Chapter 6

Earth’s crustal structure
on the Mendeleev Rise and its junction
with the adjacent shelf

An understanding of the structure and nature of this morphological feature was gained due to analysis
of data obtained through geological sampling and seismic studies of bottom sediments conducted in the
course of geological and geophysical expeditions Arctic-2000 and Arctic-2005.

Arctic-2000
Sedimentary cover section characteristics obtained through from geological sampling
The Arctic-2000 Geotransect crossed the strike of the Mendeleev Rise at 82°N. Geological sampling
was conducted at 41 sites with 4 samples taken by dredge, 15 by boxcorer and 22 by core sampler.
Bottom topography. The geotransect crossed the Mendeleev Rise in its northernmost part. A bathymetric profile tied to the geological bottom sampling site (Fig. 56) was completed with allowance for hydrographic survey data obtained during the cruise. The Mendeleev Rise in general has an en echelon structure
gradually dipping northward, which strongly supports the hypothesis that the highs and depressions in the
Amerasian Sub-basin were formed by submersion of the Earth’s crustal continental blocks (Gramberg et al.,
2000). The west slope of the Rise at the geotransect cross-point is elevated 300—400 m above the bottom of
the Podvodnikov Basin. At this slope, two linear terraces are distinguished at levels of 2560 m and 2660 m.
The structure of the east slope of the Rise is more complicated. Its top surface is limited by the escarpment
500—600 m high. Beneath there is a wide bench at a depth about 3000 m. This bench is separated from the
easterly Mendeleev Basin bottom by a 200—300 m gentle slope.
In the study area, the flat top of the Mendeleev Rise is characterized by depths of 2200—2400 m
(Fig. 56). It is complicated by a few mounts elevated 700—900 m above. The geotransect crossed the most
prominent Mount Shamshura1. The Mount has an elongated flat top 7—10 km wide extending east-northeastward for more than 60 km. The top depths are marked at 1300—1600 m. Its relative elevation above the
surface of the Rise is 800—900 m. The Mount has steep slopes (2—4° in the south and east, and 4—6° in the
west), where bedrock can be found during sampling of the slopes and the foot.
Bottom sediments from the Mendeleev Rise, and Podvodnikov and Mendeleev basins. Bottom
sediments at these features penetrated down to 5 m are a sandy clay unit with uneven distribution of rubble
and gruss, and fairly sparse blocks up to 0.3—0.4 m. Coarse deposits are most abundant on the Rise, while
in the basins sporadic samples of coarse fragments rarely occur.
Sandy clay bottom sediments. Mineral composition of sediments, their texture, paleomagnetic properties and paleontological characteristics were studied in cores up to 340 cm long recovered from all
features of the geotransect area. The study included cores АФ-00-01, АФ-00-02, АФ-00-06, АФ-00-07
and АФ-00-08.
In terms of lithology, sediments show a certain variability both downcore and across the area. It is most
pronounced in various parts of the Rise and adjacent basins, and on the top and slopes of Mount Shamshura.
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Shamshura Mount in some publications is tentatively referred to as R/V Akademik Fedorov Mount.
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Fig. 56. Geomorphological profile along 82° N of the Mendeleev Rise

The formation settings and diagenetic processes were responsible for certain differences in the structure of
sedimentary sequences, which allows a subdivision into four units containing 10 to 18 layers. The correlation chart (Fig. 57) presents type sections characterizing various geomorphological features in the study
area with correlation of four lithostratigraphic units in question.
The best sections containing all the above lithological units are located on the hilltop surface of Mount
Shamshura (Fig. 58), its east and southeast slopes, and in the bottoms of the Mendeleev and Podvodnikov
basins (Figs. 59, 60). In the section, the following units occur in the descending order: oxidized pelite unit,
calcareous pelite unit, multicolored pelite unit and mottled pelite unit (Fig. 57).
Oxidized pelite unit is in the uppermost part of all cores having thickness of 12 cm on the hilltop to
21 cm on the southeast slope. In the bottoms of the basins, thickness ranges from 13 to 17 cm. Sediments
are represented by sandy brown and dark brown aleuropelites with abundant microfossils (planktonic and
benthic), frequently containing fragments of pelecypod shells. In the section located on the southeast slope
of Mount Shamshura (АФ-00-07), 3 cm off surface, a manganese crust (0.5—0.8 cm) occurs. A typical
feature of the unit is the presence of the upper semiliquid nepheloid layer (up to 2 cm thick), heavy-bodied
sediments in general, and a consolidated dark brown interlayer 2 to 7 cm thick at the base marking the lower
boundary. The contact with underlying sediments is clear.
Calcareous pelite unit is the most persistent along strike interval with a thickness of 36—52 cm. On
the east slope of the Mount and in the Mendeleev Basin it is sufficiently stable (about 50 cm). Sediments are
represented by olive brown or light brown aleuropelites with interlayers containing abundant microfossils
(planktonic and benthic), sand lenses, loose calcareous material, and blue clays. The unit contains highest
abundance of bottom hard rocks occurring on the slopes and foot of the Mount. In addition, sediments on
the Mount and its slope contain mass inclusions of iron hydroxides and manganese nodules, and clayey
calcareous pellets in the Podvodnikov Basin. Density of the sediments is variable: they are mainly fluid- and
high-plastic, tending to become low-plastic in the intervals containing iron hydroxides. The lower boundary
of the unit is marked by change in color and texture of the sediment.
Multicolored pelite unit consists of alternating layers of olive and brown aleuropelites, and pelites with
spotted and lenticular bedding structure intercalated with sand lenses (also containing abundant microfossils), with thickness ranging from 144 cm within the Mount to 270 cm in the basins. The sediment is bioturbated, saturated with Mn micronodules, crusts and clots, and laminas containing iron hydroxides. The upper
part of the unit within the uplift contains dry calcareous clay pellets and interlayers, and calcareous lenses
(in the interval of 100—130 cm), and interlayers with abundance of lithified rock fragments (the intervals of
70—80 and 120—130 cm). The highest abundance of fragments occurs in the sediments near the east foot
of the Mount. In the lower part of the unit in the central Podvodnikov Basin, a local erosion accentuated by
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Fig. 57. Correlation chart of the bottom sediments sections on the Mendeleev Rise

Мn crusts occurs. The sediments are primarily fluid-plastic, less dense than in the overlying unit. The lower
boundary is distinct and sharp, and marked by change in the color and structure of the sediment, and an interlayer containing iron hydroxide.
Mottled pelite unit rests at the base of the unconsolidated sedimentary section and is represented by
greenish grey and light olive aleuropelites with multiple sporadic inclusions of manganese hydroxides. The
greatest penetrated thickness of the unit is 111 cm.
Grain size. Detailed grain size analysis of sediments (13 fractions) was carried out in the VNIIOkeangeologia laboratory using the common procedure (Grain size analysis..., 2001). Analysis of downcore variation in the
sand/silt/pelite ratio and that of three pelitic fractions (coarse dispersion of 0.01—0.005 mm, medium dispersion
of 0.005—0.001 mm and fine dispersion of <0.001 mm) enables a type description to be made for each of the
above unit. The results of grain size measurements presented in the fraction histograms, empirical distribution
fields and cumulative curves, provide the possibility to define the degree of grain size differentiation, and identify
regular trends in sedimentation processes related to the regional morphological feature. The main objective of investigating bottom sediment mineralogy was to study the general composition of a sediment, distinguish characteristic minerals and their complexes seeking to identify vertical variability of mineral associations and their links
with bottom hard rocks. A standard fraction common of such investigations (0.1—0.05 mm) was selected as the
basis. Optical measurements were performed in the VNIIOkeangeologia laboratory using the immersion method.
Within the study area, sediments containing pelitic fraction of 55 to 80% are predominant. Despite
predominance of fine fractions, bottom sediments are considerably different as to their geomorphologic and
lithostratigraphic position.
In general, silty pelites dominate in sediments. The pelite content is the most consistent in the Mendeleev
Basin slightly decreasing upcore (Fig. 61). These pelites form 70—80% of mottled pelite unit; 65—75%
of ulticolored pelite unit, and 60—70% of calcareous pelite unit, the clay fraction dispersion varying accordingly. With the fine fraction predominant throughout the core (45—55% on average), the medium fraction slightly increases in the central part of the section.
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Fig. 58. Lithological characteristic of the bottom sediments sections on the Mendeleev Rise (st. АФ-00-08)
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Fig. 59. Lithological characteristic of the bottom sediments sections on the Mendeleev Basin (st. АФ-00-02)
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Fig. 60. Lithological characteristic of the bottom sediments sections on the Podvodnikov Basin (st. АФ-00-23)
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Fig. 61. Granulometric features of the bottom sediments sections on the Mendeleev Basin
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Fig. 62. Granulometric features of the bottom sediments sections on the Mendeleev Rise

Grain size of sediments in the Mendeleev Basin is fairly consistent in all four units discussed. Their histograms are multi-peak and low. Fine silts and pelites are predominant (their contents not exceeding 20%),
while the fine fraction is the only tending to reach 40%.
In the Mendeleev Rise area, sand fraction increases in the sediments of the middle and upper part of the
section. Content of pelitic fractions in these deposits does not exceed 55—70%, and the share of the medium
fraction increases (up to 30%). Coarse grain fractions also occur here (Fig. 62).
Grain size of sediments on Mount Shamshura is rather peculiar. The section clearly distinguishes two
parts: the upper part of 5—146 cm and the lower part of 146—265 cm. Histograms are single-peak showing maxima of fine grained pelites in the upper part, and medium grained pelites in the lower part (Fig. 62).
A comparative grain size analysis of sediments from the Mendeleev Basin, Mount Shamshura and its
slope identifies empirical field distribution and cumulative curves of bottom deposits, and reveals specific
features and dynamics of sedimentation. Loose deposits in the deepwater area (АФ-00-02) are characterized
by nearly the same grain size. A specific feature is open distribution in the finely dispersed part. Empirical
distribution fields are not completed in pelites with a low submode in silts evidences for lacking fine-grained
material differentiation in the water flow, while concurrent presence of negative asymmetry (in the form of
“tails” in sand fraction) is indicative of material supply from suspension. Asymmetry of the silt mode tending towards fine fractions is indicative of a fairly sharp differentiation between sand and silt and pelitic fractions, and suggests heterogeneity in transportation of particles and a considerable abundance of planktonic
and benthic faunas supplied to the sediment.
Sediments on the slope of the Mount Shamshura (АФ-00-06) generated in similar environment, however
sandy silt fraction was supplied in a greater abundance. Sediments on the slope primarily demonstrate a flow
turbidite-like nature. Variability at certain stage of sedimentation is an evidence of diverse sedimentation dynamics combining erosion and accumulation, which is typical of underwater eluvial-diluvial processes.
Deposits from the Mount (АФ-00-08) exhibit two stages of sedimentation. The pattern of empirical distribution fields and cumulative curves in the upper part of the section is close to sediments on the slope but
even more variable. In the lower part of the section, sediments are characterized by polymodal distribution
fields. This distribution is characteristic of eluvial-deluvial deposits that formed in underwater rewashing
with outwashed fine fraction. Sediments in the upper part of the section deposited in the environment similar
to that of deepsea sedimentation. Exception can be made for the upper layer of which the parameters are
close to those in the lowermost part of the section.
Mineralogical features of heavy fraction. Heavy fraction content (silt grain-size 0.1—0.05 mm) in
sediments varies both downcore and across the area. Its largest outcrop occurs near Mount Shamshura (site
АФ-00-08) in the upper part of the section (the interval of 2—94 cm) and constitutes 1.7—3%, drastically
dropping to 0.5—0.7% in the lower part (the interval of 126—265 cm). Near the Mendeleev Basin, the
heavy fraction content in sediments is fairly steady across the entire section, being on average 0.7%, and
slightly increasing in the interval of s 17—27 cm and 85—95 cm to 1.47 and 1.37%, respectively.
Ta b l e 2
Average content of basic heavy fraction minerals in sediments of the Mendeleev Basin АФ-00-02
Litho-stratigraphic
units

Mottled
pelite unit

Multicolored
pelite unit

Calcareous
pelite unit

“Oxidized”
pelite unit

Pyroxene

4.3

9.7

15.9

—

Amphibole

25.4

15.0

14.6

—

Epidote

16.1

13.4

12.5

—

Iron hydroxides

6.3

7.3

7.3

—

Black ores

13.4

22.3

19.4

—

Garnet

9.5

7.9

7.6

—

Basic
minerals, %
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Fig. 63. Mineralogical features of the heavy minerals fraction of the bottom sediments sections
on the Mendeleev Basin
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Ta b l e 3
Average content of basic heavy fraction minerals in sediments of the Mendeleev Rise АФ-00-08
Litho-stratigraphic
units

Mottled
pelite unit

Multicolored
pelite unit

Calcareous
pelite unit

“Oxidized” pelite unit
(including surface layer)

Pyroxene

4.8

12.9

7.8

12 (1.1)

Amphibol

36.3

17.5

17.2

15.5 (2.7)

Epidote

16.8

8.2

12.8

8.6 (4.6)

Iron hydroxides

7.6

8.9

34.7

25.4 (87.6)

Balck ores

10.6

8.6

9.1

22.4 (0.7)

Garnet

5.6

2.8

5.4

3.4 (0.4)

Basic
minerals, %

Mineral composition of heavy fraction on the Rise is slightly different from that in the Basin (Table 2).
In general, rock-forming minerals (pyroxenes, amphiboles and epidote-zoisite group minerals) are predominant. These are between 40 and 50%. A significant part (Fig. 63) is played by black ores in the trough area
(primarily ilmenite) and authigenic minerals (iron hydroxides) in the Rise area. Quantitative ratio of minerals also varies in different sections.
The steadiest content throughout the section is observed in black ores. Their maximum value of 43.1%
has been reported from the middle part of the section (the interval of 85—95 cm). Amphiboles are predominant in the lower part of the section (maximum value of 31.7%). The middle part also contains intervals with
higher amphibole content. Epidote-zoisite group minerals vary from 5.9 to 20.4%. Iron hydroxides are distributed almost evenly, their quantity ranges between 4.8 and 9.8%. Pyroxenes occur throughout the section,
but their content is fairly uneven. In the upper part of the section their maximum content reaches 25.9% (in
the interval of 52—53 cm), almost evenly decreasing downcore to 2.8% (in the interval of 303—310 cm).
A distinctive feature of sediments deposited near the Mendeleev Rise is a significant diversity in the
heavy fraction mineral range. Rock-forming minerals are predominant in the most part of the section, however, in the upper part, the content of authigenic minerals drastically increases (Fig. 64), while in the interval
of s 70—78 cm and 160—170 cm accessory minerals are abundant. Especially remarkable is the surface
layer (the interval of 2—5 cm), where iron hydroxides are more than 80% (Table 3).
Sediments from the bottom of the section on the Rise (АФ-00-08) are dominated by amphiboles (maximum value of 40.2% in the interval of 218—228 cm) and epidote (15—18%). The content of black ores in
general is considerably lower than that of the sediments in the Basin. Their distribution is rather uneven: there
are several intervals of 5—21 cm, 34—36 cm, 94—101 cm, and 126—136 cm containing more than 20%.
Clinopyroxene occurrences are also uneven with considerable variation in the content: maximum value of
39.9% is observed in the interval of 94—101 cm, and minimum of 1.1% in the in the interval of 2—5 cm.
Mineralogical features of light fraction. Light fraction (АФ-00-08) is primarily represented by quartz
with an average content of 60—70%. In addition, microquartzite (dominating the lower part of the section),
dolomite (up to 10%), potassium feldspar (2—10%), acid plagioclase (0.3—3.3%) and biotite (0.9—6%),
and iron hydroxides largely occur. Some interlayers are saturated with carbonate organic matter (up to
40—60%).
Clay component. As soon as a significant part of sediments is represented by pelites, fine fraction mineralogy essentially reflects the main composition of terrigenous sediments. X-ray studies of the pelitic fraction have demonstrated that the main mineral components are koalinite, hydromica, chlorite and smectite
(Table 4). In addition, fine fraction contains quartz, feldspars, dolomite and calcite.
Semi-quantitative XD analysis has shown hydromica domination in fine fraction of sediment (on average
52%). Yet, in the Mendeleev Basin and on the Rise, koalinite is fairly abundant. Thus, near the Rise its contents
is on average about 25%, in certain samples (АФ-00-06, the intervals of 74—83 cm and 22—27 cm) reaching
51.6 and 56.5%, respectively. In sediments of the Basin, the content of this mineral is on average 16%.
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Fig. 64. Mineralogical features of the heavy minerals fraction of the bottom sediments sections
on the Mendeleev Rise. Legend Fig. 63.
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Ta b l e 4

Mineral composition of pelitic fraction
Relative abundance of clay mineral in pelitic fraction, %

Site No.

