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Abstract

Seafloor mapping of the central Lomonosov Ridge using a multibeam echo-sounder during the Beringia/Healy—Oden
Trans-Arctic Expedition (HOTRAX) 2005 shows that a channel across the ridge has a substantially shallower sill depth
than the ~2500 m indicated in present bathymetric maps. The multibeam survey along the ridge crest shows a maximum
sill depth of about 1870 m. A previously hypothesized exchange of deep water from the Amundsen Basin to the Makarov
Basin in this area is not confirmed. On the contrary, evidence of a deep-water flow from the Makarov to the Amundsen
Basin was observed, indicating the existence of a new pathway for Canadian Basin Deep Water toward the Atlantic Ocean.
Sediment data show extensive current activity along the ridge crest and along the rim of a local Intra Basin within the ridge
structure.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction the continental margin of Northern Greenland to
the Laptev Sea shelf-off the New Siberian Islands. It
The most striking deep-sea ridge in the Arctic rises steeply up to a depth of typically 1000—1300 m

Ocean is the Lomonosov Ridge stretching between below sea level from the 3900-4200 m deep basins
on each side and, to the extent that it is unbroken,

*Corresponding author. Tel.: +46317862858. therefore blocks any direct exchanges of deep water.
E-mail address: gobj@oce.gu.se (G. Bjork). The Lomonosov Ridge divides the Arctic Ocean
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into the two major deep basins: the Eurasian Basin
and the Amerasian Basin. The ridge has a clear
effect on the deep-water properties, noticeable as a
difference in salinity and temperature across the
ridge with warmer, saltier and less dense deep
water in the Amerasian Basin than in the Eurasian
Basin (Worthington, 1953; Aagaard, 1981). These
two major deep basins are each sub-divided by
distinct deep-sea ridge systems, which also have a
significant effect on the deep-ocean properties. The
Alpha—Mendeleev Ridge divides the Amerasian
Basin into the Makarov Basin and Canada
Basin, while the Gakkel Ridge divides the Eurasian
Basin into the Amundsen Basin and Nansen Basin
(Fig. 1).

Note that the Amerasian Basin is commonly
called “Canadian Basin in” oceanographic litera-
ture but “Amerasian Basin” is used henceforth in
accordance with the geological terminology. When

. ast_'ss;l;erian

Fig. 1. Bathymetry of the Arctic Ocean with the tracks of
icebreaker Oden (leg 1: light gray; leg 2: darker gray; leg 3: black)
and USCGC Healy (white). The box marked A outlines the
detailed maps shown in Figs. 2 and 3. N.R, Northwind Ridge;
C.P, Chukchi Plateau.

it comes to description of water masses, we use the
generally accepted term “Canadian Basin Deep
Water” (CBDP) to specify the deep-water mass in
the Amerasian Basin.

The deep and bottom waters of the Makarov
Basin are slightly colder and less saline than those of
the Canada Basin, and it has been argued that a
deep overflow of comparatively fresh and cold deep
water from the Amundsen Basin to the Makarov
Basin occurs across the central parts of the
Lomonosov Ridge (Jones et al., 1995). The density
of the water below 1800m is higher in the
Amundsen Basin than in the Makarov Basin, so
there is also a potential for a continuous hydraulic
flow (Timmermans et al., 2005). A possible
location for such overflow is found on the
central Lomonosov Ridge at about 88°25N,
150°E, where the International Bathymetric Chart
of the Arctic Ocean (IBCAO) (Jakobsson et al.,
2000) shows a channel with sill depth of about
2500m. This apparent channel was in turn
inferred in IBCAO from the Russian bathymetric
contour map published in 1999 (Head Department
of Navigation and Hydrography, 1999). Because
the bathymetric source data of the Russian
contour map are classified, it has not been
possible for the scientific community to verify the
existence of this feature on the central Lomonosov
Ridge.

