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Abstract

A physical and chemical investigation of the Weddell Sea Coastal Cur-

rent was made during the austral summer of 1970 as part of the Inter-

national Weddell Sea Oceanographic Expedition. This Coastal Current has

been hypothesized to be a major component in the formation of Antarctic

Bottom Water. The 1970 data indicated that the Coastal Current existed

from the surface to the abyssal depths in the eastern Weddell Sea and that

it decreased in temperature and increased in salinity as it flowed south

over the continental shelf. This may be due to alteration of the shelf water

as it flowed along and under the extensive ice shelves along the east coast or

surface cooling. Nutrient concentrations below the surface layer remained

relatively constant from station to station on the shelf. From the edge of

the shelf to the depth of 2000 meters Warm Deep Water was found to have

the highest nutrient concentrations. This warm water is believed to be

carried into the Weddell Sea by a branch of the Circumpolar Current.

Origin of the abyssal water in the eastern Coastal Current is unknown.

Editors note: Reference to a product or comment with respect to it in this publica-

tion does not indicate, or permit any person to hold out by republication in whole or in

part or otherwise, that the product has been endorsed, authorized, or approved by the

Coast Guard.
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Investigation of the Weddell Sea Coastal Current

February- March 1970

Gary L. Hufford '

James M. Seabrooke ^

INTRODUCTION

The Coastal Current in the Weddell Sea has

been hypothesized as a major component in the

formation of Antarctic Bottom Water (Sea-

brooke, Hufford, and Elder, 1971), but only a

few observations have been made in it. This

current has been found to exist from the sur-

face to the bottom in the eastern Weddell Sea

exhibiting uniformity in current direction

(southei'ly) (Gordon, 1970). Sverdrup, et al.

(1942), suggested that the westward flow of

the Coastal Current east of the Weddell Sea is

due to an extensive clockwise gyre which oc-

curs in the Southern Ocean.

DATA ACQUISITION

From February 14 to March 21, 1970, an

oceanographic investigation (32 stations) of

the eastern Weddell Sea Coastal Current by the

Coast Guard Oceanographic Unit was con-

ducted aboard the icebreaker USCGC GLA-
CIER (WAGB-4) as part of the International

Weddell Sea Oceanographic Expedition (fig. 1).

Hydrographic data were obtained using Nansen
bottles with reversing thermometers, current

meters, and a continuous salinity-temperature-

depth recording system (STD) with a Niskin

multisampler attached. Sampling was con-

ducted to as close to the sea floor as possible.

The resulting water samples were analyzed

manually at sea for dissolved oxygen, inorganic

phosphate, ni4;rate, nitrite, and silicate using

the techniques described in the manual of

Strickland and Parsons (1965). Salinity was

1. U.S. Coast Guard Oceanoeraphic Unit. WashinKton. D.C. 20390.
2. U.S. Coast Guard Oceanographic Unit. Present Address: U.S.

Coast Guard Training Center, Governors Island, New York, N.Y.
10004.

determined using an inductive salinometer. The

conductivity values obtained were converted to

salinity by use of the International Oceano-

graphic Tables published jointly by UNESCO
and the National Institute of Oceanography of

Great Britain (1966). A summary of data col-

lected at each station is given in Table 1.

Direct measurements of currents from the

surface to the bottom were made at Halley Bay
(fig. 1). The ship was anchored to the fast ice

and continuous measurements were taken for

two days. The current data are being processed

by the University of Bergen, Norway, and the

results will not be reported here.

Eight oceanographic stations of opportunity

were occupied in the Bransfield Strait region

during 6-29 January 1970 to determine if any

flow of Antarctic Bottom Water from the

Weddell Sea occurred there as suggested by

Hollister and Elder (1969). The data indicated

water with Antarctic Bottom Water character-

istics (-.4 °C, 34.66 %o) was not present.

WATER MASS DISTRIBUTION

Analysis of the temperature-salinity rela-

tions of the data obtained during IWSOE-70,
revealed three water masses present in the

Coastal Current: Antarctic Surface Water,

Warm Deep Water, and a Bottom Water

(fig. 2). The properties of these three water

masses (Table 2) closely resemble those ob-

served previously by Hufford and Seabrooke

(1970).

