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AMORE 2001: Executive Summary

The AMORE 2001 (Arctic Mid-Ocean Ridge) expedition to the central Eastern
Arctic Ocean combined the operations of 2 research ice-breakers to make cer-
tain investigations possible at all, to improve progress, efficiency and safety in
the ice. The main target area was the ridge crest of the western Gakkel Ridge.
Traverses from the north-eastern Barents Sea shelf to the Gakkel Ridge and
from to the Lomonosov Ridge were used for continuous seismic reflection pro-
files across the Nansen and Amundsen basins.

The two ships operated in tandem for geophysics operations, and were able to
either work together or to separate for sampling operations. Sampling was to be
conducted via dredge, TV-grab, gravity and rock cores from both ships. At sea
observations include hand sample descriptions of all rock types encountered,
preliminary geochemistry (carried out on HEALY) and thin section analyses
(carried out on POLARSTERN).

HEALY and POLARSTERN reached the North Pole on September 6, 2001. On
August 23 a historic meeting of 3 research ice-breakers occurred on top of the
Gakkel Ridge. More than 250 crew and scientists from 17 nations on HEALY,
the Swedish ODEN and POLARSTERN exchanged data and samples; the
gathering on the ice comptised mote scientists than ever had met at the same
time and place in the central Arctic Ocean.

Both ships succeeded in charting by multiswath sounding systems SEABEAM
on HEALY, HYDROSWEEP on POLARSTERN) 33 000 square kilometres of
the Arctic Ocean floor, mostly of the Gakkel Ridge, including its shallowest (566
m) and deepest (5670 m) points, with unprecedented precision and detail.

Multichannel seismic reflection profiles have been shot continuously along the
transit trips across the Nansen and Amundsen basins, as well as up to 30 NM
long segments along the Gakkel Ridge, interspersed with rock sampling opera-
tions. A substantial number of heat flow measurements has been conducted
along the return trip from Lomonosov to Gakkel Ridge and along its ridge crest /
rift valley. The values increase towards the active Gakkel Ridge in general, but
the stations from the rift valley are highly variable.

Both ships carried 2 helicopters each, for logistic and scientific purposes. PO-
LARSTERN succeeded to deploy routinely helicopters for airborne investiga-



tions: HELI-MAG-surveys of the magnetic anomalies of various ridge segments,
deployment of long-term geophysical stations on the ice, beside cargo and per-
sonnel transport between the two ships and ice reconnaissance.

Systematic sampling of crustal rocks from the Gakkel Ridge has been carried
out for petrological studies, at more than 200 stations between the 2 ships, with
the recovery of various types of basalts, peridotites, gabbros, breccias and hy-
drothermal deposits, in total weighing almost 20 t between the 2 ships. The
dominant lithology consisted of various types of basalt, but one ridge segment
produced a substantial number of peridotite and gabbro samples. The rock
types sampled on Gakkel Ridge record the magmatic, hydrothermal and tec-
tonic evolution of the world’s most slowly spreading mid-ocean ridge. During 40
days of sampling, 96 total basement sampling stations were carried out on PO-
LARSTERN. The lithologies recovered confirm the position of Gakkel Ridge as
one of the geologically most unusual and interesting mid-ocean ridges. Peri-
dotites sampled along the magmatically starved segments show indications for
generally low degrees of partial melting, as do the basalts. Basalts are also
generally quite primitive, suggesting the absence of a thick crust required for
significant processing. Weighing against these observations are the increasing
abundances of basalt to the east of the magmatically starved section. This runs
contrary to all theory concerning mid-ocean ridges. Mantle temperature is
probably a stronger input into the overall degree of meiting than was previously
thought to be the case.

Sediment cores have been recovered at the heat flow stations in the central
Eastern Arctic ocean containing records of the history of the Arctic sea ice cover
and of several Eurasian continental glaciations. Two provinces of somewhat
different depositional environments were sampled along the Gakkel Ridge dur-
ing the expedition. In general, all sediments consist of hemipelagic silty to sandy
muds with little to no microfossil content. In the western province (around 0°
latitude), the brownish to olive sediments show evidence for variable current
sorting effects on deposition, which may relate to a variable inflow of Atlantic
waters. In the eastern province (around 75°E), the sediments display a cyclic
deposition of dark grey, ofive and brownish sediments. Variations in bioturbation
and the content of ice-rafted debris suggest that these cycles reflect climatic
variations from warmer to colder phases (and vice versa), some of which had
glaciations of continental areas in northern Eurasia.



lce-thickness and other glaciological measurements over long distances have
been collected by means of a HEM-bird, of a SEM-probe deployed from a crane
in front of POLARSTERN’s bow and during visits in a substantial number of ice
floes. The average ice thickness of the floes in the investigated area was 1,95
m, approximately 20 % less than 10 years ago. Ice-cores at numerous locations
permitted independent checks to verify ice-thicknesses as well as to collect
fauna (various small invertebrates) living in the ice. Their species composition
was determined and they were cultivated for nutrition experiments.



AMORE 2001: Zusammenfassung

Die AMORE 2001 (Arctic Mid-Ocean Ridge) Expedition (31.07. Tromseg bis
07.10. Bremerhaven fir POLARSTERN, 31.07. Tromsg bis 03.10. Tromsg flr
HEALY) in den zentralen &stlichen Arktischen Ozean wurde durch die beiden
Forschungseisbrecher POLARSTERN und HEALY durchgefihrt. Die HEALY ist
ein neuer Eisbrecher der US Klstenwache, die in diesem Sommer ihre wissen-
schaftliche Jungfernfahrt durchgefihrt hat. Die gemeinsamen Operationen der
zwei Eisbrecher erméglichten eine Reihe von sonst nicht méglichen Untersu-
chungen, weil einer der beiden Eisbrecher als flihrendes Schiff den laufenden
Fortschritt garantieren konnte. Die beiden Eisbrecher ergénzten sich auch in
ihrer wissenschaftlichen Effizienz und ihrer Sicherheit. Das wichtigste Zielgebiet
war der westliche Gakkel-Rucken (beide Ruckenschultern und das hift-TaI),
aber Traversen von der norddstlichen Barentssee zum Gakkel-Riicken und vom
Gakkel-Rlcken zum Lomonosov-Ricken wurden flr kontinuierliche reflekti-
onsseismische Arbeiten durch das Nansen- und das Amundsen-Becken ge-
nutzt.

USCGC HEALY und POLARSTERN erreichten den Nordpol am 06.09.2001.
Unterwegs (am 23.08.) trafen sich den schwedischen Eisbrecher ODEN und ein
historisches Treffen von drei Forschungseisbrechern wurde in der Gegend des
Gakkel-Rickens abgehalten. Die ODEN hatte gemeinsam it der POLAR-
STERN bereits am 07.09.1991 den Nordpol erreicht und damit erstmals bewie-
sen, dass konventionell angetriebene Forschungsschiffe im zentralen Arkti-
schen Ozean erfolgreich operieren kénnen. Durch das gemeinsame Treffen von
HEALY, ODEN und POLARSTERN versammelten sich mehr als 250 Besat-
zungsmitglieder und Wissenschaftlerinnen zu einem gemeinsamen Treffen auf
dem Eis; gleichzeitig wurden wissenschaftiiche Daten und Proben ausge-
tauscht. Dieses Treffen der drei Forschungseisbrecher bedeutet einen histori-
schen Hohepunkt der Erforschung des zentralen Arktischen Ozeans.

