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PREFACE

We entered a new era in Norwegian antarctic research and
logistics at the Norwegian Antarctic Research Expedition
(NARE) in 2000/01 when using aircraft for transport of
personnel and equipment from South Africa to Dronning
Maud Land. By doing so, terrestrial groups could start
their programmes earlier, spend much less time in transit
as well as having the option of travelling to or departuring
from Antarctica during mid-season. Also, marine groups
could leave Cape Town at a later date avoiding the
troublesome sea ice conditions often experienced in
December. And last but not least, this opens up for very
short visits to Antarctica like it was done during NARE
2000/01 when an inspection team, a politician and an
international flight evaluation team came down on a mid-
season flight and spent two effective days (and nights!) in
Dronning Maud Land.

This report describes research carried out during the
Norwegian Antarctic Research Expedition (NARE) in
2000/01. Contributions from altogether 47 authors
including background, objectives, description of field work
and data acquisition as well as preliminary results from 11
projects are presented. The work was carried out in the
period from December 2000 to February 2001.

The first part of the report includes a general introduction
describing the logistics, expedition participants and their
affiliation, together with a brief overview of the scientific
programme. Next, aspects concerning the regulations

relating to the protection of the environment in Antarctica
are briefly presented. A summary of Initial Environmental
Evolution (IEE) results and special permits given for
research activities outlined in this report is also presented.

The next section covers terrestrial projects that were carried
out during NARE 2000/01. These include a mapping
programme at Troll Station, a project concerning the
population dynamics of Antarctic petrel at Svarthamaren,
an ice coring study for reconstruction of past climate in
the framework of the European Project for Ice Coring

in Antarctica (EPICA), and finally a seismic survey on
Fimbulisen ice shelf to measure ice shelf draft and seabed

topography.

The last section presents the marine programmes of
NARE 2000/01, including: Projects on ocean circulation
underneath the Fimbulisen ice shelf; a study of dissolved
oxygen and nutrient tracers; a study covering the transport
and transfer of organochlorines; a study concerning the
production and mortality of phytoplankton and sea-

ice microalgae; and one project which investigated the
distribution and food consumption of Ross and leopard
seals. Finally, one bilateral project (Norwegian — South
African) studied seals and seabirds on Bouvetgya in the
framework of the Convention on the Conservation of
Antarctic Marine Living Resources (CCAMLR) where
Bouvetoya is selected as a key location in the CCAMLR
Ecosystem Monitoring Programme (CEMP).

Tromse, 6 November 2001

Jan-Gunnar Winther
Editor
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GENERAL REPORT -

NORWEGIAN ANTARCTIC RESEARCH EXPEDITION (NARE) 2000/2001

Jan Erling Haugland?, John E. Guldahl, Qystein Mikelborg?, Jan-Gunnar Winther2
"Norwegian Polar Institute, PO. Box. 505, N-9171 Longyearbyen

2Norwegian Polar Institute, N-9296 Tromse

The Norwegian Antarctic Research Expedition (NARE)
2000/2001, was the first national expedition where the

land parties were transported in and out of Dronning
Maud Land by plane.

The expedition leadership was as follows:

Expedition leader I: Mr Jan Erling Haugland
Expedition leader II: Mr John E. Guldahl
Cruise leader: Mr Qystein Mikelborg

Scientific leader: Dr. Jan-Gunnar Winther

The expedition had 16 crewmembers who performed
their scientific work on board the Norwegian Polar
Institute’s (NPI) own research vessel R/V Lance. This ice-
strengthened vessel has been operated by NPI since 1993,
sailing both in southern and northern waters.

Planning the flights started more than two years in
advance. Several commercial and national operators were
contacted. Finally, a contract for three flights was entered
into with the UK based company Polar Logistics Ltd. For
the transport between Cape Town and Dronning Maud
Land (DML) a Russian aircraft, Ilushin (IL 76 MD),

was used. For domestic flights in DML, a Basel Turbo 67
(DC3), a DH Twin Otter (DHC6) and a Helicopter BO
105 (the latter on contract with Court Helicopters, South
Africa) were used. Tenders were invited prior to entering
contracts. During the planning period, the Norwegian
National Committee for Polar Research, the Research
Council of Norway, evaluated proposals and selected
nine projects to constitute the NARE 2000/01 scientific
programme. Equipment for the expedition was also sent
south on board the South African research vessel $/4
Agulbas.

The helicopter BO 105 was also used for transportation
of equipment from the vessel to the ice shelf or the inland
areas, and for science support. Eight snow machines with
sledges were used for transporting scientific equipment.

They travelled around 2500 km each.

Three Higglund BV 206 bandwagons were used to
transport cargo to the Troll station. The drive from the
ice front, where the cargo was unloaded, covered 300 km
and involved crossing of the grounding line zone between

the ice shelf and the inland ice. In addition, two of the
bandwagons were used during the EPICA-traverse on the
plateau.

The blue ice runway close to Troll was used by the two
light aircrafts (BT 67 and DHC 6) during the whole
period for landing and take-offs.

In the following, an overview of the scientific programme
during NARE 2000/01 is presented. Details of individual
projects are found in individual project descriptions
elsewhere in this report.

Access by airplane to Dronning Maud Land allowed the
land parties to start their work on the ice earlier than on
previous NAREs. Also, this led to a later departure from
Cape Town for the marine parties (which was preferred).
In practice, these logistics divided NARE into two
relatively independent groups, one terrestrial and one
marine.

On land in Dronning Maud Land, three research
projects were carried out. One of them continued several
years of studies of the Antarctic petrel at Svarthamaren
and dealt with population dynamics and life history
strategies. Another team measured ice shelf draft and
seabed topography on Fimbulisen ice shelf performing
an extensive seismic programme. A third group
consisting of 10 persons was involved in an ice core
drilling programme on the polar plateau as part of the
European Project for Ice Coring in Antarctica (EPICA).
Additionally, at the Troll station an environmental
programme including alternative energy, wastewater
treatment, freshwater supply and pollution was carried
out. Finally, detailed topographic mapping in the
vicinity of Troll was made, primarily as support for the
environmental programme.

On the marine cruise, one project focused on the physical
oceanographic processes relevant for ocean circulation
underneath the Fimbulisen ice shelf. This project was an
integrated part of the terrestrial project on Fimbulisen
described above. Further, a joint marine project including
several groups dealt with studies of dissolved oxygen

and nutrient tracers. One project studied the transport
and transfer of organochlorines, while production and
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mortality of phytoplankton and sea-ice microalgae in
the Southern Ocean was studied by another group. As
a continuation of previous work made during NARE,
the distribution and food consumption of Ross and
leopard seals were studied. Finally, one group consisting
of Norwegian and South-African scientists resided on
Bouvetgya where they made investigations of seals and
seabirds.

The maritime part of NARE 2000/01 was carried out
using Lance as platform. The ship left Cape Town on

10 January 2001 with a crew of 16 in addition to 19
scientific participants. The journey south to Antarctica
was carried out in favourable weather and the ship
reached 60° southern latitude on schedule on 18 January.
Pelagic sampling for the ecotoxicology project was
started when passing 60° and continued at intervals until
reaching the edge of the sea ice at approximately 68° 15’
south.

Although the sea ice reached further north than
anticipated, it did not hamper the progress at this stage,
and Lance reached the Troll loading site on 23 January
after negotiating 250 km of dense pack ice. After carrying
out further biological sampling at this site and taking

on board the first batch of ice cores from the EPICA
project, the journey continued westward through the
pack ice on 26 January. Lance reached the loading site
“Bukta” on 30 January where she joined S.A. Agulhas for
a transfer of helicopter fuel. The helicopter and crew also
were boarded at this stage. The journey then continued
westward with further biological and oceanographic
sampling until reaching the westernmost destination, the
Swedish/Finnish loading site at Rampen on 4 February.
The ice conditions at Rampen were difficult, and did not
allow the ship to reach the ice shelf, and all equipment
and personnel from the FINNARP expedition therefore
had to be flown on board.

On 7 February the ship sailed eastwards towards
Trolltunga. When reaching this destination on 12
February, the seal team and the helicopter crew
established a temporary base camp on the ice shelf. From
this location they operated until 18 February carrying out
sampling and satellite tagging of leopard and Ross seals.

After putting ashore the seal team, Lance started an
oceanographic transect which brought her all the way
north to Maud Rise at approximately 65° south. After
recovering oceanographic rigs that were deployed there
on the way south, the ship steamed back to Trolltunga
and recovered the seal team on 18 February. Again the ice
conditions did not permit the ship to reach the shelf, and
people and equipment had to be flown on board.

Now, late in the season, there was a marked deterioration

in the general weather conditions in addition to unusually
persistent sea ice. The ice belt along the shelf remained all

General Report

through the summer season. From Trolltunga Lance sailed
further east to the Troll loading site to take on board field
equipment and refuse from the Troll station, as well as
the last batch of ice cores from EPICA. The weather at
this stage was not suitable for flying, and the ship had to
wait for four days at the ice edge before flying operations
could commence, and then only under marginal
conditions. After completing this operation on 23
February, Lance sailed for Bouvetgya. On the journey to
Bouvetgya the ship carried out six days of bathymetrical
sampling to establish the extent of the continental shelf in
the area between Dronning Maud Land, Maud Rise and
Astrid Ridge.

Personnel were put ashore on Bouvetsya in December
from the German research vessel Polarstern. The scientific
personnel consisted of one Norwegian researcher (leader),
three South African researchers and one American
medical doctor, who also served as a research assistant.

The work on Bouvetoya - the island is an environmental
monitoring site (CEMP) within the framework of SCAR
(Scientific Committee on Antarctic Research) - dealt
with monitoring and research on fur seals, chinstrap and
macaroni penguins. The group maintained contact with
the expedition headquarter in DML via Inmarsat and HF
communication.

Lance reached Bouvetoya on 4 March. The state of the
sea at this time did not allow flying operations and it
was not until 6 March that the scientific party and their
equipment could be recovered from the island, again
under marginal conditions. Lance arrived back in Cape
Town on 11 March after 61 days at sea.

