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Abstract
The comprehensive geological and geophysical studies carried out in recent years in the Lomonosov Ridge and at its junction with the
Eurasian shelf revealed evidence for thinned (reduced) crust in the ridge (20–25 km) and its relationship with shelf structures. We compared
the parameters of deep seismic cross-sections of the shelf and Lomonosov Ridge, thus proving the existence of continental crust in the latter.
Also, we analyzed the deep structure of the junction between the Lomonosov Ridge and the shelf and established a genetic geologic relationship,
with no evidence that the Lomonosov Ridge moved as a terrane with respect to the shelf. In addition, seismological studies independently
confirm the relationship between the Lomonosov Ridge and the adjacent shelf.
The Lomonosov Ridge is a continental-crust block of a craton. The craton was reworked during the Caledonian tectonomagmatic activity
with the formation of a Precambrian–Caledonian seismically unsegmented basement (upper crust) and an epi-Caledonian platform cover.
Afterward, the block subsided to bathyal depths in the Late Alpine. This block and the adjacent areas of the Eastern Arctic shelf developed
in the platform regime till the Late Mesozoic.
© 2012, V.S. Sobolev IGM, Siberian Branch of the RAS. Published by Elsevier B.V. All rights reserved.
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Introduction
Studies in the Arctic Ocean are important for substantiating
Russia’s claim based on the refined position of the boundary
of our country’s extended continental shelf in this region,
including the Lomonosov Ridge and its junction with the
adjacent shelf.
The hydrocarbon potential of the Arctic Ocean (Kontorovich et al., 2010) is another cause of the increased interest
in the Arctic continental shelf.
The Lomonosov Ridge, which is 50–200 km wide (Jakobsson et al., 2008), is traced in the relief of the Arctic Ocean
floor for 1700 km from the Eurasian continental margin to
Ellesmere Island (Canadian Arctic Archipelago). Now the
continental origin of the Lomonosov Ridge crust is almost
universally recognized (Artyushkov, 2010; Backman et al.,
2008; Grantz et al., 2001; Poselov et al., 2007; Vogt et al.,
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1979). The geophysical data obtained by the Transarktika-92
and Arktika-2007 Russian expeditions (Kaminsky, 2009; Poselov et al., 2007) indicate the presence of two-layered consolidated crust, which is typical of continents but thinner.
The studies on the Lomonosov Ridge include, first and
foremost, drilling into its near-pole part under the ACEX-302
international deep-water drilling project in 2004 (Fig. 1). The
drilling data also indicate the continental origin of the
Lomonosov Ridge (Backman et al., 2008).
According to the plate tectonic model, the Lomonosov
Ridge broke off from the Barents–Kara Sea passive margin as
a result of spreading from the North Atlantic to the Eurasian
subbasin and moved away from the margin up to the present
state with the growth of the oceanic crust (Jokat et al., 1992;
Shipilov and Vernikovskii, 2010). Now the ridge is a boundary
structure of the Amerasian subbasin (Vogt et al., 1979).
The seismic studies of the Eurasian Lomonosov Ridge are
shown on the scheme in Fig. 1. Seismic studies on board the
Polarstern and Oden icebreakers (Jokat, 2005; Jokat and
Jackson, 1998; Jokat et al., 1995) and reflection data from the
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Fig. 1. Geological and geophysical studies of the Lomonosov Ridge.

NP-21, NP-23, NP-24, and NP-28 drifting ice stations (Butsenko and Poselov, 2006) as well as the A-7 CDP reflection
profile (Marine Arctic Exploration Expedition) in the sedimentary cover of the Lomonosov Ridge and adjacent basins
revealed up to five seismic complexes, which form three
structural stages with velocities of 1.6–4.5 km/s.
Deep seismic sounding data were used to create crustal
velocity models across and along the Lomonosov Ridge strike,
including the junction with the Laptev and East Siberian Sea
shelf.
This study is devoted to the deep structure of the Lomonosov Ridge, which is the largest uplift of the Amerasian
subbasin, and its relationship with the Eurasian continental
margin.