Above the eastern continental shelf of the

Weddell Sea, the water column is occupied

by one water mass, Antarctic Surface Water

(T =—0.8 to — 1.9°C, S = 33.50 to 34.50o/oo)

(fig. 2). This water mass shows an increase in



Table 1. IWSOE '70

OCEANOGRAPHIC STATION SUMMARY



Table 2.

—

Properties of water masses in the Weddell Sea Coastal Current during IWSOE-70.



From the edge of the continental shelf to a

depth of 2000 meters, a relatively warm, saline

water mass exists in the Weddell Sea Coastal

Current (fig. 2). This water mass, called Warm
Deep Water by Deacon (1937), is the major
mass in the Coastal Current. We found it char-

acterized by above-zero temperatures (0.0 to

0.6 °C) and salinities of 34.65 to 34.70%o.
Deacon (1963) stated that this water mass
consists of a mixture of Antarctic Circumpolar

Water and small amounts of North Atlantic

Deep Water. A. Gordon (personal communica-
tion) believes that part of the Warm Deep
Water is bottom water from the Southeast

Pacific Basin.

Origin of the bottom water in the eastern

Weddell Sea (east of 35°W, fig. 2) is unknown.
The first detailed description of this water
mass, called Eastern Weddell Sea Bottom Wa-
ter, was given by Seabrooke, Hufford, and
Elder (1971). They found (during IWSOE
1968, 1969) the water mass properties to be

slightly different from Antarctic Bottom Water.
Results of the 1970 cruise (Table 2) substan-

tiate this. They also suggested that Eastern
Weddell Sea Bottom Water may be composed
of deep Circumpolar Water and recirculated

Antarctic Bottom Water, the Antarctic Bottom
Water being the largest component. Further

invesigation is necessary to determine the ori-

gin of this water mass.

OXYGEN AND NUTRIENT DISTRIBUTION

Dissolved oxygen was measured at all sta-

tions where Nansen casts were made. Concen-
trations exceeded 7.1 ml/1 on the continental

shelf, with maximum concentrations of up to

8.9 ml/1 occurring in the near-surface layers

(fig. 7). The Warm Deep Water had the lowest

dissolved oxygen content (4.2 to 4.9 ml/1) in

the Weddell Sea, and Eastern Weddell Sea Bot-

tom Water had slightly higher concentrations

(5.2 to 5.6 ml/1) (fig. 7). Percent saturation,

computed from solubility relationships devel-

oped by Green and Carritt (1967), varied from

90-97% in Antarctic Surface Water to 59-60%
in the Warm Deep Water and 62-68% in the

Eastern Weddell Sea Bottom Water. A possible

reason for the higher saturation values in

Eastern Weddell Sea Bottom Water is recircu-

lation of some Antarctic Bottom Water back

into the Weddell Sea by way of the Antarctic

Coastal Current where it is mixed with deep
Circumpolar Water to form Eastern Weddell
Sea Bottom Water. Antarctic Bottom Water
formed in the Weddell Sea has a high satura-

tion value (about 80%, Hufford and Tennyson,

1970) because of recent contact of one of its

components (shelf water) with the sea surface.

According to Clowes (1938), the nutrient

concentrations in the Antarctic rarely fall be-

low the winter maximum concentrations of

temperate regions. Concentrations of the vari-

ous nutrients measured in the Weddell Sea sup-

port this. Ranges of concentrations found in

1970 were:

inorganic

phosphate 0.6-2.5 jag-at/l.

nitrate

—

Nitrogen 14.0-33.0 ,ug-at/l.

nitrite

—

Nitrogen 0.1-0.5 /ig-at/1.

silicate

—

Silicon 32-125 ixg-at/\.

In general the vertical distributions of the

nutrients in the Weddell Sea (figs. 8-13) fit the

classical description. On the continental shelf,

phosphate, nitrate, and. silicate concentrations

increased with depth to about 100 meters, then

remained fairly constant to the bottom (figs.

8-10). Off the shelf, the nutrients increased

with depth until a maximum was- reached be-

tween 800 and 1000 meters (figs. 11-13). Be-

low the maximum, concentrations decreased

slightly and then remained constant to the

bottom.

