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Two age models are available for bottom sediments
cored in the Arctic Ocean: “older” [1–5] and
“younger” [6–9]. The first of them assuming very low
sedimentation rates is based on interpretation of the
magnetization vector in sediments and finds of partic�
ular stratigraphically significant microfossils (index
species and assemblages). The replacement of the pos�
itive residual magnetization in sedimentary sections by
the negative one, which was correlated with the
boundary between the Brunhes and Matuayma paleo�
magnetic epochs, was considered as the main criterion
for developing the “older” model [3]. The second
model assuming higher sedimentation rates is based
on amino acid dates obtained for tests of planktonic
foraminifers, optically stimulated luminescence dates
obtained for quartz and feldspar grains, climatostrati�
graphic interpretations of oxygen isotope curves, con�
tents of ice�rafted material, and Fe and Mn minerals
in sediments. In this model, older foraminifers and
diatoms are considered as being reworked and inter�
vals with reversed magnetization of sediments are cor�
related with episodes of the Brunhes, not Matuyama,
epoch. Detailed analysis of sediment cores obtained
recently throughout the entire Arctic Ocean has stim�
ulated most researchers to accept the “younger”
model.

The purpose of this work is to derive new data on
age of bottom sediments cored on Mendeleev Ridge
and to correlate them with other cores from this area
with account for geochronological dates obtained by
the radiochemical and micropaleontological methods
for sediments sampled at the ridge (Cores AF�00�02,
AF�00�07, and AF�0731).

Core AF�00�0731 was taken in the southern part of
Mendeleev Ridge (78°48.81' N, 171°56.86', water
depth of 2280 m) during Cruise 26 of the R/V Aka�
demik Fedorov in 2007 [10]. Cores AF�00�02
(81°56.86' N, 171°40.61' , water depth of 3228 m) and
AF�00�07 (82°03.25' N, 179°56.18' , water depth of
1555 m) were obtained in 2000 [1] in the northerly
located junction area between the Mendeleev and
Alpha ridges (Fig. 1).

The 230Th excess method, one of the most popular
methods of nonequilibrium radioisotopic geochronol�
ogy, was used for dating bottom sediments. Theoretical
aspects of the method and its practical application are
described in detail in [11, 12].

For analysis of benthic and planktonic foramini�
fers, samples 4 cm thick were taken with a step of 10–
20 cm through the entire core length. Frozen samples
were dried at the critical point, then weighed, and
washed out through two seeds with meshes of 63 and
125 µm. The fractions obtained were again dried and
examined under the microscope to identify foramin�
iferal taxa and to calculate their proportions.

Radiochemical Data

The excessive 230Th activity in Core AF�00�07 was
calculated proceeding from the total mass of samples
(230Thexcess) and with account for normalization for the

relative contents of Fe and Mn ( ), which
represent the main concentrators of this isotope in

sediments. The distribution of 230Thexcess and 
activities through the core is in general similar (Table 1).
The downward decrease in Th concentrations is docu�
mented for the five upper samples (5–57 cm). The
interval of 86–89 cm is marked by the growth of
230Thexcess activity, which then decreases downward to
increase again in the lower part of the core section
(160–245 cm). Such irregular patterns of the vertical
230Thexcess distribution are to a variable extent charac�
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teristic of bottom sediments in the Mendeleev Ridge
area [13, 14]. The average sedimentation rates calcu�

lated from 230Thexcess and  activities in the
intervals of 5–8 and 48–57 cm are similarly equal to
0.158 ± 0.005 and 0.153 ± 0.004 cm/kyr, respectively.
These average sedimentation rate values were used for
calculating the ages of sediments from particular intervals
(Table 1). The average sedimentation rates of about
0.15 cm/thousand years estimated for Cote AF�00�07 are
comparable with their values obtained by the 230Thexcess

method for other areas of Mendeleev Ridge [13].

Through the Core AF�00�02 section, the 230Thexcess
activity decreases gradually from the interval of 3–10
to 53–63 cm (Table 2). The uppermost 3 cm disturbed
by the corer are omitted from calculations. Two lower
intervals of 53–63 and 85–95 cm were also excluded
from calculations because the specific 230Thexcess activ�
ities in them are close to zero indicating factual radio�
active equilibrium between 230Th and 234U. The aver�
age sedimentation rate is estimated from 230Thexcess val�
ues in the intervals of 3–10 and 34–44 cm as being
equal to 0.108 ± 0.003 cm/kyr. The age of these sedi�
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ments is calculated proceeding from this average rate
(Table 2). In addition, intervals of 0–3.5 and 3.5–
7.0 cm are dated by the radiocarbon methods. The
obtained dates of 16 ± 0.9 ka (LU�4639, interval of 0–
3.5 cm) and ±34.5 ka (LU�4638, interval of 3.5–
7.0 cm) confirm the ages estimated by the 230Thexcess
method.