Morphology of the Lomonosov Ridge
The Lomonosov Ridge is shown on bathymetrical maps as
a series of blocks of different ranks (Jakobsson et al., 2008).
They are displaced with respect to one another with changing
strike. The areas adjacent to the ridge are distinguished by
high-amplitude crests and mountains (near-parallel to the

ridge, 1500–2500 m in amplitude, 100–400 km long) in the
Amundsen and Makarov Basins.
At the boundary with the Eurasian subbasin, the Lomonosov Ridge has a distinct summit surface, slope, and foot,
that is, continental-margin elements. The slope foot is located
at depths of 4200–4300 m, and the edge of the summit surface
varies in strike from 800 to 1200 m. The western slope has a
stepwise profile with a strike angle of 2–18°.
At depths of 2600–3800 m, the eastern boundary of the
Lomonosov Ridge passes along the Podvodnikov–Makarov
Basins, separated by 500-m steps, which is continuous and
parallel to the ridge. The ridge in the northern Podvodnikov
Basin slopes at an angle of 8–20°. The ridge edge is localized
at depths of 800–1400 m. Its summit surface within the
southern part of the ridge is localized mostly at depths of
800–1500 m.
At the junction with Eurasia, the foot and slope of the
Lomonosov Ridge are morphologically coupled with the
continental margin. The continental-margin terrace at a depth
of 1750 m is regarded as a transition between the ridge and
continental Eurasia. Note that this transition is morphologically equivalent to a marginal plateau, being a natural
extension of the continental margin to the Arctic Basin.
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Sedimentation on the ridge summit surface (uplifts, peaks,
slopes, adjacent terraces and saddles) takes place under
different geomorphologic conditions. The ridge–shelf junction
favors the accumulation of most of the sediments transported
from the shelf in the near-bottom layer. Most of the more
northerly uplifts are isolated from the shelf flows transported
in the near-bottom layer.
Geological sampling
The area is poorly studied by geological methods (Fig. 1).
In total, 16 bottom-sampling stations were obtained in the
1995 voyage of the Polarstern, and 26 were obtained from
the Rossiya nuclear-powered icebreaker in 2007. The stations
in the Rossiya’s voyage were localized in areas with the most
contrasting topography. Most of them were obtained with
corers up to 10 m long. A BPTA-3000 towed underwater
television apparatus, ensuring the phototelevision survey of
the seabed, was used to identify bedrock outcrops on the
Lomonosov Ridge slopes. The optimum distance from the
television and photographic cameras to the seabed was 1–3 m,
and the surface coverage area (frame area) was 3–10 m2. Note
that there are almost no coarsely clastic rocks in the areas with
an even bottom. This suggests that the bottom rock material
taken during the geological sampling is of local origin.
Nevertheless, its origin is disputable. The bottom sediments
are dominated by silty pelites with rare thin sand interbeds.
The 2004 drilling in the near-pole part of the Lomonosov
Ridge under the ACEX-302 project stripped consolidated
sands, sandstones, and mudstones with agglutinated foraminifers, dinoflagellates, spores, and pollen at a depth of 404.8 m
below the unconformity surface (Backman et al., 2006). The
dinoflagellates were dated at the pre-Maastrichtian and Campanian. A sedimentation gap >24 Ma long was detected over
the Upper Cretaceous rocks, because the overlying black clays
were constrained by the dinoflagellates at the Late Paleocene.
The second sedimentation gap of ca. 27 Ma separates Middle
Eocene biogenic-rich clayey siltstones, deposited in a littoral
environment, from Early–Middle Miocene cherty-clastic rocks
with minor biogenic remains (Backman et al., 2008).
The composition and genesis of bottom sediments in the
southern Lomonosov Ridge are studied based on analysis of
the cores obtained during the Rossiya’s voyage (2007) and
extrapolation of geological and high-resolution seismic data
on the adjacent areas of the basins and ridges of the Arctic
Ocean.
The bottom sediments within the study area belong to a
single loose unit at least 60–70 m thick. According to the
high-resolution seismic studies, the latter shows a homogeneous wave pattern. The entire high-resolution seismic cross-section to a depth of 70 m is a parallel-bedded unit with no visible
unconformities or deformations. Such a pattern indicates
continuous sedimentation. The upper part of the section, which
core samples were taken from, is dominated by silty pelites.
Analysis of the petrographic composition of bottom rock
material showed that it contained 50–70% terrigenous clasts
and 20–25% carbonates in the ridge-top area and on the

