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Abstract⎯Oxygen and hydrogen isotope analysis was performed to study the processes of distribution of
water masses and modification of their salinity in the Russian Arctic seas. A wealth of new isotopic data
was obtained for freshwater (river runoff, Novaya Zemlya glaciers) and seawater samples collected along a
set of extended 2D profiles in the Barents, Kara, and Laptev Seas. The study presents the first δD values
measured for the Northeast Atlantic Deep Water NEADW dominated the water column of the Barents Sea
(S = 34.90 ± 0.05, δD = +1.55 ± 0.4‰, δ18O = +0.26 ± 0.1‰, n = 44). This water mass is present in the
Kara Sea and western Laptev Sea. The relationship between δD, δ18О, and salinity data was used to calcu-
late the fractions of waters of different origin, including the fractions of continental runoff in waters of the
Barents, Kara, and Laptev Seas. It was shown that the relationships between the isotopic parameters
(δD, δ18О) and salinity in waters of the Kara and Laptev Seas is controlled by the intensity of continental
runoff and sea ice processes. Sea ice formation is the main factor controlling the formation of the water
column on the Laptev Sea shelf, whereas the surface waters of the middle Kara Sea are dominated by the
contribution of river runoff. A very strong stratification in the Kara Sea is caused by the presence of a
relatively fresh surface layer mostly contributed by estuarine water inputs from the Ob and Yenisei Rivers.
The contribution of river waters reaches 40–60% in the surface layer in the central part of the sea and
decreases to a few percent down 100 m water depth. Stratification in the western part of the Laptev Sea is
controlled by the contribution of freshwater input from the Lena River and modification of salinity by sea
ice formation.
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INTRODUCTION
Despite the evolving knowledge of the Arctic Ocean,

the mechanisms behind the formation and circulation
of its water mass remain unclear (Aagard et al., 1981;
Bonish and Schlosser, 1995; Dickson and Brown 1994;
Jones et al., 1995; Mysak et al., 1993; Peterson, 1989).
The Arctic seas receive approximately 10% of the global
river runoff (Dittmar and Kattner, 2003; Gordeev et al.,
1996). Considerable freshening of the Siberian shelf
seas leads to an increase in stratification and a decrease
in primary production (Zatsepin, 2010; Flint and Poya-
rkov, 2015). Primary production in the Arctic is likely to
be affected by other environmental factors such as a
decrease in nutrient concentrations due to fresh-water
dilution, as was observed for Bering Sea continental
shelf surface waters (Cooper et al., 1997).

Continental runoff has a significant impact on the
ecology of Arctic seas. Since discharge from rivers rep-
resents a potential (in some cases actual) source of
anthropogenic radionuclide contamination (Pavlov
and Pfirman, 1995), quantitative estimation of water

depths, river f low direction and distance is of critical
importance.

A long-lasting freshening of Arctic seas was docu-
mented indirectly by past and present-day stable oxygen
isotope profiles from biogenic carbonates (Erlenkeuser
et al., 1999; Mueller-Lupp et al., 2003; Schone et al.,
2004; Simstich et al., 2004, 2005). For example, the
δ18О values of bivalve shells record the maximum fresh-
ening trend in the Kara Sea during the 1990s (Simstich
et al., 2005), while seasonal variations in the riverine
freshwater discharge were documented for the Laptev
Sea (Mueller-Lupp et al., 2003). The oxygen isotopic
composition of carbonates reflect the isotopic compo-
sition and temperature of the seawater in which the shell
calcifies, but it cannot be used to determine sources of
freshwater input and reconstruct the structure of the
water column, i.e., water-column dynamics.

