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Expedition Gives Fresh View
of Central Arctic Geology

Important new information has been ¢ol-
lected on the structure and evolution of the
main geological features of the central Arctic
Oeean. An expedition in July 199810 the Alpha
and Lomonosov Ridges produced the first mul-
tichannel selsmic (MCS) profiles ever along
Alpha. Biological probes. ice and aerosol sam-
pling, and the collection of sediment cores
also took place.

One intriguing finding was that, while Lo-
monosov is biologically rich, Alpha isa ben-
thic desert, Alpha proved to be one of the
poorest benthic environments ever investi-
gated in the Arctic Ocean,

A submarine mountain chain, Alpha Ridge
was discovered almost 40 years ago by Ameri-
can ice drift stations [ Hunkins, 1961]. Last
year's expedition, known as Arctic-98, demon-
strated that it is possible o reach the ridge with
surface ships and perform reasonable re-
search. However, difficult ice conditions were
encountered and were believed to be typical
for the region, The support of an icebreaker,
which was an hand in this case, is therefore
essential,

Conducted with the German R/ Polarstern
and the Russian nuclear ice breaker Arkfika,
the expedition was designed to collect new
geophysical data and samples to increase un-
derstanding of Alpha and of changes in the re-
gion in Recent Quaternary climate, ocean
circulation, productivity, and sea ice distribu-
tion. Also planned was the delineation of the
long-term history of the Mesozoic and Cenozoic
Arctic Cieean and its evolution from a wanm po-
lar ocean to an ice-covered polar ocean, A de-
scription of the distribution and activity patterns
of zooplankton and zoobenthos in the context
of seafloor morphology and the hydrological
regime also was envisioned.

Some Findings

The MCS profiles showed a more or less con-
stant sediment thickness of 800 Lo 1200 m
along the strike of Alpha Ridge (Figure 1, pro-
file 38530). Overall more than 1200 km of MCS
data were collected, 320 km from Alpha and
430 kkm from Lomonosov and the adjacent
Makarov and Amundsen Basins. Lomonosov
Ridge actually was investigated with ship-
bome seismic methods for the first time, be-
tween 85 and 80° north latitude. Bathymetric
and gravity data also were acquired along the
entire track.

Eleven cores provided new information on
the palecenvironment of the central Arctic
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Fig. | Craiise track of the Arclic-98 expedition (dashed line). The solid pants of the tracks indicale
e aeguired sersmic lines, ard the stars indicate the location of the genlogical and biofogical
coving stations. LS5 = Laptey Sea Shell
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Fig. 2. Pant of sefsmic profile 98540 across an escarpment at the northern fank of Alpha Ridge. For
Incation, see Figure 1. The gray shaded fithology is dominated by clavey to silted material, while the
derk gray fayers ave sandier, The general lithology, however, is simiar fo Core F551/034-4 (Figure 3],

Ocean back to 2-3 Ma. Sediment cores from
the Lyons Seamount (Figure 1) provided ot
cal stratigraphic information. Basalt in
PS51/040-1 from a steep escarpment north of
this seamount might give the first good age con-
straints on the evolution of the Alpha Ridge.
Samples from olher expeditions have been dil-
ficult to date.

All investigated parameters of the biological
probes revealed low benthic productivity on
Alpha, in strong contrast to Lomonosov,
Zooplankton was also poor but notas obviously
s0. The ecosystems of the ice-covered deep
Arctic basins and ridges, especially their ben-
thic components, generatly suffer from a short-
age of organic matter produced in situ.

The richness along Lomonosov Ridge may
be explained mainly by advechon of particu-
late organic matter produced in the north-
eastern Laplev Sea. A current-driven crushing
ol sea ice immediately above the ridge also
opens leads and polynyas [Gordienko and Lak-
tivmicw, 1968] and may stimulate primary pro-
duction in this area. On the other hand, Alpha
Ridge appears to be remote {rom any support-
ing producticn source as well as very poor in
in situ production because of the very heavy
ice cover there.

