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Petermann Gletscher is the largest and most influ-
ential outlet glacier in central northern Greenland. Lo-
cated at 81 N, 60 W, it drains an area of 71,580 km2,
with a discharge of 12 cubic km of ice per year into
the Arctic Ocean. Remote sensing results suggest that
its ice discharge exceeds that required to maintain the
ice sheet interior in a state of mass equilibrium by 63
percent, and its grounding line is retreating at a rate
which indicates ice thinning at nearly one meter per
year. Its floating ice tongue is only a few meters above
sea level at the ice front, hence highly vulnerable to ice
thinning.

A detailed field campaign was carried out in May
and June 2002 on the floating ice tongue of the Pe-
termann Gletscher, which will allow for the first time
field observations to be integrated with remote sensing
data. The experiments were done close to the ground-
ing line, the most crucial part of the glacier. Bottom
melt rates were estimated using a novel phase-sensitive
radar sounding system developed by the British Antarc-
tic Survey. The surface energy balance was measured
with automated micrometeorological stations, and sur-
face melt rates were monitored continuously with sonic
height instruments throughout the summer. Tidal con-
stituents were measured close to the grounding line to
characterize tides using a GPS receiver. We will re-
port first results from this field expedition, including
interesting surface morphological features, ground pen-
etrating radar profiles showing surface and bottom to-
pography of a small region of the floating tongue, and
possibly bottom melt rates derived by the phase sensi-
tive radar.
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We investigated the englacial hydrology of Stor-
glacidren, a polythermal glacier in northern Sweden, to
provide empirical data to test models of englacial wa-
ter movement proposed by Rothlisberger and others.
Our investigations included both ice-penetrating radar
surveys and boreholes drilled to provide direct access.
In two cases englacial channels were first identified in
radar surveys, which determined the channel position

to within approximately one-meter. Radar surveys also
identified isolated water-filled cavities, confirmed by
drilling, within the surface cold layer. Radar results
are described in more detail in a companion paper by
Jacobel et al., (this session).

Boreholes were drilled using a hot-water system and
a permanent drop in water level from the surface indi-
cated interception of an englacial channel. After con-
nection a submersible camera was lowered to image the
geometry and orientation of the channel and to mea-
sure the water flow speed. Tracers were also injected
to estimate connectivity between holes as well as flow
speeds. Over two field seasons, we drilled 43 holes for a
total distance of 3.7 km and down to depths of 200 m.
Englacial channels were intercepted in 31 (72%) holes
at depths between 10 and 158 m. In no instance did
we encounter a Rothlisberger-type conduit. Instead we
intersected steeply sloping crevasse-like features with
nominal widths of 1 - 10 cm. Tracers and pressure vari-
ations revealed that the boreholes were englacially con-
nected across 10s of meters despite connection depths
that differed by 10 m or more. When flow could be de-
tected, it was laminar with flow speeds between 0.1 - 1
cm ™1