western slope of the Geofizikov spur. The terrigenous rocks
are dominated by dark mudstones, sandstones, and siltstones.
Several schist fragments and large (up to 0.5 cm in size) mica
crystals were found in individual samples. Effusive fragments
consisting of basalt, including olivine varieties, occur in the
southernmost part of the area. They are variously shaped
depending on the resistance of the original rocks to weathering. On the Lomonosov Ridge, these are angular and subrounded flattened mudstone fragments, which are rarely more
than 2–3 cm in size. The bottom rock fragments in the samples
are divided into several complexes.
The complex of metamorphosed igneous rocks might have
been formed by the breakup of the ancient Lomonosov Ridge
basement (Kaban’kov and Andreeva, 2006). The age of these
rocks is now being refined.
The complex of quartzose sandstones and siltstones was
formed by the erosion of mature sedimentary rocks. A
considerable part of the sandstones consists of well-sorted
quartz grains; feldspar is of minor importance; quartz regeneration, pore-filling, or, rarely, poikiloclastic calcite cement is
present (Kaban’kov and Andreeva, 2006). Analysis of detrital
zircon from an angular fragment of quartzose sandstone,
recovered from the southern Lomonosov Ridge, yielded a wide
age interval (from 2500 to 300–200 Ma) for the source rocks
of the clastic matter. These results are consistent with those
of A. Grantz et al. (2001), who determined a similar age
interval for detrital zircon from a bedrock sandstone sample
recovered on the Lomonosov Ridge slope at ~89° N.
Zircon in the similar quartzose sandstones of the Mendeleev
Ridge varies in age from Early Paleozoic–Mesozoic (400–220
Ma) to Late Proterozoic (2000–1600 Ma).
The carbonate rock complex consists of slightly recrystallized dolomites and limestones. It was formed by the breakup
of rocks typical of shallow-water and lagoonal sedimentation.
Paleozoic fauna was found in similar samples from the
Mendeleev Ridge.
The data on the distribution of the rock fragments suggest
their relationship with different complexes. Assuming that the
sandstones and siltstones were formed by the disintegration
(erosion) of the local rocks, we can distinguish Lower
Proterozoic, Paleozoic, and Jurassic–Cretaceous parent sedimentary rocks in the Lomonosov Ridge. The sedimentary
cover is supplemented by the Late Cretaceous and Cenozoic
rocks stripped by the ACEX-302 borehole (Backman et al.,
2006).
Thus, the Late Proterozoic to Early Paleozoic–Mesozoic
rocks in the Lomonosov and Mendeleev Ridges might have a
common provenance area.
Seismic studies on the Transarktika-1992
and Arktika-2007 geotraverses
Field observations. The first integrated geological and
geophysical studies on the Lomonosov Ridge were conducted
by the Russian Geological Survey on the Transarktika-1992
geotraverse in 1992 (Fig. 1). They were continued on the
Arktika-2007 geotraverse in 2007 (Fig. 1). The seismic studies
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were conducted from the Rossiya icebreaker. The main types
of work were above-ice seismic observations by the DSS
method, above-ice seismic reflection soundings, and airborne
geophysical survey within the profile. On the Arktika-2007
geotraverse, these studies were supplemented by seismic
refraction observations on a detailed cross-profile, above-ice
gravity measurements at the seismic station sites, and geological sampling as well as high-resolution seismic and phototelevision profiling at the geological sampling sites.
The DSS observations were done with reversed and
catching-up time–distance curves.
The main differences in the work consisted in the use of
modern technology in recent years.
The waves on the Transarktika-1992 geotraverse were
recorded by the Taiga-2 analog stations with a 250-m-long
six-channel receiver array. Each channel was a point group of
eight single-component receivers. The recorders were 4–6 km
apart, and the intervals between the shot points averaged
40 km. The waves at the Arktika-2007 main and cross DSS
geotraverse were recorded by Geon three-component digital
stations. Thirty stations were positioned simultaneously. The
spacing was 5 km on the main geotraverse and 2 km on the
cross-geotraverse.
Shot sources were used to produce seismic waves. The
weight of the charge, placed underwater at a depth of ~100 m,
varied from 100 to 1200 kg depending on the position of the
shot point with respect to the recorders. The maximum
source–receiver distance in the DSS observations was 200 km.
The coordination accuracy for the shot points and recorders
along the profile was ±230 m.
Technique for the processing and interpretation of
geophysical data; results. Wide-angle DSS data along the
Transarktika-1992 and Arktika-2007 geotraverses were processed by the same algorithm: ProMAX 2D, v. 1988 procedures
were used to improve the signal-to-noise ratio (amplitude
recovery for offset; minimum-phase band filtering, 1–2 to
7–9 Hz).
The previous crustal models along the Transarktika-1992
geotraverse (Poselov et al., 2007) was based on the kinematic
interpretation of a system of formal time–distance curves.
Analog data are now being digitized, and this permitted using
modern software tools to refine the crustal model by adjusting
it to the dynamic and kinematic characteristics of the DSS
wave field recorded.
The kinematic interpretation of the data consisted of
successive corrections of the crustal model after solving direct
seismic problems, modeling the synthetic wave field, and
comparing it with wide-angle DSS records. To do this, the
RAYINVR open-source software and the accompanying
TRAMP amplitude-modeling software were used (Zelt, 1999).
Throughout the data interpretation, the DSS crustal model
was brought in agreement with the data on the sedimentary
cover, obtained from the A-7 CDP reflection profile, which
passed along the Arktika-2007 geotraverse under the 2007
project of the Marine Arctic Exploration Expedition on board
the Professor Kurentsov RV. Also, it was brought in agreement with the seismic reflection survey done at the North
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Fig. 2. Crustal velocity model for the Transarktika-1992 profile. RU, Regional
unconformity; pCU, post-Campanian unconformity; IL, intermediate layer;
UC, upper crust; LC, lower crust; M, Moho; M1, within-mantle boundary.