A dedicated field survey of the central Lomono-
sov Ridge including detailed multibeam bathymetric
mapping, subbottom profiling, sediment coring and
hydrographic sampling was made during the Ber-
ingia/ HOTRAX 2005 expedition. The purposes of
the survey were to map the seafloor morphology in
a sector of the Lomonosov Ridge where overflow of
deep bottom waters has been previously hypothe-
sized to occur, and to collect sediment cores and
hydrographic data in order to determine whether or
not such deep-water overflow takes place. In
addition to the new field data collected during the
Beringia/HOTRAX 2005 expedition, we have made
use of the extensive bathymetric and subbottom-
profiling data collected over the Lomonosov Ridge
during the SCICEX 1999 expedition with nuclear
submarine USS Hawkbill (Edwards and Coakley,
2003). Here we present a new digital bathymetric
model (DBM) of the central Lomonosov Ridge
based on all available depth data together with
oceanographic observations that reveal new insights
about the exchange of deep waters between the
Amerasian and Eurasian Basins.
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2. Observations and methods

The survey described in this paper was carried out
during the summer of 2005 during an expedition
across the Arctic Ocean. It was conducted as a two-
ship operation between Oden and USCGC Healy:
the Healy—Oden Trans-Arctic Expedition (HO-
TRAX 2005) (Fig. 1). The work on Oden concen-
trated on physical oceanography and marine
chemistry, while Healy hosted sediment coring,
bathymetric mapping and seismic reflection profil-
ing (Darby et al., 2005). The two ships worked
independently until a rendezvous location over the
Alpha Ridge at 150°40'W 84°10'N (Fig. 1). Heavy
multi-year ice north of the rendezvous point forced
both ships toward the west, away from the planned
transect across the central Makarov Basin and
precluded much of the planned hydrographic
sampling and coring program in the Nansen Basin.
However, the occurrence of poorly developed lead
systems, within a >9/10 overall ice concentration,
permitted the target area on the Lomonosov Ridge
to be surveyed, albeit with the leads by-and-large
dictating the paths of the survey lines.

2.1. Multibeam bathymetry and chirp sonar
subbottom profiling

USCGC Healy is equipped with a 12-kHz
Seabeam 2112 multibeam bathymetric sonar. It
has 151 beams and produces a swath of about
2.5-3.5 times the water depth. Multibeam bathy-
metry was collected continuously with minor inter-
ruptions, although the ice conditions greatly
affected the quality of the acquired bathymetric
data. Sound-speed profiles of the water column for
system calibration were acquired at least once a day
using the ship’s CTD (Sea-Bird SBE 9 Plus), XBTs
(Sippican XBT-5 and Sparton XBT-7) or XCTDs
(Tsurumi-Seiki’s XCTD-1). The bathymetric data
were post-processed onboard (cleaned from outliers
and gridded) directly after acquisition. The depth
measurements derived from the USCGC Healy
multibeam system is estimated to have an accuracy
of +1% of the water depth or better.

In addition to a multibeam system, the Healy has
a Knudsen 320B/R dual frequency chirp sonar
subbottom profiler (center frequencies ~3.5 and
12kHz). Matched filtered correlated subbottom
signals, referred to as ‘“‘correlates”, were derived
through common chirp sonar signal processing
techniques (see e.g. Schock et al., 1989) in the

acquisition software and stored in SEG-Y format as
well as in Knudsen’s native format. The SEG-Y files
were post-processed using the public domain seismic
software package Sioseis (http://sioseis.ucsd.edu/).
Envelopes of the subbottom traces (the correlates)
were computed through standard signal processing
procedures (e.g. Sheriff and Geldart, 1999). Auto-
matic gain control (AGC) was applied when needed,
and the subbottom profiles were displayed in gray
scales.

2.2. Hydrographic sampling

A Sea-Bird 911 CTD mounted on a 36-bottle
rosette sampler was used for the salinity and
temperature observations on the Oden. The sam-
pling locations were planned to provide information
about the deep-water overflow across the Lomono-
sov Ridge. During operations, it was possible to use
the ongoing bathymetric mapping to guide the
hydrographic sampling (Fig. 2).

2.3. Sediment coring

Three sites on the Lomonosov Ridge were
subjected to sediment coring during the HOTRAX
2005 cruise using a piston and multi-corer (Fig. 2;
Table 1). Each multi-corer collects eight 50 cm long
tubes, and the sediment surface of these samples is
usually undisturbed. For this reason, we have used
the multi-corer samples in this study to investigate
the seabed physical properties.