Aernsol sampling, ice sampling, and ice
thickness measurements were camed out
glong almost the entire ship track. After July

1D, the thickness of the ice floes increased
from 2-3 m to 46 m. Dinty ice was sampled at
several localities to determine the source areas
of the floes. Hydrofogical data were obtained
by expendable (%) bathythermograph and X-
conductivity-temperature-depth (X-CTD) casts,
supplemented by a few CTD and “Rosette”
water hottle samples

Earlier Probes

Forty years ago, when Alpha ridge was first
discovered, soundings and sparse published
submarine tracks allowed a firsl view of the ex-
tent of the ridge, While the adjacent basins
were found to be more than 3000 m deep, Al-
pha rose to 1200m, In large areas the seailoor
over the ridge was very rugged.

In 1983, a Canadian ice island expedition
[feckson et al., 1985] conducted an extensive
geoscientific program on Alpha for a look al its
nature and evolution, Carried out was the [irst
large-scale deep seismic sounding experiment
to investigate the velocity structure of the
deeper crust. Forsyth et al. [1986] interpreted
the travel-time curve to be similar to'the veloe-
ity-depth functions found around Iceland and
suggested that Alpha Ridge represents a hot
spol trail. Several hundred sediment cores dur-
ing U.5./Canadian ice island experimenis were
collected, but only a few contained material

documenting the Mesozoig palecenvironment
of the ridge some 80 Myt ago, The existing ald
sediment samples clearly show that the Arctic
Oicean was ice free at that ime. However, the
available geoscientific information i not suffi-
cient to derive a complete model for the geody-
namic and palec-oceanographic evolution of
the ridge.

Last summer, on July 4, the Polarstern rendez-
vioused with the Arktika at the boundary of the
Morwegian-Russian exclusive economic zong
{EEZ) east of Svalbard, and the two ships oper-
ated in a convoy, lce conditions were severe
nerth of 817 north latitude, and almost no open
leads were present for easy navigation. How-
ever, with the suppont of the ice breaker, the
ships were able to move with a mean velocity
of about %15 km/h toward Alpha Ridge. About
180 kilometers south of the Canadian par of
the ridge, the ships encountered such ex-
tremely difficult ice that even Arkfika could
nol move, Satellite images and helicopler re-
connaissance flights showed that the main
area of interest could not be reached within
the time [rame of the expedition,

However, satellite images suggested that ice
conditions were not as severe towanrd the west
and after 2 days, on July 14, the ships were
able to move southward onto Alpha Ridge on
its central par. Geological and biological sam-
ples as well as geophysical lines were acquired
during the next 5 days over the western part of
the ridge. OnJuly 15-20, the ships left the ridge
and steamed towards the Laptev Sea through
an area of favorable ice conditions observed
on satellite images along the Lomonosoy
Ridge.

Geophysical Experiments

Three seismic profiles were collected on Al
pha Ridge. A streamer with an active length of
200-300 m and an airgun cluster with a total vol-
ume of 24 L were used, Sonobuoys were de-
ploved along the profiles to acquire more
accurate seismic velocity information. The
longest profile (Figure 1, 385300, which was
152 km, was acquired along the strike of the
westernmost part of the ridge. Three
sonobuoys were deploved, providing signals
up to a distance of 30 km, and showing the S0
1200 m sediment thickness variation. The base-
ment was imaged along most parts of profiles
98530 and 98540 (Figure 1} and was charac-
terized by seismic velocities of 4.5 1o 4.7 km/s.

