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During the high-latitude deep-sea Arctic expedition
headed by A.N. Chilingarov onboard the R/V 

 

Akademik
Fedorov

 

 (July–August 2007), the bottom sediment core
(50 cm long) was sampled by the box corer at a depth
of 4165 m at Site AR-2007/1 (

 

89°59

 

�

 

10,9

 

�

 

 N,

 

32°19

 

�

 

13,8

 

�

 

 E) in the immediate vicinity of the North
Pole (Fig. 1). The sampling site is located in the north-
ern part of the Amundsen oceanic basin near the north-
western slope of the Lomonosov Ridge.

The sediments are represented by uniform choco-
late-colored water-saturated mud. The study of the min-
eral and chemical composition confirmed its uniformity
through the entire recovered section. The mineral com-
position was studied by the X-ray phase method. The
analysis of diffractograms (Fig. 2) demonstrates that
mud is composed of quartz, mica, kaolinite, plagio-
clase, smectite, and chlorite. Minerals are identified
based on the following reflections (Å): quartz 4.26 and
3.35; plagioclase 3.19; mica 9.99 (this value remains
constant during the ignition of the sample or its satura-
tion with glycerin); chlorite 7.08 in the natural sample
(Fig. 2a), 14.25 and 7.13 in the glycerin-saturated sam-
ple (Fig. 2b), and weakened peaks in the ignited sample
(Fig. 2c); and smectite 14.25 in the natural sample
(Fig. 2a) and 17.85 in the glycerin-saturated sample
(Fig. 2b). In kaolinite, the only clay mineral preserved
in the sample after its treatment with hydrochloric acid,
the values are 7.16 and 3.57 (Fig. 2d).

Analysis of the chemical composition of mud (Table 1)
by the X-ray fluorescence method revealed that highly
water-saturated intervals are enriched in Na and Cl.
These samples were omitted from consideration. Vari-
ations of petrogenic elements are insignificant in other
samples.

Data on the mineral and chemical compositions were
used for estimating the quantitative proportions of miner-
als in the mud: quartz 30%, plagioclase 10%, mica 25%,
kaolinite 15%, chlorite 5%, and smectite 15%.

The micropaleontological analysis revealed that all
the samples contain foraminifers, while only some of
them enclose nannofossils. These finds indicate, in par-
ticular, that polynyas appeared or the thick ice cover
was periodically absent here from the Late Glacial
period up to the present-day time. The sharp increase in
abundance of calcareous microorganisms at 14 cm and
its growth upward through the section record the transi-
tion from the last glaciation to the Holocene. The max-
imal concentration of nannofossils 
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Fig. 1. 

 

Location of the sampling site in the Arctic Ocean
(black box). (

 

1

 

) Lomonosov Ridge; (

 

2

 

) Amundsen abyssal
basin; (

 

3

 

) Gakkel Ridge. The map is based on the sketch in
http://www.geo.su.se/forskning/maringeovetenskap/projekt/
iodp-acex.
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Coccolithus pelagicus, Gephyrocapsa

 

 sp., 

 

Reticu-
lofenestra

 

 spp., abundant planktonic foraminifers 

 

Neo-
globoquadrina pachyderma 

 

sin., 

 

N. pachyderma 

 

dex.,
and occurrence of boreal 

 

Globigerinita glutinata

 

 in the
uppermost layer (0–2 cm) suggest a substantial intensi-
fication of the influence of warm Atlantic currents in the

Arctic basin during the last 1–2 ka. In addition to the
Holocene boundary dated in the Arctic region at 11.4 ka
BP [1], foraminifers and nannofossils record the epi-
sode of relative warming in the lower part of the exam-
ined core corresponding, probably, to the interstadial
24–28 ka BP. Thus, we have established the northern-
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Fig. 2. 

 

Diffractograms of sample AF2007/1 (interval 8–10 cm): (a) natural, (b) glycerin-saturated, (c) ignited, (d) treated with hydro-
chloric acid. Minerals were measured and identified by A.L. Sokolova (GIN, Moscow) with a D8 Advance X-ray diffractometer
(Bruker Company, Germany). Reflection values near the peaks are given in Å.

 

Table 1. 

 

 Chemical composition (%) of sediments from sample AF2007/1

Analysis 
no.