2.4. SCICEX bathymetry and subbottom profiles

The SCICEX 1999 submarine expedition with
USS Hawkbill included a relatively dense survey, ca.
10 km between track lines, of the central Lomono-
sov Ridge using the Seafloor Characterization and
Mapping Pods (SCAMP) (Edwards and Coakley,
2003) (Fig. 2). The SCAMP system contained a
sidescan swath bathymetric sonar and a modified
Odec Bathy-2000 chirp subbottom profiler (for
technical details, see Chayes et al, 1998). The
SCICEX swath bathymetry was released for our
study as a grid with a resolution of 250 x 250 m on a
polar stererographic projection and the subbottom
profiling data as matched filtered correlates stored
in SEG-Y format. The SEG-Y files were post-
processed applying the same setup as described
above for the Knudsen 320B/R data in Sioseis.
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Fig. 2. Map showing bathymetric data sources used to compile a new Digital Bathymetric Model (DBM) with a resolution of 500 x 500 m
on Polar stereographic projection (see text). The bathymetric portrayal underlying the data source information has been based on this new
DBM further shown in Fig. 3b. The area filled with light gray shows the coverage of the SCICEX 1999 swath bathymetric data; darker
gray shows the multibeam data collected during the R/V Polarstern cruise Ark VIII/3 and the darkest gray area represent the coverage of
the multibeam data acquired from USCGC Healy during the Beringia 2005/HOTRAX expedition. White filled circles show the
hydrographic sampling stations carried out from icebreaker Oden in 2005, and yellow stars indicate where cores were retrieved from
USCGC Healy. The red line between A and B is the location of the bathymetric profile shown in Fig. 3c, and the orange lines are the

selected SCICEX subbottom profiles shown in Fig. Sa—c.

Table 1

Studied multi-cores

Site (Fig. 2) Full site name Latitude (°N) Longitude (°E) Depth (m)
18 HLY0503-18MC 88.4371 146.6832 2654

19 HLY0503-19MC 88.7151 169.7856 1023

20 HLY0503-20MC 88.8124 164.0262 2652

Coring site locations are shown in Fig. 2.

2.5. Compilation of the Lomonosov Ridge
bathymetry

A DBM was compiled of the Lomonosov Ridge
between about 87-90° N and 100°E-100°W using all
available depth information of the area (Fig. 2). In
addition to the multibeam bathymetry acquired
during the HOTRAX and SCICEX expeditions,
multibeam data acquired during the Ark VIII/3
expedition (Fiitterer, 1992) were also used. Further-
more, all single-beam echo soundings contained in
the IBCAO database from the area of interest on
the central Lomonosov Ridge have been used to

derived the new DBM, which has a grid cell size of
500 x S00m on a polar stereographic projection.
Bathymetric contours from the Russian map
published in 1999 (Head Department of Navigation
and Hydrography, 1999) were used only from areas
lacking enough direct depth information to derive a
500 x 500 m resolution DBM. However, it must be
emphasized that the area on the Lomonosov Ridge,
which is of interest here, is practically fully covered
by the HOTRAX, SCICEX and Ark VIII/3 surveys
(Fig. 2). In order to interpolate and establish a
consistent output between the multibeam, single-
beam and contour bathymetric data sets, the
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gridding algorithm ‘‘surface spline in tension”
included in the public domain software generic
mapping tools (GMT) (Wessel and Smith, 1991)
was applied with the tension parameter set to 0.35.
Prior to gridding, the data were block-median
filtered using a block size of 500 x 500 m.