The stable isotope composition of oxygen and
hydrogen in the water molecule is a valuable natural
tracer for the determination of the origin and move-
ment of water masses in sea basins. In the Arctic
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region, where the processes of evaporation play a sub-
ordinate role, the relationship δ18О, δD and salinity
can be used to determine the origin of the freshwater
input to seawaters, e.g., regional atmospheric precipi-
tation and riverine freshwater discharge (Bauch et al.,
2012; Bauch et al., 2005; Gordeev et al., 1996; Red-
field and Friedman, 1969). Inventory values of river
water can be derived for northern Eurasia, because
river water δD and δ18О decrease gradually from west
to east, which can be explained by the Atlantic air mass
flowing up over the continent and causing increased
precipitation in this direction (Bauch et al., 2011,
Brezgunov et al., 1983).

The stable isotopic composition of water is used as
an indicator for water mixing processes and their vari-
ation during sea ice freezing and melting. A sharp
change in salinity and small values of the isotope frac-
tionation factors between ice and water (Lehmann and
Siegenthaler, 1991) results in the transformation of the
isotopic composition—salinity relationships. These
processes are observed over Arctic shelf areas with
shallow water depth, low levels of mixing, and high
rates of freezing. The transformation of the isotopic
composition—salinity relationships typical of a two-
component mixing can be described in part using a
third component, sea ice meltwater fraction (Bauch
et al., 2003, 2005, 2011–2014).

Studies of oxygen and hydrogen isotope variations in
ocean water began in the second half of the 20th century
(Dansgaard, 1964; Craig and Gordon, 1965). Later, the
discovery of differences in δ18О values of the river water,
sea ice meltwater and deep oceanic currents resulted
later in the systematic collection of data on Arctic seas
(Ostlund and Hut, 1984). In the Russian sector of the
Arctic Ocean, studies were conducted in the Bering and
Chukchi Seas (Cooper et al., 1997), Laptev and Kara
Seas (Bauch et al., 2011–2014). Only scarce data are
available for the northern river estuaries (Cooper et al.,
2008; Bauch et al., 2013). Existing isotope data sets
mainly include oxygen isotope ratios in a water system,
while no systematic data are yet available on the hydro-
gen isotopic composition of the Arctic seas. The accu-
racy of current methods allows the precise and simulta-
neous measurements of oxygen and hydrogen stable
isotopes in water molecules, which can be used to study
the dynamics of seawater exhibiting small variations in
δ18О and δD values (Dubinin and Dubinina, 2014;
Dubinin et al., 2014). A combination of data from two
isotopic systems allows us to reliably constrain the
source and genesis of water masses.

This study was performed using high-precision iso-
tope analysis and real-time CTD measurements of
hydrophysic parameters such as water temperature
and salinity. The purpose of this study is to examine
the isotope systematics of seawater and freshwater
components in the region, to obtain quantitative esti-
mates of component mixing proportions, and to deter-
mine the key factors that influence the isotopic com-

position and salinity of seawater in the Barents, Kara,
and Laptev Seas.

These seas are characterized by different degrees of
freshening and ice formation (Aagard and Carmack,
1989). In the Barents Sea, the isotope vs. salinity sig-
nature of the North Atlantic water exhibits the lowest
degree of modification compared to the Kara and
Laptev Seas (Schauer et al., 2002). The Kara Sea
receiving about one third of the continental runoff from
the Siberian rivers of Eurasia is characterized by the
highest inputs of freshwater (Hanzlick and Aagard,
1980, Gordeev et al., 1996). In the Laptev Sea, the iso-
tope (δD, δ18О) vs. salinity signature most likely reflects
sea-ice formation (Redfield and Friedman, 1969).

MATERIALS AND METHODS

Samples for isotope analysis were collected on
three Arctic expeditions with R/Vs Professor Molcha-
nov (2012, Barents Sea), Professor Shtokman (2014,
Kara Sea) and Akademik Mstislav Keldysh (2015,
Kara and Laptev Seas). The locations of sampling pro-
files are shown in Fig. 1. Water samples were collected
using a rosette of Niskin sampling bottles to obtain the
vertical profiles of hydrographic parameters and δD
and δ18О values.

