Chapter 5

Earth’s crustal structure
on the Lomonosov Ridge and its junction
with adjacent shelf

TransArctic-1992
Sedimentary cover
Lacking sufficient reflection observations along the TransArctic-1992 Geotransect, the sedimentary
cover structure is indirectly estimated here using reflection data obtained during the TransArctic-1992 ice
station drift and those from the nearest NP-21, NP-24 and NP-28 drift track. A brief description of the sedimentary layer along the TransArctic-1992 Geotransect modeled primarily using the deep seismic soundings
in the near-field zone is presented below in Earth’s crustal velocity model.

Earth’s crustal velocity model
The TransArctic-1992 Geotransect crossed the Lomonosov Ridge approximately along 84°N latitude,
including adjacent Amundsen and Makarov basins.
In the course of the preparation of the monograph, WAR data totaling 280 km of TransArctic-1992
(280 soundings after update) were updated (summarized, processed and reinterpreted).
Figs. 20, 21 present kinematical interpretation of WAR data as a model for a seismic ray path propagating from different shot points, synthetic wave fields generated by fragments of the final model, respective
seismic records with superimposed computed travel-time curves of reflected and refracted waves, seismograms without wave field decoding.
Seismic records show interpretation of PMS, Pg and PL, Pn, PMSP and PmP waves, as well as PBP and
Pm1P wave fragments. 2-phase arrivals primarily occur. Refraction offsets on the top of the upper and lower
crust are 20 to 25 km, and 10 to 15 km, respectively. Refracted waves at the mantle boundary are traceable
at a distance exceeding 60 km from the shot point. Approximately at the same time, waves reflected from the
mantle boundary start to be traceable.
One particular feature of the WAR wave field is abnormally high intensity of Pn waves recorded on the
slopes of the Lomonosov Ridge (Fig. 20).
This phenomenon was explained in the course of synthetic wave field modeling. The reason for drastically increased intensity of Pn wave is well illustrated on a synthetic seismogram and is attributed to interference between the upper mantle refracted wave and that reflected from the boundary beneath the Moho
(intramantle boundary (Fig. 22). Accordingly, a М1 boundary description was added to the model of the
adjacent basins beneath the slopes of the Lomonosov Ridge.
Another particular feature of the wave field is that no PL wave is recorded as the first arrivals (within the
Lomonosov Ridge), so its velocity parameters on the Ridge could only be indirectly determined from PmP
waves (Fig. 21). Refracted waves are only observed as the first arrivals in the lower crust at shooting on the
flanks of the profile in adjacent basins.
The final Earth’s crustal velocity model along the TransArctic-1992 Geotransect and its seismic ray
coverage are presented in Fig. 23.
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Fig. 20. Ray-tracing and synthetic modeling along TransArctic-1992 profile (SP3, SP15)
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Fig. 21. Ray-tracing and synthetic modeling along TransArctic-1992 profile (SP11)
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Fig. 22. Synthetic modeling on TransArctic-1992 profile: а — real records from SP3 and SP15; b — synthetic
records simulated with addition of Pm1P wave; c — synthetic records simulated without addition of Pm1P wave.
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Fig. 23. Velocity model of the Earth’s Crust (a) and ray-covering (b) along TransArctic-1992 profile

The model presents:
– three sedimentary sequences divided by regional pre-Miocene (RU) and post-Campanian (pCU) unconformities; showing velocities of 1.6 to 2.6 km/s (upper), 3.6 to 3.9 km/s (middle) and 4.2 to 4.5 km/s (lower);
total thickness of the sequences varying from ~1.5 km on the Ridge to 2—2.5 km in the adjacent basins;
– metasedimentary sequence located under the acoustic basement (MS) showing velocities of 5.3 to
5.5 km/s. Total thickness of the sequence reaches its maximum of ~5 km in the axial part of the Ridge
slightly shifted towards the Amundsen Basin. In the Makarov Basin it shrinks down to 4 to 4.5 km, and in
the Amundsen Basin to ~1.5 km;
– upper crust shows velocity variations ranging between 6.1 and 6.3 km/s. On the Ridge the upper crust
is 6 to 7 km thick; in the Makarov Basin it shrinks down to 2 to 2.5 km, and in the Amundsen Basin almost
completely wedges out (within the resolution of the method);
– lower crust: on the Lomonosov Ridge its velocities measured indirectly from PmP waves (Fig. 21) do not
exceed 6,7 km/s; in the adjacent basins lower crustal velocities measured from refracted waves are 6.7 to 6.8 km/s
in the Makarov Basin and 6,8 to 7.0 km/s in the Amundsen Basin. The lower crust is up to ~8 km thick in the axial
part of the Ridge, then shrinking down to ~6 km in the Makarov Basin and to ~4 km in the Amundsen Basin;
– upper mantle: information on this on the Ridge was primarily obtained from PmP travel-time curves
(Fig. 21), therefore, the upper mantle velocity within the Ridge could be determined but indirectly. In the
adjacent basins its estimation is fairly reliable (Fig. 20) to show values of 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 to ~12 km in the Amundsen Basin. In the course of the synthetic Pm1P wave modeling, an intramantle boundary with a velocity of
8.2 km/s was identified to steeply dip under the Lomonosov Ridge from ~23 km in the Makarov Basin and
from ~15 km in the Amundsen Basin.
44

Arctic-2007
Sedimentary cover section characteristics obtained from geological sampling

Geomorphology of sampling sites. Geological sampling was carried out within the southern part of
the Lomonosov Ridge adjacent to the Laptev and East Siberian sea shelf. Most sites were located on the top
of the Ridge (АЛР07-06В, АЛР07-07С, АЛР07-08С, АЛР07-17С, АЛР07-22С, АЛР07-25С, АЛР07-26С,
АЛР07-28С) or along the upper part of its slopes (АЛР07-11С, АЛР07-18С, АЛР07-20С). At the footslope, where gravity flow impact is most likely to happen, only sites АЛР07-14С, АЛР07-15С, АЛР07-16В
(Fig. 24) were completed.

Fig. 24. Map of sampling station during science cruise AL “Russia” 2007 (АЛР07)
(B — boxcorer, C — piston corer, D — drag)
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The Lomonosov Ridge slopes are different in height and dip, the west slope facing the Amundsen Basin
is higher (up to 3000 m) and steeper than the east slope facing the Podvodnikov Basin (up to 1500 m high).
Depths to the top of the Ridge in the study area vary from 800 to 1500 m, rarely exceeding this value. The
top surface of the Lomonosov Ridge in general is flat, however, extended highs of several hundred meters in
height are common. A junction of the Ridge and the shelf is a flat saddle of depths down to 1800 m (Fig.25).