From these results, we believe that crevasse-like fea-
tures are the main conveyors of englacial water and
form a fracture-like network consisting of numerous
pathways, similar to a fracture network in rock rather
than the traditional view of a few melt-enlarged con-
duits in ice. Classic Rothlisberger-type conduits are
probably a special case of the flow system occurring
only where flow paths converge to create discharges suf-
ficient to initiate turbulent flow and melt-enlargement.
Such locations would be limited to the glacier mar-
gins and near the terminal margin. These results
counter current notions of englacial water flow and have
profound consequences for past interpretation of data
gained from boreholes and for understanding of water
flow through glaciers.
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Geophysical, geological, and paleoceanographic
records provide clues that basal hydrology was an im-
portant influence on the history and dynamics of the
Laurentide ice sheet, particularly during deglaciation.
Water at the bed of a glacier facilitates basal mo-
tion (through sliding and bed deformation), which is
believed to have exerted a controlling influence on
the geometry of the ice sheet and the activity of its
surge lobes. This has motivated various parameteri-
zations of hydrology in large-scale dynamical models
of the Laurentide ice sheet. We propose a physically-
based distributed model of ice-sheet hydrology that in-
cludes groundwater transport coupled to a more effi-
cient drainage system at the ice—bed interface. Ground-
water transport rates are largely determined by the lo-
cal geology, while basal flow rates are a function of the
temporally-variable drainage morphology. Driven by
ice-sheet geometry and meltwater production, the hy-
drology model determines spatial distributions of basal
water volume, pressure, and flux. These variables il-
luminate areas disposed to subglacial water storage
and basal flow enhancement. Explicit treatment of the
basal water system enables us to explore and quantify
the feedbacks of hydrology on Laurentide ice-sheet dy-
namics during the last deglaciation.
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Few glacier outburst floods (jokulhlaups) have been
monitored in detail as they occur. Hidden Creek Lake
(HCL), an ice-marginal lake impounded by Kennicott
Glacier, Wrangell Mountains, Alaska, fills annually to
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a volume of about 20 to 30 million m3 and then drains
subglacially within about 2 to 3 days. In 1999, we
measured lake-surface elevation, ice-dam deformation,
and discharge in the Kennicott River (which drains
the glacier) during the HCL outburst floods. In 2000
we collected comparable data beginning 3 weeks be-
fore lake drainage, and also measured flow in Hidden
Creek, the main source of HCL water. Sources and
sinks were in balance; any leakage from HCL prior to
the 2000 jokulhlaup was too small to resolve. An im-
portant complication revealed by the deformation data
was water storage in a "wedge” beneath the ice dam.
During the 3 weeks before drainage in 2000, at least
1/3 of the total input to HCL went into the subglacial
"wedge”. The HCL outflow hydrograph was determined
from lake-level records, basin hypsometry, and mea-
sured downdrop of the ice dam. In both 1999 and
2000, about 20% of the total water volume was stored
in the subglacial "wedge”. Both hydrographs were con-
siderably more symmetrical about the peak than the
canonical jokulhlaup hydrograph commonly mentioned
in the literature. The relatively long tail on the out-
flow hydrograph may have been due to the fact that
the entire lake had to evacuate through the subglacial
"wedge”, which became progressively more constricted
with time. The flood hydrograph measured near the
glacier terminus (16 km from the lake) is also fairly
symmetrical. The flood peak in both years occurred
about 12 h after the peak in the outflow hydrograph,
implying a mean transit time of about 0.4 m/s. Inte-
grated flood volume and lake volume agree fairly well
in both years. Water-quality measurements are diffi-
cult to interpret: suspended sediment concentration in
flood water peaked about 12 h before discharge, and
the chemistry of flood waters is not readily explained
by any sort of simple mixing models. As the HCL out-
burst flood progresses, Donoho Falls Lake—a normally
dry ice-marginal basin that fills and drains during the
HCL jokulhlaup—filled with water whose chemistry was
closer to that of the background flow in Kennicott River
than to HCL water, suggesting that the outburst flood
created high subglacial water pressure that impeded
normal drainage and even caused flow direction locally
to reverse. Water levels recorded in boreholes also in-
dicate the HCL jokulhlaup caused widespread distur-
bance in the glacier’s pre-existing drainage system.
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A substantial literature exists describing observa-
tions and theory of subglacial outburst floods. Episodic
floods from the Grimsvétn reservoir within the Vat-
najokull ice cap of Iceland are especially well docu-
mented and have inspired some of the most influential
theoretical developments. Much of this work is focused
on physical processes and hazard prediction and appli-
cations to paleohydrology are uncommon. In contrast
to subglacial outburst floods, the study of supraglacial
outbursts is in an early stage of development. Such
events are extremely rare and therefore challenging to
study, yet supraglacial release is a conceivable mecha-
nism for some of the great floods of the Pleistocene era,
for which no modern analogues exist. For most of these
reservoirs there are no data to distinguish whether the
flood mechanism was supraglacial or subglacial so that,
in addition to relevant but poorly constrained variables
such as water temperature, the release mechanism it-
self is uncertain. A recent contribution by Raymond and
Noll [2000] marks the first attempt to identify the con-
trolling processes and encapsulate them in a physical
model. However the work relies on a simplifying “bot-
tleneck” assumption that is likely to be inappropriate
when applied to the very long flood channels that would
be required for supraglacial outburst floods from huge
proglacial lakes of the Pleistocene and early Holocene
epochs. Thus no existing models are appropriate for pa-
leohydraulic comparisons of subglacial and supraglacial
outbursts. Here I present a new model of supraglacial
outburst flooding that is rooted in the Spring-Hutter
formalism and does not suffer from the bottleneck as-
sumption. Interesting complications arise such as the
possibility of a spatially migrating spillway and over-
flow from the outlet channel onto the ice sheet surface.
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Starting in summer 2000, Belvedere Glacier, near
Macugnaga, Italian Alps, developed an extraordinary
change in flow, geometry and surface appearance. A
surge-type flow acceleration started in the lower parts
of the Monte-Rosa east face, leading to strong crevass-
ing and deformation of Belvedere Glacier, accompanied
by bulging of its orographic right margin. In Septem-
ber 2001, a small supraglacial lake developed on the
glacier. High water pressure and accelerated move-
ment lasted into winter 2001/2002. The ice, in places,
started to override moraines from the Little Ice Age.
In late spring and early summer 2002, the supraglacial
lake grew at extraordinary rates reaching a maximum
area of more than 150°000 m? by end of June. The evo-
lution of such a large supraglacial lake, a rather unique
feature in the Alps, was probably enabled by changes
in the subglacial drainage system in the course of the
surge-like developments with high water pressure in the
glacier.

