximal basin.

Sedimentary landforms and denudation rates

A previously-undocumented ice-marginal, Gilbert-
type delta has emerged in front of Kongsvegen,
separating the glacier from tidewater (Figs 1, 3 &
4). The delta likely originated as a grounding-line
fan at the former Kongsvegen tidewater terminus
and, over time, built upon the southern fjord wall
to eventually aggrade above sea level (e.g. Powell
1990). Photographs indicate the initial subaerial
exposure of these deposits occurred before July
1996 (cf. Woodward et al. 2003, Fig. 1). From
bathymetric soundings and satellite imagery we
are able to accurately record the delta dimensions.
The plain is measured at 0.33 km2 and the delta-
front slope extents 500 m into the fjord at a slope
of 88, terminating 70 m below sea level. Assuming
the fjord wall on which the delta formed is at the
same angle as the delta slope and a parallelogram
delta-foreset configuration, we are able to geo-
metrically estimate the volume. Using an average
delta plain width of 350 m and the above dimen-
sions, the cross-sectional area is calculated at
2.45 � 104 m2. By multiplying by the average
delta plain length of 800 m, total deltaic volume
is estimated to be 1.96 � 107 m3. Initial forma-
tion likely began immediately after Kongsvegen
retreated over the western edge of the modern
delta. Based on terminus positions mapped in
Lefauconnier et al. (1994), initial uncovering of
this area occurred in late summer 1983. Assuming
growth over 22 years (1983–2005), its building
rate is calculated to be 8.91 � 105 m3 a21. Given
that the total Kongsvegen drainage basin area is
210 km2 with an average bedrock density of
2500 kg m23 (primarily sedimentary rocks), this
estimate provides a sediment yield of 1.06 � 104

tonnes km22 a21 (Table 1). This yield is equivalent
to 4.24 mm a21 bedrock erosion if 2500 tonnes
km22 is equal to 1 mm bedrock denudation
(Table 1), following a similar methodology to
Elverhøi et al. (1998).
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Satellite, aerial and time-lapse imagery (Sund
2007) document the dynamic switching of sub-
marine stream discharges at the Kronebreen-
Kongsvegen margin. Available imagery from 1987,
1990, 1999 and 2000 reveal turbid upwelling
adjacent to a recorded bathymetric high (B in
Fig. 4). This submarine landform is interpreted as
a grounding-line fan formed by those subglacial dis-
charges (GLF in Fig. 4). In July 2005 the dominant

meltwater upwelling was located about 500 m north
along the terminus relative to its historical position
(A in Fig. 4). High meltwater overflow velocities
and frequent calving near the 2005 discharge pre-
vented continuous acquisition of bathymetric data
in this region. However, the inferred grounding-line
fan appears to extend into the modern calving
embayment, creating a continuous deposit with a
minimum volume of 6.6 � 106 m3. Assuming this
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r 2 = 0.9844

Kronebreen

r 2 = 0.9841

0

20

40

60

80

100

120

0.00 0.05 0.10 0.15 0.20

O
B

S
 v

al
ue

Water Sample Sediment Concentration (kg m–3)

Fig. 2. Optical backscatter v. suspended-sediment concentrations and linear best-fit lines for Kronebreen (dashed line)
and Kongsvegen (solid line). By relating measured sediment concentrations to OBS readings at specific depths and
locations, we are able to infer sediment concentration from OBS.

Fig. 3. (a) Retreat of the glacial complex after its recent maximum extent during the surge of 1948. Mapping of
terminus positions indicates that overall retreat rate has recently considerably slowed. (b) Oblique aerial photo taken in
July 2005 showing the Kongsvegen delta in the foreground and the prominent submarine meltwater upwelling from
Kronebreen in the distance. Arrow in (a) indicates the perspective view shown in (b). Figure extent shown in Figure 1.
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deposit began accumulating c. 1984 when the
terminus retreated to this location, a growth rate
is calculated to be 3.3 � 105 m3 a21. This
rate equates to a sediment yield of 1.40 � 103

tonnes km22 a21, equivalent to 0.56 mm a21 of
bedrock denudation (Table 1).