Sampling
intervals, cm

Koalinite

Chlorite

Hydromica

Smectite

АФ-00-02

17—27

18.8

30.8

50.3

traces

63—75

15.5

24.5

57.9

traces

146—152

16.3

31.9

51.0

0.5

303—310

12.7

30.9

56.4

traces

02—05

27

20.3

52.7

21—28

27.3

21.6

49.3

0.3

64—70

42

25

29.6

0.8

146—152

13

20.5

65.2

1.3

258—265

25.5

26.3

47.1

1.1

АФ-00-08

Based on a comparative lithological study of loose deposits from the Mendeleev Basin and the Mendeleev Rise near Mount Shamshura, a conclusion can be drawn that their sediments differ in terms of many
parameters:
1. In terms of grain-size, sediments in the Basin are primarily clayey while on the Rise they are more
sandy.
2. Sedimentary facies were formed in different depositional environments. Being fairly monotonous in
the Basin, they were quite irregular on the Rise. In the Basin, the greatest contribution was made by suspension not influenced much by bottom flows. On the Rise, the sedimentation onset was related to the eluvialdeluvial process later replaced by precipitation of particles from suspension.
3. Heavy fraction mineral composition in the lower loose cover section (mottled and multicolored pelite
units) is represented by epidote-amphibole ferriferous pyroxene-containing sequence. On the Rise, the upper part of the section is dominated by authigenic minerals (iron hydroxides), amphiboles, and black ores.
The latter dominate the uppermost part of the section in the Basin.
4. The clay component in sediments is characterized by a fairly high abundance of koalinite. In the Rise
area, its content is higher by a factor of 1.5—2 as compared to that in sediments of the Basin. These data may
be regarded as an evidence of a link with quartz sandstone fragments, where this mineral is largely presented
in cement.
5. The loose cover primarily formed by local contributions, which is implied from mineralogy of sandy
clay and coarse-grained facies, with a considerable part played by planktonic and benthic microfossils.
Paleomagnetic characteristics. At the first stage of bottom sediment paleomagnetic studies, cores recovered from the Mendeleev Basin (АФ-00-01) and Mount Shamshura (АФ-00-08) were analyzed. Primary
measurements of natural remanent magnetization (NRM) and magnetic susceptibility were carried out in
detail every 2—2.5 cm of cores. NRM stability was measured through alternating magnetic field demagnetization using a special device.
Magnetic susceptibility and natural remanent magnetization. Magnetic susceptibility (κ) may provide a basis for marking boundaries of layers, because it clearly reflects their lithological variations, as each
layer includes a specific number of ferromagnetic particles. In κ(Н) plots (Figs. 65, 66) magnetic susceptibility, except for a few peaks, varies within (0.2÷0.6)×10–3 SI. The nature of κ “top cutting values” as shown
in the interval of 101 cm at site АФ-00-08, is to be further explored. Noteworthy is the fact that an extremely
high κ value is registered near the upper boundary of the first layer with reversed polarity, and therefore,
this anomaly has much contributed to marking the Brunhes —Matuyama transition. In general, the records
obtained may be useful not only for marking but also for correlating the layers.
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a

b

Fig. 65. Magnetization of sediments. Site АФ-00-01: a — magnetic susceptibility and remanent magnetization;
b — value and inclination of remanent magnetization

a

b

a

Fig. 66. Magnetization of sediments. Site АФ-00-08: a — magnetic susceptibility and remanent magnetization;
b — value and inclination of remanent magnetization
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In contrast to magnetic susceptibility, remanent magnetization values (In) show a large amplitude
which is also may be an identification and correlation sign. Thus, in core АФ-00-01, the horizons of sediments deposited during the epoch of the Earth’s magnetic field normal and reversed polarity, differ not only
in prevailing In directions but also in its measured values. A mean In value of normally magnetized layers is
about 2 nT, while that of reversely magnetized layers is about 1 nT. As the variation range of magnetic susceptibility in normally and reversely magnetized layers is nearly the same, different In values should only be
attributed to viscous magnetization which in normally magnetized layers is stacked with primary magnetization in sediments, while in reversely magnetized layers, its direction is opposite. A similar In ratio of normally and reversely magnetized layers is observed in core АФ-00-08. Therefore, In value provides another
evidence of separation of sediments according to epochs of normal and reversed magnetic field polarity.
Remanent magnetization direction analysis (In). Variation of In directions with sampling depth is
only measured from vector j inclinations, as declinations are unknown because of core arbitrary planar
orientation. In j inclination plots, a common regular feature is observed in cores, that is transition from primarily high positive inclinations to low and negative values. Judging from a set of signs, a fairly confident
statement can be made that in all studied cores there is a distinct Brunhes/Matuyama boundary. As to negative j peaks within Brunhes and positive peaks in Matuyama, these can be logically explained by reversed
polarity episodes inherent to these epochs, as well as by unsteady sedimentation process, e.g. turbulent
troubles, biological effects and other factors. For recognizing the episodes, mean sedimentation rates in the
upper horizons distinguished by us from the Brunhes epoch may be used (Table 5).
As a result of the studies a statement can be made that peleomagnetic analysis of bottom sedimentary
cores has revealed its applicability for differentiation, correlation and age estimation of bottom sediments
from the Mendeleev Rise.
Micropaleontological characteristics. Seeking to stratify the loose cover bottom sediments and to obtain information on paleoclimatic environment in the sedimentation basin, a micropaleontological analysis
of two cores was conducted: АФ-00-02 — from the Mendeleev Basin and АФ-00-07 — from the Mount
Shamshura region. Planktonic and benthic foraminifera, and ostracod assemblages were studied. Sampling
was conducted throughout the section using the furrow method. The minimum and maximum sampling intervals were 1 cm and 21 cm, respectively.
Planktonic foraminiferal assemblages. Planktonic foraminifera distinguished in cores АФ-00-02 and
АФ-00-07, contain up to 7 species: Subarctic — Neogloboquadrina pachydermia sin. (Ehrenberg), Globigerina paraobesa Herman, Globigerina occlusa Herman; Boreal — Globigerina quinqueloba Natland,
Globigerina bulloides Orbigny, Neogloboquadrina pachyderma dex. (Ehrenberg), Globigerinita glutinata
(Egger). The species show good preservation. In certain intervals corresponding to cold periods, shells are
extremely rare, sometimes barren of foraminifera.
Distribution of planktonic foraminifera in cores АФ-00-02 and АФ-00-07 has identified 5 assemblages
corresponding to warm periods of the Earth’s history correlated with each other (Fig. 67a). In core АФ-00-07
there is an erosion that has lead to an almost complete fall-out of planktonic foraminiferal assemblage 4.

Ta b l e 5

Bottom sedimentation rates

Core No.

Brunhes —
Matuyama
boundary
(0.73 Ma)

Jaramillo
(0.90—0.97 Ma)

АФ-00-01

76

92—103

?

АФ-00-03

79

91—102

?

АФ-00-08

100

115—127

218—241

Matuyama –
Gauss boundary
(2.48 Ma)

Sedimentation
rate mm/ka —
Brunhes

?

210

1.04

?

222

1.08

Olduvai
Reunion
(1.67—1.87 Ma) (2.01—2.14 Ma)

1.37
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Fig. 67. Separation and correlation chart of the loose rocks: a — by planktonic forams; b — by ostracoda

a

b

The identified assemblages are well-correlated with those of transgressive series found in northeastern
Russia and on Alaska, and allows a conclusion to be drawn of a paleontological similarity of the above two
sections. Absence of the warm Anvil transgression assemblages from the lower part of the section suggests
that the section was penetrated through oxygen isotope stage 24 (~960 ka).
O s tracod as s emblages. A preliminary study of ostracods in cores АФ-00-07 and АФ-00-02 enabled identification of 5 assemblages reflecting variation of paleoceanographic environments in the study
area. In total, there are more than 25 species including both Arctic deepwater endemics and species characteristic of bathyal and abyssal deposits of Greenland and North Sea, North Atlantic, and to a lesser extent,
North Pacific. Along with these, some intervals contain moderately cold water sublittoral species. All these
species inhabit contemporary seas.
Comparing between the data obtained from the three sections of the loose cover in the Basin and on the
Rise, its should be noted that different environmental conditions existed in the above period to form various
benthic faunal associations, ostracods, in particular. However, correlation is quite reliable (Fig. 67b).
Assemblage I (and Iа) containing Henryhowella asperimma, Krihte spp. is well-correlated with the
synonymous assemblage identified in core АФ-00-07 (the interval of 0—30 cm). These assemblages typically contain Atlantic bathyal-abyssal and sublittoral-abyssal species supplied from the North Atlantic by
deepwater and surface currents.
Assemblage II containing Cytheropteron bronwynae (АФ-00-02) may be compared with the assemblage
containing Arctic deepwater Cytheropteron (АФ-00-07) that had formed due to deepening of the basin.
Depleted assemblage III containing Cytheropteron bronwynae, С. sedovi (the interval of 57—78 cm,
site (АФ-00-07) is indicative of a weak link with the Atlantic.
Finally, assemblage IV containing moderately warm water species affected by the Pacific (the interval
of 113—167 cm, site АФ-00-02) is also correlative with all cores (site АФ-00-07, the interval of 106—
185 cm, site АФ-00-23, the interval of 115—145 cm).
Layers with Atlantic moderately cold water oceanic ostracod assemblages may serve as a marker for
stratigraphic differentiation of sediments in the deep Arctic Ocean.
Based on micropaleontological studies, the age of the loose cover may be estimated as Pleistocene-Holocene. These data are consistent with the results obtained from adjacent regions of the Arctic Ocean — the
Lomonosov and Alpha ridges where the age of the uppermost part of the section (at a level of 20 cm from
the surface) according to radiocarbon dating is 40 ka, and in the interval of 270—340 cm in accordance with
isotope stages, it is 400—600 ka. However, according to paleomagnetic data, the age of lower layers on the
Mendeleev Rise corresponds to the lowest Eopleistocene, and in the Mendeleev Basin to Pliocene (Fig. 68).
Sedimentation rates here are 1.06 and 1.37 mm/ka, respectively. These data are not in conflict with the results
obtained from the Canada Basin where the base of the sedimentary cover penetrated by cores (with maximum
length of 180 cm) shows the age of sediments about 1.2 Ma, and sedimentation rates of 1—3 mm/ka.
Geological history events in the study area investigated from paleontological records (Andreeva et al.,
2007), tied to absolute chronology, are presented in the following sequence:
1. During Pliocene — early Pleistocene, links with the Pacific resulted in filling the deepwater Arctic
Basin with agglutinating and certain calcareous benthic foraminifera of Pacific origin. Separation of the
Arctic Basin from the Atlantic caused water cycle disorder, stagnant oxygen-short environment formation.
Scarce carbonate benthos is represented by small corroded ostracod shells, tiny buliminides, parafissurines
and some other foraminiferal groups tolerant to oxygen deficiency. Plankton is also represented by small
Globigerina bulloides. Redeposited cretaceous taxa drift is common.
2. In late Pleistocene, links with the Atlantic get stronger leading to the development of the modern
water circulation system and calcareous benthic foraminifera and ostracod domination.
Bottom coarse clastic deposits. Coarse clastic deposits referred to as bottom hard rocks is of particular
interest. This has still been a unique source of information on the bedrock in the region. They are unevenly
distributed. Their highest concentration on the Rise occurs at the foot of the slope. In the basins, they occur
as sporadic fragments. An understanding of the bottom hard rock distribution across the study area has been
gained from analysis of many factors: bottom topography, sampling engineering control, visual and photographic fixation, morphology of fragments, physical properties and petrography of samples.
Based on hydrographic and hydrological records, bathymetric profiles АА', ВВ' and СС' were built to
demonstrate distribution of fragments by size and composition (Fig. 69).
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Fig. 68. Correlation chart of the loose cover sections of the Mendeleev Rise by lithological,
paleomagnetic and micropaleontology data
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Fig. 69. Distribution of the rock fragments by their size composition: I — sampled volume; II — maximum size (cm):
in piston corers (1), greifers (2), dredge (3); III — petrographic composition of the rock fragments: 4 — sandstones,
5 — limestones, 6 — dolomites, 7 — dolerites, 8 — basalts, 9 — granites, 10 — schists; IV — the station numbers;
V — direction of dredging.
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Ta b l e 6

Mount Shamshura hydrographic dredging characteristics
Location
Site No.

Dredging started at

Dredging finished at

Direction

Distance

Total time

Velocity

Latitude

Longitude

Latitude

Longitude

degree

m

hour

m/s

АФ-00-05

82°10.29 N

177° 09.20 W

82°10.38 N

177° 43.51 W

271.4

8700

3.46

0.64

АФ-00-10

82°02.40 N

179° 57.26 W

82°02.81 N

179° 57.64 W

353.7

769

3.14

0.07

АФ-00-13

82°04.41 N

179° 11.79 E

82°04.94 N

179° 14.94 E

39.3

1275

4.00

0.09

AФ-00-27

81°55.72 N

169° 13.16 E

81°55.50 N

169° 11.95 E

217.7

517

6.22

0.02

The size of the black triangle on the top of the figure is proportional to the volume of all bottom hard
rock samples (CU) recovered by bottom sampler. Downcore pattern is the same. Comparison is reasonable
as the volume of the fragment hosting material and bottom hard rocks in dredged samples, as well as the
core sampler diameter has been constant. Size of fragments was compared for each site where the biggest
sample (cm) was taken from. Petrography of the recovered hard bottom rock samples is presented in the
figure as a thin-section column.
Samples recovered from 25 sampling sites containing rock fragments were studied. The results of these
data are summarized in Table 6—10.
Table 6 presents the results of hydrographic measurements from dredging sites. For calculating orthodromic distances and azimuth, “Range” software program was applied.
Referring to the results of hydrographic measurements and engineering characteristics of sampling
(tool’s behavior on the bottom, wire incidence angle, kicks etc.), the ship drift (along with the ice floe) in
the course of dredging was primarily of north and northwestern orientation. This is consistent with current
distribution in this region (Atlas of the Arctic, 1985). The greatest drift (dredging) velocity of 0.64 m/s was
observed at site АФ-00-05; the dredge covered a distance about 8700 m, and the volume of the sample was
also the largest among those collected from other sites. Drift velocity of АФ-00-10 was about nine times
slower than the aforementioned, the distance was eleven times shorter, and the volume of the sample four
times as small. At site АФ-00-13, dredging was conducted along the slope and with all other similar parameters it turned out to be less efficient. Only two samples were collected here. At site АФ-00-27 located
180 km west of the Rise, in the Podvodnikov Basin, bottom hard rocks were being collected using a rock
dredge for nearly 6.5 hours, which is twice as long as at the above sites, however, the recovered material
only contained clay sediments with sparse fragments.
Tables 7—8 present data on sample volumes. They are given in conventional units and equal the sum of
the largest diameters measured in all samples.
The largest volumes of hard bottom rocks contained in bottom samplers was collected from sites
АФ-00-09 and АФ-00-12 completed on the Mount Shamshura hilltop surface, and from АФ-00-15, АФ-00-17
at its foot. Comparable volume was only recovered at site АФ-00-24 located on the terraced slope of the
Mendeleev Rise. Sediment cores associated with the Rise (АФ-00-06, АФ-00-07, АФ-00-08, АФ-00-11)
also contained the greatest amount of fragments.
Therefore, with different sampling mode, the volume of hard rock sample depends on its location, e.g.
hilltop, slope or foot. The largest sample was collected at site АФ-00-05 at the foot of Mount Shamshura.
Such distribution of clastic material on the slope is suggestive of its eluvial-deluvial origin.
Almost all the hard rock samples regardless of their size and location have a non-rounded, angular
shape (Fig. 70).
Composition in all detrital rock samples is nearly the same. They contain sandstones, limestones, dolomites
and sporadic occurrences of magmatic and metamorphic rocks. Bottom sediments penetrated by corers down to
a depth of 5 m are represented by sandy clays with scarce fragments of rubble and gruss size. On the bottom surface, there are evenly distributed accumulations of rubble and gruss fragments admixed with a coarser fraction.
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Ta b l e 7

Bottom hard rock volumes in core samplers (CU)

Bottom hard rock volume in bottom
samplers and dredges (CU)

Ta b l e 8

Site No.

Core
length
cm

BHR
observation
interval, cm

Volume,
CU

Total

Site No.