FLIGHT SCHEDULE
Flight 1
10 December 2000 from Cape Town
Flight 2
6 January 2001 from Cape Town
7 January 2001 from Dronning Maud Land
Flight 3
10 February 2001 from Dronning Maud Land




ITINERARY FOR R/V LANCE
8 December 2000

departure from Tromse

7 January 2001 arrival Cape Town

10 January 2001 departure from Cape Town

18 January 2001 60°S - scientific measurements starts (ecotoxicology)

23 January 2001 arrival at the shelf of Dronning Maud Land (Troll discharging)
23 February 2001 departure for Bouvetoya

4 March arrival Bouvetgya

6 March departure from Bouvetgya - scientific programmes terminates
11 March arrival Cape Town

12 March departure from Cape Town

8 April arrival Tromse

PARITICIPANTS

In addition to those directly involved in the NARE 2000/2001, the expedition consisted of 16 per-
sons from Finland (FINNARP). The participants on NARE 2000/2001 are listed in the following.

Scientific personnel

Name Institution Location Function

Yngve Melvar NPI Troll Geodesy

Torkild Tveraa NINA Svarthamaren Biology (team leader)
Dystein Varpe UiT Svarthamaren Biology

Ingve Birkeland UiT Svarthamaren Biology

John-André Henden ~ NINA/UIT Svarthamaren Biology

Jan-Gunnar Winther ~ NPI EPICA Glaciology (team leader #1)
Lars Karlof NPI EPICA Glaciology (team leader #2)
Stein Tronstad NPI EPICA Glaciology

Karsten Kaspers [040} EPICA Glaciology

Gaute Lappegard UiO EPICA Glaciology

Rickard Pettersson SU EPICA Glaciology

Coen Hofstede Uuu EPICA Glaciology

Eric-Jan de Jong uu EPICA Glaciology

Ole Anders Nost NPI Fimbulisen Glaciology (team leader)
Stein Hugo Thorsen ~ NPI Fimbulisen Glaciology

Harvey Goodwin NPI Fimbulisen Glaciology

Tore Renstad NPI Fimbulisen Glaciology

Bjorn Krafft NPI Bouvetgya Biology (team leader)
Charles Brady NASA Bouvetgya Doctor/research assistant
Greg Hofmeyr up Bouvetoya Biology

Dave Keith UCT Bouvetgya Biology

Bianca Harck UCT Bouvetgya Biology

Janne Soreide UiT R/V Lance Marine biology

Jane O’Dwyer NPI R/V Lance Marine biology

Glen Jensen NPI/TK R/V Lance Marine biology

Geir Johnsen NTNU R/V Lance Marine biology (team leader)
Torunn Johansen NTNU R/V Lance Marine biology

Kiristina Olsson AN R/V Lance Marine biology (team leader)
Barbara Végele AN R/V Lance Marine biology

Michael Poltermann NPI R/V Lance Marine biology

Vladimir Savinov AN R/V Lance Marine biology

Ksenia Kossobokova ~ SIO R/V Lance Marine biology

Agneta Fransson GU R/V Lance Marine biology

Arnoldus Schytte Blix ~ UiT R/V Lance Biology (team leader)
Erling Nordey uiT R/V Lance Biology

Steffen Bo Hansen KH R/V Lance Marine Biology

Norwegian Antarctic Research Expedition
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Other personnel

Jan Erling Haugland NPI Troll Expedition leader and leader of evaluation flight
Birgit Njistad NPI Troll Environmental officer/Inspection team

Sylvi Leander A Troll Media

Bird G. Hansen NRK Troll Media

Torbjern Krane NRK Troll Media

Bertran Kiil NPI Troll Logistics

Tore Dahlberg LS Troll Expedition doctor

John E. Guldahl NPI Troll Expedition leader

Jan Tore Johansen NPI EPICA Logistics

Einar Johansen NPI EPICA Logistics

@ystein Mikelborg NPI R/V Lance Cruise leader

Tor Ivan Karlsen NPI R/V Lance Engineer

Jan Tore Holvik UD Troll Inspection team (team leader)

Olav Orheim NPI Troll Inspection team

Torodd Veiding JD Troll Inspection team

Anne Lise Ryel JD Troll Inspection team

Svein Tore Halvorsen MD Troll Inspection team

Dick Hilland CH R/V Lance Pilot

Robert Bruce Siegrist CH R/V Lance Pilot

John Britton CH R/V Lance Engineer

Institutions

A Aftenposten

AN Akvaplan-niva Participants in the international evaluation flight
CH Court Helicopters organized by Norway:

GU University of Gothenburg Name Country

JD Ministry of Justice and the Police Jan Erling Haugland Norway (Leader)
KH University of Copenhagen Markku Kivipii Finland

LS Longyearbyen Hospital Knichiro Kato Japan

MD Ministry of Environment Kazuyuki Shiraishi Japan

NASA National Aeronautics Space Administration Yutaka Katsuta Japan
NINA Foundation for Nature Research Teruo Furukawa Japan

NPI Norwegian Polar Institute Kim Pitt Australia
NRK Norwegian Broadcasting Corporation Chiris Peterson Australia
NTNU Norwegian University of Science and Technology Tom Maggs Australia
SIO PP, Shirshov Institute of Oceanology Hartwig Gernandt Germany
SU University of Stockholm Friedrich Schwacke Germany
TK Troms Kraft A.S. Jan H. Stel The Netherlands
UCT University of Cape Town Victoria Buxton South-Africa
UD Ministry of Foreign Affairs Richard Skinner South-Africa
UiOo University of Oslo Ulf Hedman Sweden

UiT University of Tromse Goéran Wiisterhed Sweden

uP University of Pretoria Dick Hedberg Sweden

(8]0 University of Utrecht Tomas Karlberg Sweden
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ENVIRONMENTAL ASPECTS OF THE 2000/2001
NORWEGIAN ANTARCTIC RESEARCH EXPEDITION

Birgit Njastad'

' Norwegian Polar Institute, N-9296 Tromse

LEGAL ENVIRONMENTAL ASPECTS OF NARE
2000/01

Antarctica is designated as a natural reserve, devoted

to peace and science, as affirmed by the Antarctic

Treaty system through the Protocol on Environmental
Protection to the Antarctic Treaty (Environmental
Protocol). Both the Environmental Protocol, and also
the national Regulations Relating to Protection of the
Environment in Antarctica (Antarctic Regulations),
contain specific provisions aimed to minimize possible
impacts on the Antarctic environment by human
activity. It is a fundamental principle that the Norwegian
Antarctic Research Expeditions are planned and
conducted within the environmental framework of the
Environmental Protocol and the Antarctic Regulations,
as well as other relevant environmental legislation, such
as Regulations relating to the protection of Bouvetoya
and surrounding territorial waters as a nature reserve
(Bouvetgya Regulations) and Regulations pertaining to
the prevention of pollution from ships (Marine Pollution

Regulations).

NARE 2000/01 was, with one exception, conducted
within the legal environmental framework and the
environmental conditions stipulated by the Norwegian
authorities. Due to unforeseen circumstances it was
necessary to leave waste depots both on the ice-shelf

and on Bouvetoya, this in contradiction to the waste
management provisions of the Antarctic Regulations and
Bouvetgya Regulations. It will be a priority to collect and
retrograde this waste at the first opportunity.

The following is worth noting with respect to NARE

2000/01 and the legal environmental framework:

¢ An Initial Environmental Evaluation (IEE)1, contain-
ing a description of the proposed activity, including its
purpose, location, duration, intensity, use of means of
transport and evaluation of impacts on the environment
was submitted to the Norwegian authorities in accord-
ance with §§ 9 and 10 of the Antarctic Regulations.
The expedition was considered to have no more than
minor or transitory impact on the Antarctic environ-
ment, and the Ministry of the Environment approved
the activity within the framework of the conditions
defined in the IEE.

* Advance notices and IEEs were also submitted for all
research projects that were part of NARE 2000/01, and
which took place south of 60°S. None of the projects
were considered to have more than minor or transi-
tory impact on the Antarctic environment. A separate
application and impact assessment was prepared for the
Bouvetgya research and monitoring project. The assess-
ment and application were prepared in accordance with
the Bouvetgya Regulations and was submitted to the
Ministry of the Environment.

* Four NARE 2000/01 projects applied for permit for
handling of flora and fauna in accordance with § 14 of
the Antarctic Regulations and two in accordance with
the Bouvetgya Regulations. With the exception of one
application none of the activities for which permit was
sought were considered to be in contradiction with the
provisions of the Environmental Protocol or national
legislation. Permit was not granted in one case where
the applicant planned to conduct lethal studies on a
number of seals and seabirds. Information about the
permits is summarized in Table 1.

One NARE 2000/01 project applied for permission

to conduct research in a protected area in accordance
with § 25 of the Antarctic Regulations. In addition one
broadcasting team and one journalist applied for and
were granted permission to document the research in
this protected area. Information about the permits is
summarized in Table 2.

Norwegian Antarctic Research Expedition

1"



12

A. In accordance with § 14 of the

Antarctic Regulations

B. In accordance with the provisions

of the Bouvetoya Regulations

Environmental Aspects

Table 1: Permits submitted in accordance with § 14 of the Antarctic Regula-
tions and the provisions of the Bouvetgya Regulations. NS* indicates “Not

specified”

No. Species # permitted | # taken | Purpose

ff01/00 | Ross seal 8 20 Anesthesia for fitting of satellite
(Ommatophoca sender
rossi)

Leopard seal 7 3 Anesthesia for fitting of satellite
(Hydrurga sender
leptonyx)

ff02/00 | Antarctic petrel 1000 pairs 950 Catch and release for ring banding
(Thalassoica indiv.
antarctica)

Antarctic petrel 25 pairs Nill Catch and release for fitting of
(Thalassoica satellite sender

antarctica)

Antarctic petrel 250 chicks 250 Moving chicks from one nest to
(Thalassoica chicks another

antarctica)

f03/00 Neuropogon NS Nill Studies of UV-absorbing pigments
Rhizoplace NS’ Nill Studies of UV-absorbing pigments
Various lichen NS’ 7 Species identification
species samples

(small
amount)

ff04/00 | Crabeater seal 20 ® Anesthesia for studies of infectious
(Lobodon .