A semi-continuous bathymetric high at 60–70 m
depth trends nearly north–south, parallel to the
glacier termini, extending from the delta slope to
the grounding-line fan. This feature may represent
glaciotectonically thrusted sediments during winter,
when calving is minimized and glacial flow results
in net terminus advance (e.g. Elverhøi et al. 1980).
Conversely, the ridge may indicate former subgla-
cial discharge depocentres. Directly east of this
high is a deeper basin extending to the ice face.
Morainal bank ‘bulls eyes’ are especially obvious,
associated with supraglacial dumping and englacial

meltout of the medial moraine formed where
Kronebreen and Kongsvegen join (MBBE in Fig. 4).

Inner Kongsfjorden water column

The primary sediment source and driver of water
column stratification is a meltwater upwelling
from Kronebreen. As meltwater discharges from
the base of the glacier, it entrains high concen-
trations of sediment and rapidly forms a turbulent
jet (cf. Powell 1991). Because of relative density
contrasts, the jet rises vertically and forms a
buoyant and brackish surface overflow plume (SO
water mass in Fig. 5). At the surface the brackish
plume spreads laterally, confined mostly above
12 m depth as defined in hydrographic profiles
(Fig. 5a). Water samples confirm that suspended
sediment settles out of suspension through the
entire water column in the glacier marginal zone.
Suspended sediment concentrations peak between
0–4 m depth and, on average, decrease approxi-
mately logarithmically towards the fjord floor. The
highest measured suspended sediment concen-
tration in the overflow was 0.157 kg m23; how-
ever, calibrated OBS measurements were as high
as 0.266 kg m23. The greatest variability in sus-
pended concentrations occurs in the turbid overflow,
with the highest dispersion occurring at the surface
(Table 2; Fig. 5a).

The SO is on average colder, less saline and
more sediment rich than ambient fjord water. Near
the surface the SO is generally 0.5–1.0 8C and has
salinities as low as 22‰ with a mean salinity of
30.96‰ in the upper 4 m. Most hydrographic pro-
files show a sharp thermocline between 10–15 m
depth with temperature increasing to 1.0–2.5 8C.
This warmer water below the SO also coincides
with the pycnocline and low sediment concen-
trations, suggesting that water near the glacier
between 10–25 m depth is the displaced, solar-
radiated and more saline fjord surface water (SW)
mass below the overflow (Svendsen et al. 2002;
MacLachlan et al. 2007). Below 15 m depth salinity
increases while sediment concentration decreases,
both to relatively constant values. In all profiles
below at least 28 m depth, temperature slowly
decreases to a constant value of around 0 8C and
salinity increases to a constant of about 34‰.
Svendsen et al. (2002) defined a similar water mass
as the local water (LW) mass, suggesting it is caused
by convection as the warmer SW flows along the
glacier face, cools and sinks.

A secondary meltwater source from the glacial
complex is a submarine meltwater upwelling orig-
inating from Kongsvegen. Subglacial meltwater
exits Kongsvegen as a turbulent fountain c. 0.5 m in
height above the delta plain. This water flows across
the recently formed ice-contact delta (Figs 3 & 4c)

Fig. 4. Bathymetric and sample location map. Water
depths are in metres with a 5 m contour interval. Bold
arrows indicate modern and historical discharge point
sources: (a) modern Kronebreen submarine stream
discharge and upwelling; (b) historical discharge and
upwelling location observed in available imagery from
1987, 1990, 1999 and 2000; and (c) modern Kongsvegen
discharge source (GLF, grounding-line fan; MBBE,
morainal bank bulls eyes).
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before entering the fjord, where it forms a buoyant
and brackish overflow (SO water mass) (Fig. 5b).