The distribution patterns of the 230Thexcess and
 values through the Core AF�0731 section

are similar to each other exhibiting a tendency toward
their downward decrease (Table 3), although similarly
to Core AF�00�07, they are characterized by a slightly
irregular distribution along the section (Table 1). Vari�
ations in the Fe content through the Core AF�0731
section are less notable as compared with this param�
eter in Core AF�00�07 and, correspondingly, exert a
more significant influence on the  distribu�
tion. Therefore, it seems reasonable to use the normal�
ized data, i.e.,  values (Table 3). For the
above�mentioned reasons, the uppermost 2 cm were
excluded from consideration. The lowermost sample
taken at depth of 310 cm is too remote from the others;
in any event, its use in calculations may yield random
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Fig. 1. Schematic location of cores in the bathymetric chart. The rectangle on the survey map designates the study area.



604

DOKLADY EARTH SCIENCES  Vol. 450  Part 2  2013

GUSEV et al.

numbers. The sedimentation rate derived from the
 content in samples from depths of 15 and

80 cm is estimated to be 0.437 ± 0.061 cm/kyr. Pre�
cisely this value is used for age calculations.

Micropaleontological Data

Three successive foraminiferal assemblages are
definable in core sections from Mendeleev Ridge. The
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upper assemblage includes a significant share of Atlan�
tic species: Fontbotia wuellerstorfi, Oridorsalis tener,
Parafissurina groenlandica, Bulimina aculeata, and
some miliolids (Miliolinella spp.). The high abun�
dance of calcareous microfossils in bottom sediments
is also characteristic of other areas of the Arctic
Ocean, the Eurasia Subbasin included. In addition,
bottom sediments of some areas, for example near the
North Pole, demonstrate diverse nannoplankton and

Table 1. Radiogeochemical data on the Core AF�00�07 section

Interval, cm 238U, d/min/g 234U, d/min/g 234U/238U 230Th, d/min/g 232Th, d/min/g

5–8 1.54 ± 0.06 1.44 ± 0.06 0.93 ± 0.05 11.73 ± 0.35 2.00 ± 0.14
8–14 1.03 ± 0.06 1.00 ± 0.06 0.97 ± 0.08 10.83 ± 0.20 2.15 ± 0.09

14–21 1.53 ± 0.04 1.30 ± 0.03 0.85 ± 0.03 3.03 ± 0.10 1.60 ± 0.07
30–38 1.19 ± 0.05 1.01 ± 0.04 0.85 ± 0.05 2.09 ± 0.07 1.85 ± 0.09
48–57 1.14 ± 0.04 0.98 ± 0.04 0.86 ± 0.05 1.68 ± 0.03 2.01 ± 0.03
86–89 0.98 ± 0.05 0.87 ± 0.05 0.88 ± 0.07 4.74 ± 0.09 1.83 ± 0.06

106–117 1.20 ± 0.05 1.03 ± 0.04 0.86 ± 0.05 1.80 ± 0.05 1.94 ± 0.05
160–165 1.03 ± 0.03 0.93 ± 0.03 0.90 ± 0.04 1.81 ± 0.07 1.79 ± 0.07
202–205 0.69 ± 0.03 0.66 ± 0.02 0.95 ± 0.05 1.93 ± 0.08 1.57 ± 0.07
235–245 0.99 ± 0.04 0.86 ± 0.04 0.87 ± 0.05 3.00 ± 0.13 2.32 ± 0.11