Interval,
cm SiO

 

2

 

TiO

 

2

 

Al

 

2

 

O

 

3

 

Fe

 

2

 

O

 

3

 

MnO MgO CaO Na

 

2

 

O K

 

2

 

O P

 

2

 

O

 

5

 

SO

 

3

 

Cl Total

1 17–20 56.4 0.87 13.8 6.74 0.22 2.4 1.16 2.5 2.8 0.17 0.16 1.39 88.7

2 23–26 53.9 0.74 14.6 6.84 0.20 2.7 1.14 2.6 2.9 0.14 0.14 1.73 87.5

3 36–38 52.4 0.77 15.5 8.10 0.61 2.7 0.86 1.6 2.9 0.19 0.20 0.98 86.9

4 Average 54.2 0.8 14.6 7.2 0.3 2.6 1.1 2.2 2.9 0.2 0.2 1.4 87.7

 

Note: The analysis was performed by the X-ray fluorescence method with a S4 Pioneer device (AXS Bruker Company, Germany) at the
Geological Institute, Moscow (E.P. Shevchenko, analyst). Analysis 4 characterizes the average composition of sediments calculated
as the arithmetic mean value.
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most calcareous nannoplankton assemblage among all
finds known so far in the northern part of the
Lomonosov Ridge [1].

A small amount of siliceous microorganisms (dia-
toms, silicoflagellates, and radiolarians) and sponge
spicules recorded only in the interval of 0–5 cm include
both recent and reworked forms.

Recent diatoms are represented by planktonic spe-
cies typical of the Arctic seas: 

 

Paralia sulcata

 

, less
common 

 

Thalassiosira excentrica

 

 and

 

 Denticulopsis
seminae (?)

 

 [2], as well as

 

 Grammatophora arctica

 

, a
species covered with ice.

Reworked diatoms include both oceanic and neritic
species. Oceanic species are represented by 

 

Synedra
pulchella (?)

 

 (proxy of the upper Middle Miocene [3])
and 

 

Pyxilla prolongata

 

 distributed in basal Oligocene
sediments over a large area extending from the Norwe-
gian Sea [4] to the North Pacific. The latter species is
also found in several IODP Leg 302 holes drilled on
Lomonosov Ridge [5].

Nertic diatoms are represented by Pleistocene spe-
cies 

 

Hyalodiscus obsoletus, Coscinodiscus granulosus,
Biddulphia rombus(?)

 

; thermophilic forms 

 

Coscinodis-
cus octonarius, Lyrella lira

 

, and 

 

Synedra baculus

 

; and
single fragments of genera 

 

Medlinia, Sheshukovia,
Rhaphoneis, Stephanopyxis, Pseudopodosira

 

, and

 

Paralia

 

, which are characteristic of the Upper Pale-
ocene–Lower Eocene flora. This is evident from the
occurrence of 

 

Pyxidicula moelleri

 

 and 

 

Coscinodiscus
payeri.

 

 The assemblage also includes Paleogene sili-
coflagellates of genera 

 

Corbisema

 

 and 

 

Naviculopsis

 

.
Neritic Paleogene diatoms are widespread in glacial
sediments of northern European Russia and West Sibe-
ria [6]. Thus, the occurrence of neritic Pleistocene and
Paleogene diatoms in the examined sediments indicates
the input of the terrigenous material from these areas
during their accumulation in the Amundsen Basin.

Palynomorphs occur throughout the entire section
of the core (Table 2). Rare recent pollen is represented
by 

 

Betula nana

 

 L., 

 

Corylus

 

 sp., 

 

Pinus

 

 sp., and 

 

Picea

 

 sp.
Polypodiaceae and Chenopodiaceae are found only at
0–2 and 26–30 cm.

The Neogene–Quaternary palynological complex
includes taxa of the family Betulaceae (

 

Betula, Alnus,
Carpinus

 

) and Juglandaceae (?

 

Juglans

 

). Gymnosperms
are represented by 

 

Pinus

 

 sp. Thermophilic Myriaceae
(interval 7–20 cm) occurs as single grains.

Reworked Paleozoic, Mesozoic, and Paleogene
palynomorphs are also present in the examined sam-
ples. Paleozoic spores are dominated by Devonain taxa,
which are abundant at 13–15 cm. They include zonal
species of synonymous Devonian zones: 

 

Periplecotri-
letes tortus 

 

Egorova (Early–initial Late Eifelian) and

 

Geminospora extensa

 

 (Naumova) Gao (Givetian) [7].
The protosaccate form 

 

Disaccites

 

 sp. found in this core
is widespread in Permian sediments. Mesozoic palyno-
morphs are represented by 

 

Gleicheniidites senonicus

 

Ross, 

 

Stereisporites

 

 sp., 

 

Klukisporites

 

 sp., and others

with the stratigraphic range corresponding to the Upper
Jurassic–Cretaceous. Our materials are consistent with
the data from [8], which reported the find of breccia of
coaly siltstone fragments on the Eurasian slope of
Lomonosov Ridge. Judging from palynomorphs, these
rocks are Mesozoic (Jurassic–Cretaceous) in age and
contain reworked Paleozoic taxa.

