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The oxygen isotope composition of surface waters in the Bransfield Strait was determined as one
extra state variable in order to characterize water masses in the region, since salinity is significantly
modified due to the freezing and ice-melting in the polar region. The salinity, temperature, and
8"0 values vary from 34.0 to 34.5%0, —05 t0 21C and —0.50 to —0.26%o. respectively. The combined
effects of evaporation. precipitation. freezing, ice-melting are reflected in the widely scatiered data.
Although it is small. the distribution of 8'"%0 of the Bransfield Strait is strongly affected by the
freezing-ice melting rather than the evaporation-precipitation. The ice melted fresh water which has
higher temperature, depleted salinity and nutrients may be injected to the Bransfield Strait from
the north. The concentrations of nutrients are decreasing gradually from the north to the south.
The waters were characterized by two groups of higher (about 194) and lower N/P ratio (about
16.7). The lower N/P ratio is found in the northem part where ice-melted fresh water is injected,
and the higher N/P ratio is found in the southem part of the Bransfield Strait

Although more precise work is needed. the difference of N/P ratio can be an evidence of the
ice melted water injection to the Bransfield Strait. Chlorophyll ¢ concentrations, in general, increase
from northwest (Weddell Sea) to the southeast (Smith and Hosseason Islands). Probably the injection
of nutrient depleted fresh water from the ice melting reduce the chlorophyll ¢ concentration.
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INTRODUCTION

The global ocean chemistry is greatly influenced
by the water masses originated from the Antarctic
region. Reinforcing mechanism of new water pro-
duction in the Weddell Sea and high nutrient co-
ncentration in this region as a whole require more
scientific attention in order to understand the wo-
rld ocean circulation and giobal climate changes.
Ocean-ice-atmosphere interactions in the polar re-
gions largely determine the physical properties of
seawater.

The most widely used conservative tracers of
water masses are temperature and salinity. In the
polar coastal waters, however, salinity is significa-
ntly modified by local freezing and melting. and
temperature is also modified by local heating and
cooling. Therefore. temperature and salinity are
not usually sufficient to characterize water masses,
in the polar region. Oxygen isotope ratio of sea-
water does not change during freezing and ice
melting, whereas salinity does. The effect of free-
zing and ice melting on salinity can be eliminated
by employing the oxygen isotope ratio as a tracer.
A brief introduction of oxygen isotope ratio of
seawater is given here.

The ratios of the stable isotopes of H and O
in water, ZH/'H(D/H)=1.5X10"* and "*O/*0=20
X 1074, are known to be quite constant in the bulk
ocean (Craig, 1961b). In' general, the concentra-
tions of HDO and H,"™0O in surface waters of low
and mid-latitudes are controlled by evaporation
and precipitation; being enriched by evaporation
and depleted by precipitation in the surface water.
The net result of these processes is a linear rela-
tionship between isotope composition and salinity.
the slope of which depends on the general evapo-
ration and precipitation characteristics of the re-
gion (Ferronsky and Brezugov. 1989). At high lati-
tudes. the effects of freezing and ice melting are
added to the effects of evaporation and precipita-
tion. Freezing increases the salinity of the liquid
phase with less alteration of its isotope composi-
tion (Ostlund and Hut, 1984). Thus variations in
the isotope composition of polar waters may be
used to identify the physical processes responsible

for the alteration of salinity (Weiss et al, 1979:
Bjork. 1990). In coastal waters. isotope composition
can be used to identify the physical processes res-
ponsible for the alteration of water temperature.
because of the relatively small volume and thermal
mass of coastal waters, where temperature is no
longer a conservative property (Torgensen, 1979).
In the hydrological cycle of evaporation and con-
densation, these ratios of hydrogen and oxygen
isotopes change in such a way that they are essen-
tially covariant (Craig, 1961a). So. it is sufficient
to determine only one isotope (oxygen-18 or deu-
terium) in order to understand the hydrological
cycle. The ratio of the stable oxygen isotopes is
a useful stable conservative tracers (radioactively
stable and biochemically conservative. terminology
according to Craig, 1969).

