Chapter 7

Main features of the Arctic Ocean’s
potential fields

The most reliable magnetic and gravity anomaly field compilations for the Arctic Ocean have been recently
produced under the international Circum Arctic Mapping Project — Geophysical Mapping (CAMP-GM) accomplished by the Geological Survey of Norway (NGU) (Gaina et al., 2011) with participation of VNIIOkeangeolgia. They are represented by digital models (grids) with a resolution of 2×2 km (magnetic anomalies) and
10×10 km (free-air gravity anomalies) and respective maps at a scale of 1 : 5 000 000. Resulted grids became a
basis for updating by new Russian potential field data obtained under a few recent studies concerning the outer
limits of Russian continental shelf in the Arctic Ocean and its geological mapping at a scale of 1 : 1 000 000.

Magnetic anomaly field of the Arctic Ocean
Based on magnetic anomaly patterns within the deepwater Arctic Ocean, as early as in 1980 A. M. Karasik (1980) identified four major magnetic provinces: Eurasian, Lomonosov, Amerasian and Chuckchi
(Fig. 112). Each of them is still clearly distinguished in magnetic field and has specific features.
The Eurasian magnetic province incorporates the Gakkel Ridge, Nansen and Amundsen basins. It is
characterized by set of striped Cenozoic spreading magnetic anomalies parallel to the strike of the Gakkel Ridge. Their low amplitude is obviously caused by slow opening of the Eurasia Sub-basin. The striped
anomalies are flanked by slightly negative magnetic field zones. Both oceanic and continental crustal areas
may be present in these zones.
The western and eastern boundaries of the Lomonosov magnetic province are clearly distinguished
in the magnetic field. The Lomonosov Ridge is separated from the Amundsen Basin by a low amplitude
negative magnetic anomaly, and from the Podvodnikov and Makarov basins by an extended narrow zone
of primarily negative anomalies presumably connected with a deep fault. The province is not closed in the
south but proceeds onto the shelf of the Laptev Sea. Although the magnetic anomaly strike is parallel to that
of the Ridge, the field is not normalized. The magnetic anomaly pattern along the Lomonosov Ridge is correlative with that on the Barents-Kara shelf. Pinches in both negative and positive anomalies, and negative
anomalies extended perpendicular to the axis of the Ridge suggest its block structure.
The northern closure of the Lomonosov province on the Morris-Jessup Rise and Greenland is marked
in the magnetic field with a system of intensive, primarily negative anomalies of sub-latitudinal extension
presumably related to a fault showing a significant offset.
Results of depth to magnetic source estimations (Karasik et al., 1971; Karasik et al., 1980) evidence for
a great thickness of the magnetic layer on the Lomonosov Ridge consisting of three non-pervasive horizons.
The above statement suggests that the Lomonosov Ridge is a continental feature, and prior to the opening of the Eurasia Sub-basin it was a part of the Barents-Kara shelf. It should be noted that this viewpoint
has been supported by the overwhelming majority of scientists, including those working in the countries
claiming for the Arctic offshore areas.
The magnetic anomaly field in the Amerasian magnetic province is generally characterized by a system of anomalies with different amplitudes (ranging from tens to few thousands nT), length, width, and
signature. According to the above characteristics, this province may be subdivided into two major areas —
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Fig. 112. Magnetic anomalies in the Arctic Ocean
GR — Gakkel Ridge, NB — Nansen Basin, AB — Amundsen Basin, LR — Lomonosov Ridge, PB — Podvodnikov Basin,
MB — Makarov Basin, MR — Mendeleev Ridge, AR — Alpha Ridge, CB — Canada Basin, CC — Chukchi Cap, EP —
Ermak Plateau, MJR — Morris Jesup Rise, BS — Basents Shelf, KS — Kara Shelf, LS — Laptev Shelf, ESS — East Siberian
Shelf, CS — Chuckchi Shelf

Canada Basin and central Alpha Ridge and Mendeleev Rise with adjacent depressions and abyssal plateaus.
The boundary between these areas is marked by a sharp field intensity change.
The central Canada Basin is represented by a chain of fan-shaped bipolar anomalies with amplitudes
up to 100 nT extended in submeridional, north-northeastern and north-northwestern direction. Chains of
anomalies are located almost symmetrically relative to the axial zone of the Basin marked with a negative
free air gravity anomaly. Assumed faults are usually transverse to the strike of the anomalies and traceable
on the periphery of the Basin. Magnetic source depth estimates evidence for a thick sedimentary cover
reaching 12 km or more and wedging out to 8 km towards the Chuckchi Cap. Linear structure of the magnetic anomaly field suggests that this feature emerged as a result of spreading during the Cretaceous time.
The area of central rises is characterized by the most intensive positive and negative anomalies reaching
an amplitude of a few thousands nT. No normalization is observed in their signature and strike (especially
on the Mendeleev Rise and Alpha Ridge). In terms of the magnetic anomaly signature, amplitude and frequency characteristics, this area is comparable with typical continental regions of trappean rock deposition.
Another feature usually considered to be similar to the area of central rises is the Greenland-Iceland-Faroe
Ridge. This feature was formed as a result of the seafloor spreading under impact of a hotspot presently
located beneath Iceland. However, it should be noted that even allowing for undoubtedly similar amplitude
and frequency characteristics of magnetic anomalies on the Greenland-Iceland-Faeroe Ridge and in the area
of central rises in the Amerasian magnetic province, these two regions exhibit material differences.
160