The SO from Kongsvegen is confined to the
upper 6 m and is stratified with respect to tempera-
ture, salinity and suspended sediment concentration.
Salinity is the dominant stratification, with tempera-
ture and sediment concentrations displaying greater
variance. Sediment concentrations are greatest at
the surface, as is the variance in total suspended
sediment. The highest measured suspended sedi-
ment concentration was 0.081 kg m23 (Table 3);
however, calibrated OBS measurements were as
high as 0.392 kg m23 (Fig. 5b). Two secondary
peaks in sediment concentration were measured
with water samples and hydrographic profiles
around 12–15 m depth. If these were an interflow
it is expected that the higher density sediment
layers would be associated with warmer or fresher
water than the surrounding water to maintain appro-
priate density. We therefore infer these higher sus-
pended sediment concentrations within the fjord
water column to represent distinct layers of particles
settling from the overflow (cf. Cowan & Powell
1991). The warmer and more saline displaced fjord
SW is recorded on most profiles below the SO layer
and transitions into LW at depths below 28 m.

At 4–5 km from the glaciers, the water column
is dominantly stratified with respect to salinity and
suspended sediment concentration; however, the
thermocline is more poorly defined than in the
innermost basin. The influence of solar radiation is
obvious with surface temperatures in excess of
5 8C. Surface salinities are as low as 25‰, likely
reflecting a combination of glacial and paraglacial
meltwater inputs and iceberg melting. Suspended
sediment is much lower than in the proximal basin
and peaks around 0.02 kg m23.

Sediment flux to innermost Kongsfjorden

Sedimentation rates vary greatly both with distance
from the Kronebreen upwelling and vertically

through the water column. Two traps were proximal
to the Kronebreen upwelling: ST6a at c. 240 m
distance and ST3b at c. 470 m distance (Fig. 4).
The highest vertical accumulation rate, or actual
amount of sediment captured per deployment
period, was measured in the upper moorings of
ST6a and ST3b (Table 4). As is predictable, the
lowest accumulation rates occurred in the bottom
traps of these moorings. In order to quantify the
volume of sediment being deposited on the fjord
floor, minimum annual sedimentation rates were
calculated using only data from the bottom traps
of each mooring. Using the conservative annual
melt season of 60 days previously described,
linear extrapolation produces a minimum annual
(dry) sedimentation rate for sediment traps ST6a
and ST3b, respectively, of 4.05 � 105 g m22

a21 (305.29 mm a21) and 4.88 � 104 g m22 a21

(63.48 mm a21) (Table 4).
The highest measured sedimentation rates

(14.3 mm d21) occurred in ST6a at a depth of
10 m. At 5 m above the seafloor the daily vertical
accumulation rate was about a third of the upper
traps at 5.09 mm d21, still a significant quantity of
sediment. The high flux of sediment suggests the
grounding-line fan (Fig. 4 GLF) is aggrading at
a minimum of 300 mm a21 and likely an even
greater rate closer to the grounding line. At this
rate, if all variables such as annual sediment flux,
upwelling position, relative terminus stability and
fan slope stability remain constant, the grounding-
line fan will emerge above water in c. 18 years.

Two suspended sediment traps recorded sedi-
ment flux in proximity to the delta point source in
addition to a distal signature of the Kronebreen
plume. Sediment trap ST5a was located about
200 m from the low tide level on the delta plain,
and ST4a was located equidistance from both the
delta and the Kronebreen upwelling at c. 1200 m
from each (Fig. 4). Sediment accumulation at both
moorings was greatest in the bottom traps indicating
a pronounced contribution from sediment gravity

Table 1. Sediment yields and erosion rates calculated from grounding-line landforms deposited over the last
c. 20 years

Glaciers Total glacier basin
area (km2)

Sediment yield
(tonnes km22 a21)

Effective erosion
rate (mm a21)

Kronebreen, Infantfonna and
tributaries

590 1.40 � 103 0.56

Kongsvegen, Sidevegen,
Bontfjellbreen and tributaries

210 1.06 � 104 4.24

Total 800 1.20 � 104 4.80

Note: Glacier basin area represents the entire drainage areas for the main glaciers and their tributaries within a single divide. The
Kongsvegen basin area incorporates the area of small, sidewall glaciers to the south that have potentially contributed to delta growth.
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flows off the delta front relative to SO contributions
(Table 4). ST5a in particular had 72% more sedi-
ment in the lower traps compared to the middle
traps. Therefore, when calculating a minimum
annual sedimentation rates for ST5a, the middle
trap data are used. Using the methods outline
above, the minimum annual sedimentation rates
for sediment traps ST5a and ST4a, respectively,
were 7.54 � 104 g m22 a21 (69.38 mm a21) and
9.50 � 104 g m22 a21 (88.33 mm a21) (Table 4).

