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During the expedition Arktika�2012 carried out on
the diesel icebreaker Kapitan Dranitsyn and research
submarines of the Russian Ministry of Defense on
September 8–21, 2012, the seamounts of the Men�
deleev Ridge were investigated. The works were con�
ducted by the Open Joint�Stock Company Sevmorgeo
with specialists invited from other organizations.
The geological team from the Research Institute
VNIIOkeangeologiya was responsible for bottom sam�
pling. The purpose of the expedition was to obtain new
geological–geophysical data on the structure of this
area of the Arctic basin.

The origin of the rocks sampled by dredges, gravity
corers, box�corers, and other sampling tools from
slopes of the Mendeleev Ridge is highly debatable.
Most researchers argue for the ice�rafted nature of
rock fragments [4, 10]. Other authors provide strong
evidences in favor of the local origin of most rock frag�
ments obtained near the bottom outcrops [1, 2]. At the
same time, the Mendeleev Ridge seamounts are over�
lain by a thick Mesozoic–Cenozoic sedimentary
cover, which is clearly recognizable in seismic records
[7, 8]. Only two seismic profiles made from the ice�
breaker HEALY found the acoustic basement out�
cropes of the sea bottom [7]. In addition, according to
MCS seismic profiling carried out during the expedi�
tion Arktika�2012 on the icebreaker Dikson, the south�
eastern slopes of Shamshur Seamount (water depth
1363 m), as well as the western and eastern slopes of
Trukshin Seamount (water depth 1261 m), also repre�
sent tectonic uplifts of the basement at the sea bottom.
All these areas were selected for further high�resolu�
tion investigations with subsequent bottom sampling

(Fig. 1; table). In addition, the southern slopes of
Rogotskii Seamount (water depth 1464 m) and name�
less rises in the eastern part of the Mendeleev Ridge
were planned for similar studies.

The investigations were conducted by several
methods. The bathymetric bottom survey was first per�
formed by the submarine�based multibeam echo
sounder. Subsequently, areas 2 × 2 km in size with
steep slopes, which were mapped by echo sounding,
were examined using the profilograph. The distance
between profiles varied from 100 to 200 m. The coor�
dinates of bedrock outcrops detected from submarines
were transferred to the icebreaker, from which the
rocks were sampled using the dredge, telegrapher, pis�
ton corer, and special drilling equipment designed by
engineers from the Open Joint�Stock Company Sev�
morgeo.

In total, 10 sites were investigated. Site 0 is located
on the slope of an unnamed seamount (water depth
1100 m). The examined northeastern slope of this
morphostructure is as steep as 30°–45°. The slope is
incised by submarine canyons and intervening ridges.
According to seismoacoustic investigations, the spa�
cious areas of canyon slopes are uncovered by sedi�
ments. The lower part of the seamount slope is marked
by a bedrock outcrop. The latter is characterized by an
uneven surface separated into large blocks by open fis�
sures. Some fissures represent likely tectonic fractures
tens of meters long (Fig. 2). The dredging of the slopes
yielded over 4000 angular and subangular fragments of
limestone, sandstone, quartzite, siltstone, mudstone,
basalt, tuff, and other rocks.

The southeastern slope of Shamshur Seamount
(Site 1) is inclined at angles of 25°–46°. The steepest
areas are confined to the lower part of the slope, can�
yon walls, and ridges. According to the profilograph
data, the thickness of unconsolidated sediments on
steep slopes decreases up to their complete disappear�
ance. The lower part of the ridge extending from the
seamount top exhibits an outcrop of lithified rocks.
The outcrop is characterized by an uneven hummocky
surface and accompanied by elluvium and talus. This
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outcrop yielded mostly angular and subangular frag�
ments of carbonate (68%), terrigenous (18%), meta�
morphic (6%), and igneous (8%) rocks. In addition,
fragments of carbonate–detrital crusts were found [5].

The northwestern slope of Shamshur Seamount
(Site 2) is relatively gentle (up to 10°–15°) and cov�
ered by a thick sedimentary sequence. No outcrops

were recorded in this area, and only several fragments
of carbonate rocks and granite were sampled.