Despite distortions of the magnetic anomaly field on the Greenland-Iceland-Faeroe Ridge caused by the
impact of the mantle plume (particularly strong on Iceland), its affinity with oceanic features is beyond any
doubt. This is supported by a detailed study of the strike and offsets of magnetic anomalies and their segments
axes. Magnetic anomaly field on the Ridge exhibits and preserves all key characteristics of a spreading feature:
linearity, polarity reversal, symmetry relative to the central anomaly, presence of offsets between axes of the
anomalies and their segments along lines coincident with the oceanic basin opening direction.
As it has been mentioned, in the area of the central rises in the Amerasian Sub-basin, only sparse magnetic anomaly segments are identified to exhibit clear linearity indications. There are no indications required
to prove the oceanic type of the field throughout the area. That’s why nobody, even the most fiercely loyal
supporters of the complicated multistage plate tectonic history have managed to identify here a succession
of reliable spreading magnetic anomalies.
Estimations by А. М. Karasik et al. (1980) revealed in the relief of the Amerasian Sub-basin’s magnetic
layer a significant high with prevailing depths shallower than 4 km tending to the Mendeleev Rise and Alpha
Ridge. This high is flanked by two major depressions submerged down to 4—7 km and associated with
deepwater basins.
A broad negative low intensity anomaly separates the Amerasian magnetic province from shelves of
the East Siberian and Chuckchi seas. At transition to the North American submarine margin, the anomaly
magnetic field is primarily negative and complicated by positive anomalies of various strikes.
The Chuckchi magnetic province is pronounced in the magnetic anomaly field. It is separated from depressions of the Amerasian Sub-basin by an almost continuous laterally curved positive anomaly extended
onto the shelf nearly up to 74° N. Here, this anomaly is cut by anomalies approximately parallel to the coast of
Alaska. In the central part of the province, the magnetic anomaly field in terms of its structure and amplitude/
frequency characteristics is similar to that over the Lomonosov Ridge. This fact, along with other geological
and geophysical data suggests that the features of the Chuckchi Cap should be assigned to the continental type.

Gravity anomaly field of the Arctic Ocean
Major geological features discussed in review of the anomaly magnetic field of the Arctic Ocean, are
also pronounced in the gravity anomaly map presented in Fig. 113. When compared with the bathymetry
chart, a direct correlation with free air gravity anomalies and bottom topography is observed.
The most prominent and significant element of the gravity anomaly map is an intensive positive edge anomaly traceable along the outer break of the Arctic marginal seas. The edge gravity anomaly is almost continuous
throughout the shelf in Denmark, Canada and the United States, from the Yermak Plateau to Cape Barrow. At the
frontier separating the Arctic Ocean from the Russian marginal seas, namely the East Siberian, Laptev, Kara and
Barents seas, it is disrupted. The most extended disruption is located south of the Mendeleev Rise. At the southern
tip near 180° N, it is enveloped by a narrow band of low amplitude free air anomalies. A similar pattern is observed
along the west slope of the Mendeleev Rise. It is quite probable that these bands were caused by faults limiting the
Rise in the south and west. Further northeastward, along the shelf limit of the East Siberian Sea, intensity of the
edge anomaly is first insignificant, and then, south of the Podvodnikov Basin, grows up to the values comparable
with those measured in western marginal seas. Afterwards, it drops again south of the Lomonosov Ridge.
An edge gravity anomaly is also traceable along the Laptev and Barents-Kara margins of the Eurasian
Sub-basin. East of Severnaya Zemlya, it is extended along the continental slope. In western direction, it
shows from time to time a 2—15 km displacement towards the ocean.
According to most scientists, this anomaly marks the location of the continent-ocean transition zone.
Thus, the results of gravity modeling supported by the information on sediment thickness modified from
Wold et al. (1970); Worzel (1968); Sobczak et al. (1990) have shown that the continent-ocean transition
zone is located beneath the outer (continent-ward side) branch of the edge anomaly. Thickness of the zone
usually varies from 52—58 km at gravity maxima to 90—130 km at lower intensity anomalies.
There is an alternative view also based on the results of gravity modeling that this anomaly is primarily
controlled by the contemporary position of the shelf break (Helmert’s anomaly), rather than the continentocean transition zone.
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Fig. 113. Free-air gravity anomalies in the Arctic Ocean
GR — Gakkel Ridge, NB — Nansen Basin, AB — Amundsen Basin, LR — Lomonosov Ridge, PB — Podvodnikov Basin,
MB — Makarov Basin, MR — Mendeleev Ridge, AR — Alpha Ridge, CB — Canada Basin, CC — Chukchi Cap, EP —
Ermak Plateau, MJR — Morris Jesup Rise, BS — Basents Shelf, KS — Kara Shelf, LS — Laptev Shelf, ESS — East Siberian
Shelf, CS — Chuckchi Shelf