Fig. 25. Geomorphological position of sampling stations.
Symbols: 1 — station number and type of sampler (a — piston corer, b — boxcorer); 2 — crest of Lomonosov Ridge; 3 —
local heights on Lomonosov crest; 4 — saddle between Lomonosov Ridge and East Siberian continental margin; 5 — north
limit of possible shelf sediments transportation; 6 — slops of Lomonosov Ridge; continental slope: 7—9 — bottom of
Podvodnikov Basin, 10 — bottom of Amundsen Basin; geomorphological boundary: 11 — distinct, 12 — assumed; 13 —
100 m isobath; 14 — every 500 m isobath.
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Sediments have been supplied here from the near-bottom bed of the adjacent shelf. The chart shows the
north limit of extension of such flows into the top part of the Ridge. As soon as the saddle is open-ended,
a part of sedimentary materials may be transported from there to the slopes. Transporting agents here are
mainly descending and lateral flows. The former are related to various gravity processes, while the latter are
caused by contour currents following the contours of the slopes In the western saddle a prominent meridionally extended range is observed. Site АЛР07-26С was completed near its crest. Geomorphologic variety
in sampling points had caused different lithodynamic settings.
Mineral composition and micropaleontological characteristics. Mineral composition of the bottom
sediments at the southern Lomonosov Ridge in the junction zone with the East Siberian Sea shelf was studied from geological sampling results obtained during a leg of Nuclear Icebreaker Rossya. The main objective was to collect and analyze the data on characteristic features and geology and geotectonic structure of
the Lomonosov Ridge. Coarse detrital bottom sediments found in the columns obtained through core sampling and dredging were of particular interest. As it was` aforementioned (Kaban’kov et al., 2005), most of
the coarse detrital fraction identified within the area of Central Arctic rises originates from the local bedrock
erosion.
Geological sampling locations during this expedition were selected from the bathymetric chart of the
study area subject to the previous investigations (Fig. 24). Sampling sites were arranged seeking the thinnest
loose sediments, sufficiently differentiated bottom topography near escarpments and eventual bedrock outcrops. In addition, ice conditions in the study area and the possibility of consolidating various investigations
during the voyage were taken into account. For better selecting bottom sampling sites, seismoacoustic and
telephoto profiling methods were applied.
Bottom sediments within the discussed area belong to a single formation of loose Quaternary deposits
explored using seismoacoustic profiling at a depth exceeding 60 m, which are characterized by a uniform
wave pattern (Fig. 26). The entire seismoacoustic section is a conformable acoustically layered sequence
covering the topographic irregularities of the underlying sediments. The seismic sequence shows a gradually attenuating amplitude of internal reflectors down the section without notable internal unconformities.
This internal pattern of the sequence is an evidence of its accumulation during a fairly quiet tectonic period.
Exception may be made to small acoustically transparent lenticular bodies observed in the middle of the
seismoacoustic section and interpreted by us as landslide deposits.

Fig. 26. Section of high resolution seismic (HRS) profile on the east Lomonosov Ridge flank. The recent deposits
occurs as wide distributed veneer. Numbers of debris flow are in the middle of section
47

A total of 35 geological sites was completed during the voyage of nuclear icebreaker Rossya: with 21
of them using hydrostatic core samplers, 16 using box corers, and two dredging stations. In the course of
further bottom sampling data processing, general lithological characteristics of the section were obtained
(Figs. 27 to 29).
At present, there is no standard stratigraphic chart based on benthic/ planktonic foraminifera that could be
applicable for the entire Arctic Ocean. The commonest biostratigraphic event occurring on underwater highs
of the Arctic Ocean (Lomonosov Ridge, Alpha Ridge-Mendeleev Rise, Northwind, Morris-Jessup) is extinction of calcareous foraminifera downcore, and increase of the agglutinating species. Agglutinating species
start to dominate between ~2 and 6 m (below the seafloor) subject to the sampling location (Jakobsson et al.,
2001; Cronin et al., 2008, etc.). This event is aged between MIS 7 and 9 (MIS) (Cronin et al., 2008). In the first
approximation, distribution of foraminifera on uplifts and ridges of the central Arctic during the period from
MIS 9 to 1 may be described as follows: calcareous benthic (sometimes containing plankton) foraminifera
characterize interglacial intervals; glacial sediments are either “empty” or contain sparse agglutinating species.
The observed synchroneity in transition from agglutinating to calcareous species may be attributed either to oceanographic changes that occurred from 200 to 300 thousand years ago, or to better life conditions
for calcareous foraminifera, and/or suspended dissolution of calcareous species buried during the interglacial periods. The above transition occurred close to the end of the so called mid-Brunhes event (Cronin et
al., 2008). This corresponds to the period of carbonate dissolution in the World Ocean between 600 and 200
thousand years due to the global carbon cycle change (Barker et al., 2006).
Calcareous fauna is known to be widely spread and well preserved in sediments that had deposited under
perennial ice of the current interglacial period (Wollenburg, Kuhnt, 2000). Therefore, transition from agglutinating to calcareous species in the interval of MIS 7 to 9 may imply that during the Matuyama and early
Brunhes, ice free seasonal conditions preferred by many agglutinating species were widely spread, especially
during interglacial periods. An alternative hypothesis to explain distribution of calcareous/arenaceous foraminifera is post- sedimentation dissolution caused by biochemical processes in pore waters. Thus, according
to АСЕХ (IODP 302), the alkalinity peak is observed at 4 m (2.7 to 3 mM), and then drops down to <2.5 mM
below 15 m (Backman et al., 2006). Solution of this problem would require further investigations.

Fig. 27. Correlation of grain size and magnetic susceptibility of sediments in the east part of Lomonosov Ridge
(cores АЛР07-11C, АЛР07-14C, АЛР07-15C)
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The results of microfauna studies in the above columns have shown that the content of planktonic and
calcareous foraminifera is extremely low. Microfauna is mainly represented by agglutinating species.
It should be noted that aforementioned foraminifera distribution data are not sufficient for building a
reliable age model. Mass occurrence of agglutinating foraminifera may only be supposed to correspond to
MIS 7—9.
Analysis of the bottom sediment heavy mineral fraction in the Arctic Ocean is a classic method for reconstruction of terrigenous material source area (Belov, Lapina, 1961; Kosheleva, Yashin, 1999; Behrends
et al., 1999, etc.) and investigation of ice drift trajectories in the geological past (Bischof, Darby, 1997;
Darby, 2008; Krylov et al., 2008). Heavy metal associations may also be used for climate reconstructions
(Lapina, 1973; Krylov et al., 2008, etc.).
Basic minerals contained in excess of 10% are hornblende, epidote-zoisite, black ores and garnet. The
content of pyroxene, zircon and total leucoxene, and indefinite titaniferous minerals in certain columns exceed 10%, while in others it does not reach this level.
Amphiboles (hornblend) are known to be mainly supplied to the central Arctic Ocean by the East Siberian Sea and eastern Laptev Sea (Belov, Lapina, 1961; Behrends et al., 1999; Schoster et al., 2000). Clinopyroxenes come from three major areas: Kara Sea to the western Laptev Sea; Chuckchi Sea and western part of
the Queen Elizabeth Island within Canada Arctic Archipelago (Belov, Lapina, 1961; Behrends et al., 1999;
Bischof, Darby, 1999, etc.). Other minerals are more or less evenly dispersed across source areas, therefore
usually are not indicative of the sediments in the central Arctic Ocean. As soon as the above columns are
close to the East Arctic shelves, a conclusion may be drawn that these areas were the main suppliers of terrigenous material to the southern Lomonosov Ridge. Therefore, the most informative are hornblende and
clinopyroxene group minerals.
Site АЛР07-17С (core length 980, water depth 1100 m, see Fig. 24) is located in the northern part of the
investigated profile on a local uplift on the crest of the Ridge. Brown and olive pelites and aleuropelites alternate (Figs. 28, 30). In the upper three meters of the section there is a typical saw-tooth sand fraction distribution curve. Clinopyroxene content regularly drops downward within the upper three meters of deposits to
remain at its minimum down to the base of the section. Hornblende content on the contrary increases in the