. diseases
carcinophagus)
Weddell seal 20 20 Anesthesia for studies of infectious
(Leptonychotes diseases
weddellii)
Emperor penguin 20 L Anesthesia for studies of infectious
(Aptenodytes .

. diseases

forsteri)
Adelie penguin 20 1 Anesthesia for studies of infectious
(Pygoscelis adeliae) diseases

No. Species # permitted # taken Purpose

L Antartic fur seal 20 2 Anesthesia for studies of infectious
(Arctocephalus di

iseases
gazella)

2 Antarctic fur seal NS’ 2500 Various non-lethal studies: fitting of
(Arctocephalus VHF, TDR and sattelite sender, banding,
gazella) blood sampling, milk sampling, weight

and measurement registrations.
Chinstrap penguin NS’ 150 Various non-lethal studies: Fitting of
(Pygoscelis VHF sender, stomach pumping, weight
Antarctica) and measurement registrations.
Macaroni penguin NS’ 150 Various non-lethal studies: Fitting of
(Eudyptes VHF sender, stomach pumping.
chrysolophys)

Table 2: Information about permits granted in accordance with § 25 of the

Antarctic Regulations

No. Protected area # people Purpose
pa01/00 | Svarthamaren: SSSI No.23 | 4 Primary research: Seabird studies
pa02/00 | Svarthamaren: SSSI No.23 |2 Filming: Recording of research activities

pa03/00 | Svarthamaren: SSSI No. 23

1

Journalism: Article related to research
activities




PRACTICAL ENVIRONMENTAL ASPECTS OF
NARE 2000/01

An environmental review of the operations of the
Norwegian Antarctic Research Expeditions was
conducted during NARE 2000/01. The aim of the review
was to assess the Norwegian Antarctic operations relative
to the provisions and requirements of the legal framework
and the environmental guidelines that have been
developed for the Norwegian expeditions. The review,
when completed, will provide suggestions as to how

to reduce the environmental impact of the Norwegian
Antarctic operations further. Some of the main issues
considered in the review are referred to below.

Mapping: It is essential to have good spatial information
when planning the operations at the Troll station.
Spatial information is also essential in the context of
environmental monitoring programme. It has, however,
not been possible to prioritize detailed mapping of

the Troll area in the past, and the spatial background
information has not been available for planning purposes.
The survey work conducted during NARE 2000/01

was therefore a highly prioritized, and also the most
time-consuming, part of the environmental work of the
expedition.

Flora and fauna: Air operations are likely to become a
major part of future Norwegian Antarctic operations.
During NARE 2000/01, for example, a blue ice airstrip
near the Troll station was used for the first time. The
increase in air traffic could entail possible disturbance to
Antarctic seabirds. Initial observations conducted during
NARE 2000/01 indicated that air operations near the
Troll station do not necessarily entail visible disturbance
in the seabird colonies, but further studies may be
necessary to establish whether increased air traffic could
have a higher disturbance level and impact in the bird
colonies. During NARE 2000/01 an initial survey was
conducted to assess potential sites for future monitoring
of disturbance of air operations on seabird colonies.

Waste: The Norwegian Antarctic programme has focused
on the issue of how to reduce the volume of the waste
that has to be retrograded from Antarctica. Recent
initiatives in this regard were tested and evaluated during
NARE 2000/01. The composting toilet installed at

Troll in 1999 seemed to efficiently reduce the volume of
human waste; however, it was also concluded that it is
necessary to consider and develop the operational aspects
further before this system functions satisfactory.

Waste handling and waste storage at Troll station were
observed to have room for improvement. Based on
the observations made during NARE 2000/01 further
initiatives will be taken to ensure satisfactory, practical
and aesthetically pleasing handling of waste.

Pollution: The fuel depot at Troll is today a source of
potential contamination since very few of the fuel drums
have been protected with any kind of containment
system. Small spills from leaks and operations will
cumulate throughout the area and could contaminate
both the ground and the fresh water reservoir. During
NARE 2000/01 a number of soil samples were collected
to analyse and evaluate the amount of fuel contamination
in the Troll station area, and thereby assess the extent of
the possible contamination problem. Any large spill from
the fuel depot could have major impacts on the local
environment. Based on observations and registrations
from NARE 2000/01 the Norwegian Polar Institute, as
national operator, will initiate a process to find practical
and economically viable solutions with respect to the
issue of fuel storage at Troll.

Efficient handling of wastewater has long been a
challenge to the Norwegian Antarctic programme. In
1999 a new wastewater treatment system was installed
at Troll. The aim has been to be able to release the
wastewater into the environment without contaminating
the ground. During NARE 2000/01 the wastewater
treatment system was tested for its efficiency and water
samples have been collected. It has been concluded that
the system does not yet function satisfactory and based
on the observations and registrations from NARE 2000/
01 it will be developed further to reduce contamination.

Energy: The Norwegian operations in Antarctica have
become quite energy demanding. Initiatives have been
taken to reduce emission and fuel consumption at Troll,
e.g., by utilizing propane for the household appliances.
Further initiatives may be taken, although preliminary
evaluations have not found alternative energy sources
efficient for the operations at Troll. However, observations
and registrations made during NARE 2000/01 indicate
that it should be possible to run the field station Tor on
alternative energy only. Based on this conclusion it is
therefore indicated that steps will be taken make a shift
from traditional to alternative energy at Tor.

CONCLUSION

The Norwegian Antarctic Research Expedition in 2000/
2001 was conducted in accordance with the international
and national legal environmental framework.

The environmental audit conducted during the expedition
is expected to provide a solid foundation for further
initiatives and improvements to reduce the environmental
impacts of the Norwegian Antarctic operations even
further.

Norwegian Antarctic Research Expedition

13



14

MAPPING ACTIVITIES AT NARE 2000/2001

Yngve Melveer!

"Norwegian Polar Institute, N-9296 Tromse

INTRODUCTION

Detailed mapping of the Troll Station area has not been
given priority on previous NARE-expeditions. For
planning and environmental purposes is it important to
have high resolution digital maps and terrain models of
this area. It was therefore decided that NPI’s mapping
section represented by Y. Melver in cooperation with the
environmental officer B. Njistad would do the survey
work at the expedition this season.

OBJECTIVES

The main objective of the project was to collect
topographic data, to make a digital map and a terrain
model of the Troll area.

Surveying in the Troll area

Mapping activities

MEASUREMENTS

There is one fundamental point at Troll. This point was
used as a base station for measuring three new points
with GPS. The work was done in collaboration with S.
Tronstad.

These points were then used as stations for measuring
all terrain points, buildings, cables, piping and other
structures of interest. Close to 5000 points were
measured altogether. We used a Leica TC1700 total
station for the measurements.

PRELIMINARY RESULTS

All measured points were preliminarly computed on

a daily basis during the expedition. This provided a
good overview with respect to the area coverage. Final
computations based on the corrected GPS points will
be done early in 2002. We will then use these points to
make a digital map and a terrain model of the area.

CONCLUSIONS

The mapping activities during NARE were carried out
successfully. We now have the data needed to make a
detailed and accurate map and a terrain model of the
station area and its immediate surroundings.



STUDIES OF POPULATION DYNAMICS AND LIFE HISTORY
STRATEGIES OF ANTARCTIC PETRELS AT SVARTHAMAREN

Torkild Tveraa', Ingve birkeland?, John-André Henden'? Qystein Varpe?

"Norwegian Institute for Nature Research, Department of Arctic Ecology, N-9296 Tromse

*Department of Ecology, Faculty of Science, University of Tromse, N-9037 Tromse

INTRODUCTION

The number and distribution of animal populations are
determined by a combination of extrinsic climatic factors
and intrinsic demographic factors such as breeding
success and mortality (Aebischer ez a/. 1990; Coulson ez
al. 2001). Monitoring of animal populations is therefore
interesting as changes in number of breeding individuals
may indicate changes in these factors.

Procellariiformes (albatrosses, petrels and shearwaters)
are well known for their low annual reproductive output
and long lifespan (Warham 1990). Sexual maturation
does not occur until the age of 5-10 years and only a
single egg is produced in each breeding attempt. It has
been proposed that the breeding success of these birds

is largely determined by extrinsic climatic factors which

affect food availability (Ricklefs 1990; Ricklefs 1992).

However, recent studies have shown that
Procellariiformes have evolved a number of strategies in
order to alleviate the negative impact of environmental
variability. First, they have a very high mobility and may
cover thousands of kilometres in their search for food
(Weimerskirch ez al. 1993; 1994, 1995; 1997; 1999;
Weimerskirch and Robertson 1994). Second, recent
studies have shown that the duration of the stay at sea is
adjusted not only to the foraging success and the body
condition of the bird at sea. Individuals with a high
foraging success return to the nest after a short stay at
sea whereas those with a low foraging success prolong
their stay at sea. Moreover, the duration of the stay at
sea is also adjusted to the body condition and the fasting
abilities of the parent which is fasting on the nest. Thus,
foraging individuals with a mate in good body condition
have more time available to search for food than those
with mates in poor body condition (Tveraa et al. 1997).
Third, their chicks have a very slow growth which

allow accumulation of fat which, in turn, increases their
fasting abilities (Phillips and Hamer 1999). Fourth, if
their foraging success and body condition are good, the
parents guard the chicks for a long time, and thereby

protect the chicks against attacks from predators (Tveraa
et al. 1998a). Conversely, they may leave the chick
before it has attained homeothermy if their foraging
success is poor (Tveraa and Christensen unpubl. ms.).
Fifth, the parents happily provide additional food to
undernourished chicks when their own body condition
is good, but they refrain to provide extra food to their
chicks when their own body condition is poor (Tveraa
et al. 1998b). Consequently, individual variation in
foraging success and body condition may cause large
variation in reproductive decisions and breeding success.