drifting ice station and in the nearest drift areas of the North
Pole stations of different years for the Transarktika-1992
geotraverse.
The resulting crustal velocity model along the Transarktika-1992 geotraverse is shown in Fig. 2. It comprises the
following objects.
Three sedimentary complexes are separated by regional and
post-Campanian unconformities. The complexes show velocities of 1.6–2.6 km/s (upper), 3.6–3.9 km/s (middle), and
4.2–4.5 km/s (lower). The total thickness varies from ~1.5 km
on the ridge to 2–2.5 km in the adjacent basins.
The intermediate layer is located beneath the acoustic
basement and shows velocities of 5.3–5.5 km/s. Its total
thickness reaches 5 km in the axial part of the ridge, somewhat
displaced toward the Amundsen Basin. It decreases to 4–
4.5 km in the Makarov Basin and to 1.5 km in the Amundsen
Basin.
The upper crust shows velocities of 6.1–6.3 km/s. It is 6–7
km thick on the ridge, 2–2.5 km thick in the Makarov Basin,
and almost wedges out in the Amundsen Basin (within the
accuracy of the method).
The wave field of the lower crust is distinguished by the
absence of the PL-wave within the Lomonosov Ridge during
the first arrivals. As a result, the crustal velocity parameters
were estimated only indirectly (from the PmP- waves (Fig. 3)),
and they do not exceed 6.7 km/s. The lower-crust velocities
in the adjacent basins were determined from refractions at
6.7–6.8 km/s in the Makarov Basin and 6.8–7.0 km/s in the
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Fig. 3. Interpretation of the DSS wave field along the Transarktika-1992 profile (PV3, PV15). See legend in Fig.2.

Fig. 4. Migrated time section obtained by the CDP reflection method along the Arktika-2007 profile (data from the Marine Arctic Exploration Expedition). 1, normal faults; 2, hypothetical age of the seismic
complexes and their numbers. The major unconformities: Ms, Messinian regression (LS3? (Franke et al., 2001)); RU, regional unconformity (LS2? (Franke et al., 2001)); pCU, post-Campanian (Maastrichtian?)
unconformity (LS1? (Franke et al., 2001)); AB, acoustic basement (intermediate-layer surface).
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Fig. 5. Interpretation of the DSS wave field along the Arktika-2007 main profile (PV 15 + 22). 1, dramatic decay of the PLCP-wave; 2, fault zone detected from the
dramatic decay of the PLCP-wave. IL, Intermediate layer. See Fig. 2 for the rest of the legend.

Amundsen Basin. The lower crust reaches a thickness of 8 km
in the axial part of the ridge and decreases to 6 km in the
Makarov Basin and to 4 km in the Amundsen Basin.
The data on the upper mantle were obtained mainly from
the PmP-waves (Fig. 3). Therefore, the upper-mantle velocity
within the ridge could be estimated only indirectly: It is
recorded quite reliably in the adjacent basins and equals 8.0
km/s. The Moho depth varies from 22 km in the axial part of
the ridge to 17 km in the Makarov Basin and 12 km in the
Amundsen Basin. Modeling of the Pm1P synthetic wave
yielded the within-mantle boundary with a velocity of 8.2
km/s, which dips beneath the Lomonosov Ridge at a high
angle from a depth of 23 km in the Makarov Basin and from
15 km in the Amundsen Basin. The Transarktika-1992 DSS
wave field is marked by the unusually high intensity of the
Pn-waves, recorded on the Lomonosov Ridge slopes into the
adjacent basins. It is due to the interference of an upper-mantle
refraction with the wave reflected from the boundary below
the Moho (within-mantle boundary) (Fig. 3).
Common-depth-point seismic observations with a 8100-mlong 648-channel receiver (profile A-7) were done for the first
time in the history of Arctic seismic studies (up to 84° N). A
fold of 108 was achieved. The A-7 profile from the New
Siberian Islands to the intersection with the Transarktika-1992