HEALY und POLARSTERN waren beide mit kompatiblen Facherecholoten
ausgerustet (auf der HEALY ein SEABEAM-System, auf der POLARSTERN ein
HYDROSWEEP-System) und es gelang, insgesamt 33.000 km? des Arktischen
Meeresbodens in bisher unerreichtem Detail zu kartieren. Der groBte Teil der
Kartierarbeiten konzentrierte sich auf die Gipfel-Flur des Gakkel-Riickens und
umfaBte den flachsten (566 m) sowie tiefsten Punkt (5.670 m) im &stlichen Ark-
tischen Ozean. Das Segment des Gakkel-Rlckens war bisher véllig unbekannt
und z&hlt nun zu den best untersuchtesten Gebieten auf der ganzen Erde.



Die geophysikalischen Untersuchungen umfaBten Multikanals-Reflektions-
Profile, die entlang der gesamten Transitstrecke Uber das Nansen- und das
Amundsen-Becken vermessen wurden. Zusatzlich wurden bis zu 30 nm lange
Segmente entlang der Rickenachse des Gakkel-Rickens vermessen, um die
Krustendicke zu bestimmen. Auch wurden an einer betrachtlichen Anzahl von
Stationen Warmestrommessungen vorgenommen, einmal entlang des Profiis
vom Lomonosov-Riickens zum Gakkel-Riucken und entlang der Ruckenachse
des Gakkel-Riuckens, dabei vor allem im Rift-Tal. Generell steigen die War-
mestromwerte in Richtung auf den aktiven Gakkel-Rlcken, aber erstaunlicher-
weise sind die Stationen im eigentlichen Rift-Tal héchst variabel.

Beide Schiffe transportierten jeweils zwei Helikopter, die flr logistische und wis-
senschaftliche Ziele eingesetzt werden konnten. Die POLARSTERN hat ihre
beiden Helikopter systematisch fiir wissenschaftliche Untersuchungeh einge-
setzt, wobei die HELI-MAG-Untersuchungen der magnetischen Anomalien von
verschiedenen sehr detailliert aufgenommenen Ricken-Segmenten hervorzu-
heben sind und wobei auch geophysikalische Stationen (REFTEK u. a.) auf
dem Eis ausgebracht werden konnten. Neben den geophysikalischen Arbeits-
gruppen konnten auch glaziologische Arbeitsgruppen auf das Eis ausgeflogen
werden und es konnte erstmals eine elektromagnetische Sonde zur Eisdicken-
bestimmung unter dem Helikoptet eingesetzt werden, um weitraumig Eisdik-
kenuntersuchungen vorzunehmen,

Beide Schiffe haben mit Hilfe ihrer Windensysteme eine systematische Bepro-
bung der Krustengesteine des Gakkel-Rlckens durchgefihrt. Insgesamt konn-
ten mehr als 200 Stationen von beiden Schiffen beprobt werden, wobei es ge-
lang, eine breite Suite von verschieden Typen von Tiefsee-Basalten und Peri-
dotiten, Gabbros und Brekzien zu gewinnen. An einer Station konnten hydro-
thermale Ablagerungen (Eisensuifid-Vererzung) gewonrien werden. Insgesamt
sind mehr als 20 t Gestein von beiden Schiffen geborgen wurden, wobei die
dominierende Lithologie aus verschiedenen Basalt-Typen besteht, die Peridotit-
und Gabbro-Proben sich aber auf ein spezielles Rickensegment konzentrieren.
An zahlreichen Positionen konnten hydrothermale Quelien nachgewiesen wer-
den.

An den Warmestromstationen konnten in der Regel auch relativ lange Sedi-
mentkerne gewonnen werden, die es erlauben, die Ablagerungsgeschichte des
quartéren Arktischen Ozeans im Detail zu beschreiben. Sie dokumentieren,
dass der Arktische Ozean schon seit vielen Hunderttausend Jahren durch Mee-



reis bedeckt ist und dass das eistransportierte Material den Einfluss von Eis-
schilden von benachbarten Kontinenten belegt (dieses war besonders interes-
sant, weil wir uns entlang der dstlichen Grenze des Arktischen Eurasischen
Eisschildes wahrend der letzten Vereisung bewegten). Die glaziologische Ar-
beitsgruppe konnte die Eismachtigkeit und eine Suite von erganzenden glazio-
logischen Messungen durchfihren. Neu war der erstmalige technische Routi-
neeinsatz einer elektromagnetischen Sonde vom Helikopter (HEM-Bird), wah-
rend gleichzeitig vom Bug der POLARSTERN eine elektromagnetische Sonde
zur routineméBigen Vermessung der Eisméchtigkeit vor dem Bug der POLAR-
STERN vorgenommen wurde. Eine Zusammenschau der Messergebnisse er-
moglicht die Aussage, dass sich in diesem Gebiet die Eismachtigkeit von etwa
2,5 m im Jahre 1991 auf 1,95 m im Jahre 2001 reduziert hat. Die Eiskerne ent-
hielten an zahireichen Lokalitaten Fauna (verschiedene kleine Invertebraten),
die sich an den extremen Lebensraum in den Solekanélen des Eises angepasst
haben. Die Artenzusammensetzung dieser Organismen wurde bestimmt und
sie wurden flr Ernahrungsexperimente in den Aquarien der POLARSTERN ge-
haltert.



1. Introduction

1.1 Structure and Composition of the Crust iri the Eastern Arctic Ocean
(J.Thiede)

The Arctic Ocean (Fig. 1) is divided in deep sea basins, which have been
formed through seafloor spreading since the middle Mesozoic and structural
highs that can consist of volcanic structures or of continental crust with a rela-
tively thin younger pelagic sediment cover. The AMORE 2001 (= ARK XVII/2)
expedition of the research icebreaker POLARSTERN, which has been carried
out in the fate summer of the year 2001 together with new US-American re-
search icebreaker USCGC HEALY, has tried to coliect extensive knowledge on
structure and composition of the oceanic crust in the eastern Arctic Ocean deep
sea basin between Spitzbergen and Gakkel Ridge (= Nansen Basin incl. Bar-
ents Abyssal Plain), Gakkel Ridge and Lomonosov Ridge (= Amundsén Basin
incl. Pole Deep Abyssal Plain). Both scientific parties had extensively planned
their joint operations; a special Memorandum of Understanding (MOU) was de-
veloped and signed during the cruise to define the division of responsibilities
between the scientific parties on the 2 ships.

The Eastern Arctic deep basin has developed since the late Paleocene through
the detachment of & narrow sttip of cohtinental crust, which today builds the
foundation of the Lomonosov Ridge from the Eurasian continental margin. The
area was visited by POLARSTERN in 1987 (Thiede et al.,, 1988) and 1991
(Fatterer et al., 1992). Today the Gakkel Ridge is the most prominent structural
feature of the Eastern Arctic Ocean. Based on the pattern and age of seafloor-
spreading type linear magnetic anomalies it has developed over the past 55
Mio. years after the margins of Lomonosov Ridge began to separate from the
Eurasian continental margin. It is an outstanding and clearly defined feature of
this deep-sea basin, but because of the exploration history of the Arctic Ocean
its existence has only been known for less than 50 years. The naming of the
Gakkel Ridge has gone through several decades and it took a substantial time
until the scientific community had settled the question of the name of this ridge.
It is only lately that the term Gakkel Ridge has been generally accepted. It is
equivalent to the following names, which have been used in previous publica-
tions: Arctic Mid-Ocean Ridge, Arctic Mid-Oceanic Cordillera, Nansen Ridge
and Nansen-Gakkel Ridge.
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While marine-geophysical and sefsmological investigations during former expe-
ditions have already revealed a framework of the tectonic structure of this deep
sea-basin, the petrology of the volcanic rocks along Gakkel Ridge (active mid-
ocean ridge with the slowest spreading rate in comparison to all other mid
ocean ridge systems) was largely unknown prior to AMORE 2001. Volcanic
rocks were found rather accidentally during a former POLARSTERN expedition
(1987) at one station, which — however - could hardly give information on the
variety of rocks in their unique gquality and distinction of this ridge system. Jointly
POLARSTERN and HEALY have executed a systematic dredging program, in
order to grasp the different lithologies of volcanic rocks in this area and to point
to the history of origin of the attributes of the Gakkel Ridge. The joint operation
of POLARSTERN and HEALY posed a special challenge on the nautical profi-
ciency of the crews of both research icebreakers.