3. Results
3.1. Seafloor morphology

The IBCAO bathymetric portrayal shows that the
area between about 88°15-89°N and 140°-180°E of
the Lomonosov Ridge is characterized by a
>1000m deep depression in the ridge morphology
forming a local basin, henceforth referred to as the
“Intra Basin” (Fig. 3a). Furthermore, IBCAO
indicates that the Intra Basin has a sill depth on
the Makarov Basin side of about 2500 m, while the
sill on the Amundsen Basin side is 2400m. The
critical sill lies between the SCICEX swath lines on
the Makarov Basin side at 88°25'N, 150°E (Fig. 2)
and, thus, left it open for speculation whether or not
a 2500m deep passage really exists across the
Lomonosov Ridge. To end this uncertainty, the
HOTRAX multibeam survey was carried out. The
acquired data clearly show that such a deep passage
across the ridge does not exist at this location. The
Intra Basin sill was mapped to have a maximum
depth of about 1870 +20m on the Makarov Basin
side (Fig. 3b). The location of this deep(est) passage
across the central Lomonosov Ridge, however, is
similar to that shown in the previously published
IBCAO bathymetry (Fig. 3a and b). A bathymetric
profile along the ridge crest on the Makarov Basin
side reveals that the ridge here contains at least three
pronounced channel-like features including the
relatively wide deepest passage and two more
narrow passages, of which the deepest reach a
depth of about 1670 m (Fig. 4).

The inside walls of the Intra Basin are extremely
steep, in particular on the Makarov Basin side, and
the basin floor has a water depth generally around
2700m (Fig. 3b). The floor of the Intra Basin is
covered by well-stratified sediments and, south of
ca. 88°50’'N, it is slightly inclined toward the
Makarov Basin wall (Fig. 5a and b). The crossing
SCICEX subbottom profiles reveal that the sedi-
ment stratigraphy progressively expands toward the
deeper parts of the Intra Basin. The part of the
profile with the largest layer expansion is close to
the Makarov Basin wall in the southern part

(Fig. 5b), whereas the layer expansion occurs in
the center of the Intra Basin further toward the
Amundsen Basin sill (Fig. 5a). The expanded
sections of the stratigraphy are particularly well
expressed by two prominent subbottom layers that
are acoustically transparent. Moreover, the sub-
bottom profiles along the walls on both sides of the
Intra Basin show erosional channels indicative of
bottom current activity. Channels are accompanied
with occasional acoustically transparent and chaotic
sediment depositions that may have resulted from
mass wasting from the steep Intra Basin inner slopes
(Fig. 5a and b). The channels can be traced in
between most of the crossing subbottom profiles,
but they could not be mapped by the SCICEX
swath bathymetry data which have too course a
resolution, or by the Healy 2005 multibeam data
which did not cover the areas where channels are
present.

Chirp subbottom profiles acquired during HO-
TRAX show that the Lomonosov Ridge has been
extensively exposed to current activity and erosion
on the Makarov flank of the Intra Basin, in
particular where the deeper passages exist (Fig. 5c).

In summary, the bottom morphology of the Intra
Basin indicates current erosion along the inner walls
and sediment deposition in the deeper parts of the
basin at locally enhanced sedimentation rates,
which is consistent with the expanded stratigraphy.

3.2. Sediment indicators of bottom currents

Studies of the sediment composition of core tops
may provide useful information on the existence of
bottom currents, although not on the current
direction. Of the three cores taken from the
Lomonosov Ridge area (Fig. 2), core 19 taken on
the Makarov side of the ridge crest contains
abundant sand and coarse detritus at the core top,
which indicates the influence of bottom currents.
Coarse sand and gravel is rare in Holocene
sediments in the central Arctic Ocean and concen-
trations of such suggest current activity that permits
only the coarser material to accumulate (Darby
et al., 1989, 1997). Because icebergs are rare in the
central Arctic Ocean at present, these coarse grains
probably derive from fast-ice originating at shor-
elines (Niirnberg et al., 1994; Reimnitz et al., 1998).
Sediment at the top of core 19 also contains
manganese micronodules and gravel clasts with
manganese coatings, which also suggest very low
sedimentation rates (Kennett and Watkins, 1975;
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Fig. 3. Comparison between the bathymetry of the central Lomonosov Ridge as portrayed by the 2500 x 2500 m resolution DBM (a)
compiled within the IBCAO project (Jakobsson et al., 2000) and (b) the new 500 x 500 m resolution DBM compiled here. The bold black
contour line shows the 2500 m isobath. Fig. 2 shows the distribution of the bathymetric sources used to assemble the new 500 x 500 m
DBM. Note the large discrepancies between deepest sill depths of the Intra Basin on the Makarov Basin side. Panel (b) includes also the
proposed mean circulation of deep waters around the 2000 m level in the Intra Basin area based on hydrographical observations and
sediment structures. Red arrows show the flow trajectory of Makarov Basin water and orange arrows the flow trajectory of Amundsen
Basin water.