During NARE 2000/2001 we focused on studies
designed to test: (1) the relative importance of parental
body condition versus egg size and chick size on breeding
success in the Antarctic petrel Thalassoica antarctica and
(2) which signals parents use to reveal their foraging
success and body condition. Moreover, we have
continued the monitoring of the number of breeding
birds and adult survival rates of the Antarctic petrel.

OBJECTIVES

The main objective of this project was to examine how
variation in life history traits may affect breeding success
in the Antarctic petrel. Moreover, we continued the
monitoring of population size and annual survival rates.
During this season’s expedition, three detailed studies
were carried out with the emphasis to test:

1. To what extent is the number of days Antarctic
petrel chicks are guarded influenced by chick body
mass and age, and parental body condition?

2. What are the relative effects of egg size and parental
body condition on chick growth and survival?

3. Do Antarctic petrels signal their body condition
through bill and mouth coloration?
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STUDY AREA

The study was carried out at Svarthamaren (71°53’S,
5°10’E) which hosts the world’s largest known colony of
Antarctic petrels (van Franeker ez al. 1999). The breeding
population consists of more than 200,000 pairs. Addition-
ally, approximately 500 pairs of snow petrels Pagodroma
nivea and 100 pairs of south polar skuas Catharacta mac-
cormicki breed at Svarthamaren. Antarctic petrels hatch
their eggs quite synchronously within a period of 10 days
(Mehlum ez 4/ 1988) in mid January after an incubation
period of approximately 47 days and the duties at the nest
are shared by both parents (Lorentsen and Rev 1995).
The single chick fledge after 42-47 days (Orton 1968). As
Antarctic petrels breed in high numbers in easily accessible
slopes and do not fly off when approached by humans, it is
a good study species when performing experimental work
which require large sample sizes.

METHODS

An experimental study was carried out where chicks aged
one and four days were swapped between nests in order

to disentangle the relative importance of parental body
condition and chick size on the number of days the chick
is guarded. From the time of hatching all nests were visited
daily in order to obtain data on parental body size and
condition, the number of days the parent spent at sea, the
number of days the chicks were guarded and their survival.

During NARE1993/94, we moved eggs off different sizes
between nests in order to disentangle the relative effects of
foster egg size and parental quality (as measured through
original egg size) on chick growth and survival (Amund-
sen et al. 1996). In general, we found no effect of neither
foster nor original egg size on chick growth and survival,
suggesting that egg size is of minor importance or that
other factors such as variation in feeding frequency and
parental body condition have masked the effects of egg
size. We therefore performed an experiment similar to that
carried out by Amundsen et 4. (1996) and controlled for
confounding factors in order to re-evaluate our previous
conclusions.

In order to estimate the number of breeding birds, a fixed
grid of 40 x 40m that covers all the accessible parts of the
main colony was established during NARE 1991/92, and
all midpoints were marked (Lorentsen ez 4l 1993). The
number of breeding birds are estimated by counting the
number of successful nests within a circle of 10 m? around
each midpoint and assuming a uniform distribution of
nests and no covariance between midpoints (Anker-Nilssen

and Restad 1993).

In order to obtain estimates of survival rates, all breeding
birds within four fixed plots of 9 x 15m were recaptured.
Since the study plots were established during NARE 1991/
92, recapture data are missing for the breeding seasons of

1995/96, 1998/99 and 1999/00.

PRELIMINARY RESULTS

So far, only parts of the data that were collected during

NARE 00/01 have been analysed. The following section
does therefore only summarize results from some of the
studies carried out.

Chicks hatching from large eggs remained heavier and
structurally larger than those hatching from small eggs.
Despite being left alone earlier than chicks hatching from
small eggs, they were more likely to survive the first days
after they had been left alone. On the other hand, the
original egg size had no or only very limited influence on
chick body mass and size. However, parents with a good
body condition provided more food for their chicks and
had chicks that grew better than parents in poor body
condition.

Antarctic petrels prolonged the duration of their guard
stage when they received a small chick and shortened the
duration of their guard stage when they received a large
chick, suggesting that parents adjust the duration of the
guard stage not only to their own foraging success and
body condition but also to the chick’s ability to care for
itself. The estimated number of chicks in the colony on 27
January 2001 was 139,896 which suggests that more than
half of the birds had successfully raised a chick to the end
of the guard stage. Compared to previous years (Tveraa et
al. 2000), this figure suggests that the breeding conditions
were good.

CONCLUSIONS

Only a few years ago the general view was that the breed-
ing success of Procellariiformes were determined by
extrinsic climatic factors and that these birds therefore had
evolved a rather stereotypic breeding strategy (e.g. Hamer
and Hill 1993; Ricklefs 1992). However, studies carried
out at Svarthamaren in recent years have demonstrated
that Antarctic petrels adjust the duration of their stay at
sea both to their own foraging success and the body condi-
tion of the mate that is fasting on the nest (Tveraa et al.
1997). Moreover, the amount of food that is given to the
chick is adjusted to the parents’ body condition (Lorentsen
1996). It has also been shown that the parents give under-
nourished chicks additional food when their own body
condition is good, but not when their own body condition
is poor (Tveraa et al. 1998b).

In previous studies, we have also shown that the number of
days the parents’ guard their chick post-hatch is adjusted
to the parents’ body condition and foraging success
(Tveraa and Christensen unpubl. ms; Tveraa et 2. 1998a).
Experimental work carried out during this expedition, sug-
gests that parents also take the chick’s status into account.
Parents who received a small chick prolonged the dura-
tion of their guarding period, whereas those who received
a large chick shortened the duration of their guard stage.
Even egg size seems to affect the duration of the guard
stage. In short, the experimental studies carried out during

Studies of population dynamics and life history strategies of Antarctic petrels at Svarthamaren



NARE 2000/2001 have demonstrated new and refined
strategies which Antarctic petrels, and most likely also

other Procellariiformes, follow in order to maximize their

breeding success.
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INTRODUCTION

The EPICA programme in 2001 revisited the ground
traverse made by the 1996/97 Nordic EPICA pre-site
survey (Fig.1). The overall aim was to both extend the
shallow firn core record obtained during the last expe-
dition as well as investigate the spatial and temporal
accumulation variability on the polar plateau at site M

(75°S, 15°E). This was accomplished through the retrieval

of a 160 metres deep ice core at site M as well as perform-
ing an extensive radar programme around the drill site.
Additionally, six 20 metres shallow ice cores were drilled
and samples from five 2 metres deep snow pits were col-
lected. Further, all ice velocity stakes that were erected

in 1996/97 were re-measured in order to determine the
surface ice velocity (Winther ez 4/, 1997). In connection

with the medium deep drillings (i.e., 160 and 100 metres)

we extracted gas from the firn column in order to deter-
mine past atmospheric conditions. All weather stations
mounted during the 1996/97 season as well as fuel depots
were retrieved from the area. No depots are left along the
traverse line. At the end of the season, a 100 metres deep
ice core was drilled at a coastal location, S20 (70°14’S,
04°48’E). The traverse team consisted of nine persons
from Norway, The Netherlands and Sweden.

Aims

* To recover a 150 m long ice core. The core will be
important for comparison with the planned deep
EPICA core that will be drilled in DML.

* To recover a ~100 m long ice core from the coastal
area. The core will be important for our understanding
of variability occuring between coastal and plateau ice
cores.

* To examine the variability in accumulation and chemi-
cal components identified in ice cores, both in time
(cores) and in space (radar).

* To reconstruct past atmospheric conditions by means
of analysing the air that was extracted from the firn
column at both drill locations.

ITINERARY

10 Dec.  Ilushin-76 from Cape Town to Henriksenskjera,
transfer flight from Henriksenskjera (“Blue-17) to
Troll.

11 Dec.  Arrival at Troll.

12 Dec.  Traverse preparations and unpacking of equipment
shipped during the 1999/2000 expedition. De-
mounting of an automatic weather station (AWS) at
site A.

13 Dec.  Reconnaissance of the route from Troll along Slithal-
let glacier to the start of the traverse, site C. Collec-
tion of AWS 2 (Site C), static GPS measurements.

14 Dec.  Tracked vehicle (Higglunds BV-206) train to loading
place at the ice shelf to collect equipment shipped
with S/A Agulbas.

18 Dec.  Unloading of /A Agulhas.

20 Dec. BV-206 train arrives at Troll.

21-22 Dec. Traverse preparations take place; establishing of a fuel
depot at site C. 27 drums fuel (16 drums of gasoline
and 11 drums of Jet-A1) lifted by helicopter.

23 Dec. Departure from Troll for site C.

24 Dec. Site D.

25 Dec. Site G. Static GPS measurements.

26 Dec. Site H.

27 Dec. Site 1.

28 Dec.  Between site ] and K at 74° 07° 23.3”S, 009°
53’17.7"E.

29 Dec.  74°29°16.8”S,011° 51’ 21.6” E. Strain net GPS
measurements at site K.

30 Dec.  74° 47’ 34.5”S, 013° 40’ 28.1”E.

31 Dec.-

18 Jan. Site M.

18-24 Jan. Transport from site M to site S20.

20 Jan. 74° 1840.5”S, 010° 52’ 20.1”E. BV-206 break down
causes a delay of 36h because a spare part had to be
flown in from Troll.

25 Jan. Loading of ice samples into freezing container on

R/V Lance.
24-31 Jan. Work at site S20.

2-3 Feb.  Transport from S20 to Troll.
7-8 Feb.  Transit flights from Troll to Henriksenskjara.
10 Feb.  Henriksenskjera to Cape Town.

European Project for Ice Coring in Antarctica (EPICA) - Nordic traverse in 2000/2001
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Figure 1. Map over the study area. On the enlarged area around site M the drill locations for
shallow cores as well as the corners in the radar survey domain are shown.
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Figure 2. Schematic presentation of the firn gas pumping system.

DRILL OPERATIONS

The goal of this operation was to drill two ice cores of 150
and 100 metres length for reconstruction of past climate.
The boreholes were used for the firn gas pumping and also
to measure the temperature at various depths.