Suspended sediment traps act not only as a gauge
for sedimentation rates, but also indicate where
sediment is being transported within the water

column and the carrying capacity of the surface
overflow. As expected, suspended particle size
decreases rapidly with distance from the source.
At mooring ST6a (240 m distance) mean particle
size for the upper sediment traps was 172.9 mm
(fine-grained sand) and contained sediment as
large as medium-grained sand. At ST3b (470 m dis-
tance), mean particle size in the upper traps was only
80 mm (very fine-grained sand). Furthermore, all
three trap levels at mooring ST6a captured fine-
grained sand which composed 56% of the top
traps, whereas the upper traps of ST3b contained
only 23% fine-grained sand. This trend reveals

Fig. 5. Composite of CTD profiles for both primary sediment sources with water masses indicated (SO, surface
overflow; SW, surface water; LW, local water; nomenclature adapted from Svendsen et al. 2002).
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that although sediment as large as medium-grained
sand is actively transported up to the fjord surface
via the subglacial jet and plume, it quickly falls
out of suspension.

ST3b had nearly identical mean particle sizes in
the middle and upper traps of 80 mm (very fine-
grained sand); however, the lower traps captured a
mean particle size of 34.8 mm (silt). This trend
shows that the smallest particle size fractions, silt
and clay, are held mostly in suspension at 470 m
distance and are carried farther out into the fjord.
The presence of primarily very fine-grained sand
but also coarser particles in the top traps, and their
significant lack in the lowest traps, shows that
these coarser particles are travelling in suspension
beyond 470 m which is greater than the 200–
300 m estimate of Elverhøi et al. (1980).

For ST5a and ST4a, the traps within direct influ-
ence of the deltaic runoff, temporal changes in par-
ticle transport were also evident. The trap nearest to

the delta, ST5a (200 m distance), captured a mean
particle size of silt in the upper and middle traps
and very fine-grained sand in the lower traps. The
coarser sediment in the lower traps is likely a reflec-
tion of sediment gravity flows off the delta front. At
the more distal ST4a (1200 m distance), the traps all
captured at least 5% very fine sand or larger par-
ticles. Because of its distance from both sediment
point sources, iceberg rafting is believed to contrib-
ute the larger particle fractions. However, suspen-
sion settling was the dominant process captured at
ST4a, with the upper and middle traps recording
mean particle sizes of silt and the lower traps captur-
ing mostly clay.

High-resolution particle size analyses conducted
on an upper trap in ST6a reveals a cyclic trend
in sediment size (Fig. 6). Mean particle size as
measured at discrete intervals in the sediment trap
fluctuates according to time of day. Deposition
time at different points in the trap sediment column

Table 2. Measured water sample suspended sediment concentrations for the Kronebreen glacial
upwelling area

Collection
depth
(m)

Number of
samples

Average
concentration

(kg m23)

Minimum
concentration

(kg m23)

Maximum
concentration

(kg m23)

Standard
deviation
(kg m23)

0 4 0.102 0.016 0.140 0.058
2 4 0.079 0.031 0.104 0.034
4 1 0.157 0.157 0.157 –
6 1 0.085 0.085 0.085 –
8 1 0.055 0.055 0.055 –
10 1 0.051 0.051 0.051 –
15 2 0.037 0.024 0.049 0.017
20 5 0.030 0.021 0.049 0.011
30 1 0.026 0.026 0.026 –
35 5 0.017 0.007 0.027 0.007
45 1 0.010 0.010 0.010 –
55 3 0.010 0.008 0.012 0.003

Table 3. Measured water sample suspended sediment concentrations for the Kongsvegen delta area

Collection
depth
(m)

Number of
samples

Average
concentration

(kg m23)

Minimum
concentration

(kg m23)

Maximum
concentration

(kg m23)

Standard
deviation
(kg m23)