Fig. 28. Correlation of grain size and magnetic susceptibility of sediments in the east part of Lomonosov Ridge
(cores АЛР07-17C, АЛР07-18C, АЛР07-20C)
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descending order. Higher content
of clinopyroxenes recorded in the
upper part of the section at Site
АЛР07-17С (Fig. 27) is caused
by supply either from the Kara —
western Laptev seas, or from the
Chuckchi Sea. The hornblende
distribution character suggest that
the role played by the Laptev Sea
in supplying terrigenous materials regularly decreased upcore.
Most likely, heavy minerals had
been delivered to this location by
ice as current are not capable of
long-distance transport of materials with high specific weight.
Microfossils are almost missing
from the upper core sediments,
therefore stratigraphic differentiation is hard to be made. Yet,
the age of the layers may rather
tentatively be measured using
lithological features of the sediments. Thus, alternation of olive and brown colors evidences
for alternation of cold and warm
epochs, respectively. Abundant
sand fraction marks deglacial
periods as pack ice, icebergs and
glaciers largely melt. Initial glacial periods can be defined from
high sand fraction contents because cascading (cold saline water discharge) is accompanied by
fine fraction removal. Interglacial
time periods are characterized by
accumulation of pelites and aluropelites with a moderate sand
fraction content.
Interval 0 to 25 cm represented by brown aleuropelites is most
likely consistent with MIS 1. The
greenish brown aleuropelites located below may be correlated
with MIS 2. An sandy peak in the Fig. 29. Correlation of grain size and magnetic susceptibility of sediments
upper part of this layer is caused in the east part of Lomonosov Ridge (cores АЛР07-22C, АЛР07-25C,
АЛР07-26C, АЛР07-28C)
by iceberg/ice rafting during the
last deglaciation. Alternatively,
abundant sand fraction may be
attributed to removal of fine particles under activation of bottom
currents caused by warming.
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Fig. 30. The heavy fraction mineral content curves along АЛР07-17C core on Lomonosov Ridge

MIS 3 is consistent with brown aleuropelite (36 to 77 cm), and MIS 4 with multicolored aleuropelites (77
to 92 cm); a small sandy peak between them was probably formed during the period of respective deglaciation. Greenish brown aleuropelites within the interval of 92 to 148 cm could have been accumulated during
the warm MIS 5. The base of sand fraction saw-tooth distribution curve (~240 cm), most likely located near
the boundary between MIS 6 and 7 (Jakobsson et al., 2001). This conclusion is generally consistent with
the foraminifera distribution data that are most ample for this particular core (Fig. 31). The first complex
containing a lot of sandy foraminifera was found at a level of 207 to 250 cm which is consistent with the
general regional situation at the aforementioned Arctic Ocean highs. Cyclammina species predominate and
Recurvoides sp. are also present. In general, Cyclammina species are predominant in the section of the site.
This complex was likely to be formed between MIS 7 and 9. This means that average sedimentation rate
was ~1.4 cm/ka. According the ionium dating method, these sediments are even older. Therefore, they had
accumulated at a mean rate ~0.6 cm/ka If these results are recognizable, the second from the top brown
layer should be compared with MIS 5 rather than with MIS 3. Yet, previous investigations of sediments on
the central Lomonosov Ridge indicate higher mean sedimentation rates exceeding 1 cm per thousand years
(Jakobsson et al., 2001; Spielhagen et al., 2004; O’Regan et al., 2008).
The boundary between the complexes predominated by Recurvoides sp. and Cyclammina (~210 cm),
position of the first prominent sandy peak (~240 cm), and the minimum clinopyroxene/hornblende ratio (Срх/
Нb, ~200 to 260 cm), are nearly coincident. The age of these events is estimated to be between MIS 7 and 6.
Site АЛР07-18С (core length 920 cm; Fig. 24, 28) is located close to the previous one at a depth of
917 m. These deposits differ from the aforementioned in core АЛР07-17С because of its binomial structure.
The upper 3.5 m are composed of alternating brown and olive oxidized layers, while downcore there are
grey deoxidized aleuropelites of greenish color at the base of the section (Fig. 32). Quantity of clinopyroxenes in the upper part of the column in general decreased downward (from 12% to less than 1%). Hornblende distribution shows significant fluctuations (from 2 to 40%). This part of the section is characterized
by saw-tooth distribution of both sand fraction and all heavy metals. At a level of four meters, slightly below
the boundary between oxidized and grey deoxidized aleuropelites there is a distinct minimum in distribution
of all heavy minerals (Fig. 32). Fairly indicative is the distribution of authigenous iron oxides, with their
higher and lower contents corresponding to the oxidized and deoxidized layers, respectively.
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Fig. 31. Lithology of АЛР07-17С core and foraminifer’s interval
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Fig. 32. The heavy fraction mineral content curves along АЛР07-18C core on Lomonosov Ridge