At the end of June, an enhanced growth of the lake
level with a rise of about 1 m per day was observed
such that the supraglacial lake became a urgent hazard
problem for the community of Macugnaga. Emergency
measures had to be taken by the Italian Civil Protec-
tion. The authors thereby acted as the official expert
advisers. Temporal evacuations were ordered and a
permanent monitoring and alarm system was installed.
Pumps with a maximum output of 1 m3 /s were brought
to the lake. Bathymetric studies yielded a maximum
lake depth of 55 m and a volume of 3.3 millions of cu-
bic meters of water. Aerial photography of 1995, 1999,
September 2001 and October 2001 was used to calcu-
late ice flow velocities and changes in surface altitude.
Compared to the period of 1995 to 1999, the flow ac-
celerated by about five times in 2001 (max. speeds up
to 200 m/yr). Surface uplift measured was about 10-15
m/yr. The results of the photogrammetric studies were
used to evaluate different possible lake-outburst sce-
narios, in particular overtopping and failure of ice dam
with catastrophic subglacial drainage. In consideration
of the current bathymetric studies and ice thickness
measurements from the 1980ies, it was assumed that
the floatation equilibrium was possibly reached by end
of June. In case of an ice dam, the maximum discharge
of a related subglacial drainage was estimated at 200
mS/s, probably involving a large debris flow. Exten-
sion and nature of thermokarst processes of the lake/ice
interface are currently studied by repeated bathymet-
ric measurements and adaption of corresponding mod-
els. In July/August 2002, geodetic ice flow velocity
measurements showed that the enhanced flow veloci-
ties have decreased probably indicat ing the end of the
surge-like movement.

In conclusion, the developments at Macugnaga are
an excellent example illustrating the need for inte
grated hazard assessments in consideration of complex
process chains. The current situation requires studies
on different aspects, such as rock instabilities, glacier
dynamics and hydrology, geomorphody namics, and
mitigation-construction planning.
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Our laser altimetry measurements suggest that most
of Alaska’s glaciers have thinned from the mid-1950s to
the mid-1990s (the “early period”), at a rate of about -
0.5 m/year, or 0.14+0.04 mm /year sea level equivalent.
Repeat measurements from the mid-1990s to 2000-2001
(the “recent period”) suggest the rate of thinning and
contribution to sea level rise has more than doubled.
These measurements show that glaciers in Alaska may
be contributing up to one-half of the sea level rise at-
tributed to all mountain glaciers on Earth.