Volume in CU

Total

АФ-00-01

273

37—43

2.5+1

3.5

AФ-00-02Д

2

2

63—81

1+1

2

AФ-00-09

6+4+3+2+2+1+1+1

20

121—129

1+1

2

AФ-00-12

8+6+4+3+3+2+2+2

30

159

1

1

53—53

1

1

AФ-00-15

6+5+5+3+2+1

22

75

1.5

1.5

AФ-00-17

3.5+2+3+2+2+2+2+1+1+1

19.5

108—111

0.5

0.5

AФ-00-20

8+1.5

9.5

6

2

2

AФ-00-24

2×5+12

22

57

1

1

AФ-00-25

2.5+2.5+2

7

58

1

1

AФ-00-29

3+3+2.5+2+1+1+1

13.5

116

0.5

0.5

121

0.5

0.5

AФ-00-31

6+5+5+3+2+2+1

24

7

2

2

AФ-00-05

28+9+9+7+6.5×10+3×4+17×3

181

119

3+1

4

AФ-00-10

18+7+4+4+4+3+2+1+1+1+1+1

47

125

1

1

AФ-00-13

9+4

13

103

1.5

1.5

AФ-00-27

12+6.5+8+2+1

29.5

АФ-00-02

АФ-00-03

АФ-00-04

АФ-00-06

АФ-00-07

AФ-00-08

AФ-00-11

310

310

240

240

245

265

224

126

1

186

2.5

2.5

192

1

1

21

0.5

0.5

34

1

1

48

3

3

50

3.5

3.5

68

1

1

100

1

1

54

3

3

100

0.5

0.5

106

5

5

130

3

3

18

1

1

57

0.5

0.5

81–89

1

1

AФ-00-14

250

171

0.5

0.5

AФ-00-16

243

162

2

2

AФ-00-18

253

—

—

—

AФ-00-19

170

—

—

—

AФ-00-21

165

84

1

1

102

6.5

6.5

AФ-00-23

330

—

—

—

AФ-00-26

195

125

0.5

0.5

AФ-00-28

334

135

1

1

48

1.5

1.5

95

0.5

0.5

150

0.5

0.5

Petrography. In the course of sampling, more
than 170 large (over 1×2 cm) samples were recovered,
and thin-sections were made from nearly all of them.
Among these, 56 are represented by terrigenous rocks,
more than 70 by dolomites, 19 by limestones, 13 by igneous rocks. There are sporadic occurrences of quartzdolomites, metamorphic schists, granite-gneiss, hornfels, iron and manganese hydroxide fragments, spongolites. 7 thin-sections were made from “pellets”of
unclear origin (Tables 9 and 10).
Te r r i g e n o u s r o c k s. Terrigenous rocks are largely dominated by light-colored (grey, light grey), mediumand fine-grained sandstones with various percentage of
silt, and rare occurrences of their coarse grain varieties
slightly admixed with gravels and fine pebbles. These are
generally massive and uniform, sometimes bedded. Siltstones constituting approximately 10% of clasts are often
of brownish color and enriched with fine-grained sands.
Sandstones. 80—90% and more of terrigenous
portion in most sandstones constituting up to 75—85%
of rocks, is represented by rounded quartz fragments
with uneven extinction. (Fig. 71a). Fragments are usually isometric or near isometric, sometimes spherical.
Coarse-grained material is particularly well worked.
Other minerals occur at a level of few per cent. The most
common of them is biotite, usually deformed, heavily
altered. Its content reaches 5—6%. Muscovite is less
abundant (up to 2%) and has varying degree of hydration and chloritization. In addition, titanian varieties
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Fig. 70. Morphology of quartzous sandstones and dolomites fragments
Ta b l e 9

Petrography and number of bottom hard rock samples in bottom samplers
Sandstone

Limestone

Dolomite

Site No.

Geomorphologic position

АФ-00-02

basin

АФ-00-09

high

4/44

1/12

4/44

АФ-00-12

high

3/38

1/12

3/38

АФ-00-15

high

2/33

2/33

1/17

АФ-00-17

slope

4/40

3/30

2/20

АФ-00-20

slope

2/100

АФ-00-24

slope

3/50

2/33

1/17

Diabase

Basalt

Granite

% in sample
1/100

АФ-00-25

basin

1/33

1/33

AФ-00-29

basin

2/50

1/25

АФ-00-31

basin

2/29

1/13

1/12
1/17
1/10

1/33
1/25

2/29

2/29
T a b l e 10

Petrography and number of bottom hard rock samples in dredges
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Schist

Site No.

Geomorphologic position

Sandstone

Limestone

Dolomite

АФ-00-05

high

10/29

5/15

15/44

АФ-00-10

high

6/50

3/25

3/25

АФ-00-13

high

1/50

1/50

АФ-00-27

basin

Diabase

Basalt

Granite

Schist

2/6

1/3

% in sample

1/20

3/60

1/3

1/20

a

b

Fig. 71. Thin sections: a — quartitic sandstone with calcareous cement; relics of shelly oncolites;
b — quartzous sandstone with calcareous corrosive cement (dark mineral — opacitizated biotite)

frequently occur being largely dominated by leucoxene. In certain thin-sections it content reaches 1—2%.
Sometimes, certain layers are rich in leucoxene, and its content there may reach 5—7%. There are sporadic
grains of plagioclase, microcline, black ores, tourmaline and zircon.
Cementing mass constituting up to 15—25% of rocks has a polymineral composition. It was formed
in several stages. The first, earlier cement generation is represented by a finely aggregated chlorite-quartzhydromicaceous-koalinite mass saturated with iron hydroxides and leucoxenized matter. It forms a porous,
occasionally, basal type of cementation. The second generation is quartz regeneration cement type locally
rendering the rock a quartz-like appearance. The third generation of cement is represented by dolomite or
calcite developing in clastic and primary cementing rock. This cement is 5—10% of the rock; sometimes
calcite replaces almost all the primary cement and partially clastic grains, thus forming a basal type of cementation with a poikilitic texture (Fig. 71b). In such events, relics of primary cements are a complex aggregated chlorite-quartz-hydromicaceous-koalinite mass saturated with iron hydroxides and leucoxenized
matter. Small sections with distinct borders are distinguished resembling clastic grains.
In some rock occurrences (samples 5-22, 29-1, 12-7), clastic material is fairly diverse. Here, apart from
quartz and aggregated clay grains, up to 15—20% of clasts are represented by plagioclase, frequently seritizated, up to 5% by microcline, up to 10—15% by quartzite. Such high feldspar content is not generally typical of most sandstones. It’s quite probable that these rocks belong to a different stratigraphic level of original
rocks than the source of the most abovementioned clasts.
Another variety of sandstone is represented by samples 12-2, 12-3, characterized by high (up to 10—
15%) content of iron hydroxide fragments and well rounded black ore shells with fiber structure, microscopic gastropods that have not been specified. These sandstones are of brownish color; they have basal calcite
cement of poikiloclastic texture. It develops in primary clay-siliceous-hydromicaceous sites saturated with
iron hydroxides and leucoxenized matter.
Siltstones are more colorful than sandstones and show fine convolute and cross bedding. They are represented by 13 samples (5-6, 5-10, 9-4, 10-5, 17-7, 17-10, etc.), primarily occurring near Mount Shamshura.
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These rocks differ from sandstones by nearly equal proportions of clastic and cementing parts. Clastic material
is mainly composed of quartz which sometimes entirely makes up the rock (samples 9-4, 10-5). Siltstones, like
sandstones, commonly contain biotite replaced by poorly pleochroic chlorite. Sample 17-7 contains abundant
(up to 15—20%) potassium feldspars and heavily altered and chloritized biotite (up to 10%). Green chlorite
with a micro-grain texture is also observed here in an amount of 5%, forming layer-by-layer accumulations.
Cementing mass in siltstones is represented by three generations and largely similar to that of sandstones. The first generation is composed of original rock decay products with relicts of biotite, partially
preserved chloritized muscovite, siliceous or quartz aggregate, clay mass saturated with iron hydroxides and
leucoxenized matter. The second generation is regenerated quartz, and the third is calcite corrosion cement
sometimes replacing more than one-third of the rock in the form of fine- and coarse-grained mass accentuating the bedding.
One sample (17-3) presents a thin-bedded clay and silt rock characterized by a layer-by-layer distribution of quartz, and sites with sericite-chlorite fine aggregate mass with oriented extinction.
Carbonate rocks are represented by dolomites and limestones.
Among dolomites, light-colored (light grey, grey, pinkish grey) varieties are predominant. Usually these
are dense, massive, rarely porous samples, sometimes featuring moderate bedding. Two samples (27-1, 272) are phytogenous products with oncolite texture. Dolomites are usually fine- to micro-grained, the shape
of grains primarily being close to isometric, rounded or rhombohedral. Frequently, dolomite crystals contain
pulverulent inclusions; sometimes, similar material form films around grains (Fig. 72-1). Pulverulent material during their recrystallization of fine grains is moved to pores and forms accumulations resembling in
reflected light accumulations of clay particles. Sometimes, it is saturated with finely dispersed iron hydroxides to emphasize bedding. Dolomites always contain fine sulfide inclusions, often enveloped by iron hy-

Fig. 72. Thin sections: 1 — fine grained dolomites with dust-like inclusions; 2 — limestones: a — irregular clot lice
texture, b — with regular clot lice texture
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droxides. Sporadic dolomite samples contain silt admixture (up to 5—10%), primarily composed of quartz,
as sporadic grains of feldspar and muscovite. Some fragments (samples 24-2. 13-1, 12-8, 12-6, 5-12, 5-30)
demonstrate uneven recrystallization (from micro through coarse- to giant grain-size). The shape dolomite
crystals in such varieties vary. Recrystallized sites have sophisticated contours; they are unevenly distributed in the rock, rendering it a breccia-like appearance. Occasionally, dolomites contain skeletal remnants.
Along with purely dolomite varieties, fragments composed of quartzitic dolomite and dolomitic quartz
(samples 15-4, 10-9, 5-4, 5-27) were recovered. The quartz portion of this rock is micro-grained to fine-grained,
containing numerous microgeods coated with dolomite crystals or quartz. In the bulk, dolomite develops in the
form of intricately outlined grains or well crystallized crystals and their accumulations of various size. In some
samples (10-9) throughout the rock, there are dispersed tiniest (>0.01 mm) whitish in reflected light particles
and their accumulations, moved to the grain periphery in the course of silica and dolomite recrystallization.
Oncolite varieties (samples 27-2, 27-2) consisting of rounded schistose remnants of microalgae constructions 0.1—1.0 mm in size, occasionally larger, are made up by micro-grained dolomite partially replaced by quartz. Central parts of oncolites are composed of material slightly more decrystallized than the
periphery. Sometimes, larger oncolites grew over smaller forms.
One dolomite sample (sample 09-2) is characterized by breccia-like structure related to sliding of poorly lithified sediment. It is composed of some cryptomerous fragments with irregular shape and intricate
outline, ranging in size from fractions of millimeters to 1—2 cm. Orientation of the fragments is likely to
coincide with the rock bedding.
Limestones are represented by dense dark-colored, occasionally grey varieties, usually of convolute
bedding, rarely breccia-like (Fig. 72-2a). They are characterized by fine-, to micro-grained structure and
contain clay material distributed either layer-by-layer or in a lenticular mode, and a variable quantity of
finest (>0.05 mm) particles of iron hydroxide, in some samples constituting up to 10%. Nearly always,
limestones contain various abundances (up to 40—45%) of diverse skeletal remnants, occasionally phosphatized, and microalgae remnants (samples10-8, 5-7). The latter occurs in the form of oval, rounded, rarely
extended pellets with an outer shell up to 2—3 mm (Fig. 72-2b). In two samples (08-106 and 11/4-81-89),
skeleton remnants are largely dominated by foraminifera.
Igneous r ocks . The most noteworthy are 4 biotite granite samples, altered to a different extent,
weathered, cataclastic and even partially recrystallized. Here, the only dark-colored mineral is ferrous,
deep-brown biotite (lepidomelan?) totaling 5—10%. Three samples are normal (calcareous alkaline) medium- and coarse-grained granites, built up by acid plagioclase, microcline and quartz presented in equal proportions. In the fourth sample (12-1) potassium feldspar was not identified under the microscope, however
the proportions of plagioclase, quartz and biotite is like in a typical granite (plagiogranite). A characteristic
feature of the rocks is persistent quartz and biotite contained in them. These are typical crustal bodies largely
occurring on the Arctic islands and in northeastern Russia.
Basic rocks are represented by four crystalline-grained samples of the diabase family and one effusive.
Diabases are made up to a various extent by altered basic plagioclase and clinopyroxene. In terms of crystallinity and structural pattern, in this group a medium- and coarse-grained gabbro-diabase with an unusual
long-columnar clinopyroxene (titanium-augite) is distinguished, constituting about 50% of the rock. Secondary alterations provide an impression that the rock is slightly alkalinized. A sample of volcanic rocks is
represented by a very small fragment of weathered basalt glass.
A specific feature of dredged basic rocks is the presence of an only dark-colored rock forming mineral,
i.e. clinopyroxene (augite, titanium-augite) and absence of orthopyroxene and olivine that are so typical of
oceanic rocks. Basic rocks of a standard series recovered during the cruise may occur both in continental
and oceanic features. Yet, no typomorphic oceanic rock minerals, olivine and rhombic pyroxene were found
in these rocks. In terms of petrography, magmatic rocks essentially confirm continental origin of the feature
from which they were recovered. The issue of origin of these units is still open. However poorly rounded
angular shape of these samples can be suggestive of their local origin.
Apart from the abovementioned, sporadic fragments of other rocks were recovered.
Schists (samples 5-14, 31-4, 31-5) are composed of muscovite-quartz-limestone, having nematolepidoblastic or granolepidoblastic texture. They are made up by flakes of muscovite and grains of quartz and
calcite oriented both parallel to the foliation.
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Hornfels is represented by a fragment composed of xenoblastic grains of quartz, biotite and chlorite. It
has porphyroblastic texture. Quartz as poikiloblastic inclusions in biotite and chlorite. Sporadic xenomorphic grains of microcline and plagioclase occur.
Iron and manganese hydroxides (samples 10-1 and 17-1) are grayish brown fragments made up by isotropic opaque mass including numerous quartz silt grains.
Spongolite (samples11/1-81-89) is a fragment composed of siliceous spicules.
Seven thin-sections (samples 07-11, 07-08, etc.) were made of pellets encountered in loose sediments
recovered by core samplers. This is a clay calcareous cryptomerous and fine-grained rock enriched with
sandy silts constituting up to 10—12% and rather evenly distributed in the thin-section. Fine gravel particles
and modern foraminifera remnants occur as sporadic fragments.
In thin-section 07-08, approximately 50% of sandy silt material is represented by angular fragments
of dolomite crystals, and similar quantity of angular fragments of quartz, quartzite, micro-grained rocks of
the same type that forms cement in sandstones. In thin-section 07-11, the terrigenous part is dominated by
fragments of quartz sandstones. Fragments of crystals of dolomite, quartz siltstone containing calcareous
cement, biotite altered to various extent, siliceous and micaceous rocks saturated with iron hydroxides are
contained in subordinate quantity. Sporadic microclines and fresh and epidotized plagioclases occur similar
to those found in cataclastic granites. “Pellets” are undoubtedly modern products composed of outcropping
bedrocks destroyed and cemented by clays.
Age and description of coarse clastic sources. Our data on mineralogy of loose sediments and coarse
clastic material suggest that both originated from the same source. Coarse fragments recovered from the surface
and encountered in a loose cover are quite similar in composition and texture, with approximately the same of
ratio of terrigenous and carbonate rocks. Sandy silt and clay material of the loose cover inherits the coarse clastic composition. Thus, loose units always contain great abundances (up to 10—15%) of fragmented crystals of
dolomite, and fewer quartz siltstones with calcareous cement, aggregated grains composed of quartz and clay
(mica), saturated with iron hydroxides and leucoxenized matter. Finely dispersed portion of loose sediments
is occasionally 50% and more, consists of koalinite, nearly always contained in cement of quartz sandstones.
General distribution pattern of bottom sediments is regulated by the bottom topography of the Amerasia Subbasin. Near the summit and feet of the highs, the coarse clastic sampling was much more ample than elsewhere.
The largest fragment (up to 24 kg) was found at the foot of Mount Shamshura. Samples of quite versatile composition were also recovered from here, which may be regarded as an evidence for down-slope sliding of loose
sediments. Therefore, a suggestion can be made that bedrocks are outcropped on the slopes of these highs.
According to some researchers, bottom hard rocks were supplied from the Canadian Archipelago along
with ice by the Beaufort circulation current. This current proceeds along the Canadian Archipelago to the
Mendeleev Rise and Alpha Ridge and then gets back to Ellesmere Island. However, rocks of the Canadian Archipelago generated in one of mobile features surrounding the Arctic Basin were subject to folding and metamorphism, while the bottom hard rocks in question have been related to destruction of typical platform units.
Trying to identify the nature of bottom hard rocks on the Mendeleev Rise, one should take into account
their spatial distribution and relationship with the bottom topography. Thus, the data obtained from scientific station NP-31 drifting along the eastern Northwind Ridge and western Canada Basin, have shown that
coarse clastic rocks are completely absent from the Canada Basin. Their occurrences in the Mendeleev and
Podvodnikov basins are also quite rare.
According to N. A. Belov, coarse clastic material was supplied not only from ice-rafting but also due to
bottom bedrock erosion (Belov, Lapina, 1961).
In defining the nature of bottom sediments, dependence of their distribution on the bottom topography
differentiation should be emphasized. The largest concentration of coarse clastic material is observed at the
foot of highs. Bottom folds largely related to the slope processes are genetically assigned to eluvial-deluvial
formations. In general, bottom sedimentation in subaqual environments was also due to the material supplied by bottom currents and to repeatedly reworked older clastic rocks.
Therefore, summarizing the above, we suppose that the data available provide an evidence of the local
nature of coarse clastic material within the Mendeleev Rise. This is related to erosion of the bottom bedrock
outcrops and rewashing of older eluvial-deluvial formations. However, erratic nature of some fragments
cannot be excluded, though no factual data are available.
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The age of the source generating bottom hard rocks is inferred from the remnants of fishes, conodonts
and foraminifera found in debris.
A total 16 samples was studied to reveal skeletal remnants in description of petrographic thin-sections.
Among these, 12 samples were diluted, in 3 of them remnants of conodonts and fishes, shells of small articulate
and inarticulate brachiopods, gastropod nuclei and crinoid articles were identified. Five samples (08-106, 12-3,
5-16, 11/4-81-83, 17-9) were studied in petrographic thin-section, 4 of them revealed foraminiferal remnants.
All paleontologically studied samples were collected from the Mount Shamshura region. Samples containing conodonts and fishes of late Silurian to Devonian age were encountered approximately at the same
hypsometric level corresponding to the 2200 m contour. Sample 08-106 containing lower Permian foraminifera was found near the summit of the high. Samples 11/4-81-89 and 12-3 containing middle Carboniferous
foraminifera in terms of hypsometry are between the abovementioned samples. Such geomorphological
association of samples containing heterochronous remnants suggests a nearby location of bedrock outcrops,
that had served as sources, and also may indirectly evidence for their gentle (lateral?) dip.
Based on the composition of conodonts, where Ozarkodina cf. excavata excavata (Branson and Mehl)
were identified as typical of deposits at the Silurian-Devonian interface (upper Ludlow — Lochkovian),
conodonts Belodella, that according to N. N. Sobolev, have not been known for periods later than early Devonian, remnants of fishes Nostolepis ex gr. striata Pander, common in the interval of late Silurian to early
Devonian (Emsian), their host rocks are dated to be late Silurian to early Devonian.
Foraminifera contain several assemblages. One of them (samples 08-106) is characterized by numerous forms of Schubertella, including Schubertella obscura Lee et Chen, S. compressa Raus., S. mosquensis Raus.,
S. gracilis Raus., S. ex gr. pauciseptata Raus., as well as Nodosaria proceraformis Gerke, N. aff. lodotifiri Boryshn,
Glinitzina sp. and some other forms. This assemblage is an evidence of the lower Permian age of host rocks.
Still another assemblage was identified in sample 11/4-81-89 located a bit lower on the slope than previous
one. It is represented by Millerella elongata Raus., Pseudoendothyra aff. preobrajenskyi (Dutk), Tetrataxis planolocula Lee et Chen, Fusulinidae gen. et sp. indet. The presence of fusulinids with a number of specific features,
according to M. F. Solovieva, is indicative of the middle Carboniferous (Moscovian) age of host rocks.
Approximately at the same hypsometric level and near samples 11/4-81-89, sample 12-3 was taken to
reveal heavily recrystallized remnants of Endothyridae foraminifera and forms similar to Planospirodiscus
effetus Sossip., which made it possible for M. F. Solovieva to assign them to the Bashkirian stage.
Finally, sample 17-9 was recovered on the west side of the Mendeleev Rise below the 2200 m contour.
Here, rare forms similar to Bisphaera sp., largely known from Devonian, occur.
Therefore, late Silurian-Devonian-Carboniferous and Permian deposits are revealed here. Based on
the bottom hard rock composition and distribution on the slope, two large sequences can be identified. The
first one (lower) is represented by sandstones and dolomites, slightly admixed with limestones. The second
one is composed of limestones and subordinate sandstones. Judging from hypsometric position of samples
containing remnants of Devonian fishes and conodonts, the first sequence builds up the lower part of the
section. Limestones containing Permian and Carboniferous foraminiferal remnants have only been reported
from the upper part of the Rise. They are likely to build up the upper part of the section.
Based on the assumption that rocks gently rest in the study area, thickness of this part of the section can
approximately be estimated at 500—600 m, which is generally consistent with the hypsometric date.
In the course of bottom sediment coarse clastic investigations, local U-Pb dating of detrital zircons from
quartz sandstones was conducted in the VSEGEI isotope studies center employing SHRIMP-II method (analyzed by A. N. Larionov). Judging from the U-Pb and Pb-Pb distribution curves (Fig. 73), the studied zircon
accumulations are dominated by old (1000—2000 Ma) ones. These data, in general, correlate with isotopic
and geochemical investigations of potassium feldspars from terrigenous sediments of the Alpha Ridge (Clark
at al., 2000). Yet, samples 5-1 contain a few grains dated as Paleozoic and one as early Mesozoic. The latter
is in conflict with geological data. First, detrital zircons of this age have been reported from Triassic deposits
in the northeast, however they were identified in polymictic rocks. Purely quartz terrigenous rocks of Triassic
and generally Mesozoic age are absent from the Arctic. The late Paleozoic to early Mesozoic boundary marks
drastic change in sedimentation pattern within the Arctic Basin, and the beginning of extensive clay deposition.
Secondly, sandstones containing early Mesozoic zircons form debris along with carbonate rocks, yielding in
some fragments remnants of middle and late Paleozoic fauna.
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Fig. 73. Variation diagram of the isotopic ages: a — Pb207/Pb208 (sp. 10-1);
b — Pb206/Pb238 (sp. 10-1); c — Pb206/Pb238 (sp. 5-1)
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Sedimentary cover section characteristics obtained from seismic observations
A time section reflecting the structure of the sedimentary cover along the WAR Arctic-2000 Geotransect was built using digital single channel seismic reflection soundings (Fig. 74). Structurally, the profile
crosses the northern closure on the Mendeleev Rise (82° N) and its slopes into the adjacent Podvodnikov I
and Mendeleev basins where the profile is tied with NP-28 and NP-26 drift tracks.
Using the intersection with NP drifts and interval correlation principles, we succeeded to identify on
the reflection profile the bottom surface, regional unconformity and metasedimentary sequence surface
(Fig. 74). Velocity parameters of the sequences investigated from WAR near-field zone records will be presented in the next section.
In the axial part of the Mendeleev Rise, a local underwater high was found. It was called by the cruise
team the R/V Akademik Fedorov High after the cruise vessel (presently, Mount Shamshura). The section
demonstrates that the steep slopes of the high are escarps where metasedimentary sequence rocks are outcropped on the bottom surface, which provides a unique opportunity to study the pre-Cenozoic bottom
geology.