In grey deoxidized aleuropelites of core АЛР07-18С there is a higher content of heavy minerals, particularly, clinopyroxene and hornblende in the interval between 800 to 700 and 400 cm (beneath the bottom
surface). Noteworthy is the even nature of sand and heavy mineral distribution. Interval 700 to 400 cm is
characterized by higher organic matter content with oleananes occurring at a four meter level as traces of
land thermophytes (Fig. 32). This is an indirect evidence of great sedimentation rates. Increased quantity
of hornblende in a heavy mineral fraction is caused by supply of the materials primarily from the eastern
Laptev Sea. The presence of clinopyroxenes indicates that materials from the western part of the sea had
also been supplied. The presence of oleananes at the boundary of deoxidized and grey aleuropelites is an
evidence of the vicinity of the source areas because this organic matter component is not preserved in long
distance transportation. Oleananes have already been found in sediments of Site АЛР07-4С (АСЕХ, IODP302) on the central Lomonosov Ridge where their occurrence was consistent with MIS 6.
Analysis of microfossils distributed primarily in the form of agglutinating benthic foraminifera
allows estimating the age of the interval above which their quantity drastically drops (see above). In
АЛР07-18С core, sediments largely occur in tubular forms, small cyclamminas and recurvoides in the interval from 248 to 340 cm. In the underlying interval between 340 cm and the bottomhole no foraminifera
occur. The peak of cyclammina is located at the level of 24 to 27 cm (beneath the bottom surface). In addition, numerous redeposited Cretaceous species occur in the interval between 6 and 248 cm. Therefore,
the position of agglutinating foraminifera peak between 248 and 340 cm makes it possible to correlate its
age with the MIS 7 to 9 time interval (Cronin et al., 2008). This is also confirmed by the position of the
first sandy peak at the level of ~240 cm above which the sand fraction starts its sawtoothlike distribution.
Following the conclusions drawn by Jakobsson et al. (2001), the boundary between MIS 6 and 7 may be
marked right here. In this event, brown aleuropelites are consistent in interval 0 to 12 cm with MIS 1, in
interval 43 to 63 cm with MIS 3, and at 97—140 cm level with MIS 5. It should be noted that like in the
previous core, the level of occurrence of the first prominent sandy peak is coincident with the minimum
clinopyroxen/hornblende ratio (Срх/Нb).
There is also an alternative method for estimating the age according to which the inception of the cold
MIS may be correlated with the aforementioned minimum in heavy metal distribution near the boundary
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of oxidized and grey aleuropelites at the level of 4 m. This period is evidently characterized by slower
sedimentation rates that may be attributed to a thick ice cover. Occurrence of oleananes previously was correlated with MIS 6.
Site АЛР07-28C (1000 cm, water depth 1414 m. Figs. 24, 29) is located in the upper part of the slope
of the Lomonosov Ridge facing the Amundsen Basin. The uppermost 8 m of deposits, oxidized part of the
section, are characterized by alternating brown and olive intercalations (Fig. 33). The lower 2 m are made
of grey deoxidized aleuropelites. Oxidized sediments show higher Мn content, geochemically immobile
under these conditions. The greatest contents of clinopyroxenes (up to 70%) have been recorded in the uppermost three meters of the section; at lower levels their quantity is fairly steady to show on average about
10% (Fig. 33). Hornblende distribution reveals certain fluctuations, however in general its content grows
downcore to reach the maximum (about 55%) in the grey interlayer. At the boundary of oxidized and grey
deoxidized aleuropelites oleananes occur. Most likely, grey aleuropelites rich in organic matter seem to have
accumulated at the end of MIS 7, when during the sea regression rivers came close to the edge of the shelf.
The main source area at that time was the East Siberian Sea and the eastern Laptev Sea.
Site АЛР07-15С (790 cm, water depth 2500 m) is located at the foot of the west slope of the Geophysicists Ridge (Fig. 24) facing the Makarov Basin. The uppermost 783 cm are represented by brown and
olive aleuropelites (Fig. 27); grey soft aleuropelites are at the base of the section. Hornblende dominates the
mineral composition. Clinopyroxenes do not exceed 5%: within the uppermost two meters their content decreases downcore to reach minimum concentration of less than 1%, and then at the base of the section (grey
aleuropelites) it grows again to its maximum of 5%. Allowing for the position of the site, sedimentation here
seems to be complicated by suspension flows. This significantly impedes the data interpretation in terms of
paleoclimate and stratigraphic studies.
Site АЛР07-26С is located on a narrow high in the top area of the southern Lomonosov Ridge on the
side of the slope facing the Amundsen Basin; water depth is 1359 m (Fig. 24, 29). The uppermost three meters are represented by oxidized sediments with grey spots and layers occurring down-core. Content of clinopyroxenes regularly decreases downwards, while that of hornblende slightly increases. Clinopyroxenes/
hornblende ratio reaches its maximum at the level of ~310 cm. Sand fraction peaks are observed in the upper
600 cm of the section. The first remarkable peak of agglutinating benthic foraminifera was found here at

Fig. 33. The heavy fraction mineral content curves along АЛР07-28C core on Lomonosov Ridge
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Fig. 34. The curves of amount and taxonomic composition of agglutinated
foraminifer in АЛР07-26C core. The gray background and numbers are
maximum of shells and fragments distribution. Gray boxes along X axe
means high content of terrigenic deposit with size of >500 microns

the level of about 160 cm (Fig. 34).
From the bottomhole to the level of
~350 cm Cyclammina species dominate, with Recurvoides prevailing
at the level of 130—280 cm. In the
upper part of the section, Reophax
and Rhabdammin are predominant
(Fig. 35). Therefore, it is difficult to
reliably mark the boundary between
6 and 7 stages. It is probably at 280—
350 cm because there is a transition
between complexes with prevailing
Cyclammina and Recurvoides, and
the minimum of the clinopyroxenes/
hornblende ratio. On the other hand,
this boundary can be marked at the
base of the sand fraction saw-tooth
distribution zone, that is at the level
of ~600 cm.
Lack of calcareous benthic and
planktonic foraminifera in the cores
prevents from their reliable stratigraphic differentiation. Lithological
and geochemical data may be helpful in determining the age of sediments. Thus, a conclusion can be
drawn that grey aleuropelites rich
in organic matter were accumulated
at higher sedimentation rates. The
presence of oleananes in the upper
part is an evidence of the source area
proximity. Heavy mineral associations indicate that terrigenous material was primarily supplied from
the East Siberian Sea and eastern
Laptev Sea. Delivery agents were
probably rivers that under the progressive sea regression came close
to the edge of the shelf to discharge
significant quantities of the material onto the southernmost tip of the
Lomonosov Ridge. Oleananes deposited at the final stage, at the very
end of the warm phase. This can be
presumed to have happened at the
boundary between MIS 7 and 6.
The next change in the lithology of
the deposits, their oxidized pattern
evidence for slower sedimentation
rates. Starting from this time, terrigenous material had mainly been
supplied by seasonal pack ice and/
55

or icebergs. Based on the analysis
of heavy minerals distribution in
the section, a conclusion can be
drawn that from MIS 6 till the present time, a share of ice generating
in the western Laptev and in Kara
seas had been growing. The ice is
known to be transported from the
Kara to the Laptev Sea and further to the Arctic Ocean via the
Vilkitsky Trough (Pfirman et al.,
2004).
It shoul also be noted that the
boundary between units predominated by Recurvoides sp. and Cyclammina, the position of the first
remarkable sandy peak and the
clinopyroxenes/hornblende ratio
minimum are nearly coincident in
another series of investigated cores.
The age of these events most likely
tends to the boundary between MIS
7 and 6.
Bottom hard rocks: petrography, origin and provenance.
Based on petrography analysis a
preliminary zonation was carried
out relying upon bottom rock distribution character. Thus, on the
top of the Lomonosov Ridge and
west slope of Geophysicists Ridge,
60—80% of bottom hard rocks are
terrigenous clastic rocks, and 20—
25% are carbonates. Among terrigenous facies, dark-colored mudstones prevail. Sandstones and siltstones, usually light-colored occur
less frequently. In addition, sample
АЛР07-16В contained several
fragments of crystalline schists (up
to 0.5 cm) and coarse micaceous
grains (Fig. 36). The most gentle
part of the bottom topography,
that is the east slope of the Ridge
reveals a uniform composition and Fig. 35. Lithology of АЛР07-26C core. The gray background is interval
finer size (up to 1—2 cm) of the with high mineral grains content in fraction with size of >500 microns. Gray
fragments (Fig. 37). Dark-colored
boxes along X axe means high content of agglutinated foraminifers
mudstones prevail here while other
fragments are sparse. Fragments
of effusive rocks were found in the
southernmost area.
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Fig. 36. Edaphogenetic rock fragment from boxcorer АЛР07-16B