Oxygen isotopes of seawater were analyzed by
СО2—water isotope equilibration technique on a Gas
Bench II unit coupled to a PAL autosampler. 0.5 cm3

samples of seawater were analyzed at 32°C for
18 hours. Oxygen isotopes were analyzed by CF IRMS
on a DELTA V+ mass spectrometer (Thermo, Fin-
nigan). Because analyses were performed on seawater
samples with a salinity of 3.5%m, they were checked
for the presence or absence of significant salt effect
(Truesdell, 1974; Horita et al., 1993a, 1993b). Before
measuring the δ18О value of seawater, pure dry NaCl
crystals and a deionized water standard were mixed to
make 0–20 wt % NaCl solutions at a 1% concentra-
tion increment, and the mixtures were measured for
oxygen isotope composition. This calibration is per-
formed routinely with fresh solutions. Repetitive anal-
yses of calibration standards shows that the applied
method has no salt effect in the range of concentra-
tions from 0 to 10%, which well within the salinity
range of seawater samples analyzed.

Hydrogen isotope analysis was performed on sea-
water microsamples (0.001 cm3) via hot (800°C) chro-
mium reduction by DI IRMS on a DELTAplus mass
spectrometer (Thermo, Finnigan). The δD and δ18O
values are given relative to the V-SMOW and V-SLAP
international standards. The measurement precision
for δ18O and δD analyses was ±0.1 and ±0.3‰,
respectively.
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Fig. 1. Scheme of sampling profiles: (a) Barents Sea: 1—Kola meridian, 2—a group of profiles northwest of Novaya Zemlya
Archipelago (Novaya Zemlya profiles), 3—profile across the White Sea Gorge; (b) Kara and Laptev Seas: 1—Yamal profile
(2014), 2—Novaya Zemlya and 3—Lena profiles (2015). The positions of stations sampled for river and glacier waters are shown
by triangles (2014). 
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RESULTS AND DISCUSSION

Barents Sea

Water samples were studied in the Barents Sea
along the meridional profile of stations named as the
Kola meridian, extending from the Kola Peninsula
across the White Sea Gorge and five profiles trending
in the N—W direction from Novaya Zemlya Archipel-
ago (Fig. 1a). The homogeneous isotopic versus salin-
ity signature indicates the weakly stratified water col-
umn of the Barents Sea. Table 1 shows averaged iso-
tope data for the seawaters from the Barents Sea. All
water samples collected at depths of more than 5 m
have a narrow salinity range (S = 33.20–34.96), while
the differences in the oxygen and hydrogen isotope
values are 0.9 and 5.2‰, respectively (Table 1).

The δ18О/salinity relationship (Fig. 2a) shows a
well-defined North Atlantic mixing line for our data,
suggesting that North Atlantic water inflow is the
likely source of Barents Sea waters (Craig, Gordon,
1965). On this plot, all samples fall in two distinct
fields: waters sampled along the Kola meridian profile
(S = 34.36 ± 0.02) and waters sampled along profiles
located NW of Novaya Zemlya (S = 34.85 ± 0.09).
These two water masses have different isotopic param-
eters. The first one is characterized by slightly lighter
oxygen and hydrogen isotopic compositions, but both
types of samples cluster along a global mixing line. The
lighter isotopic composition of waters collected along
the Kola meridian profile can be explained by freshen-
ing. The δ18D/salinity correlation (Fig. 2b) confirms
this conclusion and suggests that a sea-ice meltwater
component may be an additional factor transforming a
salinity profile of Kola meridian waters (arrow B in
Fig. 2b). A strong isotope versus salinity correlation
shows that the Kola meridian waters can be regarded as
a separate water mass with homogeneous isotopic and
hydrophysical parameters (Table 1). These waters may
be influenced by the Norway Coastal Current (NCC),
flowing eastward through the Barents Sea (Schauer
et al., 2002), whereas their homogeneous isotopic vs.
salinity signature may result from the effective mixing
along the Kola meridian profile.