Earth’s crustal velocity model
In the course of the preparation of the monograph, Arctic-2000 WAR data were updated (summarized,
reprocessed and reinterpreted) totaling 485 km of the base profile and 130 km of the detailed cross-line (in
all, 700 soundings).
Figs. 75, 76 present kinematical interpretation of WAR data, as a model for a seismic ray path propagating from different shot points, synthetic wave fields generated by the final model, respective seismic records
with superimposed computed travel-time curves of reflected and refracted waves, and seismograms without
wave field decoding.
Seismic records show interpretation of Pg, PL, Pn, PMSP, PLP and PmP waves. The maximum lower
crustal velocity value measured from PmP travel-time curves does not exceed 6.9 km /s.
The final Earth’s crustal velocity model along the Arctic-2000 Geotransect is presented in Fig. 77.
The model presents:
– two sedimentary sequences divided by a regional unconformity (RU+pCU). The most complete information on velocity parameters of sequences is provided by the detailed cross-line. The sequences are
characterized by velocities ranging from 1.8—2.6 km/s to 2.1—2.8 km/s (upper) and 2.9—3.5 km/s (lower).
Total thickness of the sequences reaches its maximum of ~3.5 km in the Podvodnikov I Basin, in the axial
part of the Mendeleev Rise (Mount Shamshura) it decreased to ~0.5 km;
– metasedimentary sequence (acoustic basement surface) (MS). Its velocity parameters are characterized
by lateral variations of 4.6—5.3 km/s in the adjacent Podvodnikov I and Mendeleev basins, and 4.5—5.3 km/s
on the Mendeleev Rise. Thickness of the sequence varies in a broad range from 1 to 4 km reaching maximum values beneath Mount Shamshura;
– upper crust: Pg refracted wave in the upper crust is primarily traceable at offsets of 20—25 km;
two- and three-phase arrivals are recorded. Velocity varies from 6.0—6.1 km/s to 6.3—6.4 km/s. The upper crustal thickness on the Mendeleev Rise is 4—5 km, beneath the Podvodnikov I Basin it decreased to
~1.5 km, and beneath the Mendeleev Basin to ~2 km;
– lower crust: refracted waves in the lower crust (PL) are recorded as first arrivals at a distance of 70 km
and are traceable in single phase arrivals at offsets of 50—70 km; their velocity parameters vary within
6.7—6.9 km/s. The maximum value of 6.9 km/s was measured indirectly from PmP wave. The lower crustal
thickness is ~20 km beneath the axial part of the Mendeleev Rise, decreasing to ~10 km in the Podvodnikov
I Basin and to ~7 km in the Mendeleev Basin;
– upper mantle: information on the upper mantle was obtained from Pn travel-time curves (recorded as
first arrivals at distances of 90—120 km, with an offset up to 50 km) and PmP. Mantle velocity is 8.0 km/s;
the Moho depth varies from ~30 km beneath the axial part of the Mendeleev Rise to ~20 km in the Podvodnikov I Basin and ~15 km in the Mendeleev Basin.
The crystalline crust in the western part of the profile is 12 km thick. It thickens in the central part up to
24 km and shrinks towards the east flank down to 10 km.
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Fig. 74. Sediment structure on Mendeleev Rise and its slopes to adjacent basins
(seismic reflection soundings along Arctic-2000 line with spacing ~5 km)

Fig. 75. Ray-tracing and synthetic
modeling along Arctic-2000 line
(SP307+204+101)
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Fig. 76. Ray-tracing and synthetic
modeling along Arctic-2000 line
(SP308+205+102)
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b

Fig. 77. Velocity model of the Earth’s Crust (a) and ray-covering (b) along Arctic-2000 line
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Fig. 78. Crustal structure similarity of the Mendeleev Rise and continental
margin of Greenland and Ellesmere (Funck, Jackson et al., 2004)

Therefore, the structure and velocity parameters of the Earth’s crust on the Mendeleev Rise transected
by Arctic-2000 are generally indicative of its continental nature. Significant thickening of the lower crust
relative to the upper crust on the Mendeleev Rise allows regarding continental margins of Ellesmere Island
and Greenland (Fig. 78) as its continental analogues.

Arctic-2005
Sedimentary cover section characteristics obtained from geological sampling
This section presents the bottom sediment investigation results obtained from the Mendeleev Rise in
2005 by the Arctic-2005 expedition onboard the R/V Akademik Fedorov. The geotransect passed along 178°
W across the area limited by 78—79° N. Here, 10 samples were recovered by core samplers, 5 by dredges
and 13 by bottom samplers. (Fig. 79). Corers and dredges penetrated deposits of the flat plateau, peaks and
slopes of highs, and local bottom lows. Sampling was also conducted on the Kucherov Terrace adjacent to
the Mendeleev Rise.
These studies have provided new data on the geology of the Mendeleev Rise, its tectonic nature, its
position within the Amerasian Basin system, and its relationship with the Siberian continental margin.
Seeking to solve one of the major problems, that is figuring out the origin of bottom rocks, an analysis
of the bottom topography was conducted to reveal geomorpholgical environment of sediment transportation
and deposition. As a result, a morpholithodynamic model of the Mendeleev Rise was created as a base for
defining sources both of coarse fragments and fine fractions, as well as organic matter. In addition, allowance for geomorphological environment conduced a better interpolation and extrapolation of odd lithological and geochemical data.
Bottom topography. Both, regionally and locally, bottom surface morphology is largely responsible
for dynamics of bottom sediment flows and accumulation settings. Sediments at the thin bottom boundary
layer are unstable and easily transported by hydrogenic and gravity forces. Lacking reliable oceanographic
models describing such processes, the study of topography would provide a deeper knowledge of eventual
sediment provenance, transportation routes and deposition areas. For these purposes, an analytical geomorphological bottom topography map was compiled using advanced morphological system approach (Lastochkin, 2002). Thus, the bottom surface is presented as a multifaceted integrity. Only specific features of
bottom topography are analyzed without taking into account a priori genetic knowledge. The morphological
system method strictly limits the scope and number of elements to be mapped. It provides an insight into
topography and topographic control of sedimentation. Previously, this method was successfully employed
in VNIIOkeangeologia for identifying contaminant accumulation potential zones on the shelf of the Arctic
seas of Russia (Geology..., 2004). A reference for geomorphological investigations were deep Arctic Basin
bottom topography maps compiled by Head Department of Navigation and Oceanography at a scale of
1 : 2 500 000—1 : 5 000 000 (Bottom topography 1998; Central Arctic..., 2002), and sheets of the State
Geological map of Russia at a scale of 1 : 1 000 0001.
Bottom topography in the sampling region was fairly complicated (Fig. 80).
Based on the above bathymetry data, a geomorphological chart of the Mendeleev Rise and adjacent
areas was compiled. Analysis of elementary surfaces (topographic facets) forming the bottom surface was
conducted. Position of each element was defined with respect to probable lithodynamic flows (mainly descending, as there are no sufficiently detailed data on lateral flows). The results were recorded in the legend
of the geomorphological chart (Figs. 81, 82). Probable paths of bottom flows and their relative velocities are
shown by direct arrows of different thickness. Therefore, the chart concurrently present geomorphology of
the region and related lithodynamic environments.

1 Geological map. Scale 1 : 1 000 000. Series: Oceanic. Sheet U-53, 54, 55, 56 — the Lomonosov Ridge. – St. Petersburg.
VSEGEI Map-making factory. 2011.
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Fig. 79. Location of the bottom sampling stations

Regionally, geomorphology of the study area presents en echelone features gradually dipping offshore
towards the deepsea basin axis. The major features are the shelf, the Mendeleev Rise and Chuckchi Plateau,
and bottoms of the deepsea basin troughs. These features are separated from each other by distinct escarps
or slopes. In turn, each of the above major features is subdivided into a number of minor units. En echelon
structure is also typical of the Mendeleev Rise and its junction with the shelf of the East Siberian and Chuckchi seas. The continental slope near the Mendeleev Rise is not a full-featured continental slope, because,
first, its height is heavily reduced (to 1000 m), and second, it rests on the Kucherov Terrace dipping towards
the shelf, rather than on the bottom of an abyssal trough. Therefore, we only can see here the upper scarp in
the complicated structure of the continental slope.
A peculiarity of the Kucherov Terrace is in its concurrent appurtenance to two morphological features.
Its westerly part is a bench on the continental slope, while in the east it’s conterminous with the Mendeleev
Rise. Therefore, the Kucherov Terrace is a significant element of transition from the shelf towards the Mendeleev Rise. The Rise itself is composed of a number of benches (А, В, С, D in Fig. 81). They gradually
deepen northward. The upper bench of the Rise (А) has a complicated structure. It includes a saddle at the
junction with the continental slope, a chain of plateaus bordering the saddle in the north and northwest, and
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Fig. 80. Relief of Mendeleev Rise and adjacent areas (block diagram).
White dots indicate the stations location AF05-02C, AF05-05C, AF05-09C, AF05-19C

a fairly small terrace located in the northeast behind the plateau chain. The plateaus are a geomorphological barrier for bottom flows coming from the shelf and Kucherov Terrace. South of this barrier an interim
depocenter can be assumed to accumulate a part of sediments coming from the shelf. Further lithodynamic
flows primarily descend westward towards the Podvodnikov Basin. North of the above barrier, based on the
bottom topography analysis, predomination of sediments of local genesis may be expected. Depth of Bench
A does not exceed 1800 m, being 1400—1700 m at a larger area. Hilltops of the plateaus are elevated up
to marks of 1000—1200 m (less frequently, 800 m). Bench А is separated from the Kucherov Terrace by a
slope 200—400 m high, and from the underlying bench B by a scarp 400—600 m high.
Benches В, С and D are also complicated by mountains, plateaus, highs. Depths of the above benches
are 1700—2000 (B), 2000—2500 (C), 2500—3000 (D) m (Fig. 81). Lower topographic stages in the discussed sector of the Arctic Ocean (beyond the Mendeleev Rise) are represented by a stepwise bottom of the
deepwater basin. East of the Mendeleev Rise, it gradually dips towards the Canada Basin ranging in depth
from 2200—2400 m in the Chuckchi Basin to 3000—3400 m in the Mendeleev Basin, and to 3800 m and
deeper in the Canada Basin.
The discussed sector of the Arctic geodynamic depression (Pogrebitsky, 2001) includes fragments of all
its key elements: а) boundary orogenic belt (in this case, within the Chuckchi Plateau on Chukchi Peninsula);
b) continental centroclinal represented here primarily by shelf plains, and c) oceanic nucleus. Therefore, in
this sector of the Arctic, all elements of the sedimentation continuum referred to by Y. E. Pogrebitsky occur,
from its highest stages in the geological depression where denudations prevail, to the lowest dominated by
sustainable accumulation. In the deepwater basin denudation also occurs, but only within ridges and highs
where it is concentrated on the slopes of mountains and uplifts. Denudation also occurs on the continental
slope escarps. The aforementioned variable en echelon configuration causes intermittent continuous pattern of the descending lithodynamic flow. On the bench, the flow slows down or breaks off. Here, interim
depocenters and local geomorphological traps may occur. On escarps and slopes, velocity and transmission
power of sedimentary matter grow. Geomorphological conditions for sustainable accumulation exist in the
final depocenters, that is on the bottom of deepwater basins and in closed geomorphological traps, and at
interim sedimentation levels in the aforementioned temporary depocenters, from where the material may
start to move again in the future.
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Fig. 81. Geomorphological
chart with lithodynamic
elements. East Siberian Shelf
and Mendeleev Rise. Legend
(Fig. 82.1, 82.2)

Fig. 82. Fragment of geomorphological chart with lithodynamic elements.
Mendeleev Rise and adjacent areas. Disks indicate the sampling stations locations,
mentioned in the text
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Fig. 82.1. Legend
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Fig. 82.2. Legend (continue)

Descending flows may be flat and broad (in dipping plains and on benches) or linear and confined to
valleys and canyons. Gravitational displacement also takes place on slopes, including gentle slopes. Lateral
flows along slopes have not yet been studied enough. They have low velocities and are controlled by bottom
topography. A preliminary review of probable transit of sediments from the shelf to the deepwater basin,
based on geomorphological analysis, has led to an assumption that flows descending from the shelf most
likely streamline the Mendeleev Rise. An exception is the junction zone where a part of material from the
shelf may be deposited (Figs. 81, 82).
As a result of underwater weathering of rocks outcropped on slopes and tops of mountains, highs and
hills, in the walls of underwater canyons and on the surface of escarps complicating the Mendeleev Rise,
within the confines of the latter, a specific sequence of autochthonous, both coarse and fine clastic sediments
has to be formed. Based on these ideas, rocks recovered north of the geomorphological barrier, has to characterize the geology of the Mendeleev Rise itself. The key factor responsible for supply of sedimentary rocks
within the confines of the Rise is believed to be ice rafting. If this had been true, it should have suppressed
and neutralize specific features of local lithodynamic environments. The presence of the geomorphological
barrier would not have played a significant part, and sediments north and south of its should have been similar. Looking ahead, we have to note that geological and geophysical studies of sediments recovered within
T a b l e 11

Geomorphological position of dredging sites on the Mendeleev Rise (Bench А)
Dredging
site No.