Fig. 37. Rock fragments from 1/4 of boxcorer АЛР07-06B sample

Mudstones widely occurring within
the study area show a pelitic structure.
They are either homogenous or obscurely
bedded and contain finest (<0.01 mm)
fragments of quartz and muscovite almost evenly spread in the rock. Sandstones and carbonates form debris fields
associated with certain zones of this
structure. Sandstones are quartz dominated and consist of well rounded and
sorted grains, poikiloclastic calcite or
porous, locally basal calcareous and siliceous cements. Carbonate fragments are
characterized by fine- to micrograined
dolomites and limestones. Metamorphic
rock fragments belong to chlorite-biotite
and quartz-muscovite schists. The latter
are finely lensed, slightly puckered, and
so are large muscovite crystals. Igneous rocks are represented by volcanites.
Scarce fragments of effusive rocks only
found in the south of the study area belong to basalts, including their olivine
variety.
Large fragments rarely occur in corers. Their composition is generally similar to that described above. In addition,
at site АЛР07-25С a round fragment
was taken by the corer from a depth of
1038 cm. It was probably a calcareous
nodule consisting of fine (up to 0.05
mm) clayey calcareous pellets, locally
enriched with quartz and muscovite
fragments. At site АЛР07-20С, the corer extracted at a depth of 400 cm fine (up
to 3 cm) fragments of iron hydroxides
with fine sandy and silty quartz grains.
At site АЛР07-08, at a depth of 336 cm
the corer encountered a wood fragment.
Among the core samples, the most noteworthy is an angular fragment of quartz
siltstone taken from site АЛР07-18С
(Fig. 38), at a depth of 55 cm. Its acuteangled shape suggests that is located
close to its primary source.

The investigated rock samples can be assembled in five bottom hard rock assemblages.
1. Metamorphic schists. Their formation is caused by destruction of deeply reworked rocks of the same
type as those of the Alpha — Mendeleev feature. They form there a Karelian basement of the Hyperborean
Platform. These schists can probably be attributed to the basement of the Lomonosov Ridge brought out
to the erosion zone from one of the faults cutting the Geophysicists Ridge. The schists are probably of the
Karelian age as well.
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Fig. 38. Bottom rock samples from the
gravity corer (st. АЛР07-18C). The angular fragment belongs to quartz siltstone
(int. 55 cm)

Fig. 39. Variation diagram of the zircon isotopic ages
(st. АЛР07-18C)

2. Quartz sandstone and siltstone fragments were formed as a result of erosion of deposits consisting
of highly matured sediments. According to the local U-Pb analysis of detrital zircons, they are not younger
than 1000 Ma (Fig. 39). In general, these rocks are similar to quartz sandstone from the Mendeleev Rise
also containing detrital zircons of an ancient age. In view of the above, the second unit of fragments is to be
considered as associated with the destruction of rocks tentatively aged as Riphean-Paleozoic.
3. Carbonate fragments associated with the destruction of rocks typical of shallow water and lagoon
sedimentation settings. In terms of the formation, these along with the rocks of the second unit are correlated
with Riphean-Paleozoic deposits of the Alpha — Mendeleev feature constituting the cover of the Hyperborean Platfrom (Kabankov, Andreeva, 2006).
4. The fourth unit of fragments represented by mudstones was formed during the destruction of rocks
demonstrating a specific composition of the sequence. Judging from re-deposited remnants of flora and fauna that were identified here, we correlate this unit of fragments with Jurassic-Cretaceous circumpolar part
of the Ridge described by Grants (Grantz et al., 2001). This suggestion of the age of mudstone is supported
by the fragment of wood found in the corer at Site АЛР07-08С at a depth of 336 cm showing JurassicCretaceous age according to a preliminary assumption made by D. V. Gromyko.
5. Igneous rock fragments. These are basalts, including their olivine varieties. Stratigraphic position of
the reference rocks is not known. As they are rather fresh, the effusive rocks can be attributed to one of the
recent stages of the late Cretaceous to Cenozoic magmatic cycle.
The aforementioned data on the composition and peculiar features of the spatial distribution of diverse
rock fragments suggest their association with various sequences of the Lomonosov Ridge. Taking into account certain paleontolgocal and radiological data available on the features, these units should be stratigraphically emphasized with lower Proterozoic (Karelian), Riphean-Paleozoic and Jurassic-Cretaceous sequences tentatively distinguished in the section of the Ridge. For correlation of these with the section of the
Mendeleev Rise, see Fig. 40.
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Fig. 40. Correlation chart of the presumed stratigraphic sections on the Lomonosov Ridge and Mendeleev Rise

Analysis of the composition and fractions of bottom hard rocks has lead to certain conclusions about
their origin and formation mechanism. First, co-presence of fragments originated from different sources of
different stratigraphic location, is primarily caused by re-deposition throughout the sedimentation process.
Multiple re-deposition of detrital material can be inferred from co-presence of quartzite sandstones and
quartz sandstones similar to Riphean rocks from the Mendeleev Rise, and mudstones similar to JurassicCretaceous rocks of the Ridge in the late Cretaceous to Cenozoic deposits penetrated by Site 302 (Backmann et al., 2006). The latter are separated from the Riphean rocks by Jurassic-Cretaceous (?) and Paleozoic
sequences. Second, the composition and fractions of bottom hard rocks primarily represented by gruss fragments of mudstones has nothing in common with similar units of other morphological features in the Amerasia Subbasin. For instance, on the Mendeleev Rise, no mudstone debris occurred, and the size of dolomite
and sandstone fragments frequently reaches 0.3—0.4 m. These facts are inconsistent with the concept of
ice-rafting and can be regarded as an evidence of the local origin of bottom sediments.
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Sedimentary cover section characteristics obtained from seismic observations
Under the Arctic-2007 Program, in August to September 2007, ОАО MAGE onboard R/V Professor
Kurentsov carried out CDP reflection observations along the Arctic-2007 Geotransect (profile А-7). It was
the first time in seismic observations in the high Arctic that an 8-kilometer seismic streamer was applied.
Owing to this innovation, repets were effectively reduced in the course of data processing and a high quality
migrated time section was obtained (Fig. 41). Velocity parameters throughout the sedimentary cover were
measured accurately enough. The length of А-7 profile from the New Siberian Isalnds to the intersection
with the TransArctic-1992 Geotransect was 832 km.
Analysis of the data obtained revealed two main distinctive features of the sedimentary cover section:
1. Throughout the entire profile two key seismic sequence boundaries (unconformities) — regional
(RU) and post-Campanian (pCU) are traced. On the Ridge, moving towards the continental slope they coincide to merge on the section into a single key horizon. Within the confines of the continental slope (Vilkitsky
Trough), a clean-cut separation of these key reflectors is observed.
For stratification of the above seismic boundaries, the deep sea drilling data obtained on the Lomonosov Ridge during АСЕХ IODP 302 at sites М0002-М0004 (Backman et al., 2006) were involved. A logical
connection may be suggested between key seismic boundaries and significant events revealed from deep
sea drilling. Analysis of the information collected from the sites showed that these events are two longest
periods of erosion.
As it was mentioned above in Chapter 4 (section Sedimentary Cover), the lower erosion event in the site
core is consistent with the post-Campanian chronological hiatus in sedimentation of approximately 24 Ma.
According to Derevyanko (Derevyanko et al., 2009), it was much shorter
It seems quite probable that an equivalent seismic marker to this erosion event is the lower of the studied
reflector. The latter at some parts of the profile is either a structural unconformity or merges with the acoustic
basement (АВ) featuring the surface of the metasedimentary complex on the Lomonosov Ridge (Fig. 41).
Analysis of seismic data on the Arctic Basin enables the upper bright reflector to be identified with the
regional unconformity (RU) traceable within the confines of all positive and negative morphological features in the area of the Central Arctic rises. (Butsenko, 2006, 2008; Butsenko & Poselov, 2006; Butsenko,
Poselov, 2004, 2005). At flat-topped sections of the highs, the regional unconformity was found to have
been formed due to a sedimentation break (hiatus of above 27 Ma), while at the slopes it corresponds to the
erosion. This unconformity separates mid-Eocene rocks rich in biogenic matter that had deposited in littoral
sedimentation environment, from deep sea early to middle Miocene deposits containing low abundances of
biogenic remnants (Backman et al., 2006) (Fig. 41).
2. Near the foot of the continental slope (within the morphological meaning of the term) a Paleogene
offshore complex underlying the regional unconformity is observed to wedge out (Fig. 41). Accordingly, on
the Lomonosov Ridge, the regional unconformity separates the upper Cretaceous sediments from early to
middle Miocene deposits. Paleogene sediments are either missing or occur in the first few hundreds meters.
Structurally, the southern part of the profile starts from the north slope of the Kotelnichiy Rise to cross
the Vilkitsky Trough with the depocenter beneath the morphological continental slope, which supports the
interpretation that this feature is a major subslope trough.
The northern part of the profile passes along the circum-Siberian segment of the Lomonosov Ridge.
A full set of sedimentary complexes is reported from the depocenter of the Vilkitsky Trough (Fig. 41).
Certain complexes are continuously traced to continue from the shelf to the Lomonosov Ridge, their seismostratigraphic and seismofacial characteristics remaining basically unchanged.
It should be noted that the above stratification pattern (drilling results → main unconformities on the
Lomonosov Ridge → their continuation onto the shelf) produces datings of the Laptev Sea shelf complexes
that are in good agreement with those previously suggested by Franke, Hinz et al. (2001).