Freshening of Barents Sea waters is most evident
along the White Sea Gorge profile where waters have a
salinity of not less than 30‰. In addition to a water
inflow through the White Sea Gorge, the influx of

freshwater is observed in direct proximity to the Kola
Peninsula shoreline and disappears a few tens kilome-
ters offshore. Nevertheless, both sources of freshwater
input are clearly seen on the δD/salinity correlation
plot (Fig. 2b).

Barents Sea waters northwest of Novaya Zemlya
are dominated by a well-defined water mass with a
maximum salinity and extremely stable isotopic val-
ues, which show variation within the analytical error.
Forty four samples have a salinity of 34.90 ± 0.04, and
δ18О and δD of +0.26 ± 0.10 and +1.55 ± 0.38‰,
respectively. Based on their salinity range and oxygen
isotope values, they correspond to the Northeast
Atlantic Deep Water (NEADW) (Frew et al., 2000).
Therefore, the isotopic values measured in these
waters can be regarded typical of the NEADW.

Kara Sea

Freshening of the Kara Sea was studied using
observations from two cruises in August—September
2014 and 2015. The 2014 cruise data were obtained on
the submeridional profile from the Yamal peninsula to
Blagopoluchiya Bay of Novaya Zemlya Archipelago
(hereinafter referred to as the Yamal profile). The 2015
cruise data were obtained on the profile across the
Kara Sea along Novaya Zemlya (hereinafter referred
to as the Novaya Zemlya profile). The locations of
sampling profiles are shown in Fig. 1b. Data on the
Yamal profile, estuarine waters of the Ob and Yenisei
Rivers, and Novaya Zemlya glaciers reflect a strong
stratification in the Kara Sea due to supply of fresh
surface water from the Ob and Yenisei Rivers (Dubi-
nina et al., 2017). For the Yamal profile, we calculated a
two-component mixing model describing a Barents-
derived seawater component (NEADW) and a freshwa-
ter component, whose isotopic parameters were
obtained by extrapolating to S = 0 (Table 2). As seen in
Table 2, the oxygen isotope composition of this fresh-
water component is close to that of Ob waters. The frac-
tions of river water (х) in each sample analyzed were
quantified by applying a mass balance calculation:

where δvar., δrw and δsw are the measured hydrogen (or
oxygen) isotopic compositions of river water and sea-
water components, respectively. The data from Table 2

δ = δ + − δvar. rw sw(1 ) ,x x

Table 1. Isotopic characteristics of Barents Sea waters

Type of water n S ± (1σ) δ18O ± (1σ) δD ± (1σ)

All samples of Barents seawater collected at >5 m water depth 119 34.56 ± 0.38 +0.18 ± 0.18 +0.79 ± 1.02
Minimum 33.20 –0.34 –3.0
Maximum 34.96 +0.57 +2.2
Waters with maximal salinity collected along the Kola meridian 21 34.36 ± 0.02 +0.16 ± 0.11 +0.86 ± 0.23
Waters with NEADW-like isotopic parameters 44 34.90 ± 0.04 +0.26 ± 0.10 +1.55 ± 0.38
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are used for the mixing endmembers. The calculated
fractions of river water in the water column along the
Yamal profile are 5–10% in the main part of the water
column and less than 5% at depths more than 100 m.
The calculated fractions of river water are highest (over
40%) in the thin (not greater than 15–20 m) surface
layer in the central part of the sea. The distribution of
river water fractions in the water column along the
Yamal profile (2014) is shown in Fig. 3a. Similar cal-
culations for the Novaya Zemlya profile (2015) using a
mode of two-component mixing between NEADW

and river runoff are shown in Fig. 3b. The isotopic
parameters calculated for the freshwater component
along the Novaya Zemlya profile by extrapolating to
S = 0 (Table 2) are close to those of freshwater from
the Ob and Yenisei Rivers.