Interval, cm 230Thexcess Age (T), ka Fe + Mn, % Age* (T), ka

5–8 10.29 ± 0.36 41.1 ± 1.3 4.4 233.86 ± 8.18 42.5 ± 1.1

8–14 9.83 ± 0.21 69.6 ± 2.2 4.67 210.49 ± 4.50 71.9 ± 1.9

14–21 1.73 ± 0.10 110.8 ± 3.5 4.53 38.19 ± 2.21 114.4 ± 3.0

30–38 1.08 ± 0.08 215.2 ± 6.8 4.62 23.38 ± 1.73 222.2 ± 5.8

48–57 0.70 ± 0.05 332.3 ± 10.52 4.76 14.71 ± 1.05 343.1 ± 9.0

86–89 3.87 ± 0.10 3.86 100.26 ± 2.59

106–117 0.77 ± 0.06 3.83 20.10 ± 1.57

160–165 0.88 ± 0.08 4.79 18.37 ± 1.67

202–205 1.27 ± 0.08 4.69 27.08 ± 1.71

235–245 2.14 ± 0.14 4.99 42.89 ± 2.81

Note: ( ) normalized for Fe + Mn; age* is calculated from ; (d) decay.
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Table 2. Radiogeochemical data on the Core AF�00�02 section

Interval, cm
238U,

d/min/g

234U,
d/min/g

234U/238U
230Th,

d/min/g

232Th,
d/min/g

230Thexcess Age (T), ka

0–3 0.86 ± 0.03 0.62 ± 0.03 0.72 ± 0.02 18.42 ± 0.18 1.85 ± 0.05 17.80 ± 0.18 13.9 ± 0.4

3–10 2.03 ± 0.06 1.20 ± 0.05 0.59 ± 0.02 23.57 ± 0.29 2.25 ± 0.08 22.37 ± 0.29 60.2 ± 1.7

12–17 1.16 ± 0.05 0.61 ± 0.03 0.53 ± 0.02 10.30 ± 0.17 2.35 ± 0.07 9.69 ± 0.17 134.3 ± 3.7

27–34 1.20 ± 0.05 0.96 ± 0.05 0.80 ± 0.03 4.03 ± 0.09 2.23 ± 0.07 3.07 ± 0.10 282.4 ± 7.8

34–44 1.61 ± 0.07 1.40 ± 0.06 0.87 ± 0.03 2.81 ± 0.10 2.22 ± 0.09 1.41 ± 0.12 361.1 ± 10.0

53–63 1.44 ± 0.06 1.18 ± 0.04 0.82 ± 0.02 1.23 ± 0.04 2.27 ± 0.06 0.05 ± 0.06

85–95 1.01 ± 0.05 0.86 ± 0.04 0.85 ± 0.03 1.18 ± 0.04 2.48 ± 0.06 0.32 ± 0.06

Note: Only non�normalized 230Thexcess values were used in age calculations, since for some samples data on their chemical com�
positions are unavailable. (d) Decay.
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diatom assemblages [15]. In the underlying sediments
of the Mendeleev Ridge, this assemblage is replaced by
the second, mixed foraminiferal assemblage with
agglutinated taxa (primarily cosmopolitan species
Cyclammina pusilla unknown from recent sediments
of the Arctic Ocean), in addition to the above�men�
tioned taxa, the abundance of which considerably
decreases (except for Fontbotia wuellerstorfi retaining
its abundance during warm stages). Some species from
this assemblage are likely Pacific in origin: Glandulina
nipponica, Pseudoparella minuta. The assemblage also
includes planktonic taxa, which are characterized by
low abundances, although some core sections exhibit
a single Globigerina bulloides peak. The third, oldest
foraminiferal assemblage found in basal sediments of
core sections is almost completely represented by
agglutinated species: dominant Cyclammina pusilla
and C. rotundidorsata accompanied by Pseudoparella sp.,
Haplophragmoides subglobosum, and some other
forms. A similar assemblage of agglutinated foramini�
fers was first described in cores from Alpha Ridge [5],
where it was attributed to the Pliocene based on out�
dated paleomagnetic observations [3].

The curves illustrating the distribution of benthic
foraminifers in core sections may be correlated with
the geochronological data obtained (Fig. 2). Sedi�
ments of the Core AF�0731 section are barren of
Cyclammina representatives, which occur in abun�
dance in lower parts of cores located further north. It
is logical to suggest that Core AF�0731 failed to
recover older sediments with these microfossils.