Earth’s crustal velocity model
In the course of the preparation of the monograph, Arctic-2007 WAR data were updated (summarized,
reprocessed and reinterpreted) totaling 650 km of the base profile and 132 km of the detailed cross-line (in
all, 840 soundings).
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Fig. 41. Time migrated section along Arctic-2007 MCSR line (MAGE data)

At all stages of the WAR data interpretation, the Earth’s crustal model was consistent with the CDP
reflection data on the sedimentary cover (Fig. 42).
The results of the WAR data interpretation along the Arctic-2007 Geotransect are presented in Fig. 43—
45. These are models for a seismic ray path propagating from different shot points, synthetic wave fields
generated by fragments of the final model, respective seismic records with superimposed computed traveltime curves of reflected and refracted waves, seismograms without wave field decoding. Two-phase refracted waves occur at the upper crustal top interface. Their first arrivals are recorded at a distance of 20—25 km
from shot points and traceable for about 60 km. Refracted wave first arrivals are generally absent from the
lower crust. Therefore, velocity parameters in the latter are indirectly identified from reflected РmР waves.
First arrivals of the refracted mantle wave are recorded at a distance of 80 km from the shot point. It is confidently traceable for 20—30 km after the first arrival.
Seismic records show interpretation of Pg, Рn, PMSP and РmР waves, and fragments of РBР and PLP
waves.
Three particular features of the wave field have been identified:
1. Domination of more intense reflected waves over refracted (Figs. 43—45), which characterizes the
medium as having a low gradient and a high contrast interface, and recorded first arrivals as low intensity
refracted waves. These features of the medium concerned and the waves observed were confirmed in the
course of synthetic seismic field modeling, which allowed the vertical velocity gradient to be measured in
crustal layers.
2. PL wave is not recorded as the first arrival (Figs. 43—45, 47—49).
In the final Earht’s crustal model along the main Arctic-2007 Geotransect (Fig. 46), the uppermost
core parameters (cover and metasedimentary sequences) are primarily inferred from CDP reflection survey
(sometimes in prejudice of agreement with WAR near-field data). Boundaries and velocities in the consolidated crust are consistent with WAR data.
The WAR model presents (Fig. 46):
– two metasedimentary sequences divided by an unconformity (in terms of the deep crustal model of the
Lomonosov Ridge, regional and post-Campanian unconformities are not divided and marked as RU+pCU).
The upper sequence is characterized by velocities ranging from 1.9—2.6 km/s on the shelf to 1.9—2.5 km/s
on the Lomonosov Ridge; the lower sequence shows velocities ranging from 3.1—3.5 km/s on the shelf
through 2.8—4.2 km/s in the Vilkitsky Trough to 2.6—3.8 km/s on the Lomonosov Ridge. Total thickness
of the sequences reach its maximum of ~7 km in the depocenter of the Vilkitsky Trough, while on the Lomonosov Ridge it does not exceed ~3 km;
– metasedimentary sequence (MS). Its velocities laterally vary from 4.7—5.0 km/s on the shelf до
5.1—5.3 km/s on the Lomonosov Ridge. The sequence laterally varies in thickness from ~7 km on the shelf
to ~1.5 km beneath the continental slope; on the Lomonosov Ridge it reaches 3.5 km;
– upper crust: it is characterized by velocities of 6.0—6.4 km/s and thickness of 6—7 km;
– lower crust: its velocities measured from РmР wave fragments do no exceed values of 6,7 km/s; depth
of the lower crustal top was measured from refracted wave fragments. Thickness of the lower crust was
9—12 km;
– upper mantle: information on the upper mantle was primarily obtained from records of РmР wave
fragments; its velocity of 8.0 km/s was measured from rare Pn wave records. The depth to Moho deepens
westward from 26 km beneath the Vilkitsky Trough to 28 km under its western confine. The crystalline crust
is 15—18 km thick along the entire profile.
Therefore, stratified Cenozoic units, metasedimentary sequence and crystalline crustal layers are traced
from the outer shelf of the Laptev — East Siberian seas onto the Lomonosov Ridge (Fig. 46).
The results of kinematical interpretation of seismic data obtained from Arctic-2007 Geotransect covering
the sublatitudinal crustal section along the continental slope north of the New Siberian Islands are presented
in Figs. 47, 48. They feature a model for a seismic ray path propagating from different shot points and respective seismic records with superimposed computed travel-time curves of reflected and refracted waves.
The records provide kinematical interpretation of PSED, PMS, Pg, waves and short fragments of PLP waves,
and РmР mantle surface.
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Fig. 42. Matching of the refraction and reflection data (a — velocity section, b — time section)
along Arctic-2007 profile
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Fig. 43. Ray-tracing and synthetic modeling along Arctic-2007 main line (SP 15+22)
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Fig. 44. Ray-tracing and synthetic modeling along Arctic-2007 main line (SP 16+23)
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Fig. 45. Ray-tracing and synthetic modeling along Arctic-2007 main line (SP36)