Therefore, freshening of the surface layer in the
central part of the Kara Sea clearly results from contri-
butions of river waters. The river water fractions calcu-
lated for different years are shown to the almost iden-
tical along different profiles. Both profiles are charac-

Fig. 2. The isotopic composition versus salinity plots for Barents Sea waters: 1—high-salinity waters (S > 34.5) along the Novaya
Zemlya profiles, 2—high-salinity waters (S > 34.3) along the Kola meridian. Low-salinity waters: 3—in the vicinity of the Kola
meridian, 4—White Sea Gorge, 5—Novaya Zemlya profiles; 6—global North Atlantic mixing line (Craig and Gordon, 1965).
Arrows (b) show the trends defined by mixing with waters of the White Sea (A), runoff from the Kola Peninsula (B), and sea-ice
meltwater (C). 
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terized by strong stratification of the water column and
the presence of the freshened surface layer covering
the entire central part of the sea. This layer is likely to be
similar to a low-salinity zone, which was detected in the
southwestern part of the Kara Sea (Zatsepin et al.,
2010). It was shown that this low-salinity (S < 25) zone
has an area of 40,000 km2, while the estimated dis-
solved silica content, alkalinity and salinity suggest
that river water supply from the Yenisei River is the
main source of the freshwater component. These
researchers suggest that this freshened surface layer
was formed as a result of a widespread river f lood and
wind-driven transport of river water to the western part
of the sea. However, our data show that freshened
zones in surface layer due to river contributions are
common and can be regarded as characteristic of the
Kara Sea.

The location of the Novaya Zemlya profile
(Fig. 1b) shows that the river plume from the Ob and

Yenisei River estuaries spreads over most of the sea
surface, reaching Novaya Zemlya. As with water sam-
ples along the Yamal profile, the isotopic parameters of
waters of the Novaya Zemlya profile are markedly dif-
ferent from those of saline NEADW. The highest river
water fraction along the Novaya Zemlya profile reaches
60% in the surface layer and significantly decreases (up
to a few percent, but not to zero) with depth.

Laptev Sea

Water samples were studied in the Laptev Sea along
a nearly N–S profile stretching from the Lena River
delta front across the entire shelf and a part of the con-
tinental slope (Lena profile, Fig. 1b). The influence of
freshwater supply from the Lena River on the compo-
sition of Laptev Sea waters is of particular interest in
terms of freshening of the Arctic basin. However, our
results show that the situation in this sea is far more

Table 2. Isotopic characteristics of fresh and modified waters

Component Year 
of sampling δD, ‰ δ18O, ‰

Yenisei, estuary (Dubinina et al., 2017) 2014 –134 –17.7
Yenisei (Bauch et al., 2005) 2000–2001 nd –17.0
Yenisei (Bauch et al., 2003) 1999 nd –18.1
Yenisei (Brezgunov et al., 1983) 1977, 1976 nd –17.0; –18.2
Yenisei (Cooper et al., 2008) 2003–2006 nd –18.4
Ob (Bauch et al., 2005) 2000–2001 nd –15.7; –16.1
Ob (Bauch et al., 2003) 1999 nd –16.8
Ob (Brezgunov et al., 1983) 1977 nd –14.6; –15.9
Ob (Brezgunov et al., 1983) 1976 nd –16.2
Ob (Cooper et al., 2008), averaged runoff 2003–2006 nd –14.9
Lena (this study), calculated to S = 0 2015 –144 –19.0
Lena (Letolle et al., 1993) 1989 nd –19.6
Lena (Muller-Lupp et al., 2003) 1994 nd –18.7
Lena (Bauch et al., 2010) 2007 nd –19.8
Lena (Cooper et al., 2008), average river runoff 2003–2006 nd –20.5
Novaya Zemlya glaciers, Serp i Molot, Rose (Dubinina et al., 2017) 2014 –94…–123 –13.4…–17.0
Freshwater component transported from the White Sea Gorge
to the Barents Sea (this study), S = 0

2012 –112 –15.4

Freshwater component from the Kola Peninsula to the Barents Sea
(this study), S = 0