It is worth mentioning that the examined sediments
reveal small coaly clasts after special treatment (Table 2).

The analysis of all the data allows us to make some
conclusions concerning the source of material in the
mud. According to [9], bottom sediments of deep areas
of the Arctic Ocean are characterized by mixed origin.
They include ice-rafted material, largely biogenic mat-
ter transported by currents, and material from slopes of
deep basins. The clay mineral assemblage is relatively
stable (%): illite (~55), chlorite (~25), kaolinite (~15),
and smectite (~10). This assemblage indicates intense
mixing of minerals from different sources.

Such a distribution of clay minerals differs substan-
tially from that in the examined mud samples (%): mica
(~40), chlorite (~10), kaolinite (~25), and smectite
(~25). The observed differences may indicate an addi-
tional source of material for examined sediments. As
was mentioned, Mesozoic coaly siltstones are found on
slopes of Lomonosov Ridge [8]. According to [8], sim-
ilar rocks can constitute the Mesozoic section of
Lomonosov Ridge below the Lower Paleogene uncon-
formity. The lithological and palynomorph composi-
tions of sediments recovered from the North Pole sug-
gest that submarine destruction products of these silt-
stones could contribute much to the formation of Arctic
sediments. Both siltstones and the examined sediments
contain similar Paleozoic and Mesozoic palynomorphs.
The composition of carbonaceous siltstones described
above (quartz 36%, feldspar 8%, mica 10%, dark min-
erals 8%, and clay minerals 10%) is close to that of
examined sediments. The observed difference—the
higher content of clay minerals in mud—is related to
the influx of material from some other sources. Based
on the study of reworked neritic diatom species, it was
shown above that the material was transported from
northern areas of Russia during the accumulation of the
Arctic mud.

According to Kaban’kov et al. [10], accumulation of
seafloor sediments in a rugged region like the bottom of
the central Arctic Ocean is mainly promoted by slope
processes and formation of eluvial–deluvial sediments
owing to the erosion of ancient massive rocks. This pro-
cess is accompanied by mixing with other materials,
such as remains of planktonic microfauna and flora, as
well as sediments transported by bottom currents. The
composition of the studied deep-sea sediments from the
North Pole area accords with this viewpoint.
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Table 2. 

 

 Distribution of microfossils in sediments of the North Pole

Sam-
ple 
no.

Inter-
val, 
cm

Recent pollen
Reworked pollen

Notes
Pollen (N–Q) Pollen MZ–PZ

1 0–2 Polypodiaceae, 

 

Betu-
la nana

 

, Pinaceae, 

 

Pi-
nus

 

 sp., Compositae, 
Chenopodiaceae

 

Lycopodium

 

 sp., 

 

Betula

 

 sp., 

 

Ptero-
carya

 

 sp., 

 

Abies

 

 sp., 

 

Pinus

 

 sp.

: 

 

Tricolpopollenites

 

 sp. (cf. 

 

Quer-
cus

 

); 

 

MZ

 

: 

 

Gleicheniidites

 

 sp.;

 

PZ

 

: 

 

Disaccites

 

 sp. (protosaccate)

Sponge spicules, diatoms, 
radiolarian and sili-
coflagellate fragments, 
coaly particles

2 2–5 Polypodiaceae, 

 

Bet-
ula nana

Picea

 

 sp.

 

PZ

 

: 

 

Disaccites

 

 sp. (protosaccate) Single coaly particles, 
sponge spicules

3 5–8 

 

Betula nana

 

, 

 

Pinus

 

 
sp., Compositae, an-
ther fragment

 

Alnus

 

 sp., 

 

Betula

 

 sp., 

 

Carpinus

 

 sp., 

 

Cory-
lus

 

 sp., Pterocarya 
sp., Pinus sp.

Absent Coaly particles, fragments 
of sponge spicules, Cy-
anophiceae (?)

4 8–10 Betula nana,
Compositae

cf. Juglans sp., Al-
nus sp., Betula sp., 
Tilia sp., Pinus sp.