To differentiate further the principal water

masses involved in the Weddell Sea Coastal

Current, preformed phosphate and nitrate con-

centrations were computed using the equations

of Pytkowicz (1968). Oxidative ratios were es-

timated from the changes in the concentration

of oxygen and nutrient ions. Preformed con-

centrations were computed only from samples

below 75 meters to eliminate discrepancies that

exist in the surface layer because of exchange

of oxygen with the atmosphere and mixing of

the surface waters. Mean values and varia-

tion about the mean were computed separately

for Antarctic Surface Water, Warm Deep Wa-
ter, and Eastern Weddell Sea Bottom Water



(Table 2). The preformed nutrient concentra-

tions in the Warm Deep Water and Eastern

Weddell Sea Bottom Water are almost identical

and significantly lower than that of Antarctic

Surface Water. Because of the similarity in

preformed values, Warm Deep Water and

Eastern Weddell Sea Bottom Water can only be

separated by temperature, salinity, and oxygen

characteristics. The 1970 preformed nutrient

concentrations correspond closely with the 1968

and 1969 values found by Hufford and Sea-

brooke (1970).
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FIGURE 2. Scatter plot of temperature (oC)-salinity i%o) from all the stations taken in the

eastern Weddell Sea during IWSOE-70, 14 February-21 March 1970.
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Figure 7. Dissolved oxygen (ml/1) versus depth (m) for all stations taken during

IWSOE-70, 14 February-21 March 1970.
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Figure 13. Envelope of silicate (/tg-at/1) versus depth (m) for all deep
stations taken during IWSOE-70, 14 February-21 March 1970.
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APPENDIX A

OCEANOGRAPHIC DATA

Cruises Listed

Table PaK«

I. CGC GLACIER, January 1970 22

II. CGC GLACIER, February-March 1970 26

Codes Utilized

A complete description of the codes utilized in the tabulation of oceanographic station data can be found in

National Oceanographic Data Center publication M-2, Processing Physical and Chemical Data from Oceanographic

Stations. (Rev. August 1964, supplement issued May 1966.)

To facilitate use of the oceanographic station data listing, entry headings which are not self-explanatory are

described below.

Depth to Bottom Corrected or uncorrected sounding in meters.

Max. Depth of Samples Depth of deepest sample to nearest multiple of one hundred meters.

Wave observations

DIR Rounded to nearest multiple of 10 degrees.

HGT Increments of % m. Sum of 5 meters plus increments of Vz m if 50 is added to

direction.

PEE If numerals 2 through 9 are entered, period in seconds is twice the numeric entry or

2X (numeric entry) +1. For other entries see WMO Code 3155.

SEA Sea state according to WMO Code 3700

Weather Code If preceded by X, weather according to WMO Code 4501. If a two-digit entry,

weather according to WMO Code 4677.

Cloud Code

Type Cloud type according to WMO Code 0500.

Amount Cloud amount in eighths. Entry of the numeral 9 indicates cloud amount could not

be estimated.

Water

Color Code Color according to Forel-Ule scale.

Trans Transparency in whole meters as determined by Secchi disc.

Wind
Dir Rounded to nearest multiple of 10 degrees.

Speed or Force If preceded by letter S, wind speed in knots; if preceded by letter F, wind force

according to Beaufort scale.

Barometer Barometric pressure given in tens, units, and tenths of millibars.

Air Temp. °C Air temperature to tenths of a degree centigrade.

Vis. Code Visibility according to WMO Code 4300.

No. obs. depths Number of observed levels associated with the station.

Messenger time Entered in hours and tenths of an hour GMT. For Nansen casts, indicates time of

release of messenger applicable to the observational level. For STD casts, indicates

the starting time of loweiing the sensor.

Card type OBS designates observed levels. STD indicates the values at this standard level were

interpolated by a modified 3-point LaGrange formula.

19



Depth (m) Depth to nearest meter. A postscript T indicates depth was obtained therometrically;

Z indicates uncorrected "wire out" depth. Postscript Q indicates value was marked
doubtful by originator; P indicates value was considered doubtful by NODC. Post-

scripts P and Q retain this meaning throughout the following entries.