The examination of the composition of the oceanic crust was supplemented by
marine-geophysical and seismological experiments, in order to collect further
data to the tectonic structure of the area of investigation. Surveys of the detailed
bathymetry must be considered as an integrated component of this program.
Also the suspected formation of hydrothermal minerat accumulations, which are
indicators for the appearance of hydrothermal systems, stood in close connec-
tion to the volcanic processes at Gakkel Ridge.

While the main focus of the scientific programs during this expedition was
based on the geological and geophysical properties of the oceanic crust, addi-
tional programs for physical sea-ice qualities, for bacterial communities, biologi-
cal studies as well as sediment probes for paleo-environmental examinations
have played only a relatively subordinate role. However, they could be executed
because both research icebreakers performed a long and carefully planned ad-
vance into the central eastern Arctic Ocean in the summer of 2001 and each of
these efforts provided unique possibilities for sample material for the described
problems.

11
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In Figure 1, the bathymetry of the Arctic Ocean is illustrated and clearly shows
its structure of deep-sea basins and ridge systems together with the planned
region of operations of AMORE 2001. Figure 2 shows the expedition route,
which took the vessels from Tromsg eastwards of Spitzbergen into the central
part of the eastern Arctic basin with a main focus of investigations along Gakkel
Ridge. Individual excursions have addressed the border structure of the deep-
sea basins to the continental-edge in front of Barents Sea and Lomonosov
Ridge. The expedition began on July 31. in Tromse and it has been completed
at the beginning of October, after POLARSTERN returned back to Bremer-
haven and HEALY exchanged her scientific party in Tromsg for another venue
in the Arctic later.

The AMORE 2001 expedition to the Gakkel-Ridge has been a two-ship-
operation with USCGC HEALY (WABG-20) of the US Coast Guard and PFVS
POLARSTERN of the AWI joining forces (Fig. 2). The HEALY was on her sci-
entific maiden voyage and beautifully performed as a research icebreaker. Both
ships met and jointly left Tromsg, but they had to part on September 26 after
leaving the Gakkel Ridge, because POLARSTERN was unexpectedly assigned
acoustic testing close to Bergen/Stavanger-Norway as part of her return trip to
Bremerhaven. During sampling operations both ships operated separately but
during transit either of them could take the lead. During geophyslcal profiling
they sailed in convoy, HEALY (Fig. 3a) as the more capable icebreaker clearing
a lead, POLARSTERN (Fig. 3b) following at a close distance with her geophysi-
cal gear (airgun array, streamer) deployed (Table 1).

1.2 The Partner Ship USCGC HEALY

(mainly based on information on USCGC HEALY copied from a brochure provided by the Public
Affairs Officer: FPO AP 9667-3918)

13
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Figure 3a: USCGC HEALY during AMORE 2001.
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Figure 3b: PVFS POLARSTERN during AMORE 2001,
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in 2001 USCGC HEALY was a brand new ship on her scientific malden voyage.
The acquisition of the HEALY was a joint effort between the US Coast Guard
and the US Navy. The contract to design and construct the ship was awarded to
Avondale Industries in 1993; the contract was for building a multimission ice-
breaking research vessel capable of effectively performing operations satisfying
a broad spectrum of scientific and icebreaking requirements in all polar regions.
It was designed to commercial, military and international standards. The HEALY
is named in commemoration of Captain Michael A. Healy, U. S. Revenue Ma-
rine. Captain Healy was most notable as a foremost seaman and navigator of
his time in the Bering Sea and Alaskan Arctic regions while commanding Officer
of the U. S. Revenue Cutter BEAR 1886-1895.

The modern HEALY is a very capable icebreaker, which performed excellently
during AMORE 2001. She is 128 m long, with a displacement of 16 000 LT. Her
diesel electric propulsion system provides 30 000 horsepower's on 2 fixed pitch
propellers. She can break ice of 1,37 m at 3 knots continuously, 2,44 m by
backing and ramming. Accommodations are provided for a total of 92 persons
with 35 additional berths reserved for scientists. She can also carry 2 helicop-
ters,

17



1.3 Joint Operations of HEALY and POLARSTERN: Assessment of Watch
Going Officer of POLARSTERN
(J. Keil)

The icebreaking in convoy was a new expetience for both sides and therefore
created new demands on both bridge watches. The exchange of information
about ice conditions and visibility was successful depending upon the actual
conditions. The communication between two ships did not cause any problems.
All in all, the cc-operation between the both ships was positive and an advan-
tage for each other.

The following problems needed special attention.

The co-operation between both ships while travelling in convoy was excel-
lent. For example, the HEALY bridge watch was careful to announce in time
the reduction of speed while travelling through thick ice or backing and
ramming. This was very important because the POLARSTERN could not set
the propeller pitch astern to stop the ship while the geophysics array or even
the streamer were outside of the ship.

During the travel through the wake behind HEALY, a minimum distance of 3
cables should not be exceeded or undergone. Because of frequent fog with
visibility below 200 m, the ship ahead disappeared and the wake was barely
visible.

As requested by the POLARSTERN, the HEALY tried to keep the distance
close between the ships, so that the gully between the two ships could not
close. But it seemed that this information was not transmitted during the
handing over of the watches, because this request had to be repeated on
many occasions. Frequent appeals of the bridge watch to the HEALY, to not
make sharp route corners (over 90 degrees or too great changes of the
course) only showed an effect after some time.

Due to the better manoeuvring capabilities of the HEALY (very smalf turning
circle, quick acceleration), the distance between the ships often increased
rapidly and the POLARSTERN could not follow, especially when the air-gun
and / or the streamer stuck in the fast closing ice, which necessitated the
pulling in of the array.

As a result of the better capabilities of steering of the HEALY in comparison
to the POLARSTERN, it was sometimes difficult to follow the open wake af-
ter great changes of the course by the HEALY. Because of the extreme rud-
der position while attempting to cut off the corner in a tight turn, ice often

18



was washed in between the airgun array and the ship, and this led to the ar-
ray being lifted out of the water and dragged across the ice.

The performance of helicopter flights during convoy travel of the part of
HEALY was very disruptive, causing the leading ship to stop and heave to.

It is important to highlight the immediate readiness of the HEALY to offer ice
breaking without request, in cases where the POLARSTERN, could not free
itself, which was practised successfully.

To improve possible co-operation in the future, the nautical officers of both
ships should consider a meeting for the preparation of the expedition, to
solve these kinds of problems and to sharpen the appreciation for them in
advance.

19



Table 1. Times of convoy operations of HEALY and POLARSTERN.

SiDate el a i Time (UTC) _ _ Miles Convoy Time [h] Remarks

04.08.01 08.30 81°50,1'N 029°13,2'E BZ=UTC

06.08.01 14.16 85°44,9'N 015°07,1'E 310 53,8

07.08.01 03.15 85°30,1'N 015°25,9E 39 75 BZ =UTC +1h

07.08.01 16.45 85°06,7'N 010°47,7E ’

08.08.01 09.59 84°58,9'N 009°03,1'E 24 48 BZ = UTC +1h

08.08.01 14.45 84°47 2'N 005°02,5E ’

09.08.01 13.51 84°25,6'N 002°25,1'E 25 71 BZ = UTC +1h

09.08.01 20.55 84°04,9'N 000°01,6'E !