geotraverse was 832 km long. The CDP reflection data were
processed by the Marine Arctic Exploration Expedition in the
ProMAX R5000 software and interpreted at VNIIOkeangeologiya.
The use of an 8-km-long seismic aperture and the high fold
permitted quite a precise determination of the velocity characteristics of the entire sedimentary cover (Fig. 4).
Two major seismic boundaries (unconformities), the regional and post-Campanian ones, are traced all along the
profile in the sedimentary cover. They join on the ridge, in
passing to the continental slope, to make a single major
horizon and diverge clearly again within the continental slope
(Vilkitsky Basin).
The deep-water drilling data on the Lomonosov Ridge,
obtained during the ACEX-302 expedition from the M0002–
M0004 boreholes (Backman et al., 2006), were used to stratify
the seismic boundaries. It is natural to suggest a relationship
between the major seismic boundaries and the most significant
events shown by the drilling data. According to the analysis,
these events are two largest erosional gaps.
The lower erosional event corresponds to a post-Campanian
sedimentation gap of ca. 24 Ma. However, according to the
estimate in (Derevyanko et al., 2009), this period was much
shorter.
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Fig. 6. Crustal velocity model based on the consistent DSS and CDP reflection data obtained along the Arktika-2007 main profile. 1, tectonic deformations, detected
from the dramatic decay of the crustal waves; 2, normal faults in the sedimentary cover (CDP reflection data). See legend in Fig. 2.

It is highly probable that the equivalent seismic marker of
this erosional event is the lower reflector. It is a structural
unconformity in some parts of the profile or merges with the
acoustic basement, which is the surface of the intermediate
layer on the Lomonosov Ridge (Fig. 4).
Analysis of seismic data on the Arctic Basin permits
identifying the well-defined upper reflector with the pre-Miocene regional unconformity, which is traced within all the
positive and negative morphostructures of the province of the
Central Arctic Uplifts (Butsenko, 2006, 2008; Butsenko and
Poselov, 2004, 2006; Butsenko et al., 2005). This unconformity separates the Middle Eocene biogenic-rich rocks, deposited in a littoral environment, from the Early–Middle Miocene
deep-water sediments with minor biogenic remains (Backman
et al., 2006).
The above facts suggest that the post-Campanian unconformity on the Lomonosov Ridge, which corresponds to the
24-Ma gap between the Campanian–Maastrichtian rocks and
Late Paleocene sediments (Backman et al., 2006; Derevyanko
et al., 2009), overlies the Upper Cretaceous rocks of the
sedimentary complex and is overlain by the Late Paleocene
to Early–Middle Eocene sediments.
The continuity of individual complexes at the ridge–shelf
junction is complicated by normal faults, but their seismostratigraphic and seismic-facies characteristics do not change.

Note that the above stratification scheme yields the age of
the sedimentary complexes of the Laptev Sea shelf, which is
consistent with the previous dating (Franke et al., 2001).
The interpretation of the DSS data obtained along the
Arktika-2007 profile with CDP data on the sedimentary
section is shown in Figs. 5 and 6.
The Arktika-2007 DSS model (Fig. 5) reflects the following
objects.
Two sedimentary complexes are separated by unconformities (in the CDP seismic cross-section of the Lomonosov
Ridge, the pre-Miocene regional and post-Campanian unconformities are inseparable). The upper complex shows velocities
of 1.9–2.6 km/s in the shelf to 1.9–2.5 km/s on the Lomonosov
Ridge; the lower one, 3.1–3.5 to 2.9–4.1 km/s, respectively.
In the northern segment of the profile, a sedimentary complex
with velocities of 3.9–4.5 km/s was detected. The total
thickness is up to 7 km in the Vilkitsky basin depocenter and
no more than 3 km on the Lomonosov Ridge.
The intermediate layer shows velocities of 4.7–5.0 km/s in
the shelf to 5.1–5.4 km/s on the Lomonosov Ridge. Its
thickness varies from 7 km in the shelf to 1.5 km under the
continental slope and reaches 3.5 km on the Lomonosov
Ridge.
The upper crust shows velocities of 6.0–6.4 km/s and is
6–7 km thick. There are two upper-crust zones in which crustal
waves decay dramatically. They are interpreted as zones of
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Fig. 7. Crustal velocity model for the Arktika-2007 cross-profile. See legend in
Fig. 2.