2 3 0.054 0.014 0.081 0.035
4 1 0.008 0.008 0.008 –
8 1 0.007 0.007 0.007 –
15 1 0.037 0.037 0.037 –
20 2 0.019 0.006 0.036 0.018
25 1 0.012 0.012 0.012 –
30 1 0.015 0.015 0.015 –
35 3 0.019 0.013 0.031 0.011
40 1 0.016 0.016 0.016 –
55 1 0.010 0.010 0.010 –
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is inferred by assuming a linear sedimentation rate
between the known times of deployment and recov-
ery. Mean particle size in the trap shows a pattern of
coarser particles transported and deposited during
mid-to-late afternoon hours and smaller particles
accumulating during early morning and night hours.
On average, the change in mean particle size for
these different peaks is 12.3%. Significantly, this
cyclic particle size pattern does not appear to be
related to fluctuations in one single size fraction,
which would negate a linear sedimentation rate

assumption. Rather, the cyclicity represents changes
in fractions of sand, silt and clay combined. Further-
more, the fluctuation does not appear related to tidal
cycles as has been found in temperate Alaskan
fjords with macrotidal fluctuations (Mackiewicz
et al. 1984; Cowan & Powell 1990).

Although this is an inferred polythermal glacier
and the subglacial conduit supplying the suspended
sediment is under thick ice, the most logical
forcing of the particle size variability based on event
timing at this frequency is diurnal temperature

Table 4. Sedimentation rates measured from inner Kongsfjorden, July 2005

Mooring number
trap location

Sampling
period (dates)
(total hours)
(total days)

Average
sediment
collected

(mm)

Average
VAR

(mm d21)

Average
minimum

VAR
(mm a21)

Average
minimum
sed. rate

(g m22 d21)

Average
minimum
sed. rate

(g m22 a21)

ST6a top 27/7–30/7 43.8 14.29 305.29 6745 4.05 � 105

ST6a mid 73.6 hours 23.6 7.70
ST6a bot 3.07 days 15.6 5.09
ST3b top 23/7–27/7 11.3 2.90 63.48 814 4.88 � 104

ST3b mid 93.65 hours 4.88 1.26
ST3b bot 3.90 days 4.10 1.06
ST4a top 23/7–28/7 6.25 1.29 88.33 1583 9.50 � 104

ST4a mid 116.23 hours 5.25 1.08
ST4a bot 4.84 days 7.13 1.47
ST5a top 24/7–28/7 3.75 0.94 69.38 1257 7.54 � 104

ST5a mid 96.03 hours 4.63 1.16
ST5a bot 4.00 days 16.17 4.04

Note: Averages were obtained using four trap measurements at each depth on a particular mooring. Minimum VAR and sedimentation rates
were calculated using data from bottom traps, except for ST5A where the middle trap data were used. Sedimentation rates were calculated
using dried sediment weights. Annual numbers were determined assuming a melt season of 60 days.
Abbreviation: VAR, vertical accumulation rate.

Fig. 6. Cyclic particle size fluctuations as recorded in a top trap from mooring ST6a inferred to represent diurnal
discharge variations.
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fluctuations.Thesefluctuationslikelydrivevariations
in discharge strength and turbulence with associated
changes in travel distance of different particle sizes,
resulting in the mean particle size cyclicity associ-
ated with time of day.

Discussion

Water column

The Kronebreen meltwater plume and Kongsvegen
delta runoff both form buoyant overflows; how-
ever, there are several distinctions between the
two sources. The SO water mass at the Kronebreen
upwelling area has a higher average salinity and
more variance than at the delta area. This signature
is a result of direct deltaic freshwater flow from
Kongsvegen to the surface of the fjord; at the
Kronebreen source, however, meltwater turbulently
mixes with saline fjord water as it rises to the surface
(cf. Syvitski 1989; Powell 1990). The Kronebreen
efflux has previously been postulated to mix in
crevasses extending back from the grounding line
prior to exiting the glacier (Elverhøi et al. 1980);
however, the current stream when studied was dis-
charging from a shear face at the grounding line.
Another distinction between the deltaic and upwel-
ling sources is that water characterized above 12 m
water depth in the upwelling area shows more
uniform temporal temperature patterns and is 2 8C
colder than water from the delta. Also significantly,
the Kronebreen upwelling area generally had higher
average sediment concentrations and less variance
in that parameter over time in the upper 12 m of
water compared to those recorded in the delta area.
These characteristics show the upwelling from
Kronebreen had a more uniform higher velocity
and locally concentrated discharge of sediment
and meltwater throughout the sampling period
relative to the deltaic runoff.