No outcrops were registered in Site 3, where the
seamount slope is covered by a thick sedimentary
sequence. The video survey of the seafloor revealed
that the rock fragments regularly scattered through the
area are scarce, small, and characterize likely ice�
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Fig. 1. Position of the studied sites on the bathymetric map.

Location of the studies sites

Area number Geographic location
Coordinates Water depth,

mlatitude longitude

0 Northern slope of the unnamed seamount 
with the altitude of –1100 m

79°04.816′N 174°39.566′ W 1900–2300

1 Southeastern slope of Shamshur Seamount 82°05.067′ N 178°16.140′ W 1700–2200
2 Northwestern slope of Shamshur Seamount 82°10.000′ N 179°50.000′ W 1640–2330
3 Spur southeast of the Pochtarev Plateau 79°27.717′ N 171°59.000′ W 2050–2700
5 Eastern slope of Trukshin Seamount 83°04.745′ N 175°42.081′ E 1800–2600
6 Western slope of Trukshin Seamount 83°03.067′ N 177°20.167′ E 1800–2700
6A Northern slope of Trukshin Seamount 83°06.500′ N 176°04.800′ E 1940–2220
8 Southern slope of Rogotskii Seamount 83°11.567′ N 172°24.967′ W 2090–2950
9 Eastern slopes of the unnamed rise 81°15.539′ N 171°55.619′ W 2800–3100

10 Northwestern slope of the unnamed rise 81°31.561′ N 176°19.232′ W 2200–2700
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rafted debris. The dredging in this area brought abun�
dant fragments of ferromanganese crusts (up to 50 cm
across), the occurrence of which is anomalous for deep
sea Arctic areas. In total, over 700 rock fragments of
rubble and coarser fractions were obtained in this area.

On the eastern slope of Trukshin Seamount (Site 5),
the floor incline is 30°–40° with the walls of the ridge
that complicates the slope being steepest. The eastern
slope of the ridge is characterized by a step structure
determined by normal faults with a vertical displace�
ment amplitude of 25–30 m. The summit of the sea�
mount represents a flat horizontal surface. The thick�
ness of sediments at the base of the slope exceeds 30 m;
on steep slopes, the sediments are either 1–2 m thick
or completely missing. The seamount piedmont
exhibits scattered size�variable (up to 0.5–0.7 m
across) rock fragments. The fragments are grouped
into small groups, which may be indicative of their
joint movement down the slope and subsequent depo�
sition at its base. Higher on the ridge slopes at a depth
of approximately 2500 m, small (5–10 m across) out�
crops are observable. At a depth of 2350 m, these out�
crops grade into an extended scarp with the uneven
surface sharp composed of fractured rocks. The

telegreifer and dredge brought fragments of granites in
addition to sedimentary, metamorphic, and igneous
rocks typical of the Mendeleev Ridge.

The western slope of the Trukshin Seamount (Site 6)
is inclined at 35°–50° with the walls of the submarine
canyon that complicates the slope being steepest.
According to seismoacoustic profiling, the sediments
at the canyon bottom are approximately 20 m thick;
on its steep walls, the sediment thickness decreases up
to 1–2 m. The spacious areas of the slope are barren of
sediments. At some distance away from the seamount
piedmont, the seafloor is covered by mud with rare
scattered rock fragments. Closer to the slope, the
abundance of rock fragments increases and they
acquire a fresher appearance and more irregular
shapes. The canyon mouth is marked by an accumula�
tion of rock blocks up to 10–15 m across. The rock
surface is uneven, porous, and cavernous, which indi�
cates the high degree of its weathering. The blocks
were most likely transported to the slope foot by the
submarine slump. Upward along the slope, a small
outcrop with an uneven and fractured surface is
observable. It forms a distinct scarp. This Site yielded
approximately 3000 angular and subangular fragments

(а) (b)

(c) (d)

Fig. 2. Photographs of bedrock outcrops on the slope of the unnamed seamount with the altitude of 1100 m in Site 0 (79°02′10″ N,
174°56′02″ W). (a) Bedrock outcrop covered by sediments; (b) rock surface complicated by stepped scarps; (c) rock scarp sepa�
rated by fractures into blocks; (d) boundary of the bedrock outcrop and surrounding mud. Width of photos ~ 20 m.
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dominated by carbonate rocks. They are accompanied
by breccias with basalt, sandstone, and granitoid frag�
ments.