Here we examine patterns in the thinning rates of
Alaska glaciers, and relate these to regional climate
data, in search of causes for widespread glacier thin-
ning. We analyze observational mean surface air tem-
perature and precipitation data from 24 weather sta-
tions in Alaska, with continuous records dating to 1950.
Preliminary results show temperatures in Alaska have
increased by about 2.0°C over the last 50 years, while
there has been a slight increase in precipitation. Tem-
perature increases were greater in the winter season
than in the summer: mean summer (June-July-August)
temperatures during recent period measurements were
only 0.4°C higher than those during early period mea-
surements.

We observed large increases in thinning rates of
many glaciers along southern coastal regions of Alaska,
where many large ice masses descend to sea level, and
where precipitation rates are high. However, climate
data do not show a marked increase in temperature or
decrease in precipitation for these regions. In fact, tem-
perature records show the greatest increases in temper-
ature occurred in interior Alaska, even though our mea-
surements show a slightly positive trend in the mass
balance of interior glaciers. We suspect that coastal
climate monitoring stations located near sea level may
not be representative of conditions in high mountain
regions of southern Alaska.

Does rapid thinning of Alaska’s glaciers suggest a
change in climate that has not been measured by ex-
isting climate monitoring stations? We will investi-
gate this question by using a degree-day mass balance
model, driven by temperature and precipitation data
from the nearest climate station, to simulate the cu-
mulative net balance of a sample of glaciers in our
study. The model output will be compared with aver-
age glacier-wide thickness changes (corrected for flow-
derived changes in elevation) determined from altime-
try. We will then tune the temperature and precipita-
tion fields to match model output to our observations,
and estimate potential changes in climate that would
have caused the increase in thinning rates we observed.
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Pressurised subglacial water affects the sliding of
glaciers over hard beds through the process of cavita-
tion. In particular, it is widely recognised that slid-
ing velocities depend not only on shear stress but also
on the difference pe between overburden and drainage
pressures. However, the precise form which such a slid-
ing law should take is unclear, and many modellers opt
for a heuristic power-law u;, = C7J'p_ " . Here we
show how Iken’s (J. Glaciol., 27, 407-422) notion of
a ‘critical pressure’ at which sliding becomes unsta-
ble can be re-interpreted as an upper bound on the
amount basal shear stress which a hard bed can sup-
port. Such an upper bound clearly contradicts the slid-
ing law above. Motivated by the need to construct a
more realistic sliding law which is not in conflict with
Iken’s bound, we present an analysis of hard bed slid-
ing in the presence of cavitation which extends Fowler’s
(Proc. R. Soc. L. Ser. A., 407, 147-170) treatment to
the case of irregular beds with many different bump
sizes. Our results imply that generalised power-law
sliding laws should not be used indiscriminately, par-
ticularly when discussing surge-type glacier flow. Fur-
thermore, our results highlight the need to incorporate
improved drainage models into the theory of hard bed
sliding.
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Traditional measurement of glacier surface speed is
labor intensive and weather-dependent. While it is
thought that sliding speeds are tightly coupled to the
subglacial hydrologic system, the nature of the connec-
tions requires further elucidation. We deployed 5 GPS
receivers at 1 km intervals from the terminus into
the accumulation area on the Bench Glacier, Chugach
Range, Alaska, and a base station on a nearby bedrock
ridge from mid-May through mid-July, 2002. Simul-
taneous measurement of the terminal stream discharge
and air temperature allowed us to constrain meteoro-
logical forcing and to calculate the evolution of sub-
glacial water storage. The 4-hour resolution ice sur-
face velocity record reveals that departure from the low
early season speeds of roughly 3-5 cm/d occurs progres-
sively upglacier from JD 145 to JD 149; peak speeds
were attained within about a week, and were 2-3-fold
above background. This is in accord with optical sur-
veying records from 1999 and 2000, although in 2002
the onset of anomalous motion is more subtle, pro-
gresses more rapidly upglacier (500-700 m/d) and is of
longer duration. However, the stream responded very
little to this sliding event; discharge remained at 1-2
mS/s over this interval. In contrast, a high air temper-
ature/melt event (JD 166-168) triggered simultaneous
rapid motion (up to 30 cm/d) at all stakes except the
highest. Stream discharge rose to 7 mS/s within hours,
and remained high, even after the termination of rapid
sliding 3 days later. Total sliding during this event var-
ied from 0.2 m at the terminus to 0.7 m at the ELA,
while bed separation deduced from the vertical compo-
nent is roughly one quarter of this. Motion becomes
glacier surface-parallel within a week after the termi-
nation of sliding. Post-event speeds were consistently
below the speeds of the more subtle early event.