Fig. 46. Velocity model of the Earth’s crust from matched WAR and MCSR data (a) and ray-covering (b) along
Arctic-2007 main line
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Fig. 47. Ray-tracing modeling along Arctic-2007 cross line (SP41, SP45)
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Fig. 48. Ray-tracing modeling along Arctic-2007 cross line (SP43, SP44)
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Fig. 49. Velocity model of the Earth’s crust (a) and ray-covering (b) along Arctic-2007 cross line

Refracted upper crustal waves are 2—3-phase wavetrains recorded as the first arrivals at 20—25 km
from the shot point. The waves are locally traceable for about 60 km, which at 2.5 km spacing provides a
reliable reconstruction of the upper crustal boundary. No first arrivals of lower crustal refracted waves, nor
mantle refracted waves were recorded.
The Earth’s crustal section along this profile presents (Fig. 49):
– three sedimentary sequences divided by a regional unconformity (RU). The sequences are characterized by velocities of 1.9—2.6 km/s (upper), 2.9—3.9 km/s (middle) and 4.2—4.5 km/s (lower). Their total
thickness reaches its maximum of ~7 km in the Vilkitsky Trough and decreases to ~2 km at the western flank
of the profile;
– metasedimentary sequence (MS) shows velocities of 4.5—5.0 km/s. The sequence drastically thins
from west to east ranging from ~10 km to 1.5—3 km; therefore, the intermediate sequence marks the positive structure of the western confine of the Vilkitsky Trough;
– upper crust: it is characterized by velocities of 6.0—6.4 km/s and thickness of 6—7 km;
– lower crust: its velocities measured from PmР wave fragments do no exceed 6,7 km/s; the lower
crustal top depth was measured from PLP wave fragments. The lower crust was 9—12 km thick;
70

– upper mantle: information on the upper mantle is obtained from records of РmР wave fragments; its
velocity similarly to the main profile was taken as 8.0 km/s. The upper mantle top and depth to Moho deepen
westward from 26 km beneath the Vilkitsky Trough to 28 km under its western confine.
Therefore, a model of the sublatitudinal crustal section along the continental slope north of the New Siberian Islands, exhibits a distinct positive feature confining the Vilkitsky Trough in the west. This feature has been
recorded both on the surface of the metasedimentary sequence and in thinning sedimentary deposits (Fig. 49).

Arctic-2014
WAR surveys along the geotransect were aimed to clarify the outer limits and area of the Russian extended continental shelf in the Arctic Ocean, and, thereby, to update provisions of the partially revised Submission of the Russian Federation to the UN Commission on the limits of the continental shelf.
Due to the difficult ice conditions, the geotransect was divided into two segments: Arctic-2014-1 of
110.63 km length, and Arctic-2014-2 of 218.88 km length. They were oriented transversely to the junction
zone of the shelf of the East Siberian Sea and Podvodnikov Basin (Fig. 1).

Earth’s crustal velocity model
The following P-waves are identified and interpreted in most of the seismic records (Fig. 50, 51):
Psed
— P-waves refracted in sedimentary cover; the intensity increase with layer’s thickness;
Pg		
— P-waves refracted in the upper crust of average intensity;
PBP
— P-waves reflected from top of the crust of average intensity;
PL		
— P-waves refracted in the lower crust of extremely low intensity;
PLP
— P-waves refracted from the lower crust surface and of average intensity;
Pn		
— P-waves refracted in the upper mantle; high-amplitude, multi-cycle;
PmP
— P-waves reflected from the mantle surface; strongly-pronounced, multi-cycle.
Fig. 52 illustrates velocity models of the Earth’s crust, derived from ray-tracing and synthetic modeling
along lines Arctic-2014-1 and Arctic-2014-2.
The following sequences are traceable on the model along profile Arctic-2014-1 (top-down):
– Loose sedimentary/hemipelagic sequence with P-waves velocities of 1.9—2.1 km/s over the regional
Pre-miocene unconformity. The sequence is confirmed by the MCS reflection data along the profile, located
in the south-west of the Podvodnikov Basin. Its thickness is ~2 km, varying slightly in lateral direction. But
the thickness almost wedges out on the De Long High.
– Sequence of shelf/neritic sediments with P-waves velocities of 3.1—3.6 km/s under the regional
unconformity (Fig. 53). Its thickness is over the 2—3 km range, it also wedges out on the De Long High.
– Sedimentary sequence with possible presence of metasedimentary formation (Fig. 53) has P-wave
velocities of 4.0—4.8 km/s (4.0—4.4 km/s is on the slope to the Vilkitskiy — Podvodnikov basin). By
comparing with the AR1414 MCS data, the sequence surface can be identified as the Jurassic unconformity,
which underlies the syn-rift sediments in the Vilkitskiy —Podvodnikov Basin. The sequence is 3—4 km
thick, decreasing on the De Long High up to several hundred m.
– The total thickness of the sedimentary cover reaches a maximum at 7.5 km and ~6 km in the shelf part
of the Vilkitskiy Basin and in the slope part of the Vilkitskiy Basin, respectively.
– Upper crust: P-wave velocity increases vertically from 5.8 to 6.4 km/s. The thickness of the upper
crust is maximum in the De Long High (~22 km) but it reduces to ~5 km in the Podvodnikov Basin.
– Lower crust: P-wave velocity increases laterally from 6.6—6.9 km/s on the De Long islands shelf to
6.7—6.9 km/s in the Podvodnikov Basin. P-waves refracted in the lower crust are poorly expressed and extremely inconsistently traceable. The lower crust thickness increases gradually in the lateral direction from
~8 km under the De Long Rise to ~10 km in the Vilkitskiy — Podvodnikov Basin.
– Moho: The Moho is consistently, with overlaps traceable by Pn and PmP waves. P-wave velocity is
~8.0 km/s in the upper mantle. The Moho depth varies from ~31 km under the De Long High to ~21 km in
the Podvodnikov Basin. Therefore, the crustal thickness varies from ~31 km to 18—19 km.
71

Fig. 50. Ray-tracing and synthetic modeling along line Arctic-2014-1: Z, SPX 68.1 km
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Fig. 51. Ray-tracing and synthetic modeling along line Arctic-2014-2: H, SPX 48.6 km
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Fig. 52. Velocity models of the Earth’s crust along lines Arctic-2014-1 and Arctic-2014-2

The following sequences are traceable on the model along profile Arctic-2014-2 (top-down)
– Loose sedimentary/hemipelagic sequence with P-waves velocities of 1.9—2.4 km/s over the regional
Pre-miocene unconformity (correlated with MCS reflection data). Its thickness is 1.5—2.5 km, with exception of the De Long High where it wedges out.
– Sequence of shelf/neritic sediments under the regional unconformity (correlated with MCS reflection
data) with P-waves velocities of 3.1—3.3 km/s and thickness is over the 1—3 km. On the De Long High, the
thickness drops down to several hundred meters.
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Fig. 53. MCS depth section along MCS line AR1414