Referring to analysis conducted by V. Verba et al. (1988), the position of certain gravity maxima is
defined not only from the continent-ocean transition zone position, but also from thickness of sediments in
adjacent oceanic basin, and specific tectonics of the shelf.
Thus, intensive gravity maxima are associated with oceanic terminations of the Voronin, St. Anna and
Franz Victoria troughs. Opposite to Severnaya Zemlya, Franz Joseph Land and Svalbard where submeridional faults and offsets occur, the edge gravity anomaly is disrupted and biased. Near the northeast edge of
the Svalbard block, it inherits a sub-latitudinal fracture zone.
The gravity field in the zones of transition from continental crust of rises located within the deepwater
Arctic Basin to oceanic crust of adjacent basins has material differences.
The Lomonosov Ridge in E-W, and Chuckchi block in E-N direction are separated from the basins only
by gravity minima, presumably related to faults. Contours of the Mendeleev Rise and Alpha Ridge are not
so clear. The former is well distinguished against the background of the quiet negative gravity field. Contours of the latter are blurred, like in the bathymetry chart.
Gravity anomalies of the Gakkel Ridge are not less prominent on the discussed map than edge gravity maxima.
They are represented by almost continuous bands of positive anomalies above crests divided by a minimum associated with a rift valley. These anomalies, like the crest ranges, narrow from west to east. The gravity field clearly
exhibits transition from the Gakkel Ridge via the Lena Trough and Svalbard fracture zone to the Knipovich Ridge.
At transition from the Gakkel Ridge to the Amundsen and Nansen basins, gravity field intensity lowers,
although over the most part of basins, free air gravity anomalies remain week positive. Narrow bands of
162

negative gravity anomalies parallel to the Gakkel Ridge and edge maxima, are located in the eastern Nansen
Basin. The negative field area is associated with the inner (ocean-ward) side of edge gravity maxima at the
southeastern tip of Gakkel Ridge and Amundsen Basin.
The Lomonosov Ridge is manifested in the gravity field primarily as positive anomalies extended along
its axis parallel to the contours of the Gakkel Ridge and Eurasian continental margin. Narrow negative
anomaly bands separate the Lomonosov Ridge from depressions of the adjacent deepwater basins (Amundsen, Podvodnikov and Makarov).
The gravity field of the Mendeleev Rise and Alpha Ridge is mainly characterized by alternating positive and negative anomalies of various configuration united in chains primarily extended along their general
strike. The area of alternating positive and negative anomalies is not limited by bathymetry contours of the
highs. It gradually flattens and extends eastward up to the Canada Basin approximately at 80° N.
The Canada Basin except for its western part adjacent to the Chuckchi Cap is an area with extremely
smoothed negative gravity field. In the central part of the Basin, a narrow linear zone of submeridinal
strike confined by higher intensity anomalies is fairly prominent. In combined analysis of gravity and magnetic data, this particular zone was crucial for development of a viewpoint to support the hypothesis on the
spreading origin of the Canada Basin.
The gravity field of the Chuckchi Cap is represented by a set of positive and negative free air anomalies. The anomalies are extended along the general submeridional strike of its morphological features, such
as plateaus, ridges and basins. The amplitude of gravity anomalies above the Cap is comparable with that
above the Lomonosov Ridge. Like the Mendeleev Rise, the Chuckchi Cap is separated from the adjacent
shelf by lower valued and negative free air gravity anomalies.
A joint analysis of potential field maps allows conclusions to be drawn on the crustal type of major geological features in the Arctic Ocean. The Gakkel Ridge with adjacent deepwater Nansen and Amundsen basins,
and presumably, deepwater Canada Basin are to be interpreted as oceanic features. The Lomonosov Ridge and
Chuckchi Cap are continental features. The Mendeleev Rise and Alpha Ridge according to basic potential field
characteristics (primarily, magnetic anomaly field) may also be assigned to continental features.