Geomorphological positioning

AF05-8D

Lower part of the steep south slope of the plateau

AF05-11D

Upper part of steep north slope of the lost plateau

AF05-20D

Upper part of steep north slope of an isolated high in the eastern saddle

AF05-24D

Middle part of the north slope of the plateau

AF05-26D

Upper part of the north slope of the plateau

T a b l e 12

Morpholithodynamic characteristics of the areas sampled using core samplers and box corers
Sampling site No.

Geomorphological position of sampling sites

Morpholithodynamic situation

AF05-01B, AF05-02C

Southeastern Kucherov Terrace, terrace surface

The Kucherov Terrace is an interim misclosure trap
of sediments coming from the shelf (Figs. 81, 82)

AF05-03B, AF05-04C

Eastern Kucherov Terrace , west gentle slope
of the flat-topped hills, upper part of the slope

Slow downslope transit zone of locally originated sediments

AF05-27C, AF05-28B

Junction of the Mendeleev Rise with the shelf,
Bench А, saddle

Saddle is an interim misclosure trap of sediments, coming from the overlying Kucherov
Terrace and adjacent hills

AF05-05C

Mendeleev Rise, Bench А, south gentle slope
of the isolated hills in the southeastern part of
the bench, middle of the slope

Slow downslope transit zone of locally originated sediments

AF05-19B

Foot of the north relatively steep slope of the
same hill (see AF05-05C)

Interim misclosure trap of sediments, coming
mainly from the hill slopes

Mendeleev Rise. Bench А, northern part. “Ravine” between two northeasterly oriented escarps of the extended plateau. Both sites are
located at the footslope of the plateau escarps.
Site AF05-09С is at the outlet of the ravine, Site
AF05-18C is upward the ravine, deep inside

Local misclosure trap of sediments, coming
mainly from the plateau slopes

AF05-09С,
AF05-18C
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the confines of the Mendeleev Rise from sites with different geomorphological position, have revealed specific features of deposits and their organic matter on opposite sides of the of the geomorphological barrier.
This has supported the idea of the leading part played by local sources of sedimentary material, subordinate
role of ice rafting, and significance of geomorphological analysis for interpretation of sampling results.
Geomorphological position of sampling sites. Based on the results of a geomorphological analysis preceding fieldworks, fairly steep parts on slopes of the Mendeleev Rise, steep slopes of mounts and highs, as
well as gorges and canyons were selected for dredging.
It was taken into account that the larger and higher the selected feature is, the easier it would be found
and the mission would be accomplished. For core sampling, on the contrary, gentle slope areas and local
geomorphological traps were selected as a place of probable accumulation of fine clastic sediments. In 2005,
sampling on the Mendeleev Rise was mainly conducted within the confines of Bench A complicated by
hills, uplands and plateaus (Table 11). For comparison, in 2000, benches С and D of less complicated structure were sampled. Also in 2005, sampling was carried out on the Kucherov Terrace.
Geomorphological position of sites AF05-02С, AF05-05C, AF05-09C, AF05-10B and AF05-19B is
presented in Fig. 82 and Table 12.
Bottom sediments in this part of the Mendeleev Rise. Bottom sediments in this part of the Mendeleev Rise, like those previously described in Mount Shamshura region are represented by a sequence of
sandy clay deposits with unevenly distributed rubble and gruss, and fairly rare blocks of up to 20—30 cm.
Sandy silt sediments. Mineral composition, fraction sizes, paleomagnetic properties, organic remnants
of the above were studied from cores recovered at sites AF05-01В, AF05-02С, AF05-05C, AF05-09C,
AF05-19B (Fig.83).
In terms of lithology, the penetrated deposits are divided into 4 units corresponding to lithological units
identified on the northern Mendeleev Rise, and show a greater (nearly twice as much) thickness. The following
units are identified down core: oxidized pelites, calcareous pelites, multicolored pelites and mottled pelites.
“Oxidized” pelite unit builds up the upper part of all cores ranging in thickness from 33 cm in the south
and 71 cm in the central part, to 160 cm in the north of the study area. It is composed of sandy brown and
dark brown aleuropelites containing great abundance of microfossils (planktonic and benthic), and frequently, fragments of pelecipod shells. A specific feature of the unit is the presence of the upper semiliquid
nepheloid layer (up to 2 cm), heavy-bodied sediments in general, and the presence of a thin consolidated
interlayer 2 to 7 cm thick, dark brown in color at the base marking its lower boundary. The contact with
underlying sediments is clear.
Calcareous pelite unit is the most consistent in area and has a thickness of 60—150 cm. Sediments are
represented by aleuropelite olive brown or light brown in color with interlayers rich in microfaunal (planktonic and benthic) remnants, sand lenses, loose calcareous material and bluish clays. The unit is characterized by coarse clastic material most abundant on an uplift at the shallowest depths. The lower boundary of
the unit is gradual and drawn at the change of the sediment color and structure.

Fig. 83. Schematic profile along the line of geological sampling (178° W)
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Multicolored pelite unit is composed of alternating layers of olive and brown aleuropelite and pelite
with spotty and lenticular bedded structure, sand interlayers and lenses with high microfaunal abundance.
Its thickness varies from 125 to 200 cm. The sediment is bioturbated, saturated with Mn micronodules,
crusts and clots, and laminas containing iron hydroxides. The upper part of the unit within the uplift contains
dry calcareous clay pellets and interlayers, and calcareous lenses (in the interval of 100—130 cm), the intervals of 70—80 cm and 120—130 cm are enriched with lithified rock fragments. Most rock fragments are
found in sediments at feet of the local uplifts. The lower boundary is distinct and sharp, and marked where
the color and structure of the sediment change, and an interlayer containing iron hydroxide occurs.
Spotted pelite unit rests at the base of the penetrated section and is represented by greenish grey and
light olive aleuropelites with numerous individual Mn inclusions.
The greatest penetrated thickness of the unit is 340 cm.
Grain-size of sediments in the upper part of the lose cover is fairly uniform. In general, sediments are
dominated by pelites (Table 13) and silty pelites, particularly characteristic of the site in intermountain troughs
(AF05-02C). There are also sands and gravels hardly exceeding 1% in sites AF05-09C and AF05-05C.
Pelites are most steadily and evenly dispersed in the secT a b l e 13 tions of intermountain troughs (Figs. 84, 85), least steadily
Bottom sediment grain-size
on the slopes of the local uplifts (Figs. 84, 86). The greatest variability in grain-size is reported from Site. AF05-09C
Average grain-size, %
Site No.
in the lowermost middle and the upper part of the section.
Gravelstone Sands Silts Pelites
Fairly abundant sand and occasionally gravels form numerAF05-02C
1.3
10.4
88.3
ous gruss interlayers and lenses.
Despite predominance of fine fraction varieties, rocks
AF05-05C
0.11
1.0
13.5
85.1
in the core are fairly different in nature and fraction ratio.
AF05-09C
0.8
2.8
13.9
82.4
(Fig. 87). Empirical distribution fields in these intervals are
AF05-19B
0.4
2.0
15.8
81.8
similar in sand fraction. These exhibit incomplete maxima in
coarse sands, and blurred, indistinct and complicated maxima in fine sands. The difference is in a high asymmetrical
extremum in aleuropelites and the
presence of high “tails” in fine pelitic
fraction in the upper part of the section, and polymodality with two basic
maxima (in silts and middle pelites) in
the lower part. Cumulative curves are
gentle having a complicated S-shape,
with sharp break in fine sand area,
silts and at a silt-pelite interface. The
most distinguished is the surface layer
(0—10 cm), with a characteristic bimodal fraction histogram (mediumand finely dispersed pelites). The
empirical distribution field is polymodal with an indistinct, poorly outlined
maximum in the silt area, blurred incomplete maximum in the pelitic part,
and complication as a small positive
extremum at the sand-silt interface.
The cumulative curve of the surface
layer is also S-shaped.
Fig. 84. Type of dispersion of pelitic
fraction of the sediments
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Fig. 85. Granulometric characteristic of sediments in the local depressions
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Fig. 86. Relation of the granulometric composition of the sediments and mineral composition of the politic fraction (st. AF05-09C)

Fig. 87. Special features of the bottom sediments granulometric composition
of the southern part of Mendeleev Rise (st. AF05-09C)
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Fig. 88. Mineralogical composition of the upper part of the section (st. AF05-09C)

Specific grain-size characteristics of sediments demonstrate peculiarity of empirical distribution and
cumulative curves of bottom deposits and provides an understanding of sedimentation dynamics. Bimodality of the empirical distribution field evidences for lacking fine-grained material differentiation in the water
flow. A part of cumulative curves is rather smooth, which is indicative of a single direction in the sedimentation process. Sediments on the slope primarily demonstrate a flow turbidite-like nature. Complication and
variability at certain stage of sedimentation is an evidence of diverse sedimentation dynamics combining
erosion and accumulation, which is typical of underwater eluvial-diluvial processes.
Heavy fraction mineralogy subject to the location of the section on average is characterized by predominance of alternating rock-forming (pyroxene, amphibole and epidote-zoisite group minerals), and accessory minerals (garnets, zircons, ilmentie-magnetite, etc.) (Table 14, Figs. 88, 89).
At Site AF05-02С located at the junction of the shelf and the Mendeleev Rise, at the Kucherov Terrace’s
boundary, accessory minerals are predominant, which is an evidence of a long transportation of terrigenous
matter, and iron carbonate aggregates. Evidently, a
T a b l e 14
large part of minerals is of shelf origin and comes
Bottom sediment mineralogy
from the continental slope. At Site AF05-19В, a
great part is played by authigenous minerals (iron
Average heavy fraction mineralogy, %
hydroxides, pyrite), and fragments of dolomites
Site No.
that most probably had been supplied to the sediRock-forming
Accessory
Authigenous
ment, from the local sources (old carbonate terrigAF05-05C
45.8
48.5
5.7
enous sequences).
Mineralogy of pelites. As soon as a signifiAF05-09C
40.8
52.1
6.3
cant
part of sediments is represented by pelites,
AF05-02C
27.1
59.8
13.1
the fine grain-size essentially reflects the basic
AF05-19B
34.0
39.7
26.3

Fig. 89. Distribution of the main minerals in the heavy fraction on the Mendeleev Rise
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mineral composition of their terrigenous portion. X-ray tests of the pelitic fraction have shown that major
components are koalinite, illite, chlorite and smectite. In addition, the fine fraction contains quartz, feldspars, dolomite and calcite. Data of semi-quantitative X-ray diffraction have shown that the fine fraction of
sediments is dominated by illite (on average 55%), while koalinite is 7 to 20%, and its maximum content is
reported from the upper part of the section in the lowermost part of the study sequence (Fig. 86).
Comparing the sediments from the study area with those recovered from the previously investigated
northern Rise where koalinite content in sediments totaled on average about 25% (in some samples up to
51.6 and 56.5%), it should be noted that mineralogical features of loose sediments depend on the composition of coarse-grained sediments. Thus, on the northern Mendeleev Rise (near 82° N), cementing component of sandstones and quartzitic sandstones frequently contained a significant koalinite admixture, while
in rock fragments recovered from the southern Rise, koalinite was almost absent. The data obtained have
confirmed affinity of the loose sediments and coarse fragments contained therein.
Microfossil characteristics. Microfossils (foraminifera, ostracods and diatomeas) were identified
from sediments recovered in the central part of the study area at a depth about 1620 m in cores AF05-10B
57 cm long, and AF05-09С 580 cm long (Fig. 90). From trench samples, 8 samples weighing 40 g spaced
at 2 cm in core AF05-10B, and 62 samples spaced at 5 cm (occasionally at 10—15 cm) in AF05-09С, were
selected for analysis. Variations traceable in the foraminifera and ostracods in cores enabled reconstruction
of paleogeographic sedimentation environments, and correlation of the sediments with the cores recovered
from the northern Mendeleev Rise and Alpha ridge (Andreeva et al..2007), dated using MIS and paleomagnetic method. This made it possible to determine the age of the sediments discussed.
Site AF05-10B
F o raminifera. The most abundant and diverse assemblage of calcareous benthic foraminifera occurred at this Site in the upper 6 cm of the sediment (2 samples, over 200 shells, 14 species). Three species of Atlantic origin are largely predominant (75—80% of all shells): Fonbotiawuellerstorfi (Schwager),
Miliolina сf. subrotunda (Montagu); to a lesser extent (4%) Oridorsalis tener (Brady). These samples also
contain a significant amount of agglutinating foraminifera (Cribrostomoides sp. and shell fragments). The
species composition is characteristic of a contemporary bottom layer of sediments in the Arctic Ocean at
depths where the impact of the Atlantic current is significant.
In the interval of 9—10 cm, abundance of the first two species decreases, species diversity drops
and the role played by Oridorsalis tener tending to deep cold waters increases. Below, in the interval of
32 cm (2 samples), the assemblage shows even a greater tendency to impoverishment (4—6 species, about
50 shells, sporadic F. wuellerstorfi). O. tener abundance is preserved and contents of its shells in the sample
grows up to 50%. Plant remains appear in the sediment (see Ostracods). Such distribution of benthic foraminifera is attributed to cold layer of glacial water emerging on the sea floor, and may be indicative of sedimentation during the last glacial (MIS 2, 11—24 ka).
Below, in the interval of 34—44 cm (2 samples), F. wuellerstorfi abundance drastically grows again.
This is an evidence of a stronger impact of the Atlantic current of weaker bottom cold layer. This interval is
most likely consistent with warming during interim MIS 3 (24—57 ka) of the last glacial.
Finally, the last investigated interval of this core (55—57 cm) contains sparse benthic foraminifera (16 shells,
56% being O. tener), which is obviously indicative of extremely harsh conditions during the 4th glacial.
O s tracods. In core АF05-10В ostracod assemblages form two quantitative peaks corresponding to the
intervals of 0—10 cm and 34—44 cm.
The first interval (0—10 cm) containing Bythocythere turgida and various Polycopе is the youngest and
contains a great abundance of diverse species, especially in the 0—2 cm layer (up to 160 valves, 17 species)
with abruptly dropped abundance in the lower intervals. The encountered species are widely spread in the
deepwater zone of the Arctic Ocean and in northern Atlantic. Usually, they dominate the assemblages constituting 60 to 70% of their total composition. These include the abyssal-bathyal group of species containing
Cytheropteron bronwynae Joy and Clark, Henryhowella asperimma (Reuss), Krithe spp. and diverse Polycope spр. (up to 5 species), closely related to the deep sea current. Their presence is indicative of a strong
saturation of waters with calcium carbonate, oxygen and miroelements. Less abundant, about 10 to 15%, are
mid- to deep sea North Atlantic species Cytheropteron alatum Sars, C. hamatum Sars, Argilloecia conoidea
Sars, A. cylindrica Sars, Pseudocytherec audata Sars. The presence in the assemblage of the modern North
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Atlantic species Bythocythere turgida that
had not occurred in our material before
and is only characteristic of this particular
interval, has made it possible to use it as
the first assemblage index. The ostracod
assemblage containing Bythocythere turgida is indicative of sediment accumulation under an influence of relatively warm
deep sea Atlantic water mass well saturated with oxygen and calcium carbonate.
Such favorable hydrobiological conditions for development of so abundant and
diverse deepwater ostracod fauna in the
Arctic Ocean is common of their modern
and Holocene bottom assemblage.
The second abundance peak corresponds to the ostracod assemblage with
characteristic Pseudocythere caudatа and
Henryhowella asperimma, and cover the
interval of 34—44 cm. The assemblage is
dominated by the same Arctic and North
Atlantic species as in the first one, however, new Atlantic mid- to deep sea species
Pseudocythere cаudаta Sars, Cytheropteron? medistriatum Joy and Clark, Cytheropteron carolinae Whatley and Coler,
Cytheropteron? sр. n. occur. Noteworthy
is the presence of Arctic sublittoral species, such as Eucythere macrolaminata,
Cluthia sp., especially characteristic of
the 34—36 cm interval. This assemblage
did not contain index species Bythecythere turgida of the first assemblage. Ostracods probably formed during a climatic
optimum, which is supported by dominance of the assemblage by moderate to
warm water Atlantic species Pseudocythere caudatа, Henryhowella asperimma,
which corresponds to MIS 3. The abovementioned two most abundant and diverse
in species ostracod assemblages are consistent with warming and characteristic of
interglacials. They alternate with quantitatively impoverished assemblages corresponding to the intervals of 16—34 cm
and 55—57 cm, and indicate extremely
unfavorable environments (glacials). The
first one, along with sporadic shells of
oceanic ostracod contains in the interval
of 16—17 cm plant remains represented
by plant seeds. According to L. A. Fefilova, these may be assigned to three genera.
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Fig. 90. Quantitative distribution of the microfauna in the bottom
sediments columns