The deltaic overflow plume, with higher varia-
bility in temperature and sediment concentration,
shows more susceptibility to surface processes as
it flows over the delta and into the fjord. Another
major distinction in the SO profiles is thickness
of the overflow; from the upwelling it is c. 12 m
thick, whereas the overflow at the delta is c. 7 m
thick. This difference in thickness indicates a
larger volume of water flowing out from the Kro-
nebreen subglacial meltwater upwelling compared
to the relatively smaller volume flowing from the
marginal Kongsvegen fountain and over the delta.

Spatial and temporal variability also exists in the
deeper (12–28 m depth) SW mass. At both sites,
two distinct temperature trends exist in the SW
water mass: one of lower temperatures c. 1.2 8C
and a second at c. 2.4 8C (see Fig. 5a, b). We specu-
late this difference reflects surface conditions: solar

radiation, meteorological conditions, dominant
wind direction and dominant current direction that
alter the spatial extent of SW before it is displaced
by the SO. Sediment concentration profiles through
the SW mass in the Kronebreen area again show a
very uniform spatiotemporal distribution, whereas
those in the Kongsvegen delta area show variations
that reflect predominant surface conditions.

The deepest water mass, LW (28 m depth to the
fjord floor), shows uniformity at both locations
(Fig. 5a, b). The profiles reflect a stable interval of
the water column not affected by surface conditions.
It is through this interval that suspended sediments
settle calmly to the fjord floor.

Suspended sediment concentrations from
calibrated OBS data in July 2005 peaked at
0.39 kg m23; however, most overflow samples
were around 0.20–0.25 kg m23 which are lower
than found in other studies (e.g. 0.34 kg m23 in
Svendsen et al. 2002 and 0.50 kg m23 in Elverhøi
et al. 1980). However, our measured concentrations
were higher than another recent study (maximum
0.1 kg m23 near Kronebreen in Aliani et al. 2004).
Our actual sediment concentrations were probably
much higher, however, as shown by our sediment
trap records. The relatively low concentrations in
our measured water samples used to calibrate the
OBS data may skew our data to the lower end of
the suspended sediment spectrum. This would
result if our samples were not collected in the
highest concentrations of suspended sediments in
the plume. Alternatively, although speculative, the
lower suspended sediment concentrations but
higher sediment fluxes may indicate higher total
meltwater with an average sediment load relative
to the other studies. This hydrologic scenario
would result in dilution and less sediment per unit
volume of water, but higher sedimentation rates
because of increased discharge.

Sediment flux spatial variation

The interplay and dynamics of the two meltwater
sources is indicated by varied suspended sediment
loads recorded in sediment traps and hydrographic
profiles. Traps proximal to the Kronebreen upwel-
ling plume (ST6a, ST3b) captured most sediment
in their upper traps, whereas traps positioned near
the deltaic runoff (ST4a, ST5a) predominantly cap-
tured sediment in the lowest traps. High suspended
sediment load in the Kronebreen overflow resulted
in the disproportionate sediment captured in upper
traps. Although the Kronebreen SO water is more
turbulently mixed relative to the deltaic SO, the
plume and overflow velocities are sufficient to
maintain high sediment concentrations thus result-
ing in a smaller relative volume of sediment
immediately released from suspension. Rather, this
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material is transported more distally beyond the
lower traps in the immediate upwelling area to a
point where overflow velocity sufficiently decreases
and causes particle release to the lower water
column.