10.08.01 12.28 84°09,1'N 000°25,8'E 46 15.2 BZ = UTC +1h

11.08.01 03.40 83°35,6'N 003°20,2'W 7

11.08.01 1045 83°33,9N 003°32.4'W 24 53 BZ =UTC +1h

11,08.01 16.05 83°15,0'N 005°36,8'W 4

27.08.01 09.11 85°56,5'N 023°25,1'E 28 16.4 BZ =UTC +2h

27.08.01 19.36 86°00,7'N 029°57,8' !

28.08.01 21.58 86°04,'N 032°11,6'E 22 93 BZ =UTC + 3h

29.08.01 07.15 86°20,2'N 038°21,1'E ’

29.08.01 22.26 86°22,5'N 038°00,3'E 18 6.6 BZ = UTC + 3h

29.08.01 05.00 86°30,6'N 042°11,9'E ?

30.08.01 19.14 86°31,2'N 042°06,9'E 26 10.9 BZ=UTC +3h

31.08.01 06.09 86°42,7'N 048°49,6'E ! BZ = UTC + 4h

02.09.01 01.37 86°53,6'N 063°22, 0E 19 58 BZ =UTC +4h

02.09.01 07.27 86°42,5'N 068°07,2E i

03.08.01 15.02 86°15,0'N 072°36,0'E 206 49.8 BZ=UTC +5h

05.09.01 16.52 89°00,7'N 130°03,3'E ’

26.09.01 02.05 85°40,5'N 020°38,1'E 27 6.4 BZ=UTC+3h

26.08.01 08.31 85°13,'N 020°45,9E i Stuck in the ice

26.09.01 13.35 85°04,9'N 020°40,0'E 10 19 BZ =UTC +3h

26.09.01 15,30 84°55,4'N 020°06,7E !

28.09.01 03.10 84°25, 1N 028°01,2°E 32 66 BZ=UTC +3h

28.09.01 10.06 83°53,1'N 028°06,8'E i Party on lcefloe

28.09.01 18.25 83°52,3'N 027°36,6'E 18 45 BZ = UTC +3h

28.09.01 23.00 83°33,2'N 027°20,7E i HEALY departed
Gesamt: 863 205,9=8d 14h

* direct distances between the starting and end coordinates.
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1.4 Short Biography of Yakov Gakkel
(According to documentation obtained from the archives of the AARI, St. Pe-

tersburg)

Yakov Gakkel (1801-1965) was a prominent Russian polar researcher and a
well-known professor in geography. One of his major fields of study was polar
geography and he was involved in developing the Russian Arctic and the
Northern Sea Route. After he graduated from the Department of Geography of
Leningrad University (now St. Petersburg State University) he worked at the
State Arctic and Antarctic Research Institute (AARI) for 40 years. He published
more than 140 scientific papers, which are noteworthy for general geographic
topics and for their thorough analyses. The resuits presented in these publica-
tions were based on his own observations collected during 21 expeditions, incl.
16 to high-latitude Arctic regions. These included his participation in expeditions
on the icebreakers SIBIRYAKOV and CHELYUSKIN. The most prominent pub-
lications are monographs con "Continental Slope of the Arctic Ocean" and "Sci-
ence in Developing the Arctic" where he distinguished a circum-polar (Arctic)
geographic zonation of the coastal landscapes with respect to meteorology, hy-
drology, glaciology, zoogeography, etc. 1960 the Geographic Society awarded
him the S. Dezhnev Prize for one of his monographs.

Having processed and generalized numerous bathymetric soundings obtained
during expeditions to high northern latitudes and from the NORTH POLE drift
stations, Yakov Gakkel compiled bathymetric and morphologic maps of the Arc-
tic Ocean distinguished for their well defined geomorphology and interpretation
of origin as well as age relationships of the seafloor physiography. He recog-
nized a substantial number of large morphostructures consisting of ridges and
isometric rises. Certain structures which were predicted by him on theoretic as-
sumptions, such as Mendeleev Ridge and "Arctic Mid-Ocean Ridge" (now the
Gakkel Ridge), were later confirmed and introduced into the maps. Another out-
standing geographic event, the discovery of the Lomonosov Ridge, is also re-
Jated to Yakov Gakkel's name.

Yakov Gakkel is well known for his wide-ranging scientific interests and sub-
stantial contributions to a number of science fields: cartography, occeanology,
glaciology, Earth’s magnetism, astronomy, paleogeography, tectonics, geology,
and astronomic geology. As oceanographer, he studied the circulation of the
currents over the Chuckchi Plateau and peculiarities of the Arctic Ocean hydro-
graphy over the continental slope. He discovered and studied the rotation of the
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earlier unknown drift of the ice fields. As geologist and astronomic geologist he
developed the tectonic concept of "wave formation" of folds and rupture dislo-
cation, and he studied formation, migration and inversion of geosynclines and
deep structures of the Arctic Basin lithosphere.

His wide-ranging and deep insight into nearly all disciplines of the Earth sci-
ences were brilliantly presented in this book "Science in Developing the Arctic',
where he considered Arctic energy issues, Arctic paleogeography, deformation
processes in the ice cover, the Earth’'s crust and other media in terms of physi-
cal geography and planetology. This book also initiated new developments in
cryotectonics, a new branch of glaciology. He published papers related to Ant-
arctica, over themes such as "Lomonosov and Antarctic" or "On Possible Influ-
ence of the Earth’s Rotation Forces on Arctic and Antarctic Morphostructures”,
which are widely known as well.
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2. Expedition Narrative AMORE-2001
(J. Thiede)

Week 31 (July 31- August 5, 2001)

POLARSTERN completed her expedition ARK XVIil/t on July 29 in Tromsg/
Norway after completing a substantial program of muitidisciplinary oceano-
graphic investigations in the Fram Strait and in the western Greenland Sea. She
changed crew and scientific participants on July 30 and 31 and was ready to
leave the same day in the evening after a press conference and a reception for
dignitaries from various institutions and authorities in Tromsg as well as from
the 2 ships (PFVS POLARSTERN and USCGC HEALY) which were to conduct
the coming AMORE-2001 expedition jointly.

The weather in Tromse had been rainy and miserable, as it was when POLAR-
STERN at 20.00 hrs. started to proceed through the wide fjord on its way to the
open ocean. USCGC HEALY was berthed at a Norwegian navy base a few
kilometres South of Troms@; she was to cast off lines the same day close to
midnight, leaving the fjord through the western approaches directly to the open
sea. The two ships therefore navigated separately until they met close to Bear
Island from where they travelled jointly up the edge of the Arctic ice pack. Crew
and scientists on POLARSTERN woke up the next morning feeling the effects
of a storm (with a strength of up to 8-8 Bft. and waves of Up to 5 m high) which
developed under the influence of a meteorological iow just outside the fjord
mouth (close to Fugieya). However, that bad weather abated rapidly and we
were then able to proceed under rather favourable conditions towards the
North. Weather and ice conditions were indeed favourable that we could reach
a high latitude (84°33°N) in the ice during this first week of the expedition.

Most of the first days of the expedition were spent in transit to the ice-covered
region of the Arctic Ocean to the Northeast of Svalbard. POLARSTERN passed
Kvitaya in the west, while HEALY took a short cut around its eastern shores,
and we all remembered that on this forbidden island the remains of André and
his men had been found after their fateful attempt to use a balloon for polar re-
search in the Arctic. The ice edge was reached on Saturday, August 4 and we
were able to start a program of seismic reflection measurements after having
conducted the first bathymetric survey already in the eastern Barents Sea.
HEALY took the lead and POLARSTERN followed having Its seismic gear
(seismic array with airguns and 300 m long streamer) launched and trying to
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use the channel cut by HEALY through the ice. Coordination of the scientific
program between the ships was achieved through frequent radio calls and oc-
casional visits by helicopter. Each of the ships carried two helicopters and flying
time was readily available as long as we had suitable weather conditions. In the
meantime we also succeeded in establishing radio contact with the Swedish
icebreaker ODEN, which conducted oceanographic and meteorological re-
search close to the Northpole, and which, together with POLARSTERN, had
reached this magic point on September 7, 1991. This was the first time ever that
conventionally powered research vessels had reached the Northpole.