The ratio. *O/"®0 is usually not used directly
for comparisons but, instead, the deviation of this
ratio from the standard value. For water samples
the standard material is V-SMOW, distributed by
the International Atomic Energy Agency (IAEA)
in Vienna. Austria.

The deviation of the "0O/'*O ratio in a sample
with respect to the ratio in the standard. is defined
as

_("O/"O)ampre
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For short, this value is denoted as 8"O hereaf-
ter.

When surface seawater evaporates, a considera-
ble isotopic fractionation occurs so that vapor be-
comes isotopically lighter (ie. 8*O goes negative).
In its global transport toward the high latitude.
the atmospheric water vapor undergoes extensive
modifications by evaporation. precipitation, and
air/sca molecular exchange so that 8O values of
vapor and precipitation in the Aniarctic ranges
between — 10 and —37%o varying with time of
the year, distance from open ocean, etc. (Broecker.
1974, TIAEA. 1990).

The characteristics of water masses in Weddell
Sea are well known (Weiss et al., 1979, Morgan,
1982: Schiosser et al. 1990). however. those of the
Bransfield Strait, coastal zone of Antarctica are
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Fig. 1. Oceanographic sampling stations in the Bransfield Strait, Antarctica.

poorly known (Heywood, 1985). Primary producti-
vity in the Bransfield Strait appears to be control-
led by the water column stability (Hong et al.
1991). Therefore, the understanding of the control-
ling mechanisms of the water column stability is
required to predict global climate change. Stability
of the water column in the Antarctic region depe-
nds on the fresh water supply, ie. the addition
of meteoric water as land runoff including ice-
melt, direct precipitation and melting of sea ice.
In this study, we try to determine the characteris-
tics of the surface water in the Bransfield Strait
using not only temperature and salinity but oxy-
gen isotope as conservative tracers and other non-
conservative tracers.

MATERIALS AND METHODS

Hydrographic survey and water samples were
taken in the Bransfield Strait and Maxwell Bay
during 19 December 1990 to 7 January 1991 (Fig.
1). Water samples were collected using 12 bottle
rosette mounted Niskin samplers at the surface.
10. 30, 50, 75, 100. 200, 300, 500, 1000. 1200, and

1500 meters depths. Sea surface temperature and
salinity were measured using the reversing ther-
mometer and Guildline Portosal 8410 salinometer
due to the failure of CTD. Nutrients were analy-
zed using a UV-VIS spectrophotometer (Parsons
et al.,, 1984), on board without filtration of secawater
samples. In vivo fluorescence was also determined
with Turner Design field fluorometer (Model 10-
005R), and later calibrated to the chlorophyll a
(acetone extracts, Parsons et al., 1984) in the labo-
ratory (Ansan, Korea) using a limited number of
frozen samples.

Oxygen isotope ratio of sea water was determi-
ned using Isotope Ratio Mass Spectrometer (VG
SIRA 1II) with an automatic HO/CO- equilibrator
(ISOPREP 18). The isotope ratio of oxygen in wa-
ter is equilibrated with the isotope ratio of oxygen
in CO, gas for 6 hours at 25C with mild shaking,
Reference CO, gases obtained from U.S. Qak Ri-
dge National Laboratory and Korea Basic Science
Center (KBSC) were used to calibrate our KORDI
CO, gas. Table 1 shows the isotope ratios of KO-
RDI reference gas with respect to PDB (carbonate
from Pee Dee Belemnite formation). The valucs
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Table 1. The isotope ratios of KORDI reference CO.
gas {mean sd. n=4)
KORDI reference CO, gas
Isotope ratio of 45/44
Isotope ratio of 46/44

relative 1o PDB
—27.163%0 t 0.046
—16941%0 + 0.059

Table 2 The comparison of §'%0 values of international
standards between IAEA certified ones and
measured ones in this study

IAEA certified KORDI difference
GISP —24.85 —24.874 0.1%
SLAP —55.50 —55731 04%

of isotope ratio for PDB were converted to the
V-SMOW (Vienna Standard Mean Ocean Water)
scale using a following formula (IAEA. 1981).