Sedimentary sequence with possible presence of metasedimentary formation (Fig. 53) has P-wave velocities of 4.3—4.4 km/s. By comparing with MCS data on Arctic-2014, the sequence surface can be identified as the Jurassic unconformity, which underlies the syn-rift sediments in the Vilkitskiy-Podvodnikov Basin. The sequence thickness varies widely from is ~4 km thick on the slope of the De Long High to ~6.5 km
in the Vilkitskiy Basin depocenter, reducing to 1.5 km in the Podvodnikov Basin.
– The total thickness of the sedimentary cover reaches a maximum at ~8 km in the Vilkitskiy Basin
depocenter under the shelf edge.
– Upper crust: P-wave velocity increases vertically from 5.8 to 6.4 km/s. The thickness of the upper
crust has a maximum in the De Long High (~21 km) but it reduces to ~5 km in the Podvodnikov Basin.
– Lower crust: P-wave velocity increases laterally from 6.6—6.7 km/s on the De Long islands shelf
to 6.8—6.9 km/s in the Podvodnikov Basin. P-waves refracted in the lower crust are poorly expressed and
extremely inconsistently traceable. The P-waves values in the lower crust are clearly confirmed by the concurrency of PmP travel-time curves with observed same-name waves at a considerable interval (Fig. 50, 51).
The lower crust thickness increases gradually in the lateral direction from ~8 km under the De Long Rise to
~11 km in the Vilkitskiy-Podvodnikov Basin.
– Moho: The Moho is consistently, with overlaps traceable by Pn and PmP waves. P-wave velocity is
~8.1 km/s in the upper mantle. The Moho depth varies from ~31 km under the De Long High to ~21 km in
the Podvodnikov Basin. Therefore, the crustal thickness varies from ~31 km to 18—19 km.

75

Conclusions
The data collected during the Russian geological and geophysical studies under programs TransArctic-1992, Arctic-2007 and Arctic-2014 have allowed us to gain a much deeper insight into the tectonic structural variability of the Lomonosov Ridge along its strike, and structural and genetic links between the Ridge
and the continental margin of the Northwestern Eurasia.
The essential findings are as follows:
1. Comparison between deep seismic parameters of the shelf and the Lomonosov Ridge supports the
idea that the crust of the latter is of continental origin.
These parameters include:
– presence of the upper crust with a thickness of 8—10 km on the Ridge and 10—20 km on the shelf,
and velocities of 6.0— 6.4 km/s and 5.8—6.4 km/s, respectively;
– lower crust is 8—9 km thick on the Ridge and 7—9 km thick on the shelf with velocities 6.7 —6.8 km/s;
– the crystalline crust on the Ridge varies in thickness within the range of 14—18 km;
– velocity in the upper mantle is 8.0 km/s; the depth to Moho varies from 28 km on the shelf to 22—
23 km on the Lomonosov Ridge;
– rock fragments collected from the Ridge evidence for the presence in its sedimentary cover section
of lower Proterozoic, Riphean-Paleozoic, Jurassic-Cretaceous and late Cretaceous-Cenozoic source rocks.
2. Analysis of the deep section parameters at the junction of the Ridge and the adjacent shelf (Fig. 54)
indicates a genetic geological link between these two features, and no displacement of the Lomonosov
Ridge with respect to the shelf.
These parameters include:
– the presence in the junction zone of the upper crust with velocities of 6.0—6.4 km/s and thickness up
to ~5 km, slightly lower as compared to the shelf and the Ridge, and the lower crust with velocities of 6.6—
6.7 km/s and thickness of 8—9 km;
– stratified units of the sedimentary cover and metasedimentary sequence are almost continuously
traced; their seismostratigraphic and seismofacial characteristics being invariable;
– MAGE-90800 CDP reflection profile tracking at the intersection with the Arctic-2007 Geotransect of
a submeridional positive features in the terrain of the New Siberian Islands distinguished on the surface of
the metasedeimentary cover (acoustic basement). This positive feature is continuous outside of the shelf in
the form of a morphologically prominent chain of uplifted blocks of the Lomonosov Ridge;
– bottom topography at the conjunction between the Lomonosov Ridge and Eurasia continental margin
indicates that in terms of morphology the Ridge should be regarded as a natural continuation of the continental margin.
Other independent proofs of genetic links between the structure of the Lomonosov Ridge and the adjacent shelf are provided in seismic records (Avetisov, 1996, 2000, 2002, 2006).
Fig. 55 presents a map of earthquake epicenters compiled on the basis of the VNIIOkeangeologia Arctic seismic electronic data bank (Avetisov, Vinnik, 1995; Avetisov, Vinnik, Koylovap, 2001). It contains
all information on Arctic earthquakes from the late 19th century, and field work materials collected during
VNIIOkeangeologia expeditions.
Within the Arctic region, both inter- and intraplate seismicity zones have been reported. This is a well
known fact, however, it was clearly formulated for the first time in Review The Arctic ocean region... (1990).
The unique common interplate seismicity zone is the Mid-Oceanic Belt of Earthquakes tracing the divergent boundary between the Eurasian and North American lithosphere plates and dividing the region into two
roughly equal parts. The rift occurred in the lower Eocene, and the plate spreading has been going on to form
the Eurasia Subbasin. On the shelf of the Laptev Sea a single line of epicenters bifurcates to contour the Laptev
microplate. All other higher seismicity zones are interpreted as intraplate zones not directly tied with any global seismic belt. It has been presently considered that intraplate earthquakes occurred primarily due to partial
discharge of stress generated in interplate zones in the lithospheric weak zones. These weak zones are contacts
between lithosphere blocks and various crustal types (oceanic and continental), which occurs along the Eurasia
continental slope, or contacts between continental crustal blocks of different consolidation age. Epicenters of
intrapalte earthquakes highlight and reveal suture zones of different age where tectonic movements take place
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Fig. 54. Probable structural connection between Novosibirsk Island Massive and Lomonosov Ridge

Fig. 55. The map of earthquake epicenters of the Arctic and adjacent regions

at present. As we see, such suture zones in Eurasian part of the Arctic Region are Franz-Victoria, St. Anna and
Voronin troughs, Severnaya Zemlya straights, an arm of the New Siberian Trough between New Siberia and
Faddeevsky islands making part of the New Siberian Islands. An earthquake-contoured lithosphere block is
outlined within the Nansen Basin north of Svalbard. At the junction of the Lomonosov Ridge with the shelf
and eastward along the continental slope of the East Siberian Sea, no earthquakes have been reported. This is
a definite indication that at present there is no displacement of Lomonosov Ridge block relative to the shelf.
The second question is whether such displacement had taken place before. If it is recognized to have
occurred, it should also be recognized that at the contact between the Ridge and the shelf, a high seismicity transform fault should have formed. The Euarasia Sub-basin is still opening, and there is no reasonable explanation to the current cessation of movements and lack of higher seismicity along the fault. Even
if the plate boundary had jumped onto the Laptev Sea shelf, this suggestion would not explain why the
earthquakes had stopped. They still would have existed, however as intraplate earthquakes. If there are
earthquakes in the above weak zones of a lower rank, yet located far from the intraplate boundary, in the
thick zone of the former transform fault situated in immediate vicinity from the plate boundary, they would
definitely have existed. The only conclusion that can be drawn is that the transform fault had never existed.
In addition, if there had been a displacement of a block of the Lomonosov Ridge, collision zones rather than
deep water depressions would have emerged behind its Amerasian slope.
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