tectonic deformations in the upper crust. As is seen from
Fig. 5, the tectonic deformation at station 240 km of the main
DSS geotraverse coincides with an obvious normal fault in
the sedimentary cover on the CDP reflection profile (Fig. 4).
The lower-crust velocities, estimated from PmP-wave fragments, are no more than 6.7 km/s. The first arrivals of
PL-waves are absent. The depth of the lower-crust roof was
determined from the reflected-wave fragments; the lower crust
was 9–12 km thick.
The data on the upper mantle were obtained from records
of PmP-wave fragments. The upper-mantle velocity was taken
to be 8.0 km/s (by analogy with the main profile). The Moho
dips westward from 26 km under the Vilkitsky basin to 28
km under its western boundary. The crystalline crust remains
within a range of 15–18 km all along the profile.
Thus, Cenozoic stratified complexes, the intermediate layer,
and crystalline crust are traced from the outer shelf of the
Laptev and East Siberian Seas to the Lomonosov Ridge
(Fig. 5). Their continuity is complicated by normal faults,
which penetrate the crystalline crust.
The results of the kinematic interpretation of the seismic
data on the Arktika-2007 cross-geotraverse, which shows the

E–W section of the crust along the continental slope north of
the New Siberian Islands, are presented in Fig. 7.
Refracted upper-crust waves are two- or three-phase trains
with the first arrivals 20–25 km away from the shot point.
They are sometimes traced for up to 60 km, thus ensuring a
reliable upper-crust boundary if the positioning interval is 2.5
km (Fig. 8). No first arrivals of refracted lower-crust waves
or refracted mantle waves are observed. The crustal section
along this geotraverse comprises the following objects.
Three sedimentary complexes are separated by a pre-Miocene regional unconformity. The complexes show velocities
of 1.9–2.6 km/s (upper), 2.9–3.9 km/s (middle), and 4.2–4.5
km/s (lower). The total thickness is up to 7 km in the Vilkitsky
basin and decreases to 2 km on the western flank of the profile.
The intermediate layer shows velocities of 4.5–5.0 km/s.
Its thickness decreases dramatically from 10 to 1.5–3 km from
west to east. Thus, this layer marks the positive structure of
the western boundary of the Vilkitsky basin.
The upper crust shows velocities of 6.0–6.4 km/s and is
6–7 km thick.
The lower-crust velocities, estimated from PmP-wave fragments, are no more than 6.7 km/s. The depth of the lower-crust
roof was determined from the reflected-wave fragments; the
lower crust was 9–12 km thick.
The data on the upper mantle were obtained from records
of PmP-wave fragments. The upper-mantle velocity was taken
to be 8.0 km/s (by analogy with the main profile). The Moho
dips westward from 26 km under the Vilkitsky basin to 28
km under its western boundary.
The model for the E–W crustal section along the continental slope north of the New Siberian Islands features the uplift
which borders on the Vilkitsky basin in the west. This
structure is traced from the intermediate-layer surface and the
thinning of the sediments (Fig. 7).
Analysis of the anomalous magnetic field within the
Lomonosov Ridge shows that the ridge is not a single
structure: The western flank corresponds to intense (up to
100–600 nT) short-period interference anomalies, almost indistinguishable from those on the Alpha Ridge. Such magnetic
anomalies are often attributed to multistage mafic magmatism
starting from the Cretaceous; therefore, this explanation is
proposed for the magnetic anomalies on the western flank of
the Lomonosov Ridge. The pre-spreading reconstruction of the
magnetic anomalies and anomalous gravity field clearly shows
the similar strike of the linear structural elements of the
potential fields on the continental margin of Eurasia and the
Lomonosov Ridge. This suggests that these two blocks made
up a single tectonic province before the formation of the
Eurasian spreading subbasin. The active rifting which took
place in the province in the Permo-Triassic and later determined the main structural features of the crust.
The eastern flank of the Lomonosov Ridge differs from the
western one in the considerably lower intensity of the local
anomalies (up to 100–200 nT) and longer anomaly period,
which might be due to the greater depth of the anomaly
sources or the less intense crustal decomposition.
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Fig. 8. Interpretation of the DSS wave field along the Arktika-2007 cross-profile (PV41, PV45). pCU/IL, Post-Campanian unconformity (intermediate-layer roof).
See Fig. 2 for the rest of the legend.
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Fig. 9. Density models for the Transarktika-1992 profile (a) and the Arktika-2007 main profile (b). Density is given in g/cm3.