The seismic data of the first week resulted in the resolution of a faintly recog-
nisable basement under a thick and poorly stratified sediment cover in the Nan-
sen Basin. The internal structures of the sediment cover suggest a discontinu-
ous history of deposition, which was obviously very different in the Nansen Ba-
sin from that of the Amundsen Basin North of Gakkel Ridge. Beside seismic
reflection we collected refraction data while PARASOUND and HYDROSWEEP
were run continuously en-route. They will help us to establish a precise correla-
tion to the bathymetry of the Gakkel Ridge established by the US-American
SCICEX program. Even though the ice was fragile during these early days of
the expedition, when our sea ice group conducted the first thickness measure-
ments from ice flows. The other scientific working groups used these early days
to install their lab equipment. Petrologic sampling of crustal rocks of the Gakkel
Ridge will receive heavy emphasis during this expedition but can only start
when we have reached the Gakkel Ridge itself,

Week 32 (August 5-12, 2001)

Sunday, August 12, HEALY and POLARSTERN had reached the western end
of the Gakkel Ridge, located to the North of Lena Trough and Fram Strait. This
was the first real working week of the expedition, bringing much success to both
ships. The weather was excellent and we enjoyed several days of clear sky with
sunshine. A relatively warm air mass covered the bottom near layer of polar
cold air, with the consequence that the bottom near inversion produced a high
potential for the unpredictable occurrence of local fog patches; on the other
hand relatively high temperatures made it easy to work on deck. Ice conditions
were highly variable; for long distances the sea ice was loose and easy to tran-
sit. We had several exchanges by helicopter with our colleagues (mostly
petrologists) from HEALY; the scientific participants of POLARSTERN com-
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prised an international group of geophysicists, glaciologists, biologists, petrolo-
gists, geodetics, sedimentologists and paleoceanologists with members from
Germany, Russia, China, ltaly and USA.

The seismic profiles of the geophysics groups required that both ships travel in
tandem close behind each other, with HEALY ahead. The acquired data were of
extraordinary quality, resolving the structure and morphology of the Gakkel
Ridge, its rift valley and flanks. Early during this week we completed a seismic
transect through the entire Nansen Basin; while its present seafioor is flat like in
an abyssal plain, the seismic data revealed that the sediments have covered
basement elevations up to 2000 m high during the past 50 mill. years. Since
reaching the Gakkel Ridge we have conducted deep seismic experiments to
determine crustal thicknesses. The two helicopters of POLARSTERN permitted
to establish REFTEK-stations on the ice at various locations to conduct seismic
refraction experiments for many hours. In addition seismic stations were placed
on a big ice flow to collect data on seismicity and a magnetic station was placed
on the ice. The heat flow of the rift valley inner regions was determined by
means of a gravity corer or a metal spear outfitted with several thermistors at
various depths below the sea floor.

Sea ice investigations concentrated on the question: Does the ice around the
Northpole decrease (instigated by the year 2000 news that there was a hole in
the ice at the Northpole)? For the AWI, however, such studies are by no means
new, but our sea ice group has acquired a long time series, gaining new data
for an additional year. The most important parameter to be measured was sea
ice thickness. Two biologists investigated at the same time occurrences of
fauna and flora within the sea ice; they measured temperature, salinity and
chlorophyll concentrations along profiles through the sea ice, and they collected
the sympagic meiofauna in the ice. Typical elements of these faunas were co-
pepods and several worm-like taxa. Sea ice sampling is particulatly cumber-
some during the summer because of the special environmental conditions. The
most difficult task was the crossing of small (melt-) lakes, which covered 20-30
% of the Ice surface. The EM-probe was therefore stowed Into a kayak, which
was then pulled for kilometres over the ice. Melt water lakes had to be crossed
under the constant danger of breaking through the fragile lake bottom, into the
sea below. Fog sometimes impeded the trips to the ice flows as well as the po-
lar bear watches.
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Sampling and petrologic characterisation of the rocks of the oceanic crust of the
Gakkel Ridge received particular attention during this expedition. The Gakkel
Ridge is an active mid-ocean ridge, but it spreads slower than any other seg-
ment of the circumglobal mid-ocean system. The sampling program of this week
was extremely successful, because we collected more than 800 kg rock from 6
TV-grabs and 5 dredges. They comprised various basalts, peridotites, gabbros
and breccias. In addition it was possible to use the NOAA MAPR's to determine
the hydrographic properties of the water column for locating escape regions of
hydrothermal fluids in the rift valley. Hundreds of rock samples were cleaned,
numbered, photographed, cut and curated; several thin sections provided ex-
cellent material for petrographic descriptions. They will reveal the secrecies of
the Gakkel Ridge origin.

The times when the Arctic Ocean represented the loneliest sea of the world are
flong gone by now. A Russian nuclear icebreaker carrying tourists from the
Northpole to Svalbard passed us behind the horizon and we had daily radio
contacts to the ODEN on station for oceanographic and meteorological meas-
urements very close to the Northpole.

Week 33 (August 12-19, 2001)

Early during this week HEALY and POLARSTERN investigated the complicated
western end of the Gakkel Ridge and its transition into the Lena Trough, where
plate tectonics have not yet been resolved convincingly. Since then both ships
returned to easterly courses to investigate the rift valley, HEALY emphasizing
the northern, POLARSTERN the southern shoulder of the valley. Sunday,
August 19, both ships had reached 84°40°'N 4°25°E, after a week of almost
continuously poor weather. Frequent snowfall, fog, the danger of icing and
sometimes icy rain limited possibilities of using the helicopters. This weather
mode was caused by the repeated formation of meteorological lows over the
Barents Sea which resulted in the influx of humid and relatively warm air
masses from northern Russia in the lower troposphere.

Because of the bad weather conditions the sea ice group could not be trans-
ferred to the ice by helicopter, but in most instances it had to climb into the
"mummy"-chair using the crane on the bow of the ship for transfer to the ice. At
the westernmost point of this expedition close to Greenland we encountered
highly variable ice consisting of a mixture of old and young floes. Many floes
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carried high-pressure ridges and in many instances also large amounts of
sediments whose composition will allow pinpointing the source area of the ice.
Large sediment accumulations on sea ice are an indication of old ice floes. In
the mean time all melt water ponds had been covered by recent snowfalls and
the snow cover was stable enough to carry a person. The SIMS (Sea ice Moni-
toring System) Installed in from of the ships bow had been taken into use. It was
to continuously measure ice thicknesses along the ship’s track.

The petrologists deployed the TV grab at 7 dredges at 9 locations. From 15 sta-
tions they acquired valuable rock samples in sufficient quantity. In addition 2
sediment cores also contained volcanic glass and the MAPR-systems had been
deployed at several stations so that we then had hydrographic sections from a
total of 6 positions. In total during this week we have collected more than 2 t of
rock which had to be cleaned, numbered, described and stored. 20 out of 75
thin sections have also been described. The western segment of Gakkel Ridge
produced mainly basalt sampies and virtually no peridotite, in stark contrast to
the segment following in the East. Proof of hydrothermal activity was found in
the fragments of iron sulphide "smokers" dredged by our colleagues on HEALY.
The hydrograpic profiles had already suggested areas of hydrothermal activity,
but it remained impossible to locate them precisely. The success rate of the pet-
rologic sampling activities was far beyond expectations.