We interpret this data as follows. In early sea-
son, poorly connected cavities prevent efficient sub-
glacial drainage of the snowmelt inputs. Sub-glacial
water pressure increases, eventually triggering the sub-
tle sliding event. Cavity enlargement in this early event
is insufficient to cause major changes in subglacial
drainage, or to reduce the water pressure field. In this
primed condition, the melt event enhanced basal wa-
ter pressures, and triggered glacier-wide sliding. These
speeds were sufficient to enlarge cavities to the degree
that they interconnected, allowing water to begin to
escape at rates that were greater than the melt inputs
and therefore capable of reducing storage. Reduction
of water pressures terminated sliding. Continuation of
high water discharge at rates that exceeded melt in-
puts slowly reduced water storage, making later sliding
events less likely.
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The flow of the large Greenland and Antarctica ice
sheets is largely controlled by the rheology of the ice.
Ice deforms in-situ at very high temperature as com-
pared to the melting point (T/Tf > 0.8) and in a
quasi-static regime that can be described by a non-
linear viscoplastic constitutive relation. However, the
interpretation of mechanical tests performed in the lab-
oratory requires a better understanding of all creep
regimes. Upon instantaneous loading, the stress is al-
most uniformly distributed inside the polycrystalline
ice sample owing to the quasi-isotropic elastic behavior
of ice crystals. But as deformation proceeds, the load is
gradually transferred to the grains that are badly ori-
ented for intracrystalline (dislocation) slip owing to the
very large viscoplastic anisotropy of ice crystals. The
decrease of strain rate during the transient creep by
more than two orders of magnitude is associated with
large directional internal stresses. Secondary creep has
a rather short existence because it is immediately fol-
lowed by the tertiary creep associated with discontinu-
ous recrystallization that initiates systematically after
1.% total strain. This secondary creep regime is of-
ten considered as a stationary regime. Modeling the
transient (up to the secondary) creep behavior of poly-
crystalline ice requires to account for the “long term
memory effect” resulting from the elasto-viscoplastic
coupling, together with the non-linear and strongly
anisotropic viscoplastic behavior. This can be achieved
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by the recently developed affine self-consistent homog-
enization scheme, which allows the description of the
overall mechanical behavior of the aggregate with re-
spect to the local elastic and viscoplastic behavior of
the grains. Comparison of model results to a large set
of experimental data will be given.
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Post-depositional processes must be taken into ac-
count when ice cores are used to infer the history of
past climates. For example, the effects of diffusion in
the firn are modeled and inverted to recover the orig-
inal stable isotope ratios §180 and D, which yield
records of past temperature. Fortunately, beneath the
level of pore close-off, post-depositional alteration is
slowed considerably. Nevertheless, diffusion continues
to smooth the isotope records, leading to the loss of
seasonal and other high-frequency information. In fact,
Johnsen and others (1999) found that the rate of dif-
fusive smoothing in the Holocene ice sampled by the
GRIP core is much faster than would be predicted by
diffusion through solid ice alone. Nye (1998) argued
that the presence of liquid veins at the boundaries of ice
grains might explain this apparent “excess” diffusion.
However, the analysis of Johnsen and others (2000) sug-
gests that the required vein dimensions are unrealis-
tically large. Here, we model the diffusion of stable
isotopes in polycrystalline ice and show that the pre-
dictions of Nye (1998) and those of Johnsen and oth-
ers (2000) represent two end-members in a spectrum of
potential behavior. Our analysis ties together the two
approaches and provides a rostrum for data analysis.
In the Nye-model regime, the degree of excess diffusion
depends on the wavelength of the isotopic signal. In the
Johnsen-model regime, the rate of diffusive smoothing
varies with the square of the grain size. We identify the
physical characteristics that determine which of these
asymptotic regimes more closely resembles the prevail-
ing conditions and quantify the role of premelted liquid
in the smoothing of isotopic signals. A deeper under-
standing of the processes by which the isotope records
evolve will help to increase the accuracy and resolution
of paleotemperature reconstructions.