The resulting velocity models for the Transarktika-1992
and Arktika-2007 (main) geotraverses were used to create 2D
gravity models.
The modeling was based on the gravity anomalies from
two data sets: above-ice gravity measurements were used at
the seismic-station sites in the interval 100–550 km of the
Arktika-2007 main profile. Gravity curves from the grid of
the airborne gravity survey were used on the flanks of the
Arktika-2007 and Transarktika-1992 geotraverses (Astafurova
et al., 2006).
All the discrepancies between the gravity curves observed
and calculated have a short-wave character and are explained
by the smoothening of the anomalies from the grid of the
airborne gravity survey.
Crustal density models for the geotraverses are shown in
Fig. 9.

Discussion
The Russian geological and geophysical studies under the
Transarktika-1992 and Arktika-2007 programs give an idea of
the tectonic structure of the Lomonosov Ridge and its
structural and genetic relationships with the continental margin
of northeastern Eurasia.
A comparison between the parameters of the deep seismic
cross-sections of the shelf and Lomonosov Ridge confirms the
continental origin of the ridge crust. These are the following
parameters:

(1) The presence of the upper crust 8–10 km thick on the
ridge and 7–9 km thick in the shelf, with velocities of 6.0–6.4
and 6.2–6.4 km/s, respectively;
(2) The lower-crust thickness is 8–9 km on the ridge and
7–9 km in the shelf, with velocities of no more than 6.7 km/s;
(3) The crystalline crust on the ridge is 14–18 km thick;
(4) The total crustal thickness varies from 25–26 km in the
shelf and in the upper part of the continental slope to
20–22 km in the deep-water part of the ridge. The greatest
rise of the mantle surface and reduction in the total crustal
thickness take place near the foot of the continental slope. It
is presumed that the continental crust within the Lomonosov
Ridge was transformed at the early oceanic stage (Cretaceous–
Paleogene); this was manifested in its slight thinning, most
probably as a result of extension under the effect of ascending
mantle (Fig. 10);
(5) The rock fragments recovered from the ridge indicate
the presence of Lower Proterozoic, Riphean–Paleozoic, Jurassic–Cretaceous, and Late Cretaceous–Cenozoic parental rocks
in its sedimentary cover.
Also, the parameters of the deep section of the ridge–shelf
junction indicate a genetic geologic relationship between these
structures and the absence of evidence for the movement of
the Lomonosov Ridge as a terrane with respect to the shelf.
The following features characterize the Lomonosov Ridge
as a natural prolongation of the Eurasian continental margin.
(1) The junction zone is host to the upper crust with
velocities of 6.0–6.4 km/s and up to 5 km thick, which is
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Fig. 10. Hypothetical structural relationship between the New Siberian Islands and the Lomonosov Ridge. 1, position of recorders; 2, position of shot points; 3, CDP
reflection profiles; RU, Regional unconformity (LS2, after (Franke et al., 2001)); pCU, post-Campanian unconformity (LS1, after (Franke et al., 2001)); AB, acoustic
basement (intermediate-layer roof).

smaller than the thickness in the shelf and ridge, and the lower
crust with velocities of 6.6–6.7 km/s and 8–9 km thick;
(2) The upper and intermediate complexes of the sedimentary cover are almost continuous. Under the continental slope,
their continuity is complicated by normal faults; note that the
seismostratigraphic and seismic-facies characteristics of these
complexes do not change;
(3) The Kotel’nyi uplift, a N–S-trending positive structure
of the New Siberian Islands, is traced along the MAGE-90800
CDP reflection profile at the junction with the Arktika-2007
geotraverse from the intermediate-layer (acoustic basement)
surface. It is also prolongated beyond the shelf as a chain of
elevated blocks of the Lomonosov Ridge, reflected in the
bottom morphology;
(4) The bottom relief at the junction of the Lomonosov
Ridge with the Eurasian continental margin indicates that the

ridge should be regarded as a natural prolongation of the
continental margin.
Seismological studies (Avetisov, 2000, 2002) give additional independent evidence for a relationship between the
Lomonosov Ridge and the adjacent shelf.
A map of earthquake epicenters was drawn on the basis of
the VNIIOkeangeologiya electronic bank of Arctic seismological data (Avetisov et al., 2001) (Fig. 11). The bank comprises
all the information on Arctic earthquakes since the late 19th
century and VNIIOkeangeologiya expeditionary observations.
The Arctic region is host to both types of seismically active
zones: interplate and intraplate. This fact was established long
ago but first formulated in (Grantz et al., 1990).
The only interplate seismic zone is the Mid-Arctic seismic
belt. It marks the divergent boundary between the Eurasian
and North American Plates and dissects the region into two
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Fig. 11. Map of earthquake epicenters in the Arctic Ocean.