61 2‘Ov ~SMOW — 1.03086 X S]KOPI)B +30.86

Each sample and reference gas were analyzed
six times. The integration time and the inter cycle
delay time between reference and sample runs
were set as 20 seconds and 30 seconds. respecti-
vely. Their internal precision was 0.011%.0 to 0.027
%o. To check the accuracy, precision. and repro-
ducibility of the analysis, international standards
of GISP (Greenland Ice Sheet Precipitation),
SLAP (Standard Light Arctic Precipitation) were
run.

Table 2 shows the certified values and our mea-
sured isotope ratios. These values are within the
error of the certified values; there are only 0.1%
and 04% differences for GISP and SLAP, respec-
tively. Two to four working standard sea water
samples collected at 1250 m deep in the East Sea
(ESDW) were run in every batch as a working
substandard. The oxygen isotope ratio of ESDW
is 0.072£0013%.s relative to V-SMOW.

RESULTS AND DISCUSSION

Temperature. salinity, oxygen isotope composi-
tions, and nutrients of the surface water of the
Bransfield Strait are given in Table 3. The spatial
distributions of salinity. temperature, and 8O are
shown in Fig. 2. Property plots are given in Figs.
3. Chlorophyll a concentration is given in Fig. 4.

Fig. 2. Spatial distribution of (a) salinity. (b) temperature.
and (¢) 8"™O in surface waters of the Bransfield
Strait. Antarctica.

QOverall. the distribution of water temperature and
salinity are similar to those reported previously
by Hong et al. (1991).

Hydrographic features

Waters in the Bransfield Strait are believed to
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Table 3. Measured salinity, nutrients and 8"™0 in the surface waters of the Bransheld Strait (Antarctica) during austral
summer (1990-1991). See Fig. 1 for the location of the station.

Station Temp. Sal. NO» NO; Si PO, Chl-a 0O
C %o uM uM uM uM g %o
1 175 34.456 038 23.86 6085 230 026 ~0.50
2 0.40 34238 040 35.48 75.21 265 024 —0.28
3 0.01 34.170 033 32.66 6647 - o1 —0.30
4 240 34.144 - 3590 - 267 027 —034
5 105 34.169 0.44 2250 66.62 197 0.11 —041
6 238 34399 038 3183 7245 268 0.20 —0.26
7 0.63 34.140 030 38.60 6545 254 0.50 —0.26
8 —0.50 34048 023 3776 63.70 276 - —035
10 185 34291 024 11.88 4706 168 1.06 —0.29
12 145 34318 024 29.44 6808 265 027 ~036
14 088 34407 034 46.14 5594 292 0.68 —-0.27
18 170 34.168 0.39 3077 6721 2.58 0.62 -033
20 130 34.368 044 3316 75.17 2.63 0.79 033
2 135 34450 031 3574 74.56 200 0.50 —042
24 047 34457 030 - 7117 - 0.54 —038
25 1.60 34.169 032 - 56.71 - 1.85 -0.23
2 181 34118 042 - 5865 - 2.18 —028
27 196 34065 047 2824 67.21 235 224 —035
R 170 34.170 042 2523 5191 231 0.87 —030
29 030 34418 042 2073 69.05 2 093 —035
33 0.80 34301 024 2400 66.46 221 042 —029
34 153 34135 033 36.54 6375 264 190 —034
35 1.54 34029 038 37.92 6254 263 1.58 -035
37 095 34.084 036 a42(® 6434 288 0.32 —-050
39 145 34063 042 3009 69.65 RRX) 559 —037
40 140 34280 039 4030 8270 246 097 ~031
MX1 1.9 34200 0.38 3163 64.87 242 0.72 —038
MX2 210 34212 042 4147 70.12 276 086 —033
GOl 075 34261 034 3597 4941 297 143 —033
GO02 1.00 34.195 025 2377 6000 303 0.55 —044
GO3 120 34.249 0.30 2909 64.70 243 093 —046
G04 192 34.169 0.35 34.84 6705 221 173 —032
Gi3 230 34112 034 3622 6720 228 120 -033
Gi5 192 34305 034 4487 7478 284 1.13 —037