Heat flow measurements at 3 locations resulted in relatively high values, as ex-
pected from an active volcanic ridge. At the same time we collected sediment
cores of up to 660 cm in length. The deposits comprised fine-grained clayey-
silty muds, which accumulated under the influence of deep-sea currents. The
relatively thick interglacial intervals will later allow detailed investigations of the
water mass exchange between the deep Arctic Ocean with other basins of the
World Ocean. The scarcity of coarse terrigenous ice-rafted debris in these cores
was particularly noteworthy.

The marine geophysics groups deployed seismometers at 4 stations on the ice.
They have been able to discern large earthquakes under the Japanese islands
(Hokkaido, magn. 6,3) from numerous small "ice quakes" generated by ice flow
collisions. Attempts to deploy magnetotelluric probes on the ice were promising;
they were aimed at measuring the conductivity of rocks from crust and mantle.
The continuation of the HELI-MAG-flying program was hindered by bad
weather. Towards the end of the week the intensive studies of structure and
petrology of the Gakkel Ridge were continued in an easterly direction, where a
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principally different morphology already suggested a different tectonic style of
the ridge.

Week 34 (August 19-26, 2001)

On Sunday, August 26 POLARSTERN s position was at 85°47'N 20°15°E. The
course of both ships followed in general easterly directions after they had
reached the south-western end (in approx. 250 km distance from Greenland) of
Gakkel Ridge last week. The weather of this week was under the influence of a
meteorological high between Svalbard and the Kara Sea which led to an influx
of relatively warm air into the area of the expedition where it cooled over the ice,
producing freezing fog of various intensities. Therefore the HELI-MAG-program
was curtailed, but it was still possible to deploy a magnetotelluric station and a
seismic array on the ice for 4 days.

The polar ecology working group drilled several ice cores from the sea ice. On-
board POLARSTERN these samples were allowed to melt in the dark at 4°C.
The chlorophyll contents allowed conclusions about the amount of algae in the
ice, which showed maximum occurrences in the lowermost part of the ice cores.
The sea ice (physicists) group was still trying to determine sea ice thickness
along profiles over distances of 1-2 km every day. Several true icebergs were
sighted; they came in all probability from the shores of the Laptev Sea and
could harbour also important information about the source region of the sur-
rounding sea ice. One of these icebergs was broken into 2 pieces, each of them
approx. 100 m in length, which were tipped on the side revealing an internal
stratification. It carried sediments and rocks consisting of greywackes and
slates, typical for northern Siberia. Similar lithologies have also been found in a
deep-water dredge nearby.

The detailed bathymetry of the Gakkel Ridge provided the basic data for plan-
ning sampling sites. The topography of the seafloor was determined continu-
ously by means of the multiswath HYDROSWEEP System on POLARSTERN
while a SEASBEAM-System has been installed on HEALY. The combined data
sets from both ships cover the entire crestal area of the Gakkel Ridge and we
expected to be able to present a complete and detailed map of the entire seg-
ment of the Gakkel Ridge, which has been visited during the AMORE 2001 ex-
pedition. A sediment core has been collected from 5330 m water depth, at the
same time a heat flow measurement has been performed, both at greater depth
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than ever before anywhere in the Arctic Ocean. The sediments are very fine-
grained and the heat flow was established at 500 mW/m2.

The petrologists continued their successful efforts sampling for basement rocks
at an additional 19 locations, collecting > 1 t materials. Onboard thin section
microscopy demonstrated that the frequency of diopsid in the peridotites of the
Gakkel Ridge was higher than in similar samples from other active spreading
ridges because of reduced melting rates of mantle materials. This resuft offers
an answer to the most important petrologic question of the AMORE 2001 expe-
dition and provides a substantial base for planning future geochemical investi-
gations (for example Osmium isotopy).

One of the highlights of this week was encountering the Swedish icébreaker
ODEN that was on her return trip from an expedition to the Northpole (Fig. 4).
ODEN and POLARSTERN had visited the Northpole aiready on September 7,
1991 as the first conventionally driven ships to reach this location. The meeting
of the 3 research icebreakers HEALY, ODEN and POLARSTERN marked a
new era of peaceful, systematic research in the Arctic. Our sea Ice group se-
lected a suitable ice flow to dock the 3 ships simultaneously. Beside the scien-
tific exchange (and the transfer of a limited amount of fuel from ODEN to PO-
LARSTERN and samples between HEALY and POLARSTERN) we used the
occasion to celebrate, by offering games on the ice, several hours "open ship”
on all three vessels, with the possibliity of buying stamps and souvenirs, and a
grand barbecue in the hangar of HEALY. The certified DFB-referee (Mr. H.
Erdmann) declared 1,4 m ice thickness sufficient for a set of formal football
games (every ship against every other) which the POLARSTERN team suc-
ceeded in winning (price 1 bottle of “Rotk&ppchen”-Sekt). Fate was just and we
lost rope towing against the ODEN. The international atmosphere with citizens
of 17 nations present bore a promise for the continuation of this type of peaceful
polar research in the future.
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on

ODEN in the foreground, POLARSTERN behind and HEALY at a distance in the mist,

August 23, 2001.

Fig. 4
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Week 35 (August 26- September 2, 2001)

Sunday, September 2 POLARSTERN had reached 86°40'N 68° 40°E, after
continuing its scientific program together with HEALY along easterly courses.
Fog and weak winds dominated the weather; henceforth visibility was bad and
we saw the sun only Tuesday morning for a few hours.

The scientific program of this week comprised a transit with geophysics; this
and the deteriorating ice conditions resulted also in fewer samples for the
petrologists. Despite these obstacles they have been able to conduct 12 suc-
cessful sampling stations (7 TV grabs and 5 dredges). The peculiar lithologies
of the rocks from the Gakkel Ridge contributed to the motivation of our petrol-
ogy groups. The research area of the AMORE expedition comprised the seg-
ment of the global mid-ocean ridge system with the lowest spreading rates as
compared to all other regions world-wide (approx. 5-13 mm/a). The degree of
meiting of peridotites from where basaltic magmas are produced, is therefore
very low. Such low-grade partial melts are a product of the melting process un-
der each volcano, but their chemical signatures, like on Hawaii or the Aetna, are
later blurred by additional melting. The peridotites collected from the Gakkel
Ridge were of exceptional quality. They will allow analyses, which have never
been applied to this type of rock because seafloor paridotites are usually heavily
weathered. In the AMORE area the peridotites and the resulting basalts have
been sampled in large quantities; thus this expedition has been an astounding
success for the petrologic working groups.

PARASOUND-measurements to decipher the high-resolution stratigraphy of the
upper sediment layers have been carried out along the entire cruise track
around the clock. Sediment rich localities have been detected in the axial valley,
despite its irregular topography, which degrades the data quality. Such localities
are of particular interest for the selection of sampling points for gravity cores
(=heat flow measurements) and box cores.

Early during this week we carried out seismic refraction work between dredge
stations, which provided sufficient distance. Decreasing fog frequencies also
allowed for the deployment and recovery of seismic stations from the ice. The
quality of the recovered data was adequate for solving the geophysical ques-
tions to be addressed by these stations. Deplorably the weather had not im-
proved sufficiently to allow for enough HELI-MAG-flights, whose number is far
behind expectations. We did not deploy long-term seismologic and magnetotel-
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luric stations because of the relatively fast easterly progress of both ships along
Gakkel Ridge.

The sea ice group continued its work with daily stations on large ice flows. After
an interruption of 3 weeks it measured height and frequencies of ice pressure
ridges by means of a laser altimeter from the helicopter. After some technical
problems it was also possible to conduct the first flight for the electromagnetic
ice thickness probe (HEM-Bird). This probe is towed on a 20 m long cable un-
der the helicopter approx. 10-20 m above the ice; this manoeuvre is a particular
challenge for the helicopter pilots. The first data promised to be able to replace
the time-consuming ice thickness measurements of a ground party by deploying
the bird more frequently.