Fig. 90 (continue)
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One of these may be tentatively determined as Trapa. This genus is now grows in fresh stagnant and slow
water bodies in the north of Western Siberia.
Therefore, data on two microfossil groups, foraminifera and ostracods present a similar view of variable paleoceanographic sedimentation environments in the section penetrated by core AF05-10B. This surface layer of 0—10 cm was formed throughout Holocene under a strong influence of North Atlantic waters
(MIS 1). Beneath, the layer of 16—34 cm occurs to contain impoverished foraminiferal and ostracod assemblages dominated by deepwater cryophilic species Oridorsalis tener characterizing in Norwegian-Greenland Basin heavy and cold Arctic waters (MIS 2). Further down, the interval of 34—44 cm rich in North
Atlantic taxa is identified to be tied to the interstadial MIS 3. Finally, at the core bottomhole, in the interval
of 55—57 cm abruptly impoverished ostracod and foraminiferal assemblages are found to contain higher
percentage of O. tener, which is indicative of cold glacial waters and transition to the glacial MIS 4.
Site AF05-09C
F o r a m i n i f e r a. The section of the sedimentary cover at site AF05-09С unlike that at AF05-10В,
starts with sediments containing extremely impoverished foraminiferal assemblage (intervals of 3—5, 10—15
and 20—25 cm, surface brown sediment 3 cm thick was not subject to investigation). The upper interval is
dominated by small agglutinating Recurvoides sp., while in the lower interval, sporadic calcareous taxa occur.
Species of Atlantic origin characteristic of the upper part of core AF05-10С are absent (sporadic specimens occur in the interval of 20—25 cm). Direct correlation of AF05-10В core layers poor in foraminifera and impoverished upper layers at the site in question is hardly possible because of the presence in core AF05-09С of agglutinating foraminifera and some calcareous taxa missing from core AF05-10В. Therefore, it is more reasonable to suggest that the sedimentary section in core AF05-09С starts with older sediments than those occurring
in core AF05-10В. Such correlation is supported by an analysis of the underlying layers of core AF05-09C.
Abrupt change of foraminiferal composition is observed in the 45—50 cm sample. Unfortunately, microfossils in stratigraphically significant interval of 25—45 cm were not investigated. The 45—50 cm sample contains diverse (10 species) North Atlantic microfauna dominated by Fonbotia wuellerstorfi (Schwager). The presence of such typical Atlantic species as Bulimina aculeata (Orb.) suggest correlation of sediment accumulation with a warm interglacial. It is noteworthy that all samples containing this species are
also rich in planktonic foraminifera. According to L. Polyak (Polyak et al., 2004), this species is associated
in the Arctic Ocean’s sections with MIS 5. 7 (most abundant) and 9. Hence, samples of 45—50 cm and
50—55 cm (the latter quantitatively impoverished, but also yielding B. aculeata) belong to MIS 5.
Downcore, the sample of 55—60 cm exhibits an abrupt increase of Oridorsalis tener (Brady) (78%).
A possible origin of this phenomenon is discussed above. Samples from the interval of 60—75 cm contain
drastically impoverished assemblage composed of 5—6 species represented by sporadic specimens. Therefore, the entire interval of 55—75 cm is indicative of glacial environments with cold dense stagnant bottom
waters.
In the interval of 75—90 cm, Northern Atlantic taxa dominate again, with B. aculeata is characterized by
maximum abundance at this site (up to 55 shells in a sample). This interval is most likely consistent with MIS 7.
The interval of 90—105 cm is almost barren of foraminiferal shells (including planktonic). Sparse fragments of agglutinating taxa occur. This is indicative of extremely unfavorable foraminiferal living conditions
not only because of ice coverage and lack of nutrient resources, but also because of vertical water exchange
failure and stagnant bottom environment poorly saturated with oxygen. The latter resulted from the sea level
drop and terminated supply of North Atlantic waters rich in oxygen and calcium carbonate (MIS 8?).
Another prominent interval of 105—125 cm is characterized by the presence of North Atlantic species
and primarily, less abundant but ever present B. aculeata, and abundant cassidulinas. F. wuellerstorfi is rare,
while Oridorsalis tener, on the contrary, is abundant. It is typical that the latter is also present in another
downcore sample (140—145 cm) and never occurs below. According to L. Polyak (Polyak et al., 2004),
disappearance of this species from the Arctic Ocean’s section is tied up to MIS 9. Therefore, we tentatively
tied up the entire interval of 105—145 cm with MIS 9. Unfortunately, in the underlying 20 cm interval microfossils were not investigated.
Starting from the interval of 70—175 cm, the foraminiferal composition drastically changes, and some
common features of the new assemblage are traceable down to a depth of 530 cm. This interval yields Bolivina
arctica Herman and agglutinating Cyclammina pussila Brady, and is barren of Oridorsalis tener which was
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so typical of the overlying deposits. Some intervals also contain a number of other species not identified in
the overlying deposits, including species of Silicosigmoilinella genus, some sublittoral species and reworked
Mesozoic (?) taxa (foraminifera and ostracods). These changes are probably related to shallowing of the basin.
Correlation of these deposits with certain MIS stages is impossible based on the available microfossil records.
The interval of 170—185 cm is characterized by abundant planktonic foraminifera and a great number
of Fonbotia wuellerstorfi. For the first time, Bolivina arctica, Pseudoparella cf. minuta (Cushm. et Laim.),
unique Nodosaria (Amphimorphina?) aff. dolaria Parr in Lagoe and agglutinating C. pussila are found here.
Cassidulinas are also common. The foraminiferal composition, primarily great abundance of plankton suggest that this interval is interglacial.
In the interval of 185—250 cm, drastically decreases foraminiferal abundance and diversity. A few
samples in this interval turned out to be barren of foraminifera. Noteworthy are only shells of sublittoral
Cibicides cf. grossus species which is considered by many authors (Feiling-Hanssen et al., 1983; Slobodin,
1985) to be characteristic of Pliocene. The interval is consistent with a glacial.
The interval of 255—280 cm contains abundant plankton and a great number of Fonbotia wuellerstorfi.
Bolivina arctica, Pullenia bulloides (not occurring upcore) and agglutinating cyclamminas are also common. The foraminiferal assemblage composition is suggestive of a typical interglacial interval.
The interval of 285—310 cm is also characterized by abundant plankton and greatest number of F. wuellerstorfi (up to 200 specimens in the sample) in the core. The greatest part in this interval is played by small buliminides (Cassidelina?), less abundant lenticulines and sublittoral Elphidium are always present. Shells resembling Bulimina mexicana Cushm., but broader and shorter were encountered in this interval only and previously
had not been found in other cores from the Mendeleev Rise. Only this interval contains specimens of Spirosigmoilinella genus (up to 19 specimens per sample) having a siliceous wall of the shell. According to Kh. M. Saidova
(Saidova, 1982), species of this genus in Hole 348 of the Deep-Sea Drilling Project (DSDP) in the Greenland Sea
were found in Miocene-Pleistocene deposits, which is related to volcanic activity and increased volume of silicic
acid dissolved in water. This interval, like the previous one, may be assigned to an interglacial.
The interval of 310—350 cm is the last to yield sporadic F. wuellerstorfi against a background of remarkable amount of plankton and abundant (up to 50 specimens) Bolivina arctica. Oceanographic environments
of this interval may be considered close to those occurring above but less influenced by North Atlantic waters.
The interval of 365—405 cm is characterized by small abundance of calcareous foraminifera, nearly
complete absence of plankton and appearance of reworked cretaceous (?) foraminifera. Agglutinating Cyclammina pussila also increase here in number. All this may characterize waters with stagnant bottom regime under regression and activated erosion in the shelf region.
The interval of 405—470 cm is characterized by higher abundance of calcareous foraminifera, especially
cassidulinas exhibiting a peak content in the sample of 425—430 cm (38), Pullenia bulloides (Orb.) (55 shells
in the sample of 430—435 cm). Typical is appearance of a new, not encountered Pliocene species Glandulina
nipponica Asano, abovementioned Pseudoparella cf. minuta (Cushm. et Laim.) known in particular from the
Ust-Solenin Formation of Western Siberia (Pliocene?). This interval is associated with the peak of agglutinating
Cyclammina pussila. A small number of reworked shells of Cretaceous age (?) and sublittoral Elphidium occurs.
Plankton is almost absent even from those samples where peaks of calcareous benthic species were identified.
The interval of 490—555 cm is characterized by extremely low content of calcareous and agglutinating
benthic foraminifera, and absence of plankton.
Finally, the bottomhole sample of 575—580 cm only contains agglutinating Cyclammina pussila shells.
The peculiar distribution features of foraminifera assemblages from core AF05-09С are similar to those
stated for core AF05-07С on northern Mendeleev Rise and core AF05-02С from the Mendeleev Basin (Andreeva et al..., 2007). In all cores, prominent is the upper part containing calcareous foraminifera of Atlantic
origin plotted as 3 to 5 peaks. In all these cases, based on analysis of new data, we manage to identify up to
9 oceanic isotope stages in the part of the section rich in carbonates. Downward all the section (205—250 cm
in core AF05-09С, 80—100 cm in core AF05-07С, there is an abrupt reduction in foraminiferal abundance
and diversity (Stage 10?). This may be associated with the sedimentation hiatus, therefore, a direct consistent estimation of stages in older sediments is difficult.
Deeper parts of the section starting from 170 cm contain foraminiferal assemblages different from
those of the upper parts not only in the structure (species ratio), but also in composition. These do not yield
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O. tener, the deepest among North Atlantic species, but contain sublittoral species, probably brought from
the shelf, and reworked Mesozoic (?) and sporadic Pliocene species. The lowermost parts of the section is
characterized by appearance of foraminifera with a siliceous wall (Spirosigmoilinella), unique buliminas
and Glandulina nipponica. Cyclamminas increase in number.
O s t r a c o d s. Analysis of ostracod assemblage composition enabled us to track variations in their abundance and diversity and identified two major periods in the formation of their assemblages in core АF05-09С.
The first period corresponding to the interval of 45—170 cm (Fig. 90), contains ostracod assembalges
less rich than in core AF05-10B. There are three peaks of abundance in the core, two of which contain characteristic index species.
In the interval of 45—55 cm, deposits with diverse assemblages and representative species Сytheropteron
alatum Sars and Polycope spp. were formed. They differs from assemblages found in core AF05-10B by a
lower abundance and greater species diversity of genus Cytheropteron (С. hamatum Sars, C. sedovi Schneider, C. bronwynae Joy and Clark, C. carolinae Whatley and Coles). Abundant species (up to 60%) of Polycope are very common, which is an evidence of a stronger Atlantic influence and saturation of waters with
oxygen, calcium carbonate and microelements.
In the interval of 75—85 cm, various ostracods occur in a number of 60 specimens dominated by Atlantic species of Polycope genus and the Arctic deepwater endemic Cytheropteron bronwynae. Among fairly
thermophilic species, Krithe bartonensis Jones, K. pemoidea, Krithe sp. were identified. Warm water sedimentation environments were inferred from the presence in the assemblage of sporadic juvenile specimens
of Acetabulastoma arcticum Schornikov indicative of glacial marine settings. This assemblage containing representative species Krithe pemoidea, Cytheropteron bronwynae is common of deeper waters and is
relatively thermophilic, which is suggestive of a stronger Atlantic current, while the ice rafting still has an
impact on the assemblage, although to a lesser extent.
An impoverished but close in composition to the aforementioned ostracod assemblage was found in the
interval of 110—125 cm. It’s barren of Polycope but steadily contains a high abundance of Arctic deepwater
species, which is indicative of a fairly deepwater basin existing during that period while the relationships
with the Atlantic grew weaker.
So, variation of ostracod abundance against the background of predominance in certain intervals of
oceanic deep and medium deep North Atlantic species, is typical of their formation in the upper part of the
section 125 cm thick. Vertical downcore distribution of ostracod peak abundances dominated by Atlantic deepwater species suggests a gradually reduced impact of the Atlantic in the interval of 45—125 cm
(Fig. 90).
The next period of ostracod development in oceanic sediments from core AF05-09С covers the interval of 170—450 cm. Water masses were formed at that time under influence of both the Atlantic and
Pacific oceans. This is inferred from diverse abundant assemblages of oceanic ostracod of North Atlantic
and Pacific origin forming four abundance peaks in the core. They differ from the above assemblages by
the presence in ostracod assemblages of deepwater Pacific species Pedicythere neofluitans Joy and Clark,
Parakrithella minuta Joy and Clark, Paracytherois chukchiensis Joy and Clark. Their appearance in the
intervals of 270—290 and 330—370 cm demonstrated that sediments deposited under influence of the
Pacific waters, while relationships with the Atlantic grew weaker. In addition, along with abovementioned
bathyal-abyssal species, there are Arctic boreal and Arctic sublittoral species inhabiting Arctic sea shelves.
These are Cytheropteron paralatissimum Swain, C. arcuatum Brady, Crosskey e tRoobertson, Robertsonites
cf. tuberculatus (Sars), Palmenella limicola (Norman) and other, which is suggestive of shelf vicinity and
shallower environments in the Arctic Ocean basin during that period. These species correspond to a fairly
“warm” period for peaks of ostracod assemblages containing index species Cytheropteron carolinae, which
is particularly characteristic of the lower interval of 410—450 cm.
Therefore, a new stage in development of ostracod assemblages containing deepwater Pacific species
that were transported to the Artic Basin with Pacific waters starts at the depth of 170 cm.
The investigated complementary cores AF05-09С and AF05-10B provide the most complete among
those previously studied on this Rise and in adjacent basins sedimentary section well controlled by foraminifera and ostracod fossils. It is undoubtedly worth of in-depth monographic processing of all available
paleontological data as reference for the Arctic Ocean’s cores.
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Coarse clastic bottom sediments. Coarse clastic material is concentrated on the bottom surface where
fragments of rubble and gruss with individual blocks up 30 cm across are accumulated and evenly distributed across the area.
A major part of coarse clastic material (up to 70—80%) is represented by fragments (Fig. 91) sandstones and dolomites; up to 10—15% — siltstones, mudstones, and schist. Igneous rocks constitute up to
5—8% and are represented by dolerites. Granite-gneiss occurs as sporadic fragments.
T e r r i g e n o u s r o c k s in the major part are represented by fine-grained sandstones (Figs. 92-1, 2),
usually light in color, and subordinate dark siltstones. 90—95% of clastic sandstones are represented by
well-rounded quartz grains. Their cement is regenerating quartz fringing the grains and filling the pores.
Thin-sections of these rocks show that due to regeneration, the fragments frequently lost their original
shape, while cemented by authigenous quartz they produced a granoblastic or similar texture. (Fig. 92-3).
A minor part of cement is composed of sericite showing no distinct aggregation, clayey siliceous mass
slightly mixed with iron hydroxides and leucoxenized material.
Siltstones are rather sparse. They are brown in color and characterized by higher content of cementing
material, sometimes constituting up to one third of the rock (Fig. 92-4). Such varieties rich in highly altered
biotite look the same in outward view as altered clay rocks. Cement in siltstones is largely composed of biotite decay products transformed into clay mass. It contains relicts of the original mineral frequently saturated
with iron hydroxides and leucoxenized matter.
1

2

4

7

3

5

8

6

9

10

Fig. 91. Morphological types of the bottom rock: 1 — ferruginizated sandstone; 2 — micaceous quartz sandstone with

bidirectional bedding; 3 — quartzitic sandstone; 4 — laminated argillite; 5 — calcareous siltstone; 6 — argillite (silty
argillite); 7 — shale; 8 — gravelite; 9 — limestone;10 — granite.
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Fig. 92. Morphological types of the bottom rock fragments from the central part of the Mendeleev Rise (1 and 2);
thin sections: 3 — quartzitic sandstone; 4 — siltstones; 5 — dolomites; 6 — limestones with organic remnants.