At deeper levels, seismic velocities of 5.0, 5.1,
and 5.4 ta 5.7 km/s, which can be inlerpreted
as the uppermost basaltic layer of oceanic
crust, were identified on two sonobuays on
profile 98530, On line 98540 (Figure 2), which
runs almost perpendicular to the ridge, the
sediments thin toward the north, and an es-
carpment of B00 m high was found al approxi-
mately 85°30° nonth latitude, 175° west
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Fig. 3. Lithostrafigraphy of Core PS51 /0341, based on magnetic susceptibility, contenit of ice-rafted
delaris (IR0, and lithological core descrption. Gray fntervals in the litholegy column indicale sand
lerintervals. In general, fow magnetfc susceptibility values correlate with increased armounts of
IRE). The records of Core PS5 /034 are comelated with Standard Arcric Lithological Units and the
pofecrniognetostratigraphy (Clark el al, 1380; Mudie and Blasco, 1985 Jones, 1987 Darby et al,
1988]: paleomagnetic imescale is according fo Cande and Kent [1992]. Units A3, A2, C, F. K, J,
and L, amnd parts of Mare more sandy imfervals, The initials “e™ and “poe” indicate winite amd pink-
terfhite fervers that can be used for core corelation. Sedimentation rates (in mmJ/ky) ave shoton as
vertical numbers between the susceptitility and IRD records. For more details, see R Stein el al.,

wnpublished manuscrpd (19359).

longitude. Geological coring recovered sev-
eral badall samiples from the escarpment
MNorth of the escarpment the basement is more
Fuged.

Additional MCS data could be acquired
along most parts of the track, where the ships
safled along the strike of Lomonosov Ridge fo-
ward the Laptev Sea. Profile 98550 (Figure 1)
slarts al the southem flank of Lomonosoy
Ridge at £4*30° north latitude. In contrast to s
structure at 83°, the ridge topography shows
vanations up to 1000 m i its central par along
line 98550, This topography might be caused
by basement stracture formed dunng the rife-
ing of either the Makarov Basin or the Eurasian
Basin away from Lomonosov Ridge. Line
08590-at B1"30" north latitude, almost 450 km o
the south, shows a similar basement struciure
bt more pronounced.

Based on velocities from three sonobuoys, a
sediment thickness was calculated of 600 to
800 m along profile 88590. Al greater depths,
seismic velocities between 4.1 and 4.8 kmi's
were lound, It is not clear if these velocities rep-
resenl compacled sediments or basement
rocks. For further details, see Jokat [1999]

Geological Investigations

Surface and subsurface sediment samples
were taken by the glanl box corer, the mult-

corer, the kastenlot corer, and the gravity
corer. In general, coring positions were care-
fully selected using PARASOUND, a sediment
echosounding system, 1o avoid areas ol seds-
ment redeposition and erosion. These reconds
also allowed us to characterize the dillerent
structural elements in terms of ridge morphol-
ogy and sedimentary patterns.

Snow fields, dirty sea ice, melt ponds, and
the upper 75 m of the water éolumn were also
sampled. During transit times, acrosols werne
routinely collected using a pump installed on
the uppermost deck of the vessel.

Several long sediment cores with a recovery
between 4.5 and 7.2 m were oblained along
the northern flank of the westermn Alpha Ridge.
The predominant lithology of Alpha Ridge sedi-
ment eores is silty clay, colored brown, light o
dark yellowish brown, and fight olive brown_
Sandy intervals and mud clasts occur in the up-
per(.5to 1.4 m of the cores, approximately.
Tt rrvoest prominent feature in the cores are
color cycles of light olive brown and brownish
yellow/yellowish brown sediments, which oc-
curdown to the battom of the cores,

Seasmic profile 958540 (Figures | and 2) sug-
gested that older sediment strata or basaltic
basement crop put on the steep slope of a gra-
ben-ike structure in the westemmaost part of
Alpha Ridge, and 50 a coring program was car-
ried out to sample the basement, In one of the

comes (FS51/040-17, a large piece of black ba-
salt, T-cm in diameter, was found at 160-166 cm
below the sealloar, and the core catcher con-
tained additional pieces of basalt (Figure 2.
The overlying sediments are dark brown, with
light olive brown to yellowish brown silty clays
with sand and mud clasts in the uppermost
part. A major hiatus is assumed to have oc-
curred between the Quatemary/upper Pliocens
sediments and the basalt,