All working groups looked toward the future when we hoped to reach 2 zone of
active volcanism in the rift valiey of Gakkel Ridge.

Week 36 (September 2-9, 2001)

The program of this week did not develop according to our expectations at the
end of the preceding week. A geophysical transect from Gakkel to Lomonosov
Ridge which had been planned for much later during the expedition was exe-
cuted due to the favourable ice conditions along its route, as predicted from
satellite pictures made available on HEALY. We therefore crossed the Amund-
sen Basin following HEALY and towing a streamer/ airgun array to the foot of
the Lomonosov Ridge. From there we proceeded to the North and together with
our partner reached the North Pole on Thursday, September 6. Late in the eve-
ning of the same day we departed again and began to make way towards our
sampling area on Gakkel Ridge. Early during this week we finally saw some sun
again; under the influence of meteorological high light north-easterly winds
transported relatively dry air into the study area. However, from the middle of
the week winds changed to a south-westerly direction resulting in occasional
fog patches. During the time at the North Pole we experienced snowfall.

The geophysics working group started another long-term experiment with the
deployment of seismological and magnetoteliuric stations on the sea ice over
the Gakkel Ridge at approx. 85°E. This was very close to locations where in
1999 earth quake swarms had been detected, suggesting the occurrence of
ongoing volcanic eruptions in the central rift valley of the Gakkel Ridge. Hope-
fully, measurements of the electric susceptibility will resolve the distribution of
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various rock types. The main task of this group for this week was to establish a
200 N.M. long seismic reflection profile from the Gakkel to the Lomonosov
Ridge; it will help to resolve the opening and history of the Eurasian Basin and
of the magmatic-tectonic evolution of the Gakkel Ridge.

The petrologists used the time span of these geophysical investigations to sort
the samples received from HEALY. Many of the investigated volcanites were
covered by a rim of rock glass, which evolves when the hot lava gets in contact
with the cold seawater. Glass was separated from any samples and numerous
thin sections have been produced.

The morphology of the Gakkel Ridge has been illustrated in the meantime in a
detailed map of 4,5 m length, which allows seeing details in unprecedented de-
tail. Besides processing of the depth measurements we collected several CTD
measurements, which provided information on temperature, salinity and pres-
sure in the water column. Also the CTD profile on the North Pole was devoted
to checking the automatic calibration of the HYDROSWEEP multiswath system.

With the beginning of the Arctic fall the "landscape" had changed into a ho-
mogenous white. The albedo measurements of the sea ice working group over
the melt water ponds were near their end, because the melt water ponds were
hardly recognizable any more. During summer time these ponds are relatively
dark absorbing most of the insolation and thus contributing considerably to the
melting of the ice. The deteriorating ice conditions also gave some more im-
portance to the recovery and processing of sateilite imagery. The presently
available sateliite images indicated that substantial regions of open waters were
only found much further to the South. The working group on polar ecology con-
tinued their regular sampling program on the ice as well as experiments on the
feeding behaviour of worms in the ice (Rotatoria). The study, using bacteria or
bacteria-like particles, was aiming at a better understanding of the food web in
the ice.

In the afternoon of September 6 we reached 90°N (Fig. 5), the "northern end" of
this Earth. POLARSTERN’s cook conducted a wonderful barbecue on the
working deck and a pole-position-party was organised afterwards. POLAR-
STERN reached the Northpole for a second time, exactly 10 years after ODEN
and POLARSTERN reached the Northpole as the first conventionally driven
icebreakers. News about this event and many greetings went out despite our
limited communication means.
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Fig. 5: POLARSTERN (left) and HEALY at the Northpole on September 6, 2001.
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Week 37 (September 9-16, 2001)

With another 3 weeks of the expedition to go, this Sunday, September 16, found
us over the Gakkel Ridge at 86°54°N and 058°29°E. The weather of the week
was highly variable. Until mid-week it was controlled by an influx of mild air
masses from the Southwest with frequent fog formation. On Wednesday a me-
teorologic low resulted on the influx of cold air and the weather station reported
the coldest temperatures of the entire expedition up to now, -11,7° with wind
chill of -30°C. The poor weather conditions caused reductions in the scientific
activities of all working groups.

The petrologists resumed their dredging program after we reached the Gakkel
Ridge again; they recovered mostly basalt or sediments, however. They also
used this week to promote the exchange of scientists with the HEALY and they
established a plan of sample locations to be visited during the remaining time
span of the expedition. Combining the bathymetric and lithologic discoveries
made it possible to sketch some of the main results of the expedition. The Gak-
kel Ridge can be subdivided into 4 major morphotectonic segments, which differ
in their morphologic trades as well as in the distribution of rock types. Peri-
dotites are found in deep valleys and alony steep slopes. Volcanites have been
recovered from shallow valleys and step-like slopes; the active magmatic re-
gions consist of thousands of small volcanic edifices.

The geophysics working groups had one of their major successes when they
recovered the seismological array and the magnetotelluric station over a dis-
tance of 130 km, after these had been deployed approx. 2 weeks ago at 85°E
over the Gakkel Ridge. The data logger demonstrated that the instruments had
been functioning over the entire period, with an excellent data quality. Towards
the end of the week we were also able to continue the HELI-MAG-flights across
the axis of the Gakkel Ridge.

The return trip from the North Pole to the Gakkel Ridge was also used to con-
duct a series of heat flow measurements. As expected the heat flow rises with
the decreasing age of the ocean crust and the values tripled from the cold and
old central Amundsen Basin towards the hot and central Gakkel Ridge. At the
same time the paleceanology working group was able to collect a number of
sediment cores. Ice rafted debris found in glacial deposits of these cores proved
that the Siberian ice sheets produced large numbers of icebergs during older
glacial ages, when these icebergs floated from the border of the ice sheet into
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the open Arctic Ocean and when their melt water influenced ocean circulation
and climate.

The sea ice physicists deployed three buoys on the drifting sea ice at the east-
ern end of the investigated area to collect data on air pressure and temperature
as well as on the drift of the ice for the next 3 years. This is part of the AWI
contribution to the International Arctic Buoy Program, which maintains a net-
work of approx. 20 continuously measuring buoys.

Tuesday evening news reached us about the terrible terrorist attacks in the
USA. They caused horror and grief onboard both ships. Crew and scientists
from POLARSTERN passed a resolution to express their anger and their sym-
pathy with our American partners on HEALY and with the entire American peo-
ple. At this time we were contributing to the peaceful exploration of the Arctic
together with our American partner ship HEALY and deeply deplored these hor-
rible cruel terrorist attacks on innocent civilians.

RV POLARSTERN
Captain Jirgen Keil
Chief Scientist Prof. Jorn Thiede

Message to

Captain David Visneski, Commanding Officer

Chief Scientist Prof. Peter Michael

USCGC HEALY

Resolution of Crew and Scientists on RV POLARSTERN:

On this September 11, 2001 crew and scientists of RV POLARSTERN have
learned of the horrible terrorist attacks in your home country.

We are all terribly shocked and we wish to convey our condolences to you as
well as to the entire American people.

We deeply regret these incidents and out of our hearts we hope that peace may
return to your country as soon as possible.
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Being engaged in the peaceful exploration of the Arctic together with our partner
USCGC HEALY we deeply condemn these terrible acts of terrorism.