On the northern slope of Trukshin Seamount
(Site 6A), a submarine canyon with mostly vertical
bedrock walls (incline up to 78°) was surveyed using
the profilograph.

On the southern slope of Rogotskii Seamount
(Site 8), the seafloor is inclined at angles of 30°–35°.
The steepest scarps are observable in the upper part of
the slope; downward, it becomes gentler. The slope is
complicated by submarine canyons and ridges ori�
ented orthogonally to isobaths. The relative depth of
the canyons amounts to 80 m. The mouth of the sub�
marine canyon is marked by rock boulders and blocks
5–25 m in size. They are characterized by uneven sur�
faces, smoothed edges, and cavernous structures. The
large rock blocks likely originate from the upper steep
part of Rogotskii Seamount. This area provided a rep�
resentative collection of acute�angled fragments of
rocks approximately 250 kg in total.

The dredging on the north� and southeastern
slopes (17°–27° steep) of an unnamed isometric rise
(Site 9) brought angular fragments of dominant car�
bonate rocks. One of the limestone fragments contains
well�preserved trilobite and bivalve shells.

The sampling on the slope of rise (Site 10) up to 24°
steep yielded approximately 100 kg of carbonate, ter�
rigenous, and igneous rocks.

These geological–geophysical investigations of
Mendeleev Ridge and immediate seafloor observa�
tions confirm the occurrence of outcrops of basement
rocks on slopes of its seamounts and provide addi�
tional information on large rock blocks and fragments
at their foots originating from upper parts of these sea�
mounts.

The researchers who analyzed the first systemic
photographs of the seafloor noted contrasting differ�
ences in the bottom structure of basins and seamounts
[9]. According to their observations, the first of them
are characterized by rare rock fragments at their sur�
faces, while the second structures exhibit accumula�
tions of large differently rounded rock blocks.

Our investigations revealed similar patterns in the
distribution of rock fragments in the region under con�
sideration. The most contrasting difference is observ�
able on seamount slopes in Sites 0 and 3, where the
slopes are approximately equal in size and demon�
strate comparable inclines and altitudes. In Sites 3,
where no outcrops are registered, only rare small reg�
ularly scattered rock fragments are observable at the
seafloor near the foot of slope. The video survey also
revealed rare small rock fragments on the flat summit
of the seamount in question. In this situation, ice and
iceberg rafting could be responsible for their occur�
rence on the seamount summit. The opposite situation
is observable in Site 0, where both bedrock outcrops
and abundant angular small and large rock fragments

are registered at the seamount piedmont either scat�
tered on the seafloor or forming accumulations. The
distance between these areas is 75 km. It means that
the apparent difference in the distribution of rock frag�
ments at the bottom is determined by the occurrence
or absence of basement rock outcrops on the slopes.

Thus, outcrops of basement rocks on the seamount
slopes of the Mendeleev Ridge are reliably docu�
mented in Sites 0, 1, 5, 6, and 8. Small rare rock frag�
ments sampled in Sites 2 and 3 likely characterize ice�
rafted debris.

The samples from slopes of Mendeleev Ridge are
rather uniform in their petrographic composition
being represented by limestones, dolomites (50–
65%), sandstones, siltstones, mudstones (20–25%),
basalts, dolerites, granites (5–25%), and metamor�
phic schists and gneisses (2–12%) [5]. Thus, the base�
ment of Mendeleev Ridge is composed of sedimentary,
metamorphic, and igneous rocks. The obtained data
confirm the assumption that it is continental in origin
[3, 6]. At the same time, noteworthy is the wide distri�
bution of igneous and volcano�sedimentary rocks
indicating the high magmatic activity of Mendeleev
Ridge.
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