The drill equipment was the same as used by SWEDARP
in 1997/98 and is identical to that used by the British Ant-
arctic Survey (BAS). The drill itself consists of an engine
compartment, an anti-torque section (preventing the drill
from spinning in the drill hole), a 2 m drill barrel (holding
the inner barrel that can be removed using a quick release),
and a drill head which is attached to the inner barrel.

During drilling the inner barrel will collect the core and
chips. With a 200 m steel cable, the winch lowers the drill
and supports it. Mounted on the winch is a 5 m mast with
a top wheel to lift the drill out of the drill hole. The knives
of the drill were made of gr. Mo steel hardened to 49-hrc
and additionally the drill head was changed to adapt the
plates. To power the equipment a 4.5 kW generator was
used. The generator was placed downwind to keep the
drilling tent clean from exhaust. Some improvements were
made to the drilling equipment based on a test drilling in
Svalbard prior to the Antarctic field season: i) the resolu-
tion readout from the drill depth was improved to 1mm,
i) a guided wheel was placed on the winch and groves
were added on the cable drum to improve positioning of
the cable, and iii) a tilting construction was designed (to
add extra safety - previous situation required a person to

lift the 70 kg drill at the drill head).

Atsite M the drilling was performed when the temperature
in the tent was between -10 and -30°. Occasionally we had
to heat the electronics’ case with a heat gun. The grease

in the winch gearing system did not work properly at low

temperatures so we had to run the winch at slow speed for
the first half-hour each day. Due to the high altitude of site
M the generator lost 30% of its power and consequently
did not work as desired. Switching to a 6 kw generator did
not improve the performance. As a result the drill went

up with only low speed and a low voltage error sometime
occurred in the control unit of the winch engine.

At site S20 the temperature was much higher. Due to

the high temperatures all drillings at S20 were performed
at nighttime. We measured up to 17°C in the drill tent
during daytime so we had to work at night. The tempera-
ture normally dropped below zero between 19.00h and
20.00h. We could work until 7.00h in the morning at
temperatures ranging between -1°C and -7°C. Melting
water only represented a problem for the core dogs which

had to be cleaned and dried before drilling started.

FIRN GAS PUMPING

Significant biomass burning started in the mid-eighteenth
century (Haan et 2/.1996), introducing a source of pol-
lutants in the atmosphere (Crutzen and Andrea, 1990).
Knowing the history of these compounds in the atmos-
phere is therefore important to validate chemistry models
describing the atmosphere of the past.

Air stored in firn of Antarctica holds a record of the atmos-
pheric composition and chemistry of the past. With the
firn gas record down to 96 metres at site M, the extracted
air will be approximately 200 years old. With gas chroma-
tography and proton-transfer-reaction mass spectrometry
(PTR-MY) the chemical composition of the firn air can

be determined. The diffusion processes of gases in firn are
not well understood. In order to interpret the chemical
analyses, a model will be developed that contains diffusion,
effusion, gravitational settling and thermal diffusion of the
gases, so that accurate dating of the air in firn can be made.
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Figure 3. Bulk densities for the medium deep ice cores (solid)
and modelled (dashed) density profiles. The lower two curves are
from Site M.
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Three types of air samples were collected: 1) Low-pressure
samples, these were collected on stainless steal containers
of 2.5 litres, which were filled to 2 bar. The containers
were cleaned before use with synthetic air (N2/02 5N)
in an oven of 300 degree Centigrade. 2) Teflon air sample
bags (Supelco Tedlar gas sampling bag of 5 litres). These
were flushed ten times with sample air before the actual
filling. 3) High-pressure containers (4.7 litres BOC Gases,
UK and 5 litres Scott Marrin, Riverside, CA, USA) were
filled to 120 bar. These were flushed three times with
sample air before filling (Mak & Brenninkmeijer, 1994).
Samples were taken using the pumping system shown in
Figure 2.

Before the first pumping session started the MP1 pump
and reel were flushed with outside air that was cleaned
using a Supelco Supelcarb hydrocarbontrap and a Supelco
Economy Moister-Removing Trap. The pumping session
starts by inserting the inflatable rubber bladder in the
bore hole and lowering it to the bottom. The MP1 pump
(KNF Neuberger) was used to fill the bladder with firn
air so that the bladder would seal off the bore hole. Filling
the bladder was done in 30 minutes (it took less then 15
minutes to fill the bladder outside of the bore hole). To
check the system for leaks the CO, was measured using
the CO, analyser (Licor Li6262). After the check the
MPS pump (Parker) was turned on and flushed for 10

to 15 minutes. In addition to firn gas samples, reference
samples were taken from the outside air, from the air in
the drill tent, from the air released by the generator and
from the air inside the bladder.
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Figure 4a. Ice laboratory at site M.
Figure 4b. Ice laboratory at site S20.

At site M a pumping session was held every 8 metres
down to a depth of 96 metres. An average pumping
session at this location took 3.5 to 4 hours (of which 3
to 3.5 hours for the high-pressure samples). At the drill
site S, a pumping session was held every 7 metres down
to 49 metres. For both sites a density versus depth model
was made to estimate the close-off depth. The results

of the measured density versus depth profile compared
with the model (Herron, 1980) are shown in Figure 3.
In total 27 low pressure samples, 17 Teflon sampling

bag and 8 high pressure containers were filled at site M.
At S, 18 low pressure samples, 20 Teflon sampling bag
and seven high pressure containers were filled. Pumping
sessions took approximately 2.5 to 3 hours at site S .

At site M the drill tent was placed upwind of the camp
and generators to avoid contamination. At site S,

the drill tent was placed wrongly downwind, but the
generator was placed outside camp. At both campsites no
contamination caused by generators, snow machines or
other camp equipment should be expected.

ICE LABORATORY

The field laboratory was organized so that the laboratory
personnel could process the ice cores independent of
drilling velocity and consequently the drilling was not
dependent of the processing speed. To facilitate this,
intermediate core storage was established between the
drill tent and the field laboratory. The core entered the
laboratory with the top of the core segment pointing along
the processing line. The first station was core logging and
bulk density. Here, the segments were fitted together and
the rotational orientation along the core axis was marked.
50 cm increments were cut and labelled, finally the mass
and volume of each increment were determined (Fig.

3). Di-Electrical Profiling (DEP) measurements were
performed at two segments (~1m) at each run. Using the
horizontal band saw, a 25 mm slab was cut off the core.
This slab was transferred to the vertical band saw for
cutting and packing. The size of the cut increments were
between 25 and 50 mm. Prior to Electric Conductivity
Measurement (ECM) the core was microtomed. Each
ECM measurement was performed twice to check for
reproducibility. Before the core left the ECM bench it was
microtomed on the counter side. This was a preparation
for the next station, the Digital Slit Camera. The core
was illuminated from the side or from underneath
depending on whether it was firn or ice, respectively. The
camera covered a 120 mm/frame with a 20 mm overlap.
This resulted in 10 frames/m. After the slit camera the
remaining core went to the packing station. Every 50 cm
segment was packed in individual plastic bags; 12 bags
filled one ice core box. Between each processing station
there was allowed for ~1m core storage. A schematic view
of the field laboratories is shown in Fig. 4.

The temperature in the lab at site M was around —-23°C.

Atsite S, the temperature was around —4°C. This
temperature was too high for proper ECM measurements,

Norwegian Antarctic Research Expedition

21



—o— G(s/m)

FORO082.DAT

810° T T T T T T T

G(s/m)

1 1 1 1
0 20 40 60 80 100 120 140 160

d(m)

Figure 5. Conductivity versus drill depth at site M.

as a result it was decided only to perform DEP
measurements at site S, . Later, in October 2001, ECM
and DEP measurements were made on the S, core in the
ice laboratory in Tromse.

DI-ELECTRICAL PROFILING (DEP)

The precipitation after a large volcanic eruption is
contaminated with mainly sulfuric acid and salts. This
contamination leads to an increase in conductivity of the
precipitation which can be measured in an ice core by

a DEP instrument. At site M one intermediate ice core
(160 metres) and 6 shallow firn cores (20 metres) were
drilled. A second intermediate ice core of 100 metres
was drilled at the Fimbulisen ice shelf at site S, . It was
estimated that 160 metres of ice core at site M represent
approximately 2300 years of precipitation while 100
metres at site S, represent about 300 years.

The shallow 20 m cores were drilled with a PICO drill.
The diameter of the PICO ice cores was approximately
78 mm whereas the ice cores of the IMAU drill were 105
mm in diameter. To measure both types of cores the DEP
had two sets of electrodes.

Initially, the capacitance of 10 aluminium pipes with
different diameters were measured. The results were
compared with previous correction values obtained

at —20°C in the freezer at IMAU. Two reference
measurements were carried out, the measurement of
air and the measurement of a polycarbon core from
which the impedance was known. After this the actual
measurements started. A good documentation of the
cores, the core logging, was performed to describe where
the core was broken or where the quality was poor. The
first 3.5 metres of the ice cores were normally of poor
quality, especially between 2.5 and 3 metres. The deep
core became more brittle below 100 metres. The core
quality got poor (brittle) below 140 metres. The pore
close-off depth was approximately 90 metres.

Atsite S, , the quality of the core was quite good right
from the top. Here, higher temperatures cause the snow to
compact more and form ice lenses in the summer periods.
The core quality got brittle and poor below 73 metres.

The pore close-off depth was at approximately 45 metres.

Preliminary results

The raw data from site M are plotted in Figure 5.
Although the graph shows conductivity (G), this is
a simplification of G derived from the conductance
measured by the DEP.

An unknown peak occurs at 147 metres accumulated
drill depth. This eruption is estimated to have taken
place around 300 B.C. The data still needs to be density-
corrected. In addition to density correction the depth
scale also needs correction. The depth in Fig. 5 represents

accumulated drill depth. The drilled depth will be deeper.