C a r b o n a t e r o c k s. Dolomites grey, rarely dark-grey, very dense, poorly re-crystallized, with uniform texture. They have not revealed anything that could have been associated with microbial products
(Fig. 92-5). Limestones rarely occur as small, light-colored fragments. Three of them contain microscopic
remnants of unclear systematic affinity (Fig. 92-6).
Igneous rocks. These are largely dominated by crystal-grained dolerite varieties altered to different
extent and having an ophitic texture typical of these rocks.
The results of investigation of sediments from the Mendeleev Rise show that coarse clastic material
from its southern and central part differs from that recovered from its northern part. In the northern part, rock
clasts yield faunal remnants, exhibit a lower degree of diagenetic transformation, and their cement contains
koalinite. Hence, sources of hard rocks in the north and in the south were different. In the north, this is a
sequence of intercalating sandstones, dolomites and limestones of middle to late Paleozoic age, while in the
south these are quartzitic sandstones and dolomites containing no paleontological remnants, and according
to radiogenic and general geological data, most likely belonging to the Riphean age.
This conclusion regarding sources of bottom hard rocks within the confines of the Mendeleev Rise,
as well as many other facts are quite inconsistent with the concept of ice rafting and presumable supply of
the material from Northern Greenland or Canadian Arctic Archipelago. These regions are folded features
largely built up by flyshoids and graptolitic schists, while bottom hard rocks on the Mendeleev Rise consist
of typically platform-produced fragments. Besides, the presence of different clastic sequences in each part
of the morphological feature is rather an evidence of a local source than of an average composition that
would have occurred in case of ice-rafted clastic materials.
Age and description of coarse clastic material sources. Analysis of the above data on loose sediment
composition and petrographic features of bottom hard rocks has proven their single provenance. Spatial distribution of coarse clastic material on the central and southern Mendeleev Rise is controlled by bottom topography. Bottom hard rocks in this part of the Rise are extremely monotonous in composition. Everywhere
in this part, only fragments of quartz sandstones, siltstones, quartzitic sandstones and dolomites occur.
Therefore, the source of bottom hard rocks in this part of the Rise was a sequence of quartzitic sandstones, sandstones and dolomites. It’s age cannot directly be determined from the data available. However,
it is undoubtedly pre-Paleozoic (Riphean) feature. This is inferred from the following:
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Fig. 93. Morphological of the stadied zircons: st. AF05-11D (sp. D-4, D-6); st. AF05-20D (sp. D-20-1). Variation
diagram of the zircons isotopic ages

♦ Rock fragments are barren of paleontological remnants (microfossils) occurring in the northern part,
while litholgically, bottom hard rocks are considerably different from those containing middle to late Paleozoic remnants. This part of the Rise is dominated by quartz varieties of terrigenous deposits, which evidences for a more intense decay of reference rocks and different environments of their formation. Hence,
these deposits may be interpreted as pre- middle Paleozoic.
♦ A quartzitic sandstone unit with intensive authigenous quartz formation accompanied by specific
dolomites with a high density is quite similar to Riphean cover units of ancient platforms located around the
periphery of the Arctic Ocean. Riphean core bases of these platforms are composed of mature sediments.
They are represented by quartz sandstones with intensive authigenous quartz formation. Upward, dolomites
of unclear genesis occur, and above them, there are late Cambrian to Paleozoic deposits, similar to those
occurring on the northern Mendeleev Rise. Therefore, the age of the quartzitic sandstone and dolomite sequence on the central and southern Rise is tentatively determined as Riphean, although no Cambrian deposits have been identified here. The absence of the latter prevents from reasonably estimating the age of these
rocks as pre-Paleozoic. However, early Paleozoic (Cambrian and Ordovician) deposits have been found
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Fig. 94. Correlation charts of the supposed sections of the Mendeleev and Northwind Rises:
1 — argillites, 2 — lamestones, 3 — dolomites, 4 — siltstones, 5 — sandstones

on the Northwind Ridge incorporated in the single ancient feature including both of these rises and other
morphological units in the Central Arctic. Therefore, we may expect with good reason a wide occurrence of
early Paleozoic deposits.
♦ Isotope geochemistry of detrital zircons from quartzitic sandstones of this sequence has shown that
they are not younger than of Grenvillian age. Three samples were selected for studies: D-4, D-6, D-20-1.
The presented relative age probability curves are indicative of relationships between zircons and rocks that
had experienced the Archean, Karelian and Grenvillian (in the broad sense) stages of activation (Fig. 93).
The first two estimates are quite consistent with the general idea of the age of such tectonic feature in
the Central Arctic as an ancient platform with a Karelian base (Kaban’kov et al., 2004а). Grenvillian activation has no such geological evidence support, as for example, Archean or Karelian related to the development of the crystalline basement, and accordingly, ancient zircons. We consider that above the Karelian
basement, through Paleozoic, there is a single suite of deposits without any structural re-arrangements or
other traces of activation. Yet, in general, the obtained radiological data are not in conflict with the conclusion about the Riphean age of quartzitic sandstones and dolomites from the central and southern Mendeleev
Rise, tentatively estimated from general geological records.
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Geotectonic nature of the Mendeleev Rise is defined from the genesis of its deposits, their transformation degree and composition of igneous rocks forming here a dyke swarm.
The modeled bedrock section of the Rise is composed of two sequences: quartzitic sandstones, sandstones,
siltstones and dolomites of tentatively Riphean age, and sandstones, dolomites and limestones of middle to late
Paleozoic age. Apparent thickness of the former is at least 600 m, the latter is at least 500 m thick (Kaban’kov
et al., 2004). Lower Paleozoic deposits have not been found on the Rise, however, they may be expected to
occur there because lower to upper Paleozoic deposits have been reported from the Northwind Ridge representing together with the Mendeleev Rise a single tectonic feature (Grantz A., Clark D. et al., 1998). Based on
the above, bedrocks from the Mendeleev Rise may be reasonably considered to represent a Riphean-Paleozoic
sedimentary sequence with total thickness reaching 2000—2500 m (Fig. 94).
The deposits described in this paper are represented by a compositionally uniform sequence of highly mature shallow terrigenous and lagoon carbonate sediments characteristic of ancient platform regions.
These should be assigned to cover units of the Hyperborean platform identified by N. S. Shatsky (1935)
and Y. M. Puscharovsky (1960, 1976). The conclusions made by these scientists have been supported by
uniform composition of sandstones and siltstones built up by well-rounded and screened quartz fragments,
which suggests a shallow, highly dynamic sedimentation environment causing intense chemical decay of
initial products and enrichment in stable minerals. These were favorable conditions for emerging from time
to time lagoon settings, and formation of carbonate sediments, dolomites in particular. This sedimentation
regime is characteristic of tectonically stable areas submerging rather slowly and evenly. Similar are ancient
cratonization areas of North America, Asia and Eastern Europe.
The bedrock sequence of the Mendeleev Rise modeled from bottom sediments is the cover of an ancient
platform. There is no direct evidence of its composition and age of the basement. These may only be implied from
the data obtained from the Alpha Ridge. Near Ostenso Seamount, at the site located at 84°31’ N and 128°27’ W
showing rather heavily differentiated bottom topography, American drifting ice-island Т-3 recovered by FL-380
core sampler phyllonite (millonite) clasts (up to 3 cm) submerged in multicolored sandy silt sediments composed
of quartz, albite, oligoclase, and potassium feldspar varieties. Radiologically (Ar40/Ar39), the age of feldspar potassium varieties in these sediments is at least 1800 to 1900 Ma (Clark L. et al., 2000). The origin of multicolored
sediments and enclosed phyllonite clasts has not been stated by the authors . We assume that this is a weathering
crust of the granite-gneiss basement exposed along the fault bordering the Canadian Topographic Depression in
the north. Fragments of granites and gneisses were also found on the Mendeleev Rise (see above). Judging from
the radiogenic dating, feldspars of the basement are of Karelian age.

Sedimentary cover section characteristics obtained from seismic observations
Time sections elucidating the sedimentary cover structure along the base line (450 km long) and crossline (60 km long) of the Arctic-2005 WAR Geotransect have been acquired from digital data obtained
through single channel reflection seismic sounding (Figs. 95, 96). Structurally, the base line of the Geotransect crosses the north flank of the Northern Chuckchi Basin on the shelf and continental slope, and passes
along the strike of the Mendeleev Rise where it is tied up with the NP-26 drift track (Fig. 97). The cross-line
of the Geotransect angularly crosses the hilltop of the Rise at 78—79° N.
Using intersections with NP drift tracks and based on the group wave correlation, we succeeded to interpret on reflection profiles the bottom surface and a regional unconformity (on the reflection profile it is coincident with the surface of the post-Campanian unconformity) and the surface of a metasedimentary sequence
(Figs. 95, 96). In addition, yet less reliably, a presumable upper crustal top (crystalline basement) was identified. Velocity parameters studied from WAR data in the near-field zone are presented in the next section.

Earth’s crustal velocity model
In the course of the preparation of the monograph, Arctic-2005 WAR data were updated (summarized,
reprocessed and reinterpreted) totaling 485 km of the base profile and 130 km of the detailed cross-line (in
all, 700 soundings).
At all stages of kinematical interpretation of WAR data, the crustal model was consistent with sedimentary cover reflection profiling records.
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Fig. 95. Sediment structure along Arctic-2005 main line (seismic reflection soundings with spacing ~5 km)

Fig. 96. Sediment structure along Arctic-2005 cross line (seismic reflection soundings with spacing ~2 km)
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Fig. 97. Sediment structure along NP-26 drift line (seismic reflection soundings with spacing ~0.8 km)

Figs. 98, 99, 100 present kinematical interpretation of WAR data from the base Arctic-2005 Geotransect, as a model for a seismic ray path propagating from different shot points, synthetic wave fields generated
by the final model, respective seismic records superimposed with computed travel-time curves of reflected
and refracted waves, and seismograms without wave field decoding.
WAR seismic records show interpretation of Pg, PL, Pn, PMSP, PBP, PLP and PmP waves.
A specific feature of the WAR wave field recorded on the Mendeleev Rise is comparability of refracted
and reflected wave intensities, which characterizes the medium in question as having a moderate gradient,
and recorded first arrivals as refracted waves of moderate intensity. These properties of the medium concerned and observed waves were confirmed in the course of synthetic seismic field modeling, which allowed
vertical velocity gradient to be measured in crustal layers.
A specific feature of the wave field recorded on the outer shelf and continental slope is a certain domination of more intense reflected waves over refracted, which characterizes the outer shelf medium as having a
low gradient and a high contrast interface, recorded first arrivals as refracted waves of low intensity.
The final Earth’s crustal model along the base profile Arctic-2005 is presented in Fig. 101.
The model presents:
– two sedimentary sequences on the Mendeleev Rise separated by a regional unconformity (RU+pCU).
They are characterized by velocities ranging from 1.8—2.5 km/s in the North Chuckchi Basin to 1,6—
1,9 km/s on the Rise (upper) and from 3.9—4.4 km/s in the North Chuckchi Basin to 3.1—3.3 km/s on the
Mendeleev Rise (lower). Total thickness of the sequences reaches the maximum of ~12 km in the depocenter of the North Chuckchi Basin, on the Mendeleev Rise it does not exceed ~2.5 km. Additionally, the North
Chuckchi Trough reveals the third sedimentary sequence with velocities of 4.7—5.9 km/s and thickness in
the depocenter of the Trough about 4 km. Total thickness of the sedimentary sequences in the depocenter of
the North Chuckchi Trough is about 16 km;
– metasedimentary sequence (MS) is traceable on the Mendeleev Rise up to the north flank of the North
Chuckchi Trough; its velocity parameters are characterized by values of 4.8—5.1 km/s; thickness of the
sequence is 2—3 km;
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Fig. 98. Ray-tracing and synthetic modeling along Arctic-2005 main line (SP14+21)
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Fig. 99. Ray-tracing and synthetic modeling along Arctic-2005 main line (SP25+32)
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Fig. 100. Ray-tracing and synthetic modeling along Arctic-2005 main line (SP28+35)

Fig. 101. Velocity model of the Earth’s crust (a) and ray-covering (b) along Arctic-2005 main line
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Fig. 102. Ray-tracing modeling along Arctic-2005 cross line (SP43)

Fig. 103. Velocity model of the Earth’s crust (a) and ray-covering (b) along Arctic-2005 cross line
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– upper crust: refracted wave Pg appears as the first arrivals at distances of 20—25 km and is traceable
at 20—40 km offsets. Its velocity varies from 6.1—6.3 km /s in the North Chuckchi Basin to 6.2—6.3 km/s
on the Mendeleev Rise. The upper crust shrinks down to 2—3 km beneath the North Chuckchi Trough, on
the Mendeleev Rise it ranges from 4 to 7 km;
– lower crust: refracted wave PL appears as the first arrivals at a distance of 70 km and is traceable at
50—70 km offsets. Its velocity varies from 6.6—6.8 km/s in the North Chuckchi Trough to 6.7—6.9 km/s on
the Mendeleev Rise. Lower crustal thickness is 9—10 km beneath the North Chuckchi Trough and increases
up to 20—22 km beneath the Mendeleev Rise;
– upper mantle: information on it is obtained from Pn and PmP waves: Pn wave appears as first arrival at
offsets of about 200 km as single phase wavetrains and is traceable for a distance up to 60 km. Upper crustal
velocity is ~8.0 km/s. Depth to the Moho varies from 28— 29 km beneath the North Chuckchi Basin to 31—
34 km beneath the Mendeleev Rise; the crystalline crust at the beginning of the profile is about 13 km thick,
by the end of the profile it thickens up to 26 km.
Therefore, stratified sedimentary sequences, metasedimentary sequence and crystalline crustal sequences are traced from the outer shelf of the East Siberian — Chuckchi seas onto the Mendeleev Rise
(Fig. 101).
Kinematical interpretation of seismic data obtained from the cross-line of the Arctic-2005 Geotransect
elucidating the crustal section at the top of the Mendeleev Rise across its strike (at 78—79° N), is shown
in Fig. 102. The figure presents a model for a seismic ray path propagating from the central shot point and
respective seismic record with superimposed computed travel-time curves of reflected and refracted waves.
The record shows kinematical interpretation of refracted waves in the metasedimentary sequence (PMS),
which has enabled a sufficiently reliable measurement of its velocity parameters, Pg waves, and waves reflected from the upper crustal top (PBP).
The final upper Earth’s crustal velocity model along the cross-line of the Arctic-2005 Geotransect is
shown in Fig. 103.
The model presents:
– two sedimentary sequences separated by a regional unconformity (RU+pCU). They are characterized
by velocities of 1.6—1.9 km/s (upper) and 3.1— 3.3 km/s (lower); total thickness of sequences increases
northeastward from ~1.5 km to ~2.5 km;
– metasedimentary sequence (MS): its velocity parameters are characterized by values of 4. 5— 4.7 km/s;
thickness of the sequence varies within 1.5—3.5 km;
– upper crust: offset of Pg refracted waves in the upper crust is 10—12 km; single phase waves appear
as first arrivals at 10—12 km; it is characterized by velocity of 6.2—6.3 km/s and thickness of 4—7 km;
– lower crust: single phase waves refracted at the lower crustal boundary appear as first arrivals at a
distance of 25 km and are traceable for 40 km; velocity in the lower crust does not exceed 6.9 km/s.

Arctic-2012
The main goal of the WAR study on geotransect Arctic-2012 480-km long array (Fig. 1) was to receive
additional geological and geophysical materials in order to justify that the Mendeleev Rise is submarine
elevations claimed to be natural prolongation of the northern Eurasian continental margin in terms of the
United Nations Convention on the Law of the Sea.
The expedition group operated from parent vessel icebreaker Dixon.