DISCUSSION AND CONCLUSIONS

The geochronological data obtained by the
230Thexcess method for the AF�00�07, AF�00�02, and
AF�0731 core sections imply low sedimentation rates
on Mendeleev Ridge over the last 300 kyr. Their values
ranging from 0.11 to 0.437 cm/kyr are close to this
parameter determined for other cores from this struc�
ture; ~0.15 cm/kyr obtained by the 230Thexcess method
[13] and ~0.27 cm/kyr derived from 10Be variations
[14]. Such estimates of sedimentation rates are several
times lower compared to their values determined for
sediments of Mendeleev Ridge by the amino acid [7]

and optically stimulated luminescence (OSL) [8]
methods. The stratigraphic model proposed for the
Core 96/24�1sel section in the Lomonosov Ridge area
is considered as playing a reference role. It may be cor�
related with the data obtained for Mendeleev Ridge
[7], where MIS 5 is defined in the interval of 105–
220 cm in the Core HLY0503�8JPC section. It is note�
worthy that radiocarbon ages of 25–40 ka in this core
are characteristic of the interval of 20–35 cm and
these dates are most likely understated due to limited
method possibilities. In our opinion, the abundance
peak in concentrations of planktonic foraminifers at
the depth of 30 cm of the Core HLY0503�8JPC sec�
tion corresponds to MIS 5, not MIS 3 as was assumed
in [7]. “Warm” peaks corresponding to MIS 3 are
missing from core sections in other areas of the Arctic
(Lomonosov Ridge and Morris Jessup Plateau
included) and North Atlantic oceans.

The micropaleontological data indicate that the
upper 20–50 cm of sediments in core sections from
Mendeleev Ridge were deposited during the late Neo�
pleistocene–Holocene. In upper parts of core sec�
tions, high abundances of benthic and planktonic for�
aminifers correspond to each other (upper five peaks).
Downward, such a correspondence is less notable or
entirely unobservable. The cores taken in the northern
part of Mendeleev Ridge (AF�00�07, AF�00�02)
recovered probably Eopleistocene or, even, Pliocene
sediments, which follows from the high abundances of
agglutinated foraminifers, Cyclammina representatives
included. Core AF�0731 located 400 km south of the
above�mentioned sections presumably failed to
recover Pliocene sediments, which is supported by the
absence of Cyclammina tests in samples. This assump�
tion is consistent with the data obtained by the radio�
chemical method, according to which sedimentation
rates in the southern part of Mendeleev Ridge are 2–
3 times higher as compared with values calculated for
northern cores. Such a discrepancy in sedimentation
rates in the northern and southern parts of the ridge is
explained by their different remoteness from the con�
tinental margin, i.e., from provenances.

Thus, the obtained data favor the “older” strati�
graphic model. According to this model productivity

Table 3. Radiogeochemical data on the Core AF�0731 section

Inter�
val, cm

238U,
d/min/g

234U,
d/min/g

234U/238U
230Th,

d/min/g

232Th,
d/min/g

230Thexcess
Fe, 
% 

Age* (T), 
ka

0–2 1.512 ± 0.062 1.507 ± 0.061 0.997 ± 0.047 18.989 ± 0.159 2.957 ± 0.063 17.482 ± 0.159 2.62 667.25 ± 6.07 2.3 ± 0.3

15 1.465 ± 0.077 1.362 ± 0.074 0.930 ± 0.058 5.366 ± 0.141 2.988 ± 0.091 4.004 ± 0.159 5.36 74.7 ± 2.97 34.3 ± 4.8

47 1.846 ± 0.056 1.805 ± 0.055 0.978 ± 0.036 6.517 ± 0.113 2.578 ± 0.071 4.712 ± 0.126 5.44 86.62 ± 2.32 107.6 ± 15.0

80 1.313 ± 0.070 1.213 ± 0.067 0.924 ± 0.060 1.685 ± 0.057 2.877 ± 0.062 0.471 ± 0.088 2.48 18.99 ± 3.55 183.1 ± 25.6

310 1.350 ± 0.043 1.318 ± 0.042 0.977 ± 0.037 2.096 ± 0.052 2.933 ± 0.061 0.778 ± 0.067 3.66 21.26 ± 1.83 –

Note: ( ) normalized for Fe; age* is calculated from ; (d) decay.
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peaks of benthic foraminifers in sections of bottom
sediments in the Mendeleev Ridge area correspond to
MIS 1, MIS 5, MIS 7, MIS 9, MIS 11, etc. The
absence of the “warm” interval in sections at the
MIS 3 level is consistent with similar data on benthic
foraminifers in other areas of the Arctic and North
Atlantic oceans. In our opinion, the 230Thexcess method
is sufficiently effective and may be used in combina�
tion with other methods in further complex investiga�
tions of bottom sediments in the Arctic Ocean.
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