ELECTRIC CONDUCTIVITY MEASUREMENT
(ECM)

When applying an electrical direct current to a clean ice
surface the chemical compounds in the ice will affect
this current. The ECM method measures the direct
current conductivity of the firn/ice. Fallout from major
volcanic eruptions are recorded as elevated conductivity
in the electrical record (Hammer, 1980). ECM usually
reflects volcanic horizons coming from H*-ions (acidity).
Historical volcanic eruptions are thus used to date the
acid layers found by the ECM, seen as peaks in the
retrieved record. The ECM procedure is described in
Hammer (1980). Karlof et 2. (2000) report ECM (and
DEP) measurements made on a 120 metres long ice
core (covering 1500 years) retrieved further west during
SWEDARP 1997/98. The dating of the cores follows the
procedure outlined in Karlof ez 2/ (2000).

Every break in the ice core was carefully noted and
compared with notes from the logging table. Possible
miscorrelation were immediately discussed with the
logging section and corrected. Two electrodes with a 947
volts difference were moved along the clean microtomed
ice surface. The mean core temperature was calculated
based on 4 point measurements at the ice core surface,
before the core was microtomed again and the second
measurement done.

The PICO cores showed one distinct peak at 12-14
metres and two distinct peaks around 17-19 metres.
These peaks were interpreted to be Krakatau (erupted

in 1883) and Tambora (1815), respectively. The deep
core had distinct peaks at 45, 52, two at 56, 58, 97,

104, 118, 147, 151, and at 154 metres. As a preliminary
interpretation the last peak at 56 metres could originate
from the Mexican volcano El Chichon (1259). If this

is the case, then Rabaul (540) might be found at 104

metres.
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Table 1. Location of drill sites and adjacent snow pits as well as the drilled depth.

Drill site Latitude Longitude Drilled depth (m)
M20 75°0'0"S 15°0'0"E 19.22
MA20 74°59'19.428"S 15°6'48.168"E 20.64
MB20 75°1'45.660"S 15°2'36.600"E 20.12
MC20 75°0'40.320"S 14°53'11.256"E 20.17
MD20 74°58'14.268"S 14'57'24.012"E 20.27
STRATIGRAPHY the upper part. Four other cores were drilled within 3.5

The ice core was cut horizontally along two sides and
placed on the light table with the band-sawed side facing
down and the microtomized surface facing up. The light
table had a 3 cm thick lighted stripe that was centred in
the middle underneath the ice core. A wooden frame with
black cardboard fixed to the top was fitted around the
core so that only 3 cm of the microtomized surface was
visible from above. The digital camera was situated on

an adjustable arm centred 26 cm above the core surface.
In this position each picture covered a length of 14 cm

of the core. This was checked with a ruler at the start of
every day. Nine pictures covered the whole core (1 cm
overlap on each side). Each core was stored in separate
folders on the camera card. With picture quality on “fine”
and “black and white” and picture size at 3:2 the camera
card could store 14 folders with pictures.

After the light table section the cores were packed in
marked and sealed plastic bags and stored 6 by 6 metres
in the marked white ice core boxes, later brought to #/V/
Lance.

Final processing includes making a continuous graph

of the whole ice core in MATLAB. This data series will
then be compared with the ECM record to search for any
positive correlation. In addition, when using MATLAB,
each metre of the core is made into one picture instead
of nine pictures and only a fixed number of pixel rows
around the centre line of the picture are used for further
image analysis.

SAMPLING FOR OXYGEN ISOTOPE (*0O)
ANALYSIS

Samples for 8O analysis were taken at 5 cm intervals
from the entire length of all ice cores drilled at site M.
1.5 cm and 2 cm segments were sliced off the 0.5 m
sections of the 160 m and shallow cores, respectively.
Subsequently, these segments were cut in 5 cm pieces,
packed in labelled plastic bags and logged according
to accumulated depth. Two bandsaws were used in the
process, one of them fitted with a railed cradle for precise
positioning of the core sections.

SHALLOW FIRN CORES AND SNOW PIT
STUDIES

Alrogether six 20 m cores were drilled, one of them
for collaborating laboratories (LGGE and University
of Ancona). One of the cores was drilled a few metres
from the medium deep core location prior to the 160
m drilling to obtain two comparable data records for

km square around site M (Fig. 1; Table 1). These cores
will serve as control points for the continuous radar
measurements that connect these point locations. The
radar survey will determine if the recorded layers in the
shallow cores, presumably isochrones within the snow
and firn layers, are varying in depth or not. Thus, the
radar programme aims at extrapolating information on
accumulation to the surrounding area. Also, we wish

to use the radar study to investigate how representative
a point measurement of accumulation (i.e., an ice core
drilling) is in this area. To obtain a high resolution and
undisturbed record of the first 1.5 m, snow pits were
excavated at each drill site. In each snow pit we sampled
for discrete chemistry, oxygen isotopes, density and
stratigraphy. The cores and snow pits will be used to
create an accumulation record for the last ~200 years.
Currently, these data sets are not ready. However, we
present an accumulation record based on the ECM data

in Fig, 6.
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Figure 6. Accumulation record from five firn cores, based on
dating from the ECM record.

AUTOMATIC WEATHER STATIONS (AWS)

The AWSs erected during the 1996/97 expedition were
de-mounted during the expedition. Before a station was
taken down, density and '*O sampling were performed
directly under the snow height sensor. The aim of this
sampling was to get a better understanding under which
meteorological conditions the snow deposited and how
this is correlated to levels of *O.

During the experiment at site M two extra AWSs
(Aanderaa stations) were erected. The aim of these
measurements is twofold: Firstly, to obtain meteorological
data during the experiment period and secondly, to serve
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as input data to later wind-generated snow transport
model studies. We erected the two stations in different
areas of the domain to learn if the wind field within the
domain varies. The AWSs were mounted at PICO drill
sites MB 20 and MD20 (Table 1).

RADAR PROGRAMME

The radar programme was conducted in order to obtain
a semi-continuous spatial record of accumulation
covering the same time interval as the shallow ice cores.
The radar data will be used for the construction of old
snow surfaces. Next, these surfaces will be dated by the
cores. Further, the observed old snow surfaces will serve
as boundary conditions for modelling of snow drift and
snow distribution.

The survey domain covered a 8 x 8 km square. Altogether
about 400 km of radar surveys was made. The frequencies
used were 900, 500, 200, and 50 MHz. An overview

of the Ground Penetrating Radar (GPR) survey tracks

is shown in Fig. 7. The full domain was covered by

a 500 m grid for the 900 and 500 MHz frequencies.

In addition, two diagonals were surveyed beyond the
domain. One diagonal followed the ice ridge and one
went perpendicular to it. The domain was oriented so
the survey lines run perpendicular to the dominant wind
direction. Around each drill site a finer grid (100 m) was
surveyed. Further, the diagonals as well as a 1 km grid
were covered with lower frequency antennas, 200 and

50 MHz, respectively. The radar systems used were GSSI
SIR-2 (900 MHz and 200MHz) and RAMAC (500
MHz and 50MHz). The first three days were surveyed
with the GPR systems towed by two snow machines.
Each snow machine carried a GPS receiver for kinematic
positioning. For the rest of the time the GPR and GPS
systems were installed in one of the Higglunds BV-206
tracked vehicles.

A preliminary interpretation of the radar data suggests low
variability of the recorded layers. The upper -5 m are less
variable than deeper layers. The reason(s) for this has to be
investigated further.

OTHER WORK
Density, spatial and temporal variability
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Figure 7. Transects around site M surveyed with both radar
and GPS. Colour codes indicate elevation differences. Note the
depression in the south-west to north-east direction.

densities when averaging over the domain. However,
deviations exist between the two transects (Fig. 8).

GPS measurements

Two campaigns of GPS measurements were carried out
during the traverse:

1) Static positioning of stakes put out along the entire
traverse in 1996/97 to measure ice velocity and ice
deformation.

2) Kinematic measurements to position snow radar
tracks around site M and site S, .

The former was performed relative to a base station

at Troll. The latter was performed relative to a local
base station. In addition to the radar tracks, these

Profile 2

To assist the parameterisation of the snow
holding capacity parameter in a blowing snow
model, density measurements were carried out.
Daily measurements were made to study the
temporal variability. Spatial measurements were
carried out once. The daily measurements were

50m

Density (kg/m®)

280

carried out at the site for weather observations
at site M. The spatial sampling was done along
two 50 m long transects on both sides of the
weather observation site. Although the mean
density was 310 kg/m? for both profiles, the
standard deviation was 6% less for profile #1.
A first interpretation indicates similar surface

Length along profile (m)
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Dominant wind
direction

Figure 8. Schematic view of the sampling domain and the surface
density vs. profile length.
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measurements also gave valuable information on the
surface topography in the near vicinity of site M. GPS
data is currently being processed.

The static stake measurements were completed during the
inward journey, except for two individual measurements
that failed due to battery depletion. These were redone
on the outbound journey, three weeks later. During

the entire period of these measurements, a base station
was operated at a point of known position at Troll. The
station at Troll was operated following an agreed routine
(because of unreliable communication with the traverse
team) including downloading and backup of data each
day between 8 a.m. and 10 a.m. The large distance to the
Troll base station, up to 500 km, did not favour accurate
measurements but no better alternatives were available.

Velocity stakes were located atsites E, G, H, I, J, K, L
and M, usually with a centre stake on the traverse track
and auxiliary stakes 5 km to each side of it. A snow
machine team of two or three persons usually went
ahead of the BV-206’s in the morning, reached the next

site in the early afternoon, and spent 4 — 6 hours on the
site to complete the measurements before the BV-206
train arrived. The bandwagons travelled slower than
expected, and this permitted us to almost complete

the static campaign on the inbound journey. All static
measurements were done with a log interval of 15
seconds, with the antenna mounted directly on the top of
the stake. The receivers were usually permitted to log data
for 3 — 6 hours before completing the sessions.

Coffeecans were put out in a total number of five during
the 1996/97 expedition; three at site C, one at site H

and one at site K. One of the cans at site C was not
found. The remaining coffeecan stakes were positioned
following the same procedure as for the velocity stakes.
The distance between the coffeecan wire marker and the
top of the stake was measured with millimeter precision.
A handheld stretch of approximately 10 kg was applied to
the wire (Winther ez 4., 1997).