Two of the sediment cores (PS51/0344 and
PS5 110381 were studied in some detail on-
board Polarstemn. Based on grain size (silty
clay versus sandier intervals), specific marker
horizons {pink-white and white layers), and
magnetic susceplibility values, the new sedi-
mentary records were correlated with existing
sediment cores from Alpha Ridge (see, e.g.,
Clerrk et al. [1980], Darby et al. [1989]). Using
the cited authors” stratigraphic framework, our
sediment cores probably represent the last 3
Myr. approximately, as shown by core
PS51/034-4 (Figure ), for example, Resulting
sedimentation rates vary between about | and
3 mmdyr,

Thie distinct changes in sediment calor, physi-
cal propeny records (wet-bulk density, poros-
ity, magnetic susceptibility), and minemlogical
composition suggest distinct changes in the ter-
rigenous sediment source area, input of ice-

Fig. 4. Muiticorer piden shats from Alpha Ridee
(toyr} and Lomonosow Ridge (bottam). fn the
upper part, five tubes of the muitiple sediment
corer (MC) can be seen. On the right side o
scile (10 cm divisions) is pisible.

I'= Bopoda dwellings; C= Crinoided.




rafted debris (IRD), cceanic circulation pat-
terns, and paleoclimate occurnng on Alpha
Ridge during the last 3 Myr.

Intensity and lrequency of ice-railing events
on the ridge probably increased siepwise near
1.9, 1.6, and 1.25 Ma (Figure 3). In general,
maxima in IRD coincide with minima in mag-
nefic susceptibility, suggesting differences in
the compaosition of the coarse- and fine-
grained materal. [For further details, see R,
Stein et of., unpublished manuscript, 1933],

Zooplankton and Benthos

Many areas in the central Arctic appearloa
high degree to be dependent on horizontal ad-
vection of particulate organic matter from the
more productive marginal Arctic seas, As the
Eurasian Basin is under the strong influence of
Atlantic waler masses and the Transpolar Dnft,
while the Amerasian Basin contains a number
of recirculating svstems, we expected to leam
something about the significance of such differ-
ences by comparative studies in both areas.

A few stratified mesozooplankion samples
from the entire water column were obtained
from Alpha Ridge with a new multiple deep
sea closing net, Preliminary analyses indicated
the copepod community there s similar to that
in the Eurasian Basin, The upper and the Atlan-
tic-influenced deeperwater layers were domi-
nated by Calanus hyperboreus and C. glacialis,

Larger zoobenthos were collected with a box
corer. For the investigation of smalier benthos,
especially meiofauna, sediment samples were
taken with a multiple sediment corer (MC). The
coreswere also used for measurernents of micro-
hial metabolic activities and of total sediment
oxygen uplake rates.

The MC video screenshots from Alpha and
Lomonosov Ridges (Figure 4) show clear difier-
ences in animal densities, While the Lomonosoy
Ridge station is fairly populated by filter feed-
ers (crinoidea) and burrewing isopoda, almest
notrace of any animal was visible on Alpha

Ridge. That the nidge was among the poorest
Benthic environments ever investigated in the
Arctic Qcean was evident not only in the im-
ages but also in the collected fauna (less than
10 tiny macrofauna animals per sample) and
our biochemical investigations.

The content of chioroplastic pigment equiva-
lenits (CPE) as indicators for phytoplankion ma-
terial available at the sealloor generally
ranged from low to very low levels, This was
also the case for extracellular turnover rates of
flucresceindiacetate as measures of microbial
activities, On the crest of Alpha Ridge, the
maximum content of CPE was more than two
times fower than on the investigated Lo-
monosov Ridge station, Bacterial activities
were also much loweron Alpha Ridge than on
Lomonosoy Ridge.

Scientific activities were terminated jusl
north of the Russian EEZ July 24, and the cruise
ended about 70 km east of Tiksl at the Lena
delta July 26,
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