2012 –56 –9.4

Freshwater component in the center of the Kara Sea, Yamal profile 
(this study), S = 0

2014  –119.4 –15.5

Freshwater component in the center of the Kara Sea, Novaya Zemlya 
profile (this study), S = 0

2015 –129 –16.8

Freshwater component on continental slope, Laptev Sea, 130° Е
(this study), S = 0

2015 –173 –23

Water with modified salinity (S = 33–34.5), Laptev shelf, 130° Е
(this study)

2015 –0.9…–21 –2.6…0.1
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complex than a simple freshening due to an increasing
fraction of river water. The δD/salinity plot (Fig. 4) for
the Lena profile shows that the compositions of sea-
water are influenced not only by mixing processes, but
also sea-ice formation. The entire Lena profile can be
conditionally divided into shelf and continental slope
zones.

A distinctive feature of shelf waters is a strong strat-
ification of the water column in terms of salinity and
oxygen and hydrogen isotopic composition. Surface
waters at most stations near the river mouth are clearly
influenced by discharge of the Lena River (field A,
Fig. 4). This zone is characterized by a strong freshen-

ing and a decrease in salinity to 3‰ in proximity to
the river mouth, while the oxygen and hydrogen iso-
tope composition of desalinated waters is similar to the
equilibrium composition of river waters and sea ice
(Fig. 4). Extrapolation to zero salinity shows that the
average isotopic parameters of the freshwater contri-
bution from the Lena River are δ18О = –19 and δD =
–144‰. This averaged δ18О value is close to some
results of previous surveys (from –18.7 to –19.8‰,
Letolle et al., 1993; Muller-Lupp et al., 2003, Bauch
et al., 2010). The calculated isotopic parameters (δ18О
and δD) can be regarded to be characteristic values for
Lena estuarine waters. Our results disagree with aver-

Fig. 3. Spatial distribution of the freshwater river component in Kara Sea waters: (a) Yamal profile, sampling period—August
2014, (b) Novaya Zemlya profile, sampling period—August 2015. Numbers on the y-axis denote water depths (m), numbers on
profiles denote the river water fractions. The calculations were performed using a two-component mixing model for high-salinity
Barents Sea waters and freshwaters from the Yenisei and Ob Rivers. 
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aged estimates (Cooper et al., 2008) obtained in 2003–
2006 (Table 1) probably because of different approaches
to the calculation of averaged isotopic values.

Water samples collected along the Lena profile at
stations on the continental slope are characterized by
markedly different salinity and isotopic values. This
zone exhibit insignificant variations with the highest
S, δD and δ18О values. The relationship between the
isotopic parameters and salinity corresponds, in a first
approximation, to the two-component mixing model.
Figure 5 shows a δ18О/salinity correlation plot for the
Laptev Sea continental slope. Relatively high salinity
waters of Barents Sea and a global North Atlantic mix-
ing line are also shown for comparison. The correla-
tion line for stations at the continental slope has the
slope of 0.68, which is very close to the same slope of
the North Atlantic mixing line (0.61, Graig, Gordon,
1965). The intercept term (δ18О ≈ –23.1‰) of this
correlation indicates the contribution of a component
with the oxygen isotopic values lower than δ18О =
‒21‰, which was determined for the global North
Atlantic mixing line. This component is likely to be
atmospheric precipitation in the Arctic region (δ18О =
–23‰, Frew et al., 2000). The extrapolation to zero
salinity shows that the δD value of this component is
–173‰. The calculated parameters of the freshwater
component may represent the averaged composition
of precipitations in the Arctic region at 76–78 degrees
north latitude, in a zone of the continental slope in the
terminal part of the Lena profile. However, the com-
plex structure of the water column in this zone, as
indicated by hydrographic data (Т—S) suggests con-
tributions of several water masses, including those
exported from the shelf zone. This is supported, for
example, by the position of the more saline (S > 33)
Laptev shelf waters on the δ18О/salinity plot (Fig. 5).