Strainnets were measured at sites K and M. Each of these
consists of nine stakes placed in a 2 by 2 km grid. The

Table 2. Manual weather observations.

Date Time Location Air temp. Wind speed, Weather type
(°Cc) direction (m/s)

2000-12-24 22:20 Site D -22,9 4,110° 4/8 As
2000-12-25 21:50 Site G -28,2 3,110° 0/8
2000-12-26  20:45 Site H -26 0 3/8 As, snow precip
2000-12-27 20:55 Sitel -22,3 2,100° 8/8 As, snow
2000-12-28 22:00 74°07'S, 9°53'E -25,5 1 7/8 As, snow
2000-12-29 22:30 74°29'S,11°51E -23,8 5,115 8/8 As
2000-12-30 22:00 74°47',13°40'E -20,8 2,105° 8/8 Ac, snow
2000-12-31 20:00 Site M -26,1 0 0/8
2001-01-01 20:00 Site M -27,8 2,110° 1/8 Ci
2001-01-02 20:00 Site M -28,2 1, 100° 0/8
2001-01-03 21:20 Site M -31,3 0 0/8
2001-01-04 22:30 Site M -32,4 1,110° 0/8
2001-01-05 21:30 Site M -26,7 3,110° 8/8 As
2001-01-06 20:30 Site M -30,7 1,100 0/8
2001-01-07 00:00 Site M -30 0 0/8
2001-01-08 19:35 Site M -30,2 3 0/8
2001-01-09 21:10 Site M -23,9 5, 100° 7/8 As, drift snow
2001-01-10 22:10 Site M -33,7 3,110° 0/8
2001-01-11 20:00 Site M -29,7 2,100° 0/8
2001-01-12 19:30 Site M -30,8 0 2/8 Ci
2001-01-13 20:30 Site M -33,1 0 3/8 Ci
2001-01-14 20:10 Site M -31,8 2,110° 1/8 Ci
2001-01-15 20:50 Site M -33,7 0 0/8
2001-01-16  20:00 Site M -28,8 3,120° 8/8 Cc
2001-01-17 19:50 Site M -31,8 2,120° 0/8
2001-01-18 23:00 Site M -32,8 3,110° 4/8 Ac, snow
2001-01-19 00:00 - - - No observation
2001-01-20 08:30 74°18'S, 10°52' E -26,9 1,90° 2/8 Ci
2001-01-20 20:20 74°18'S,10°52'E -29,5 1,100° 0/8
2001-01-21  00:00 - - - No observation
2001-01-22 06:05 - -33,1 2,90° 2/8 Ci
2001-01-22 22:10 - -27,7 5, 100° 0/8
2001-01-23  21:00 - -21,6 3,110° 1/8 Ci
2001-01-24 20:45 - -13,6 3,170° 1/8 Ci
2001-01-25 21:15  Site S,, -4,4 2,190° 8/8 As
2001-01-26  00:00 Site S,, - - No observation
2001-01-27 20:40 Site S,, -3,6 15, 90° 8/8 Ns, snow
2001-01-28 22:15 Site S, -6,4 5, 85" 8/8 Ns, snow
2001-01-29  22:30  Site S, 6,8 2,80° 0/8
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strainnets were measured following a pseudokinematic
procedure. The measurement was carried out as a
continuous session over 3 — 4 hours. Two stakes in each
net were occupied by static reference receivers, one on the
centre stake of the net (K1 and M1, respectively), and the
other one on a corner stake. Meanwhile the third receiver
was travelling between the remaining seven stakes on a
snow machine mount. This receiver was permitted to log
two consecutive 10-minute sessions at each of the seven
stakes, with an intersession interval of slightly less than
two hours. The log interval was set at 15 seconds even
during the pseudo-kinematic sessions, to be synchronized
with the base station at Troll.

Kinematic measurements within an 8 by 8 km grid were
carried out at site M as described earlier. All radar tracks
were positioned by kinematic GPS. Prior to the radar
sessions a local base station and initialisation baseline

— two stakes arbitrarily put down some 10 metres apart
— were positioned relative to the Troll GPS base (one
receiver occupied each stake for approximately 8 hours,
logging on a 15 second interval). Two radars were used
simultaneously, trailing either two individual snow
machines travelling in parallel, or, during the later
sessions, one BV. One or two GPS rover(s) were used
accordingly. The GPS antenna(s) was mounted on the
snow machine or BV that pulled the radar, and the
position of the radar antenna relative to the GPS antenna
was measured. The GPS base receiver and rover(s)

were always set to a logging interval of 3 seconds, and
initialised by occupying the pre-measured baseline for
approximately 1 minute. Likewise, the sessions were
ended with data closure applying the same method. A
similar but less extensive kinematic programme was
carried out at site S, , following the same procedures.
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By the end of each session, data were downloaded to

a laptop with the adequate Ashtech software installed.
All data were scanned for errors and quality checked,
and subsequently backed up to a zip-drive and a second
laptop. A measurement log was also updated after each
session, and contains all relevant site data. Preliminary
processing of the kinematic data was carried out each
day after the radar sessions, and positions and altitudes
calculated relative to the local GPS base. A total of four
Ashtech Z-12 dual frequency receivers were used. One
of these served as a base station at Troll, while the others
were used in the field. The receivers were very reliable;
however, we had some problems with the power and
antenna cables. A few sessions had to be restarted due to
cable failure; a rich supply of spares should be brought on
a campaign like this.

WEATHER OBSERVATIONS

Manual meteorological observation was normally done
once a day (at 21.00 UTC) during the field campaign.
The manual observations conducted were; air temperature,
wind direction, wind speed (estimated), cloud cover
and notation of precipitation. When the field party was
stationary at site M also snow temperature at 20 cm
depth and the surface density was measured. Besides the
manual observation were two Aanderaa 3300 automatic
weather stations (AWS1 and AWS2) running during the
time at site M. Table 2 and Figure 9 show the weather
measurements.

The weather on the high plateau was generally relatively
good most of the time. Some days started with moderate
weather but improved during the day. Most of the time
the wind speed was between 2 and 5 m/s while the
temperature ranged between —25°C and -30°C. The lowest
recorded temperature was —37.7 °C, the highest was

Figure 9a.

Temperature, wind speed, and wind
direction in 1 hour average for AWS1.
The circles show the maximum values for
each day for temperature and wind speed.
The square symbol shows the minimum
temperature values for each day.

Figure 9b.

Temperature, wind speed, and wind
direction in 1 hour average for AWS2.
The circles show the maximum values for
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The dominant wind direction was (as

Table 4. Generators which were used and their fuel consumption.

expected) from the east with a mean

Type kw Days | Hours Fuel consumption | Purpose
for the whole period of 88°. This is (in litres)
S L HATZ 24 7 1152 Mai
due to the catabatic wind regime in 576 > ain generator
. . HONDA 4.5 27 324 648 Deep core drill

the region. The weather at the ice generator
shelf was more variable. During the Spare drill generator | 6 -
10-d iod the field d HONDA EV3610 35 5 60 90 PICO drilling

-days period the held party staye HONDA EX1000 1 5 60 39 For misc. use
at the shelf two low-pressure systems HONDA EX1000 1 5 60 39 For misc. use
with bad weather passed. The
approximated maximum wind speed
was ~20 m/s. The wind direction was more diverse but the
overall direction was from the east. The temperature was
between 0°C and —10°C. [
CAMP MANAGEMENT Fya——
Camp overview
The camp was organized attempting to optimize working [ Boxstorage | [ core storage |

.. . . . . tents
conditions with respect to scientific and practical needs.
: .
The drill tent and laboratory were located at one side of (oot Office and T
. _Coreb ffer icati -Toi\et

the camp and the sleeping tents on the other, centred by - e

the mess tent and office hut. Openings between different
areas/structures were made to prevent major losses in case
of fire. The whole camp was oriented in the direction of
the predominant wind direction. Fuel depot, generators
and vehicles were placed a bit outside the main camp area.
The office hut and mess tent were heated with kerosene
ovens. The food was placed near the mess tent, but at safe
distance in case of fire.

‘Waste management

All waste produced during the expedition was brought out
to the shelf for pick-up by boat at the end of expedition
(Table 3).

Table 3. Type and amount of waste produced by the
EPICA group.

Type of waste Amount
Mixed solid 5 drums
Glass 0.1m3
Metal 0.1m3
Spill oil -5 litres
Oil and gasoline contaminated bags 1 bag

All waste was colour marked according to the waste
management guidelines in the Nordic Environmental
Handbook, Antarctic Operations. As toilet facilities we
used a new collapsible toilet and bio-degradable bags.
These bags were removed after each visit. The toilet
was placed in a tent. This turned out to be a very good
solution, practical as well as hygienical.
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Generator ‘ ‘ Fuel station ‘
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Figure 10. Organization of the camp at site M.

LOGISTICS

Tracked vehicles

Two Higglunds (BV-200) tracked vehicles were used
during the EPICA traverse. They were powered by

a Mercedes Benz 6-cylinder turbo charged engine of

100 kW. The gearbox was a 4 range automatic with a
high altitude converter. Fuel used for the engines was
Jet-Al mixed with 0,1% Pro-Long Diesel +. The fuel
consumption was estimated to be 27 1/h (experience from
NARE 99/00). The speed depended on altitude, load and

snow conditions. We estimated an average speed of 6-7

km/h.