be the product of interactions between two distinc-
tive surface waters and local influences. Weddell
Sea water enters around the Joinville and d'Urville
Islands to spread northward across the Strait and
southwards along the coast of the Peninsula (Fig.
1). Waters from the southeast Pacific Basin enter
between the Low, Smith and Snow Islands and
pass north and south of the Deception Island. The
cold bottom water of the Bransfield Trough is for-
med in situ during the formation of ice from wa-
ters lying over shallow coastal shelf area in winter
(Heywood, 1985). The waters of lower salinity are

present in the western part and southeast of the
Bransfield Strait near the mouth of Weddell Sea
(Fig. 2a). The warm waters are predominant 1o-
ward the north of the Bransfield Strait (Fig. 2b).

A temperature-salinity diagram is shown in Fig.
3a. The ranges of temperature and salinity are —0.
510 2.1C and 340 to 34.5%., respectively. Salinity
values are similar to those of the Weddell Sea
Summer Surface Water (WSSW), whereas tempe-
rature values are somewhat higher. Some points
of the stations near Weddell Sea (Station 23.7.8)
lie within the reported values of WSSW (T:—2~1
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Fig 3. (a) Temperature-salinity diagram in surface wa-
ters, (b) Salinity vs. 8O in surface waters (Free-
zing slope: after Craig and Hom, 1968: Evapora-
tion-Precipitation surface slope: after Craig and
Gordon. 1965). (c) Temperature vs. 8§"QO in surface
waters. Note, WDW: Warm Deep Water. AABW:
Antarctic Bottom Water. WSBW: Weddell Sea
Bottom Water. WSSW: Weddell Sea Summer Su-
rface Water, WW: Weddell Sea Winter Water.

T . S: 33.0~34.4%0: Weiss et al., 1979). The comp-
licated eflects of evaporation. precipitation. free-
zing, ice melting may make the data scatter (Fig.
3a; Weiss et al.. 1979).

80 in the Bransfield Strait

The values of 8*O varies from —0.50 10 —0.26

Fig. 4. Spatial distribution of (a) nitrate, (b) phosphate.
and (c)silica in surface waters of the Bransfield
Strait. Antarctica.

%o in the surface waters of the Bransfield Strait.
The values are within the reported range of varia-
tion (Tablc 4). Considering the spatial distribution
of 8"™0. near the islands located western and nor-
thern part of the Bransfield Strait, the 8O values
are depleted (less than —0.4%o). Also, there exists
an enriched 8™0 tongue from Weddell Sea (Fig.
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Table 4. 80 in the Antarctic ocean (%o)
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SOUICE
Antarctic Bottom Water (AABW) —0.20 {
Weddell Sea (Central) surface water(WSSW) —03~-035 i
winter watet(WW) —-03~-035 1
warm deep waterfWDW) —=0.1~—-015 2
bottom water(WSBW) -0.29 1
Ross Ice Shelf —42 3
Central Antarctic (surface) -85 4
Precipitation (current) 62.25°S 6427°W —~6~—15 3
75.50°S 26.65°W —~12~-36 5

Source: 1. Weiss et al. (1979), 2. Schlosser et al. (1990). 3. Grootes and Stuiver (1983). 4. Morgan (1982). 5. IAEA

(1990)

2¢). and this lies within the WSSW values (Weiss
et al.. 1979). Therefore, it can be said that WSSW
is injected into the Bransfield.