In contrast, traps positioned to primarily capture
deltaic runoff (ST4a, ST5a) received a smaller
volume of suspended sediment from the SO in
their upper traps. Also in these traps, sediment
gravity flows appear more frequent, contributing
significantly to the relatively larger volume of sedi-
ment captured in bottom traps. For example, ST5a
anchored to the delta front with bottom traps at
5 m above the floor contained numerous sand
laminae from sediment gravity flows. ST4a, in con-
trast, located farther from the delta and on relatively
flat seafloor, contained only silt and clay in its lower
traps. Here, we interpret increased sediment volume
in the lower traps to predominantly reflect suspen-
sion settling. At this location we also infer a small
sediment component contributed by distal, low-
viscosity gravity flows that compositionally indicate
they are sourced from the Kronebreen grounding-
line fan. Such slides, slumps and sediment gravity
flows are common at Alaskan tidewater termini
because of slope over-steepening by high sedimen-
tation rates and disruption of bottom sediment
from glacier pushing and iceberg calving (Powell
1981). However, higher overall sedimentation
rates at ST4a indicate it is influenced by both
sources (Table 4).

Local and global sediment flux perspectives

Daily sediment flux recorded as dry weights and
accumulation thicknesses in this study are higher
than those from previous studies at nearby glaciers.
Our highest sediment flux of 1.86 � 104 g m22 d21

(14.3 mm d21) was measured at a depth of 10 m at a
distance 240 m from Kronebreen. This value is two
orders of magnitude higher than the highest fluxes of
other studies in inner Kongsfjorden (800 g m22 d21

measured at 15 m depth, 250 m from Kongsbreen in
Svendsen et al. 2002 and 933 g m22 d21 measured
at 15 m depth, 300 m from Kongsbreen in Zajacz-
kowski 2002). Our minimum fluxes were both
from bottom traps: 6.74 � 103 g m22 d21 at 240 m
and 813 g m22 d21 at 470 m distance from Kroneb-
reen. The latter was the lowest measured sediment
flux, a value comparable to the maximum near-
surface values recorded in other studies.

When we extrapolate our measured sedimen-
tation rates to a conservative 60-day melt season,
our results are similar to those of some previous
studies but are higher than others. Elverhøi et al.
(1980) measured rates in cores to be 100 mm a21

wet mud or 30 mm a21 dry sediment, and
50–100 mm a21 within 10 km from the glacier
(Elverhøi et al. 1983). These are similar values to

those we estimate, where minimum sediment
accumulation rates are 60–90 mm a21 at ,0.5 km
from point source depocentres. Our annual sedi-
mentation rates at the glacier front are a minimum
of 4.05 � 105 g m22 a21 with an inner basin average
of 1.56 � 105 g m22 a21. These annual rates are an
order of magnitude higher than those of other
studies in inner Kongsfjorden: 1.80 � 104 g
m22 a21 measured near Ossian Sarsfjellet using
210Pbex dating of sediment cores (Aliani et al.
2004), 2.0 � 104 g m22 a21 measured for the
Kongsbreen ‘glacier front’ using 210Pbex dating of
sediment cores (Svendsen et al. 2002) and
5.6 � 104 g m22 a21 measured in sediment traps at
15 m depth, 300 m from Kongsbreen (from daily
rates in Zajaczkowski 2002 multiplied by a 60-day
melt season). Higher rates of this study may indicate
a higher relative meltwater and sediment flux of the
Kronebreen–Kongsvegen glacier complex com-
pared to the other nearby glaciers measured in
other studies. These results are expected given that
Kongsbreen drains only about 42% of the total
area of Kronebreen. Sediment flux has been shown
to generally scale with glacier basin size in Alaska
(Powell 1991) and worldwide (Hallet et al. 1996),
although others argue the basin area–erosion
relationship is too simple (Elverhøi et al. 1998). It
is also possible that measurements in other studies
were taken at greater distance and are therefore
expected to be significantly lower (e.g. Cai 1994;
Cowan et al. 1999).