The vehicles were equipped with flatbed on the rear
chassis, one with a hydraulic crane and a snow melting
system, and one with a snowplough. VHF radios and GPS
were installed in the cabins. One mobile HF-radio was
placed in each vehicle. Each vehicle pulled a 6 x 2,5 metres
sledge loaded with approximately 7 tons of cargo. On the
way to Site M there were no problems with the vehicles.
Only normal maintenance was done. Due to temperatures
below -20° C the engine heaters had to be put on after

a night stop. A generator of 4.5 kW was used for this
purpose. The trip from Site M to the ice shelf had a few
problems. 10 km from Site K the differential on the front
wagon of one of the vehicles broke down (Fig. 11). Troll
was contacted and they dismantled one differential from
the third vehicle at the station and sent it by aircraft (Basel
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Turbo 67-DC3) to our location. 36 hours later we were
ready again. Some bearing wheels in the tracks had to be
changed from time to time. 6 km before waypoint 87 one
support wheel fell off because the screws snapped of. This
was mounted again when we arrived at the ice shelf edge.
The crew at Troll borrowed one vehicle from the EPICA
team to transport equipment from the ice-shelf to Troll.
They were 45 km from Troll when the engine broke down.
Thus, the EPICA team had to drive back to Troll with

only one vehicle.

Generators

Six generators were used (Table 4). The main generator
was running on JET-A1 and the others on gasoline. We
experienced a series of problems with the generators.

Snow machines

We brought three snow machines; one Polaris Wide Track
1996 model and two Yamaha Venture 1992 models. The
Polaris snowmobile ran with oil injection on the engine,
the Yamaha with pre-mix of oil into gasoline. The snow
machines ran about 1000 km each. The gasoline con-
sumption was about four litres per 10 km. The use of oil
was about 0.5 litres per 20 litres of gasoline. All together
1200 litres of gasoline and 30 litres of two-stroke oil-
were consumed. Four sledges, two steel sledges and two
wooden ones (Nansen type), were also brought. The snow
machines were used for reconnaissance, static GPS and
GPR measurements. No serious problems with the snow
machines occurred. One metal sledge had to be repaired.

Food

During travelling the office hut was used as a mess. In
camp an insulated Weaterhaven tent was used as mess tent.
Two gas stoves with double flares were used for cooking
while a kerosene oven was used for heating. The expedi-
tion brought food for 480 person days, plus 100 bags of
dried food for emergency use. The food was standard NPI
food boxes containing a variety of cold meals, planned for
three meals per day. We brought no tin food as dinner,
only frozen meat, fish and vegetables. All frozen food was

supplied in Cape Town.

Glacier safety

The entire traverse and all other motored movements were
along previously inspected routes and in general the risk
of crevasse falls were assessed as small enough to justify
unroped travel. Through the more exposed grounding line
zone, we used the BAS system for roping up the skidoos.
This system, thoroughly described by BAS, gives some
protection against bottoming a crevasse if a penetration
should occur. This requires that the snow machine travels
slower than 10—12 km/h. However, there is the risk that
the driver will fall 5-10 metres along with the 300 kg snow
machine.

Figure 11. Repair of BV-206 (21 Jan.)

Figure 12. GPR measurements with the BV-206.

Belaying and rescue gear was distributed to all moving
units (two BVs and three snow machines) to provide for
the following needs:

1) The driver should be able to move self-belayed 50 m
outwards from the vehicle or any other fixed point.

2) All persons of a snow machine team should be equipped
to move on foot in a roped-up team of two or more
persons, using adequate belaying techniques.

3) All snow machine drivers should have at hand the
necessary equipment to carry out straightforward res-
cues in crevasses of up to 20 m depth, and to remain on
belay during the operation.

4) The BVs should have on board the gear required for
more complicated situations, including operations in
deeper crevasses, access to wedged-in victims and snow
machine recovery.

European Project for Ice Coring in Antarctica (EPICA) - Nordic traverse in 2000/2001



The total amount of glacier safety equipment included 450

metres of static and dynamic ropes (11 mm), harnesses and

piolets to each participant, screwgate (HMS) and ordinary

carabiners, prussik loops, deadmen, ice screws and snow

pickets, pulley wheels, spades, jumar clamps, jockey winch,

ice chisels, hammers, anti-freeze and some other parapher-

nalia. To rope up the snow machines, the vehicles were
fitcted with fixed loops of 8 mm steel wire and connected

with 20 mm braided nylon ropes.
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Shelf- Troll route

Waypoint Latitude (S) Longitude (E)

Waypoint Latitude (S)

Longitude (E)

TROLL 72°0'48.492" 2°31'39.108"
BLAIS 71°59'563.52" 2°28'41.7"
SNOK 71°56'565.824" 2°28'12.72"
NJUTN 71°55'52.968" 2°46'12.432"
ISKUL 71°56'19.968" 2°55'45.48"
ISKUL2 71°56'25.512" 2°56'54.816"
102 72°3'13.968" 2°56'40.02"
101 72°4'31.188" 2°57'33.012"
100 72°5'54.6" 3°0'11.988"
B 72°7'43.248" 3°11'4.38"
TK1 72°12'11.592" 3°0'47.988"
TK2 72°12'31.068" 2°57'10.008"
TK3 72°13'35.832" 2°53'48.012"
C 72°15'6.588" 2°53'21.588"
D 72°30'0" 3°0'0"

D2 72°35'51" 3°21'16.992"
E 72°40'41.988" 3°39'46.008"
F 72°51'41.004" 4°21'5.004"
G 73°2'25.98" 5°2'39.012"
H 73°23'11.004" 6°27'38.016"
| 73°43'27.012" 7°56'26.016"
MOB 73°44'16.008" 15°36'32.184"
J 74°2'40.992" 9°29'30.012"
K 74°21'15.984" 11°6'12.996"
L 74°38'49.992" 12°47'26.988"
M 75°0'0" 15°0'0"
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93-2 70°39'19.512" 5°3'11.232"
3 70°40'15.96" 5°6'33.948"
3B 70°40'27.768" 5°9'18.72"

4 70°40'52.536" 5°9'41.184"
5 70°41'25.368" 5°12'9.648"
84 70°41'30.516" 5°12'25.992"
6 70°42'59.004" 5°15'37.008"
F-DEP 70°45'51.012" 5°19'58.188"
85 70°45'54" 5°19'59.988"
86 70°53'44.988" 5°4'13.98"
87 70°54'13.968" 4°59'44.988"
88 71°23'43.98" 4°18'16.02"
89 71°25'36.012" 4°13'30"

920 71°35'42" 4°13'30"

91 71°45'47.988" 3°54'34.02"
MPT 71°58'36.012" 3°31'41.988"
A-GYGR  71°58'38.64" 3°25'55.452"
N-GYGR  71°57'38.088" 3°15'24.732"
ISKUL 71°56'19.968" 2°55'45.48"
NJUTN 71°55'52.968" 2°46'12.432"
SNOK 71°56'55.824" 2°28'12.72"
BLAIS 71°59'563.52" 2°28'41.7"
TROLL 72°0'48.492" 2°31'39.108"
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INTRODUCTION

The wind field near the Antarctic continent is dominated
by westward winds steered by the high pressure system
over the Antarctic continent. These westward winds

near the continent cause an onshore ekman flux which
piles water up against the coast. The result is a westward
geostrophic current called the Antarctic Coastal Current
(Sverdrup 1953; Whitworth er 2. 1998). The coastal
current, or the Antarctic Slope Front, prevents the Warm
Deep Water (WDW) from coming in direct contact with
the ice shelves along the Dronning Maud Land coast. In
this way the coastal current has an influence on the glacial
melting, however glacial melt also has an influence on the
coastal current because of its impact on the hydrography
along the coast (Fahrbach et 2. 1994). To understand how
the interaction between the coastal current and the ice
shelves take place, we need to look at the processes taking
place beneath an ice shelf.

A key process for the melting beneath an ice shelf is

the exchange across the ice shelf front. Grosfeld et a/.
(1995, 1997) modelled the circulation beneath the
Filchner-Ronne Ice Shelf in the southern Weddell Sea
and included part of the open ocean in front of the ice
shelf. They showed that the exchange across the ice shelf
front was restricted by the sharp decrease in water column
thickness at the ice shelf front caused by the 200-300 m
thick floating ice shelf. Geostrophic currents follow the
contours of f/H, where f is the coriolis parameter and H
is the water column thickness. As H sharply decreases
across the ice shelf front f/H has a sharp increase and
the geostrophic currents tend to flow along the ice front.
However, in regions where deep trenches on the sea
floor penetrate into the ice shelf cavities, contours of
f/H have a small component across the ice shelf front,
and an exchange across the ice shelf front may occur as
geostrophic currents.

Due to the importance of the {/H field in the dynamics
of the ocean currents, the measurements of topography
beneath Fimbulisen is cruical for an oceanographic
investigation of circulation, melting and freezing below
Fimbulisen.

This report presents results from seismic reflection and
refraction surveys on Fimbulisen, where seismic reflection
measurements of the two-way travel time to the ice-base
and seabed were made.

OBJECTIVES

The objective of this work was to measure the depth of
the ice base and seabed of Fimbulisen.This data will then
be used in a modelling study of the circulation, melting
and freezing below Fimbulisen.

STUDY AREA

The continental shelf along the Dronning Maud Land
coast is narrow, in the order of 10 km from the ice shelf
front to the continental shelf break. Some places the ice
shelf covers the whole continental shelf and the ice shelf
front is located above the continental slope. The depth of
the continental shelf varies from about 200 m to about 6-
700 m. At the continental shelf break the depth increases
rapidly to about 4000 meter. The ice shelf Fimbulisen is
a large ice shelf located between 69° 30’ and 70° 30’ S,
3°W and 4°E, which has been described by Swithinbank
(1957) and Lunde (1961). Fimbulisen is divided into
three distinct physiographical regions, a western and
eastern part of a flat-lying ice shelf delineated by ice rises
and a central part located between extensively crevassed
zones. The crevasse zones are caused as Jutulstraumen ice
stream forces its way through Fimbulisen. The central
part is about 20 km wide at the grounding line and about
100 km wide at the coast. The central part is fast flowing
whereas movement in the eastern and western part is
sluggish. The ice rises on the western and eastern part

of Fimbulisen provide anchorage for the floating shelves

(e.g. Swithinbank 1957).

Our route on Fimbulisen in the 2000/01 field season

is shown in Figure 1. As shown we have covered most

of Fimbulisen, except for the southermost part of
Jutulst