approximately equal parts. The breakup took place in the Early
Eocene, giving rise to the Eurasian subbasin. The single
epicenter line bifurcates in the Laptev Sea shelf around the
Laptev microplate (Fig. 12). All the other seismic zones are
intraplate and not related directly to any global seismic belt.
It is now universally held that intraplate earthquakes take place
mostly because the strain generated in the interplate zones is
partially relieved in weakened lithospheric zones. The latter
are contacts between lithospheric blocks with different crustal
types (oceanic, continental) along the Eurasian continental
slope or contacts between continental-crust blocks with different consolidation ages. In fact, intraplate-earthquake epicenters
bring out suture zones of different ages, along which recent
tectonic shifts take place. Such suture zones in the Eurasian
part of the Arctic region are the channels and fjords of
Spitsbergen, the Franz Victoria, St. Anna, and Voronin
trenches, the channels of Severnaya Zemlya, and the branch
of the New Siberian basin between New Siberia and Faddeevskii Islands in the New Siberian Islands (Figs. 11, 12).
No earthquakes have been recorded along the Northern

Fracture, which the Lomonosov Ridge movement is usually
attributed to, or farther at the ridge–shelf junction and eastward
along the continental slope of the East Siberian Sea. This is
unambiguous evidence that the Lomonosov Ridge block is
now not moving with respect to the shelf. According to
Starosel’tsev (2003), the Northern Fracture in the Laptev Sea
shelf is a prolongation of the transgressive lineament which
passes on the continent northeastward from the Turgai basin
in southwestern West Siberia to Khatanga Bay and has been
showing, since the Middle Cambrian, obvious vertical rather
than horizontal movements of the blocks separated.
If we assume that the ridge moved so before, a transform
fault of high seismicity must have formed at the ridge–shelf
contact. The Eurasian subbasin continues opening, and there
are no reasonable explanations for the absence of recent shifts
along this fault or that of increased seismicity around. Even
the hypothesized jump of the plate boundary to the Laptev
Sea shelf does not eliminate the question why the earthquakes
disappeared. In this case, intraplate earthquakes would still
take place. If earthquakes happen in the weakened zones of
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Fig. 12. Epicenters and focal mechanisms of earthquakes in the Laptev Sea shelf (1964–2002) (Avetisov, 2000, 2002). 1–4, earthquakes of different magnitudes M:
1, ≥6; 2, 5–5.9; 3, 4–4.9; 4, extensional and compressional strain axes (the arrow length is proportional to the cosine of the angle of inclination to the horizon);
5, continental slope; 6, plate boundaries: a, actual; b, predicted; 7, major fault zones; 8, faults. BSNB, Bel’kovskii–Svyatoi Nos basin; EP, Eurasian Plate; LMP,
Laptev microplate; LTBU, Lena–Taimyr boundary uplift zone; LF, Lazarev fault; NF, Northern Fracture; NAP, North American Plate.

lower rank and even considerably farther from the plate
boundary, they would certainly happen in the thick zone of
the former transform fault near the plate boundary. So, only
one conclusion is possible: This transform fault did not exist.
Also, if the Lomonosov Ridge block had moved, there would
be collision zones rather than deep-water basins behind its
Amerasian slope.
Thus, the Lomonosov Ridge is a continental-crust block of
a craton. The craton was reworked during the Caledonian
tectonomagmatic activity with the formation of a Precambrian–Caledonian seismically unsegmented basement (upper
crust) and an epi-Caledonian platform cover. Afterward, the
block subsided to bathyal depths in the Late Alpine. This block
and the adjacent areas of the Eastern Arctic shelf developed

in the platform regime till the Late Mesozoic. All the velocity
(compositional) complexes on the profile are common to the
shelf and bathyal region of the Arctic Ocean and traced
continuously from the shelf to the Lomonosov Ridge with
constant velocity.

Conclusions
The integrated geological and geophysical studies carried
out in recent years in the Lomonosov Ridge and at its junction
with the Eurasian shelf revealed evidence for thinned (reduced) crust in the ridge (20–25 km) and its relationship with
shelf structures.
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It is not impossible that the entire province of the Central
Arctic Uplifts and the Eastern Arctic shelf of Russia are a
single association of continental structures with a common
history of development and synoceanic compositional transformations of the continental crust.
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