S.J. Johnsen and others 1997 J. Geophys.
26397.

S.J. Johnsen and others 2000 in: Physics of Ice Core
Records, (ed. T. Hondoh) Hokkaido Univ. Press, 121.
J.F. Nye 1998 J. Glaciol. 44, 467.
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Stable-isotope ratios in precipitation are used as a
proxy for the temperature above the inversion layer at
the time of snow formation. We explore the possibility
that the initial stable-isotopic ratios in snow may be
modified by water-vapor exchange between pore-space
vapor and the ice matrix.

We present a model which estimates the isotopic
change of a two-dimensional section of firn through
time. We model water-vapor motion through the firn
as a result of diffusion along vapor-pressure gradients
and of ventilation associated with air flow over the
snow surface microtopography. Water vapor in firn
pore spaces is a mixture of advected vapor from neigh-
boring pores and vapor derived from sublimation of ice
grains. We assume that stable isotopes do not fraction-
ate upon sublimation and that ventilation continually
advects air and water vapor through the firn. We cal-
culate the mass of water vapor that changes phase (by
either sublimation or condensation) in the firn through
time. We also allow for water vapor loss to the atmo-
sphere through advection. Owur model inputs are the
surface temperature, the firn microstructure (assumed
constant), the isotopic composition of atmospheric wa-
ter vapor, the relative humidity of the atmosphere, the
mean wind speed and the microtopography of the firn.

Our model suggests that §180 can change by a few
tenths of a part per mil per year. In high accumula-
tion rate environments, surface snow is advected down
through the ventilated zone before stable isotope ratios

are modified significantly. However, post-depositional
changes could be significant in low-accumulation-rate
environments where snow remains within the near-
surface ventilated zone for several years prior to deep
burial. We also use this model to predict how the deu-
terium excess could change with time.
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The diffusion of stable isotopes of water (d180 and
d2H) in ice and firn is a question of interest for ice
core glaciology. The back-diffusion (or de-convolution)
models used today can be improved by having better
knowledge of the diffusivity within firn, and ice. This
is a laboratory setup, where we study the diffusion rate
of stable isotopes of water within a matrix of fabricated
firn. The laboratory procedure is such that two bod-
ies of isotopically different waters are frozen. Flakes
are shaved of the ice, making firn grains. The density
of this manually fabricated firn is approximately 500
kg / m3. The firn of the two isotopically different wa-
ters is then sandwiched in an isolated box held in a
freezer. The thickness of the different layers are var-
ied in the stack at the setup, the ice temperature and
the ice density are held relatively constant. Samples
of the stack are taken over consequent longer time pe-
riods. Both d180 and d2H of the water are analyzed,
using isotope ratio mass spectrometry. Comparison the
results of the diffusion experiment with diffusion mod-
els will tell if the measured diffusion rate is similar to
theoretical diffusion rates, or not.
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‘We present results from a second season of ground-
based ice-penetrating radar studies on Storglaciaren,
a polythermal glacier in arctic Sweden. The purpose
of this research is to investigate the morphology and
hydraulics of englacial channels - a problem of cen-
tral importance to understanding glacier movement.
Previous work has for the most part been limited to
theoretical studies with few observations. We used a
multi-frequency ground-penetrating radar in conjunc-
tion with borehole video (see companion paper by
Fountain, et al., this session) to image englacial water
passages.