Ledbetter and Watkins, 1978; Post, 1999). Core 20, most of this material is biogenic (mollusk shells,
taken from within the Intra Basin near the wall on tube worms and bryozoans), and manganese coat-
the Makarov Basin side (Figs. 2 and 5a), contains ings occur only on the upper exposed surfaces,

some coarse material, but in contrast to core 19 suggesting shorter exposure time than at site 19.
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Fig. 4. Bathymetric profile derived from our new DBM along the crest of the Lomonosov Ridge on the Makarov Basin side of the Intra

Basin. The exact location of the profile is shown in Fig. 2.

Core 18, retrieved in the Intra Basin away from the
steep walls (Fig. 2), does not contain gravel clasts,
but only some shell material without coatings,
suggesting a quiet depositional environment not
affected significantly by bottom currents. Alto-
gether, core-top observations are consistent with
subbottom sonar data, both indicating strong
current activity at the ridge crest and deposition of
fine sediment in the Intra Basin.

3.3. Hydrography

If deep water flows from the Amundsen Basin to
the Makarov Basin across the Lomonosov Ridge,
one would expect that the overflowing water, after
the passage of the sill area, will continue to flow
along the ridge slope toward Siberia. The hydro-
graphic stations taken at the Makarov Basin side of
the ridge (stations 31 and 32, Fig. 2), downstream
(toward Siberia) of the depression, showed however
no indications of colder and less saline Amundsen
Basin water deeper than 1600 m. Stations 34 and 35,
located close to the deepest point found on the ridge
crest, indicated the presence of less saline Amundsen
Basin water, but this water was not dense enough to
sink into the deep Makarov Basin. The bottom-
water layer at these stations was distinctly of
Makarov Basin origin (see plot of station 35 in
Fig. 6). We thus conclude that no significant
continuous dense overflow, from the Amundsen
Basin to the Makarov Basin, exists in this area. If
such overflow exists, it must be either intermittent
or located elsewhere.

Stations taken within the Intra Basin (stations 33,
37 and 38) indicate the presence of warm, saline
Makarov Basin water between 1700 and 2300m,
having a temperature and salinity maximum at
2000 m (exemplified by station 37 in Fig. 6). The

bottom water in the Intra Basin, was clearly less
saline and colder, showing Amundsen Basin water
entering across the 2400 m deep sill.

On the Amundsen Basin side of the Lomonosov
Ridge, a strong intrusion of warm and saline water
was observed between 1700 and 2300 m at station
41, implying an input of Makarov Basin water (Fig.
6). This intrusion was seen on the Greenland side of
the Intra Basin while the station taken on the
Siberian side of the opening to the Intra Basin
(station 39) did not show any presence of Makarov
Basin water. This implies that this deep water passes
through the Intra Basin and penetrates into the
Amundsen Basin between 1700 and 2300 m with its
main core around 2000 m, corresponding to the sill
depth toward the Makarov Basin. The intrusion of
Makarov Basin water was much smaller at station
42, about 25 nautical miles farther into the Amund-
sen Basin, implying that the inflow originating from
the Makarov Basin stays close to the Amundsen
flank of the ridge and continues toward Greenland.