Week 38 (September 16-23, 2001)

On Sunday, September 23 POLARSTERN was on position 85°50'N 21°10°E
proceeding further E along the axis of the Gakkel Ridge. We expected also to
reach the easternmost sampling location from where while sampling en-route
we would leave for the meeting point with HEALY. The probably shallowest
point of the deep Arctic Ocean was reached at 86°42'N 60°45°E; the large
seamount was mapped and its shaliowest top was found at 566 m water depth
(contrary to approx. 800 m marked on available maps). This depth was also
confirmed by HEALY. We were discussing to propose a name for this feature
(eventually Karasik Seamount); this proposal will have to await formal proce-
dures.

The weather of this week was unstable and variable. While providing for clear
skies and some sunshine early in the week large cloud fields, fog banks and
snowfall developed during the later part. We also experienced the sun going
below the horizon for the first time for a few minutes; in the meantime the sun
was gone for many hours, we were expetiencing dark nightg and the ship had to
proceed while using its powerful ice search lights. Temperature fluctuations
between —3° to —13°C corresponded to the expected seasonal averages. The
favourable weather windows were also used to continue the exchange of scien-
tific personal between HEALY and POLARSTERN,; local “icing conditions" close
to HEALY suddenly forced the senior scientists from HEALY to stay on PO-
LARSTERN for the night from Saturday to Sunday.

The weather allowed the continuation of our experiments on ice flows. This in-
cluded the collection of snow samples for studying atmospheric transfer
mechanisms of materials to the Arctic. The concentrations of suspended mate-
rials in the surface waters was determined by means of the Secchi-disc; this is
white, has a diameter of 30 cm and is lowered into the water until it is not visible
anymore. This is so-called Secchi-depth and reflects the amount of suspended
material in the water column. We measured Secchi-depths between 18 and 28
m; last week very clear water was crossed with Secchi-depths of 30 m.

The petrologists hunting for peridotites experienced a relatively frustrating week.
Theoretically this type of mantle rocks should occur frequently in this segment
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of Gakkel Ridge but they were not found except at the end of the week when we
reached 33°E, to the chagrin of the petrologists. After collecting an empty pipe
dredge we repeated the station and used the giant chain dredge, this time with
astounding success. The large dredge ("the white shark") recovered over 1000
kg of peridotites and associated lithologies. We hoped for similar successes for
the remainder of the expedition; Sunday morning we recovered a 1 m in di-
ameter large pillow of basalt with its glassy rim entirely intact.

For the geophysicists this week was rather quiet. They evaluated the collected
data, and were able to put in some flights for the HELI-MAG-program to map
the axial magnetic anomalies of the Gakkel Ridge. Also the prograrh of heat
flow measurements was continued, but had sometimes problems because of
the lack of a sediment cover on the young volcanics in the centre of tHe rift val-
ley. Towards the end of the week a new magnetotelluric station was deployed
on the ice close to 25°E over the central Gakkel Ridge.

Weeks 39 and 40 (September 23-October 7, 2001)

During the middle of the week POLARSTERN and HEALY left the Gakkel Ridge
in convoy to do geophysics whenever the ice would permit. At the end of week
39 we had taken our course towards Bergen/ Norway. On Saturday the geo-
physics working groups terthinated their scientific measurements close to the
continental slope north of Svalbard. On Sunday, September 30 POLARSTERN
passed Bear Island at a distance of approx. 3 N.M., enjoying quiet weather, fast
sailing and a magnificent view of the island’s eastern shores.

The beginning of week 39 was sunny and cold, but we were caught by a real
Arctic storm with force 9, a meteorological low with a lot of snowdrift and low
freezing temperatures. Pressure on the ice and zero visibility due to the storm
brought both ships to a halt for approx. 12 hours. Since the middle of the week
the weather improved again and after reaching the ice margin zone we enjoyed
a mix of clouds, snow showers and sunny intervals with generalily relatively mild
temperatures with modest north-easterly winds. After leaving the ice we were
met by quiet weather and waters which helped with the progress of the voyage
and with the stowing activities onboard. Since Sunday, September 30, both
water and air temperatures were above zero.

The sea ice physicists used the last week in the Arctic Ocean to measure the
decreasing ice thickness when approaching the ice edge. It is here where rela-
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tively warm Atlantic waters meet the ice with the consequence that ice thickness
rapidly decreases. Average ice thickness at the Gakkel Ridge was about 2 m,
but at 84°N only 80 cm. South of 85°N we observed again dirty ice due to sedi-
ment inclusions, which meant source regions for the ice different from those on
the Gakkel Ridge, where virtually no sediment inclusions have been observed.
The sediment inclusions can usually be traced back to specific regions of ice
formation over the Siberian shelf.

The petrologists were delighted about the conclusion of a highly successful
sampling program. The last station was run on Tuesday, and the totals of the
expedition were 64 dredges and 40 TV-grabs. The summed weight of all rock
samples is approx. 11 t, but it is not the weight, but rather the diversity of rocks
which counts towards an understanding of the evolution of the Gakkel Ridge. All
major tectonic features of the region investigated during this expedition have
been sampled at least once. The rocks collected during this expedition cover a
majority of these aspects of the geology and petrology of the entire ridge and
can be considered a treasure, which will have to be exploited by generations of
geoscientists.

Early during this week when good flight conditions persisted, we deployed an-
other magnetotelluric/seismological station on an ice flow. The deployment
lasted for four days and we successfully recovered the station without any
problems. After solving some minor technical difficulties last week we were able
to conclude successfuily our program of HELI-MAG-flights. The continuation of
the seismic reflection survey met some problems because the ice situation had
deteriorated early in the week, also under the influence of the major storm men-
tioned above, so that the seismic profile had to be moved further to west than
originally planned. Hence we came very close to positions where we had en-
tered the Nansen Basin in early August at the beginning of this expedition. It
was only South of 83°30’N and after crossing very heavy ice that HEALY and
POLARSTERN were abie to approach the planned profile and to recover a 250
km long seismic reflection line up to the continental slope N off Svalbard.

After more than 7 weeks of joint work and after a highly successfui AMORE-
2001 expedition the members of the teams of both ships parted from each
other. For a last time HEALY and POLARSTERN docked at a large ice flow
when suddenly a mother polar bear with 2 cubs appeared off the bow of the
HEALY on the same flow. HEALY successfully engaged its typhoon and the
animals moved off, but their known presence lead to high alert and vigilance of
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the polar bear watch. HEALY invited the POLARSTERN scientists and crew for
funch with hamburgers and other goodies in their hangar, the senior scientists
conducted a lengthy and complicated last meeting, and some beer and punch
on the deck of POLARSTERN enlightened the mood of all members of the
AMORE-2001 expedition. After departing we operated again in convoy for some
hours while conducting a seismic survey. We had contact with HEALY the last
time next morning, after the convoy operations had been stopped due to loose
ice, which allowed us to continue by ourselves. HEALY then turned slowly to
starboard because she wanted to remain in the calm waters of the ice for some
more time to conclude measurements on vibration sensitive instrumentation and
to prepare for her return voyage, which brought her on October 2, 2001 to
Tromsg again, but this time observing the strictest precautionary safety meas-
urements for the protection of the ship, its crew and scientists. She was going to
leave Troms@ again after a few days port call with another scientific assignment
in Svalbard waters.

The scientific program of the AMORE-2001 expedition and of the scientific team
on POLARSTERN was concluded after entering the shallow waters of the Bar-
ents Sea. The remainder of the return trip to Bremerhaven (Oct. 7 early in the
morning) was used to evaluate the collected samples and data as well as to
draft the cruise report. Large volumes of samples and equipment had to be
readied for unloading and shipment. The return trip was also Ihterrupted for 2
days in the fjords off Bergen and Stavanger/ Norway because the acoustic
properties of POLARSTERN and her seismic systems had to be determined,
both through active signals as well as through passive listening; the coilected
measurements will help to evalu