The values of 80, salinity, and temperature are
scattered considerably (Figs. 3b and 3c). This cha-
racteristics of Weddell Sea surface water was repo-
rted earlier (Weiss et al., 1979). There may be co-
mplicated processes in the surface waters of the
Bransfield Strait and Weddell Sea. In the case of
Weddell Sea, combined actions of freezing-melting
and evaporation-precipitation are the main cause
of the scattered data because the freezing and eva-
poration-precipitation slope lines pass through the
points of WSSW (Weiss ct al., 1979). The freezing
slope line is drawn arbitrarily to pass through our
data envelopes, but the evaporation-precipitation
slope line is not (Fig. 3b). The points around the
freezing slope line correspond to the data from
the stations at the northen part of the Brasfield
Strait. This can be the evidence that freezing and
ice melting are processing in northern part of the
Brasfield Stait.

Though it is small, the freezing-ice melting may
affect the distribution of 8"0 of the Bransfield
Strait. while the evidence of evaporation-precipita-
tion is hardly found in the Bransfield Strait.

Nutrients

The nutrient concentrations are somewhat hi-
gher than expected. Nitrate, nitrite, silica. and pho-
sphate concentrations of the surface water in the
Bransfield Strait vary from 20 uM to 46 uM, 0.2
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Fig. 5. (a) Nitrate vs. phosphate in surface waters, (b)
Nitrate vs. phosphate in depths. The regression
line for the closed circles has a slope equivalent
to N/P=194 (Station 2. 7. 8, 14, 24, 25, 33, 34,
35. 37. 39. 40). and 16.7 for open circles (Station
1. 6. 10. 12, 18, 20. 22, 26, 27, 28. 29).

UM 1o 05 pM. 47 uM to 83 pM. 1.6 uM to 29
uM, respectively.

All the nutrient concentration decrease gradually
to north in the middle of the Bransfield Strait
as the 8"™O distribution. In the northern part of
the Bransfield Strait that has lower nutrients con-
centrations. salinity is lower, temperature and §"*O
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Fig. 6. Spatial distribution of chlorophyll a in the surface
water of the Bransfield Strait, Antarctica.

are higher than in the southem part. Therefore,
ice melted fresh water may be injected to the Bra-
nsfield Strait from the north.

Nitrate is plotted against phosphate in the sur-
face waters and in the all depths in Figs. Sa and
5b, respectively. The points of Fig. 5b can be divi-
ded into two groups. One has higher N/P ratio
(194: closed circle in Fig 5b) and another has
lower (16.7: open circle in Fig. 5b). The lower N/P
ratio is found in the northemn part where ice mel-
ted fresh water is injected. and the higher N/P
ratio is found in the southern part of the Brans-
field Strait. The nitrate concentration in the sur-
face water decreases much faster than phosphate
with ice melting (Iwanami et al., 1986), and near
the pack ice, N/P ratio is extremely high (Satoh
et al., 1982). Although more precise work is nee-
ded, the differences of N/P ratio may imply the
injection of the ice melted water to the Bransfield
Strait.

Whether it is inherent character to the Brans-
field Strait water or merely sampling and analyti-
cal error remains to be seen. Non-conservative tra-
cers of nutrients in the ocean have also used exte-
nsively to provide insight into processes and rates
of water mass formation. Therefore, more attention
should be given in the determination of nutrients
in further work.

Plant pigments

Chlorophyll a concentration, in general, increa-
ses from 0.2 pg/l in the northwest (Weddell Sea)
o0 60 ug/l in the southeast (Smith and Brabant
Islands: Fig. 6). Probably the injection of nutrient
depleted fresh water from ice melting may reduce
the chlorophyll a concentration since chlorophyll
a maxima generally occur in the subsurface in
the Bransfield Strait (Hong et al. 1991).
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