Coarse surveys were carried out in the ablation zone
using an impulse radar at a frequency of 50 MHz to
characterize the surface cold layer, and to search for
promising sites where englacial water bodies might be
imaged and located. Subsequent detailed grid surveys
with a spacing of 2 meters were completed using both
50 and 100 MHz radars. Two sites were found where
bright englacial echoes suggested a sloping water-filled
feature with linear dimensions on the order of several
meters. Boreholes were drilled at both sites and di-
rectly intersected each feature. The borehole video
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camera confirmed that both features were narrow (1-10
cm) channels carrying water at slow speeds. At a third
site, radar surveys located a point-like reflector at a
depth of 20 meters within the surface cold layer. The
borehole camera revealed this to be an oblate water-
filled cavity approximately half a meter in extent and
not connected to the englacial hydraulic system.

Our radar surveys showed that success in imaging
water bodies from multiple positions on the surface
was dependent on the object size and orientation, as
would be expected for an extended reflector with com-
plex geometry. Like other surveys, we detected many
reflectors in single profiles that could not be indenti-
fed in multiple views, and thus the source could not
be located precisely. Likewise, the borehole drill in-
tersected a number of water-filled channels that were
not resolved by the radar. This result confirms the dif-
ficulty of imaging and locating extended objects with
a broad beam antenna. At the same time, the corre-
spondence between borehole and radar results in those
cases where channels were located, shows the utility
of the technique. The radar surveys together with the
borehole experiments suggest a new model for englacial
drainage, wherein crevasse-like features are the main
conveyors of water and form a fracture-like network
consisting of numerous pathways rather than the tradi-
tional view of a few melt-enlarged conduits in ice.

C62A-0903 1330h POSTER

Visualizing glacial sediment inclusions
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Retreat since the 1940s surge of Kongsvegen, Sval-
bard has exposed sediment structures on the glacier
surface and along a 1 km long, 5-20 m high, grounded
cliff section near the terminus. Glacier ice provides an
almost ideal target for ground-penetrating radar (GPR)
because low attenuation means that penetration up to
100s metres can be achieved. Reflections result from
changes in the dielectric properties of the ice, typi-
cally due to changes in sediment or water content of
the ice. Coincident GPR and real-time kinematic GPS
data were collected on Kongsvegen by towing the in-
struments behind a moving snowscooter. Grids (~
100 m x 50 m) of closely spaced common offset GPR,
lines (~ 0.25 m in line and 1 m between line spac-
ing) were imaged over prominent englacial sediment
features. The data were tied through a time stamp
at each radar trace. The data have been 2-D interpo-
lated at each time interval onto a regular grid to allow
visualization. Prior to interpolation each line was de-
spiked, and filtered to remove low frequency noise and
horizontal banding resulting from ringing in the anten-
nae. After interpolation the data were topographically
corrected and migrated before visualization. The grids
imaged two sub-horizontal reflectors. The upper re-
flector is strong and continuous, dips gently upglacier,
and is interpreted to be the base of the glacier or the
top of a basal ice layer. The lower reflector is discon-
tinuous and is interpreted either as a thermal bound-
ary (between frozen and unfrozen sediments) or as a
décollement layer within the sedimentary bed mate-
rial. Above the basal reflector a series of strong up-
glacier dipping faults were imaged, which do not cross
the basal reflector. Weaker features occur between the
basal reflector and the lower reflector. We interpret
these structures in terms of the surge history of the
Kongsvegen glacier complex.

C62A-0904 1330h POSTER

Ground Penetrating Radar Imaging of
Glaciotectonic Sediment Deformation
in an Ice-Cored Moraine Generated
by Movement of the Buried Ice
During a Re-advance of the Active
Ice, Matanuska Glacier, Alaska

Kendra Pykel; Gregory S Baker! (716-645-6800
x2252; gbaker@geology.buffalo.edu); Edward
Evenson3 (ebe0@lehigh.edu); Nelson Ham®%
(nelson.ham@snc.edu); Grahame Larson®

(larsong@pilot.msu.edu); Staci Ensminger?

(SLE@mail.nwmissouri.edu); Daniel Lawson®

(dlawson@crrel.usace.army.mil)

1 University at Buffalo, Dept. of Geology 876 Natu-
ral Sciences Complex, Buffalo, NY 14260, United
States

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F#, 2002.