Our measured sediment fluxes from Kronebreen
and Kongsvegen fall within the range of those for
other subpolar polythermal glaciers when placed
within the spectrum of glacial regimes. For
example, the maximum sediment flux from temper-
ate glaciers in southeastern Alaska is at least one
order of magnitude higher than for Kronebreen.
For McBride Glacier in Alaska, Cowan & Powell
(1991) measured maximum and average sediment
fluxes of 2.4 � 105 g m22 d21 and 5.3 � 104 g
m22 d21, respectively, into ice-proximal McBride
Inlet. Both are at least one order of magnitude
higher than the ice-proximal rates for Kongsfjorden
(Table 4). At the opposite end of the spectrum are
polar regime glaciers. A recent sediment flux
measured on the Antarctic Peninsula was recorded
at 1.7–3.5 � 103 g m22 a21 (Gilbert et al. 2003),
one order of magnitude less than the subpolar
glaciers of this study (Table 4).

Sediment yields calculated from volumes of
ice-contact depositional landforms are 1.40 � 103

tonnes km22 a21 for Kronebreen and 1.06 �
104 tonnes km22 a21 for Kongsvegen (1.20 �
104 tonnes km22 a21, or 4.80 mm a21 of effective
bedrock erosion combined) (Table 1). The majority
of this contribution comes from very rapid building
of the Kongsvegen ice-contact delta. This yield is
about a factor of five greater than the 30-year
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average estimated by Elverhøi et al. (1998), but is
still at least an order of magnitude less than temper-
ate Alaskan glaciers (Hallet et al. 1996; Elverhøi
et al. 1998). The Kongsvegen yield represents an
ice-contact measurement and, since sediment
accumulation rates decrease according to power and
exponential decay functions with distance (Cai
1994; Cowan et al. 1999), these data are considered
compatible with other measurements obtained
farther from the glacier termini. Indeed, our own
sediment trap data collected farther from the ter-
mini produce sediment accumulation rates similar
to the longer term averages of nearby studies. Due
to their close glacier proximity, these yields are
therefore very rare and represent the true erosive
ability of these subpolar glaciers.

Conclusions

Retreat of the Kronebreen–Kongsvegen glacier
complex has significantly slowed in recent decades
due to post-surge quiescent-phase conditions.
Hydrographic profiles record the mixing of fjord
and glacial waters including the transport and
rainout of suspended sediments, closer than pre-
viously documented. Sediment trap data show that
Kronebreen is now the major suspended sediment
source as opposed to Kongsvegen, a relationship
that has reversed within the last 25 years. Glaciflu-
vial deltaic runoff from Kongsvegen presently
contributes only 20–25% of the total volume of
sediment in the inner fjord basin. The submarine
discharge from Kronebreen contributes the remain-
der. Measured daily sediment fluxes are higher than
those presented by previous researchers. However,
when extrapolated for a full melt season, mini-
mum annual vertical accumulation rates are similar
to some previous estimates but higher than others.
We expect this difference reflects the larger relative
glacierized drainage area of the Kronebreen–
Kongsvegen complex compared to other nearby
glaciers. Most of the inner fjord basin away from
point sources receives at least 60–90 mm a21 of
sediment from suspension settling.

Bathymetric profiling reveals a grounding-line
fan adjacent to the major submarine meltwater
discharge of Kronebreen. Near-bottom sediment
traps indicate it is actively building at more than
300 mm a21. If terminus and subglacial conduit
stability ensues, at this rate of aggradation the fan
will emerge from the fjord in c. 18 years. An ice-
contact delta in the southeastern fjord corner has
built at a rate of 8.91 � 105 m3 a21, providing an
important and rare estimate of fully ice-contact gla-
cial debris flux. Combined, these landforms equate
to 4.80 mm a21 of effective bedrock erosion for
the glacial complex. This is almost an ice-contact
value and therefore represents the full capacity of

these subpolar polythermal glaciers in landscape
denudation.

With continued climatic warming we expect the
ablation season of Kronebreen and Kongsvegen to
grow. Meltwater and therefore sediment flux may
also increase. Under warming conditions we would
expect greater sedimentation rates and faster infill-
ing of the inner basin of Kongsfjorden. If the termi-
nus remains relatively stable, it is expected that an
ice-contact delta will form in front of Kronebreen
as it has for Kongsvegen. We expect these land-
forms will enhance glacier margin stability and the
ability of the terminus to re-advance in future if
ice mass-balance permits. This may occur during
initial stages of climate warming if precipitation
increases, causing mass-balance to become less
negative.
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