The density difference between the two water
columns on each side of the Lomonosov Ridge is
small above 2000 m, but it increases further down
with denser water in the Amundsen Basin (Fig. 6¢).
The density at sill depth in the Makarov Basin
(station 30) is slightly lower, 0.002kgm™> than at
the same level in the Amundsen Basin (stations 40
and 41) (see Fig. 6d). This is too small a difference
to force a consistent hydraulic flow in any
direction. Compared with density differences for
other known overflows such as Gibraltar Strait
(0.85-1.25kgm™>), Faroe Bank Channel
(0.5kgm™) and Denmark Strait (0.38kgm™>)
(Borends and Wahlin, 2000) it is indeed very small.
A more likely possibility is that the cross-ridge
exchanges occur as disturbances of the main
circulation along the ridge. The water mass proper-
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Fig. 5. SCICEX 1999 subbottom profiles S1, S2 and S3 (panels a—) crossing the Lomonosov Ridge Intra Basin. The locations of these
profiles are shown in Fig. 2. Note that profile S3 runs across the deepest channel in the Intra Basin wall, but slightly on the inside, making
the channel appear deeper than in the bathymetric profile shown in Fig. 4. 200-ms two-way-travel time equals 150 m for a sediment sound
velocity of 1500 m/s and 100 ms corresponds to 75 m.

ties indicate that there is a flow along the main cores of the currents will, however, not be
Lomonosov Ridge from Siberia toward Greenland permanently attached to one isobath but will move
on the Amundsen Basin and in the opposite up and down the slope in response to external
direction on the Makarov Basin side. These flows disturbances, much-like topographically trapped

are mainly barotropic and follow the isobaths. The waves moving along the ridges. This implies that
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at the central Lomonosov Ridge. Station 30 is from the Makarov Basin, 35 is located near the sill, 37 from the Intra Basin on the ridge and
4042 from the Amundsen Basin (see Fig. 2 for positions). The potential temperature (6,) and isopycnals are referred to 2000 dbar in the
0-S plot. Filled markers show the 1000 and 1850 dbar levels. The 1850 dbar level is just above the sill depth of the channel.

the main core of the current on the Makarov Basin
occasionally will be above, occasionally below the
sill depth of the Intra Basin. As it follows the
bathymetry it will then either enter or bypass the
Intra Basin. Once it has crossed the sill it will follow
the slope in the Intra Basin and eventually exit into
the Amundsen Basin and continue along the
Lomonosov Ridge toward Greenland.

The stratification in the deep Arctic Ocean basins
and in the Intra Basin is weak and topographically
trapped waves will have large amplitudes. The small
bowl-shaped Intra Basin might also sustain other
internal wave motions, e.g. Poincaré and Kelvin
waves that intensify the vertical motions. Bottom
friction will generate a near bottom Ekman trans-
port, which will have a down-slope component for
anticlockwise circulation in the Intra Basin and
bring some of the Makarov Basin water toward
greater depth. It is therefore likely that the signal of
the Makarov Basin water will be spread in the
vertical as it penetrates into the Intra Basin and into
the Amundsen Basin water column. Occasionally

also denser water can be brought over the sill and
then sink back to its original level inside the Intra
Basin. The Makarov Basin water column in the
Intra Basin is thus expected to dominate in a finite
depth interval, and the observations indicate that it
is spread over about 600 m, from 1700 to 2300 m.

The existence of a sharp front between two, until
then, isolated water masses, the deep water from the
Makarov Basin and the Amundsen Basin, is a
situation highly conducive for creation of interleav-
ing and for double-diffusively driven motions
(Rudels et al., 1999). Several maxima and minima
in temperature and salinity observed at station 41
indicate that such interaction takes place.

This Makarov Basin water inflow to the Amund-
sen Basin has not been previously reported,
probably because most of the previous crossings
of the Lomonosov Ridge were made on the Siberian
side of the Intra Basin, upstream of the outflow.
This central passage across the Intra Basin thus
appears to represent an important pathway for the
CBDW toward the Atlantic Ocean. It is observed as
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a mid-depth (1700-2000 m) salinity maximum over
a large part of the Amundsen Basin (Anderson et
al., 1994; Bjork and Winsor, 2006), in the Fram
Strait (Rudels, 1986), and as a mid-depth tempera-
ture maximum in the Greenland Sea (Rudels, 1995).