MZ: Gleicheniidites sp.,
PZ: Disaccites sp. (protosaccate)

Abundant coaly particles, 
small transparent mineral 
clasts, large olive-colored 
mineral clasts

5 13–15 Betula nana, Pinus 
sp., Compositae, 
Chenopodiaceae

Pterocarya sp.,
Pinus sp.

MZ: Gleicheniidites senonicus, Con-
cavissimosporites sp., PZ: Leiotri-
letes sp., Brochotriletes cf. rarus, Ar-
chaeozonotriletes sp., Retusotriletes 
ambagiosus, Retusotriletes sp., Api-
culatrisporites sp., Convolutispora 
cf. bella, Periplecotriletes tortus, 
Geminospora trevetica, G. aurita,
G. extensa, G. micromanifesta, Punc-
tatisporites cf. resolutus, P. glaber, 
aff. P. tortuosus, Cristatisporites sp. 
ex gr. Grandispora longa, Densos-
porites? crassiformis, Lophozono-
triletes sp., Disaccites sp. (protosac-
cate), Green algae (Tasmanites?, 
Leiosphaeridia) + indeterminable 
(lacerated, intensely coalified)

Coaly particles, sponge 
spicules, Botryococcus

6 17–20 Betula nana, Cory-
lus sp., Pinus sp., 
Compositae

Lygodium sp., ex gr. 
Myricaceae (Myrica 
sp.), Juglans sp., Pi-
nus sp.

MZ: Stereisporites sp., Reticu-
latisporites cf. variolatus

Coaly particles

7 20–23 Betula nana, Pinus 
sp., Compositae

Alnus sp., Ptero-
carya sp., Pinus sp.

MZ: ?Circulodinium sp. Coaly particles

8 23–26 Betula nana, Cory-
lus sp., Pinus sp.,
Picea sp. Composi-
tae, Chenopodiaceae

Betula sp., Pinus sp. : Tricolporopollenites sp. (cf. 
Castanopsis), Tricolpopollenites sp. (cf. 
Quercus); MZ: Aquillapollenites sp., 
Gleicheniidites sp., Cycadopites sp., 
?Classopollis sp.; PZ: Striatopinites 
perfectus, Disaccites

Abundant coaly particles, 
fragment of plant tissue, 
sponge spicules, Botryo-
coccus

9 26–30 Polypodiaceae, Betula 
nana, Betula sp., 
Corylus sp., Pinus sp., 
Picea sp., Composi-
tae, Chenopodiaceae

Carpinus sp., Cory-
lus sp., Pinus sp.,
Picea tobolica,
Picea sp.

: Plicapollis sp., Tricolpopolleni-
tes sp. (cf. Quercus graciliformis), 
Taxodiaceae, Pinus sp.; PZ: Disac-
cites

Coaly particles, fragment 
of plant tissue, sponge sp-
icules, Botryococcus

10 30–33 Sphagnum sp.,
Betula nana, Pinus 
sp., Graminea

Juglandaceae 
(?Juglans sp.), 
Pterocarya sp.

: Tricolpopollenites sp. (cf. Quer-
cus sparsa); MZ: Klukisporites sp.; 
PZ: Geminospora extensa, ex gr.
Cirratriradites sp., Perotrilites sp., 
Verrucosisporites sp., Disaccites

Rare strongly coalified 
particles, coalified frag-
ments of plant tissues, 
sponge spicules

11 36–38 Absent Absent Absent Single coalified particles, 
abundant small rod-
shaped microorganisms 
(Infusoria?) resembling 
rice under the microscope

P–

P–

P–

P–
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CONCLUSIONS
(1) The micropaleontological data indicate a Late

Pleistocene–Holocene age of the upper interval (0–50 cm)
of bottom sediments in the North Pole area.

(2) The mineral and chemical composition of the
sediments and abundance of reworked Paleozoic and
Mesozoic palynomorphs in them, which are similar to
their counterparts from coaly siltstones on the slope of
Lomonosov Ridge, suggest that the sediments are
mainly composed of products of underwater erosion in
the ridge area. Occurrence of insignificant quantities of
reworked Pleistocene and Paleogene neritic diatoms
suggests the contribution of material transported from
the northern margin of Russia into the accumulation of
sediments.

(3) We have established the northernmost assem-
blage of calcareous nannoplankton. Its presence in the
studied sediments is related to global changes in oce-
anic circulation during the Pliocene–Quaternary.

(4) Variation in the abundance of calcareous nanno-
plankton in the mud section testifies to a substantial
intensification of the influx of warm Atlantic waters
into the Arctic basin during the last 1 to 2, 11.4, and 24–
28 ka BP.
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