The permanent stratification in the water column
on the Laptev Sea shelf appears to be the main factor
responsible for the formation of waters with anoma-
lously high salinity relative to the two-component
mixing line on the plot of isotopic values versus salin-
ity (field B, Fig. 4). The effects of sea ice formation on
the modification of a salinity profile have been
reported by previous studies (Bauch et al., 2010; John-
son and Polyakov, 2001). Our data show that these
processes influence salinity in the middle part of the
profile, from the Lena delta to the continental slope
down to 20 m water depth. A distinctive feature of
waters modified by salinity changes is a lack of correla-
tion between salinity and their δ18О and δD values.
These waters on the Laptev Sea shelf have the follow-
ing characteristics: relatively high salinity (30–34.5),
low temperature (from –0.6 to –1.8°C) and strong
variability of their δD and δ18О signatures (Table 2). In
the absence of any significant correlation with salinity,
variations in δ18О and δD values can be related to sam-
pling depth. Figure 6 shows the vertical distribution of
δD values in the bottom layer from the central part of

the Lena profile for 15 water samples with nearly iden-
tical salinity and temperature (34 ± 0.27 and –1.5 ±
0.3°C). As can be seen, salinity is subject to modifica-
tion independently of the freshwater fraction and iso-
topic composition. The presence of modified waters
with the lowest δD (δ18О) values in the upper water
column indicates that the upper layers are most sub-
ject to modification, because these isotopically light
waters must have the lowest salinities prior to modifi-
cation. The preservation of the vertical distribution of
isotopic parameters in waters modified by salinity
changes is indicative of a very strong stratification in
the the Laptev Sea shelf.

CONCLUSIONS
This study provides the first systematic data on

water masses of the Barents, Kara, and Laptev Seas
(Tables 1 and 2). The isotopic composition, hydro-
graphic regime, and structure of the water column of
the Arctic seas are controlled by two major factors: a
mixing of water masses and modification of salinity by
sea ice formation. The relationship between these two
factors predetermines the isotopic signatures and the
structure of the water column along the studied pro-
files. Waters of the Barents Sea are characterized by an
apparent lack of stratification, i.e., the homogeneous
δD, δ18О/ salinity signature. The Barents Sea hydrol-
ogy is dominated by the contribution of the Northeast

Fig. 4. The δD versus salinity plot for the Lena profile: 1—
shelf waters (5–45 m), 2—surface waters (0–5 m) in the
shelf zone, 3—continental slope, 4—Lena River water
(extrapolated to zero salinity), 5—sea ice in equilibrium
with Lena River water (calculated after Lehmann and Sie-
genthaler, 1991). Fields: A—mixing with freshwater from
the Lena River and sea-ice meltwater, B—waters with
modified salinity on the shelf zone. A linear correlation is
made for Continental slope waters. 
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Atlantic Deep Water (NEADW) for which the hydro-
gen isotopic signature was first determined in this
study. The NEADW is the major component in the
water column of Barents Sea and can be thus consid-
ered as the main source of “marine” water masses in
the Kara and Laptev Seas.

The Kara Sea is characterized by a widespread
freshening due to an increasing fraction of continental
river runoff from the Ob Bay and Yenisei Gulf. The
geographic location of the Kara Sea and its isolation
from the Atlantic water masses circulating in the Arc-

tic are the main factors responsible for the long-term
freshening and permanent stratification of the waters
in the central part of the sea. The contribution of river
freshwaters in the middle Kara Sea may reach 40–60%
and is not equal to zero in waters of the Novaya Zem-
lya depression. Laptev Sea shelf waters are also char-
acterized by a strong stratification. Their isotopic
parameters are controlled to some degree by mixing
with freshwaters from the Lena River and local precip-
itation, as well as by the transformation of salinity due
to the winter sea ice formation. The preservation of the
stratified water column on the Laptev Sea shelf is
probably controlled by a weak wind-driven vertical
mixing and slow water exchange with the adjacent
Arctic seas.
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