4. Discussion

The CBDP passes across the central Lomonosov
Ridge through the newly mapped Intra Basin
between about 88°N and 89°N. This overflow is
most probably concentrated in the area where the
seafloor topography is characterized by three
relatively well-expressed channels in the Intra Basin
wall, of which the deepest is 1870 m. Subbottom
profiles clearly reveal rough seafloor morphology in
the area of these channels, suggesting extensive
current activity (Fig. 5c). This conclusion is
corroborated by sediment core-top data that shows
that the ridge crest is characterized by coarse,
manganese-coated debris indicative of bottom
current activity, whereas the Intra Basin contains
fine sediments deposited in a quiet environment. It
should be emphasized that the direction of the water
overflow we observe from hydrographic data is
opposite to what previously has been proposed (for
example see Jones et al., 1995; Timmermans et al.,
2005).

Another possible pathway for CBDW across the
Lomonosov Ridge is, as suggested by Jones et al.
(1995), in a boundary current along the continental
slope north of Greenland. There is an approxi-
mately 1200m deep depression between the Lomo-
nosov Ridge and the continental slope of Greenland
according to the most recent bathymetric maps
(IBCAO: Jakobsson et al., 2000; Head Department
of Navigation and Hydrography, 2001), which may
guide an overflow in this area. However, the bottom
morphology north of Greenland is probably among
the least known in the entire Arctic Ocean. The
source data used to compile the bathymetric
contour maps published by the Russian Head
Department of Navigation and Hydrography
(1999, 2001) remains classified and, in addition to
these published maps, IBCAO has had access only
to a few US Navy nuclear submarine tracks from
the critical area north of Greenland where the
Lomonosov Ridge meets the continental margin. If
the sill of this poorly mapped channel is not deeper
than 1200m it cannot provide a direct path for
water at the level of the salinity maximum in the
Eurasian Basin (1700-2000 m). Still, it cannot yet be

ruled out that overflow of CBDW occurs near
Greenland. If this is the case, this water must be
denser than the surrounding water masses and sink
several hundred meters before it spreads in the
Eurasian Basin. There is no observational evidence
to indicate that the Amerasian Basin water is
significantly denser than the Eurasian Basin water
around 1200 m (Timmermans et al., 2005), and it
therefore seems unlikely that the source water for
the deep salinity maximum in the Eurasian Basin
comes from a channel close to Greenland.

The subbottom profiles and the compiled DBM
reveal a dynamic environment within the Intra
Basin, where bottom-sweeping currents, evident
from for example erosional channels, definitely exist
(Fig. 5a and b). The Intra Basin has closed depth
contours below about 2500 m, giving a possibility
for a local gyre circulation. A circulation along
closed depth contours may theoretically be forced
by the integrated sea surface stress along the
contours (Isachsen et al., 2003), but more likely it
will be driven by the general circulation along the
open and more shallow isobaths. The deep current
along the Amundsen Basin flank of the Lomonosov
Ridge follows the depth contours and is generally
directed toward Greenland according to observa-
tions from a current meter mooring relatively close
to Siberia (78°30.8'N, 133°57.7'E) placed at 1700 m
depth (Woodgate et al., 2001). When this flow
reaches the area of the Intra Basin it will be
deflected into the basin following the depth con-
tours. It is therefore likely that some Amundsen
Basin water will enter the Intra Basin at the
northern sill area. The observed flow from the
Makarov Basin follows the Makarov Basin flank of
the Intra Basin, and these two flows can together set
up an overall anticlockwise circulation in the basin.
The water mass characteristics around 2000 m in the
Intra Basin are consistent with a mixture of
Amundsen Basin and Makarov Basin water with a
dominance of Makarov Basin water. That mixing
occurs in the Intra Basin is also evident from the
irregular structure of the temperature and salinity
profiles (see Fig. 6) indicating interleaving motions
of water with different properties (Rudels et al.,
1999). A schematic view of the proposed mean
circulation in the Intra Basin and its surroundings is
presented in Fig. 3b.

The strength of the circulation in the Intra Basin
is likely to be highly variable in response to
fluctuations of the large-scale forcing over the
Arctic basins and may occasionally be strong
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enough to cause erosion of the sediments at the base
of the slope within the Intra Basin. Slope currents
tend to be strongest where the slope is steep
(Isachsen et al., 2003), and it seems plausible that
the current at the base of such a steep slope as
shown in Fig. 5a and b can give rise to the erosion
channels.
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