Earth’s crustal velocity model
The wavefield on the Arctic-2012 line (Fig. 104—106) is characterized by variability along the profile
due to the block structure of the section, where each block corresponds to a major tectonic structure. On one
hand, the large number of waves of different nature — refracted, reflected, and multiples, as well as the appearance of breaks and discontinuities in the travel-time curve attest to the layered structure of the section.
On the other hand, according to the same evidence, the section has a block structure.
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Fig. 104. Example of wavefield. SP 280Z

Fig. 105. Example of wavefield. SP 480Z
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Fig. 106. Example of wavefield. SP 590Z

Fig. 107. Velocity model (Vp) of the crust and upper mantle along WAR line Arctic-2012
1 — seismic boundaries; 2 — velocity isolines; 3 — autonomous ocean-bottom seismic stations (ABSS) and their numbers;
4 — intersection with WAR profile Arctic-2005; 5 — P-wave velocities; 6 — Vp/Vs ratio; 7 — foot of the sedimentary cover;
8 — bottom of the crust.
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Waves related to the boundaries in the sedimentary cover (Psed) have apparent velocities (V*) of over
the 1.8—5.4 km/s range. Among the waves of this group, ones with the following V* stand out: 1.8—
1.9 km/s, 2.2—2.5 km/s, 2.6—3.1 km/s, 3.2—3.5 km/s, 4.0—4.3 km/s, 4.7—4.9 km/s, 5.1—5.4 km/s.
Of these, the wave with V* = 3.2—3.5 km/s is the most consistent, and it has been registered almost
everywhere. The first arrival waves have V* of 4.0—4.3 km/s, 4.7—4.9 km/s, 5.1—5.4 km/s; their tracking
intervals are short, up to 5 to 10 km. In general, all the waves associated with the sedimentary cover appear
at the first arrivals at source-receiver offsets of up to 20—25 km. Breaks in the travel-time curve identify a
change of waves at the first arrivals. With a small tracing interval, absence of sharp velocity gradient, and
with a station interval of 315 m, breakpoints do not always appear clearly. Travel-time curves of the first arrival alternating waves can be considered as a single refracted travel-time curve. Therefore, transitions from
one wave to another may occur as a result of the correlation of waves and their identification.
The waves associated with the upper crust (Pg) are reference and reliably correlative at the first arrivals
at distances from 15 km to 30 km, depending on the thickness of sedimentary cover, and they are mainly
traceable at 60—80 km. The dominant V* of Pg waves are 6.5—6.7 km/s.
Waves related to the boundary in the lower consolidated crust (PL) follow the Pg waves. They have
V* of 6.7—7.1 km/s and begin generally to be traced at the second arrivals, appearing at the first arrivals at
80—100 km. The waves are traceable almost ubiquitously, but they are usually less pronounced dynamically than the Pg waves, and have some gaps in correlation.
The wave pattern related to the lower crust is consistent: critical reflections (PmP) from the Moho boundary are recorded at most SP, starting at 80—100 km offsets from the source (in the east), and at 60—70 km
(in the west). They are traceable to a distance of 180—200 km, sometimes running up to 220—240 km.
Travel-time curves are usually significantly curved, where the apparent velocities are 9.0—11.0 km/s at the
beginning of the wave tracking, while at large distances they are getting close to velocities on the overlying
sequence, i.e. in the lower crust.
Wave refracted from the mantle (Pn) is not observed at all soundings. They are usually traceable in the
interval from 20—30 km to 40—60 km. At some soundings, the refracted wave stands out distinctly from
the critical point. Dynamic expressiveness of waves is manifested in different ways. From on hand, it can be
very pronounced with clear tracing of seismic events. From the other hand, the presence of waves can only
be “guessed” on the background noise. V* are in the range of 7.8—8.0 km
Ray-tracing modeling was used as a basic approach to construct the velocity model. In this method, model
parameters (space and velocity geometry) are chosen in such a way as to have a minimal difference between
wave arrival times, calculated for a given model on the basis of the forward solution, and observation time. The
velocity model was developed in SeisWide (calculated travel time curves were compared with the sounding
wavefields). Selection of the velocity model was implemented successively downward for all waves.
On Fig. 107, the seismic section presents P-wave velocity distribution, Vp/Vs ratio, topography and
position of the major seismic boundaries in the crust for line Arctic-2012.
The maximum thickness of the sedimentary sequence is 6.5 km in the Chukchi Basin and the western
end of the profile. The sedimentary sequence thins up to 5 km on the Chukchi Rise, and on the Mendeleev
Rise, reaching values of 4—4.5 km on its slopes.
The total thickness of the Earth’s Crust varies within the profile from 14 to 28 km. The thickest crust is
observed beneath the Mendeleev Rise at 23—28 km, when the lower crust boundary is up to 34 km depth in
the deepest point. The minimum thickness of the Earth’s crust along the profile is over the 14—19 km range
beneath the Chukchi Basin, the Moho boundary lies at a depth of 22—25 km. Under the Chukchi Rise, the
Earth’s crust thickness is 21—23 km, the Moho boundary lies at a depth of 28—31 km.
In the consolidated crust, the upper crust is identified with P-wave velocities of 6.2—6.7 km/s, as well
as the lower crust are distinguished with velocities of 6.8—7.3 km/s. The nature of change in upper crustal
thickness repeats the change patterns in total thickness of the Earth’s crust. At the same time, the upper
crustal thickness is about one-third of the total Earth’s crust thickness. An exception is the area of the Chukchi Rise, where the upper (low-speed) crust comprises two-thirds of the total thickness of the Earth’s crust.
In the Mendeleev Rise, the upper crust thickness is about 7—9 km. Moreover, it equals to up to 14—15 km
in the area of the Chukchi Rise. The minimal upper crust thickness occurs under the Chukchi Basin, where
it is up to 3 km, and on the west end of the profile.
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The lower crust is characterized by P-wave velocities of 6.8—7.0 km/s and 7.0—7.3 km/s in the top
layer and in the bottom layer, respectively. The lower crust thickness varies from 18—19 km under the
Mendeleev Rise to up to 11 km beneath the Chukchi Basin, and to up to 10 km beneath the Chukchi Rise.
In the lower crust, beneath the Mendeleev Rise, a layer of from 3 to 4 km thick may be present, which
is characterized by the P-waves velocity of 7.3—7.35 km/s. It was initially identified from short linear
events in the central part of the profile, and velocity was fitted indirectly there. The presence or absence
of a high-speed layer in the lower crust requires a more careful further consideration in order to identify
it more reliably.
Thus, main geotectonic structures are shown by distinctions in a deep structure on the seismic section of WAR line Arctic-2012. So, the Mendeleev Rise is characterized by the maximum thickness of the
Earth’s crust and the Moho depth (up to 34 km), and by possibly increased values of P-wave velocity
(7.3—7.35 km/s) in the lower crust. Under the Chukchi Basin, it is observed that the Moho boundary levels
up to 22—25 km, the Earth’s crust gets thinner and the upper crust is almost absent (with low velocities of
6.1—6.3 km/s). The Chukchi Rise is characterized by thickening of the upper crust, having intermediate
parameters on the crustal thickness and Moho depth between the Mendeleev Rise and Chukchi Basin.
The results obtained are the basis of confidence that the velocity models have presented the continental
type of the Earth’s crust on the Mendeleev Rise.

Geotransect 5-AR
The 550 km long geotransect crosses the East Siberian Sea to the west of Wrangel Island from Cape
Billings up to the south end of geotransect Arctic-2005 (Fig. 1). The aim of the study was mainly to develop
an up-to-date model of deep geological structure in the junction zone between the Mendeleev Rise and
Chukchi folded region.
The applied methods included multi-channel seismic reflection (MCS), wide-angle seismic refraction/
reflection (WAR), gravimetric and magnetometric surveys.
The line was shot with one arrangement by 56 (ABSS), located at 10 km intervals. Two main types of
ocean-bottom seismometers were used: autonomous ocean-bottom seismic stations of a boomerang type,
and buoy ocean-bottom seismic stations with submerged buoys (designed by “Sevmorgeo”).
Reversed in-line profiling (2D) was applied during the marine WAR survey on line 5-AR. The seismic recording of wanted waves was registered with long source-receiver offsets at 200 km on the average
(100 km in the line north), and offsets ran up to 300—400 km at some

Earth’s crustal velocity model
Recorded on line 5-AR, WAR wavefields are typical for the continental crust according to parameters
of the principal waves (SP 540, 550 and 561). Examples of wave fields, their velocity models Vp of lines are
on Fig. 108 а, b, c.
At a distance of 50—60 km, refracted waves Рsed are registered at the first arrival. Here, Psed waves
represent boundaries in the sedimentary cover. Then, they are successively replaced with arrivals of Pg and
PL refracted waves, running in the upper and lower parts of the consolidated crusts, respectively. At a distance of 100—110 km, Pn refracted wave appears, propagating in the upper mantle.
At the second arrivals, PiP, PMP and PM1P waves are recorded at different distances reflected from the
intracrustal boundaries, top of the crust, and intramantle boundary, respectively.
The depth velocity section of the Earth’s crust resulted from the modeling on line 5-AR based on WAR
data (Fig. 109).
The following sequences are identified in the section:
– sedimentary cover with thickness of about 1 km to 16—18 km, and velocities of 1.8—5.5 km/s;
– granite metamorphic layer with the significantly varying thickness from 11—14 km under the rises,
and up to 4—8 km under troughs, even wedging out beneath the North Chukchi Basin with velocities
5.8—6.2 km/s.
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Fig. 108a. Line 5-AR. Velocity model Vp, SP 540
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Fig. 108b. Line 5-AR. Velocity model Vp, SP 550
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Fig. 108c. Line 5-AR. Velocity Model Vp, SP 561
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Fig. 109. Depth velocity section of the Earth’s crust (ray-trace modeling, SeisWide software)
on lines 5-AR, and Arctic-2005

In the upper part, low-speed layer is traceable (velocities in range of 5.8—6.1 km/s) with the varying
thickness (from 1.5 to 6 km), revealing not extensive undulating reflectors. Based on all the characteristics,
the sequence belongs to slightly folded supracrustal formations represented by the Riphean and Lower Paleozoic sedimentary-volcanogenic rocks:
– medium (andesite) layer of 7—9 km thickness and with velocities of 6.22—6.3 km/s;
– lower (basalt) layer of 6—12 km thickness and with velocities of 6.5—6.9 km/s.
In the sedimentary section considered to the full thickness, the regional reflection horizons are determined and traceable in the North Chukchi Basin, matching with the data on the adjacent shelf areas.

Geotransect DreamLine
The study was conducted onboard RV Academician Mikhail Lavrentyev (Vladivostok) in 2009 year (Fig. 1).
During the WAR seismic survey, 2 arrays were carried out of 925 km length in total. Array DreamLine
1 of 540 km length comprised 57 ABSS’s, array DreamLine 2 of 385 km length comprised 45 ABSS’s.
Mean array pitch was 10 km.

Earth’s crustal velocity model
WAR wavefields, recorded on profile DreamLine, are typical of continental crust according to the principal wave parameters. Refracted waves are traceable at the first arrivals up to 40—60 km from the shot
point. Their apparent velocities (V*) are from 1.7 km/s to 5.5—5.8 km/s, refracted from boundaries in the
sedimentary cover. Then waves at the first arrivals show V* of 5.8—6.4 km/s, succeeded by the waves with
V*=6.7—7.2 km/s, which are traceable at the first and sometimes late arrivals. These waves are related to
the boundaries in the consolidated crust. At about 100—120 km, the wave of 8 km/s velocity is traceable at
the first arrivals, refracted in the upper mantle.
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Dominated waves at the late arrivals are reflected from the Moho boundary, and characterized by high
amplitude, and multi-cycle, composite record trace. The travel-time curves distinguish themselves with
pronounced curvature: apparent velocities are 9.0—11.0 km/s in the wave beginning, approach to 6.8—
7.2 km/s at long offsets. The latter indicates the velocities as 6.8—7.2 km/s in the lower crust, which are
typical of the consolidated crust.
Wavefields with velocity reduction scanning of VR = 8.0; 7.4; 7.0; 6.6 are presented on Fig. 110.
A noteworthy feature appears in the WAR wavefields on profile DreamLine. At first arrivals, a discontinuous travel-time curve is observed in two sections of the profile at 15—30 km offsets from the shot
point center. This signifies the existence of a layer, which has a reduced velocity (velocity inversion) in the
sedimentary cover. The velocity inversion is presented in the eastern part of the line, starting from 270 km.
At the same time, the discontinuous travel-time curve and thus the layer thickness with a reduced velocity
increase to 340—350 km, after which discontinuity of the travel-time curve decreases downwards the line
(Fig. 110). Unfortunately, the lack of WAR observations in the range of 395—650 km makes it difficult to
trace the layer till its end.
Finally, one should note, that the WAR wavefields on profile DreamLine are similar to ones recorded on
reference profile 5-AR, and the latter is of a continental crust type.
The following groups of waves were singled out as a result of wavefield analysis: (1) waves related to
boundaries in the sedimentary cover; (2) waves related to the upper consolidated crust; (3) waves related to
the lower crust; (4) waves reflected and refracted from the Moho boundary.
A travel-time curve system of reflected and refracted waves was applied in the process of ray-trace
modeling in SeisWide software.
The following data were used to create a velocity model:
– MCS section;
– Seismic tomography section.
On Fig. 111, a preliminary velocity model represents the distribution of Vp velocities, Vp/Vs velocity ratio, topography, and location of the main seismic horizons in the crust and upper mantle along profile
DreamLine.
Vp/Vs ratio for the main layers was valued according to the modeling along line 5-AR performed earlier.
Sedimentary cover. The sedimentary cover thickness varies from 7—8 km in the western part of the line
to 15—16 km in its eastern part. P-wave velocities in the sedimentary cover increase downwards from 1.6
km/s in the top of the upper layer to 5.5—6 km/s in the bottom of the lower one, when Vp/Vs ratio is 2.0—
2.6. Within the sedimentary cover, a layer with reduced velocity was identified on two segments of the line.
Consolidated crustal top was simulated by refracted waves with apparent velocities from 6.0—6.2 km/s
to 6.4—6.5 km/s, which are successfully traceable at the first arrivals (Pg). Vp/Vs ratio is estimated at
1.71—1.74. The sedimentary cover is 7—12 km thick in the western part of the line. In the eastern part,
the sedimentary cover thickness is approximately 6—10 km, significantly reducing up to 2—4 km at about
800—1500 km of the line.
Interface in the lower crust (L). Depth of the interface ranges within 18—24 km. The lower crust is
7—12 km thick. Velocities are 6.7—7.0 km/s and 7.0—7.2 km/s in the layer top and in the layer bottom,
respectively, while Vp/Vs ratio is 1.75—1.77.
The Moho occurs at a depth of about 27—30 km. P-wave velocities are 8.0—8.1 km/s in the upper
mantle, Vp/Vs ratio has not been valued yet.
As reflected by the resulting velocity section, the structure of the consolidated crust is typical of continental margins.
Crustal layers tend gradually to become more and more continental in a westerly direction, which is
manifested in a combination of the following regional trends:
– westward reduction of sedimentary cover thickness from 15—16 km on the east end of the profile up
to 12—15 km in its central part, and 7—8 km on the most west end;
– increase of consolidated crustal thickness along the same direction, which is about 12—15 km to the
east, and 20 km to the west.
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Fig. 110. Wavefields with velocity reduction scanning (VR = 8.0; 7.4; 7.0; 6.6 km/s) SP 70
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Fig. 111. Velocity model (Vp, Vp/Vs) of the crust and upper mantle according WAR
data along profile DreamLine

Conclusions
The Russian complex geological and geophysical surveys data collected in the Arctic-2000, Arctic-2005, Arctic-2012, 5-AR and DreamLine expeditions have significantly advanced understanding of the
Mendeleev Rise tectonic structure variation along its strike, and the structural and genetic links of the Rise
with the northeastern Eurasian continental margin.
1. Analysis of the sea-bottom relief in the junction zone of the Mendeleev Rise with the northeastern
Eurasian continental margin allows to conclude that the Rise should be considered as a natural prolongation
of the continental margin from a morphological point of view.
2. Paleozoic rocks predominate in samples of rock fragments raised from the Mendeleev Rise. They
are represented by shelf formations of terrigenous quartz sediments, limestones and dolomites which are
characterized by lagoonal conditions. Judging by clayey-silty composition Mesozoic deposits were also
accumulated in shallow water conditions. There are no signs characteristic of the rocks of the Northern
Greenland and the Canadian Arctic Archipelago in the bottom sediments composition. This fact contradicts
the widespread theory about material transportation by ice from these areas into the Amerasian sub-basin.
3. Two sedimentary complexes separated by regional disagreement and underlying meta-sedimentary
complex are traced on the Mendeleev Rise. The thickness of the sedimentary complexes does not exceed
2.5 km; the thickness of the intermediate complex is 2—3 km.
4. The meta-sediment complex is absent in the North Chukchi Basin and further south to the shelf. The
section of the cover continues with deeper sedimentary complexes; the total thickness of them is on the average 7—8 km, and in the depressions of basins reach 16—17 km.
5. The thickness of the upper crust under the Mendeleev Rise varies in the range 4—7 km decreasing
to 2—3 km under the North Chukchi Basin. The thickness of the lower crust is 9—10 km under the North
Chukchi Basin increasing to 20—22 km under the Mendeleev Rise. The depth of the Moho occurrence varies from 28—29 km under the North Chukchi Basin to 31—34 km under the Mendeleev Rise.
6. The offshore North Chukchi Basin is the largest structure within the geotransects. It directly extends
into the Vilkitsky Basin located within the continental slope and the adjacent part of the bathyal plain.
7. The main feature of the Mendeleev Rise deep structure is an essential thickening of the lower crust
with respect to the upper crust (in a several times). This fact allows us to consider as the mainland analogues
of the Rise the Ellesmerian and Greenlandian continental margins.
Thus, the continental nature of the Mendeleev Rise is confidently confirmed and arguments of its historical-genetic connection with the adjacent East Arctic shelf are received on the basis of geological and
geophysical data on the geotransects Arctic-2000, Arctic-2005, Arctic-2012, 5-AR and DreamLine and their
subsequent processing and interpretation. In this connection, the slopes of the Rise into the adjacent deepwater basins can be interpreted as continental slopes and used to construct the outer limit of the continental
shelf of Russia in the Amerasian sub-basin.