T °C Temperature to hundredths of a degree centigrade

S %n Salinity in parts-per-thousand.

SIGMA-T Entered to hundredths.

Specific-volume Multiply entry by 10-' to obtain specific-volume anomaly in cubic centimeters per

gram.

2AD Dyn. M x 10^ Multiply entry by 10 •'' to obtain anomaly of dynamic depth in dynamic meters refer-

enced to the sea surface.

Sound Velocity Sound velocity according to WiLson's formula entered to tenths of a meter per second.

Oj ml/1 Dissolved oxygen in milliliters per liter entered to hundredths.

PO4-P |Ug-at/l . Inorganic phosphate in microgram-atoms per liter entered to hundredths.

Total-P ^g-at/1 Total phosphous in microgram-atoms per liter entered to hundredths.

NO,-N /ig-at/1 Nitrite-nitrogen in microgram-atoms per liter entered to hundedths.

NO.,-N /ig-at/1 Nitrate-nitrogen in microgram-atoms per liter entered to tenths.

SiO^-Si ^g-at/1 Silicate-silicon in microgram-atoms per liter entered to whole units.

pH Entered to hundredths.

20



Table I.—CGC GLACIER, January 1970.

SHIP

CODE
LATITUDE

1/10

LONGITUDE
* '1/10 MO DAY HIL1/1

ORIGINATOR'S WEA.
THER
CODE

NODC
STATION
NUMBER

318155 Gl 6106 S 05539 W 521 15 01 06 209 1970 001 0045 27 6 4 0001

into
Ol

FOICE

lARO-
METER
tmb*)

005

HCAST 5 A D
DYN. M.

X 10'

NOj-N
vg • ot/l



Table I.—Continued.

LONGIIUDI
' 'I/IO

ORIGIN A TOIl'S
NOOC
STATION
NUMBER

318155 6I1A S 05811 W 521 18 01 17 182 1970 0636 16 2 6

BARO-
METER
<mb*)

AIH TEMP. X

010 021

0003

13

SAD
DVN. M.
X 10^

SOUND
VELOCITY



Table I.—Continued.

REFERENCE



Table I.—Continued.

REfERENCE



Table I.—Continued.

WFEHENCE



Table II.—CGC GLACIER, February-March 1970.

31815A

SHIP

CODE
lATlTUDf

I/IO

LONGITUDE

'1/10

038182W 555 AS

055

005

02 19 055

DT

1970

SD 14 S08

ORIGINATOR'S

BARO-
METER
(mbl)

861 022 024
ifECIFIC VOLUME

0512

15

SAO
OTN. M.

X 10^

lOnrM s(A

SOUND
VELOCITY

STO



Table II.—Continued.

SHIP

CODE
LATITUDE

1/10

LONGITUDE

DAY MR.1/1

ORIGINATOR'S

ioij»tii[ i[A

CLOUD
TMER CODES
CODE

318154 GL 76356S 61 1970 0392

035

005

OT

SfEEO
01

ro>ci

x2 Ola
lARO-
METER
(mbll

AIR TEMP, r

036

0003

SAO
DYN. M.

X 10*

SOUND
VELOCITY

STO



Table II.—Continued.

31815^

SHIP

CODE

GL

LATITUDE

1/10

76551S

S^

032475W 555 6^

,.«.NC. CAST
NO.

137

005

DAY HR-l/K

02 21 137

SD

1970

srHD
OD

fOKCf

ORIGINATOR'S

BARO-
METER

911 -025

AIR TEMP. "C

IKCIFIC VOLUME

CTf PER SEA

SOUND
VELOCITt

STD



Table II.—Continued.

SHIP

CODE
LAHTUOE

1/10

LONGITUDE
* M/10 MO DAY MILI/10

ORIGINA TQft'S WEA-
THER
CODE

GL 77265S 036017W 555 76 03 02 027 1970 005

MmwcilcAST
Tl*«< W NO.

X2 6 |8

04

lARO-
METEt

AIR TEMP, r

IAD
DtN. M.

0007

SOUND
VELOCITir



Table II.—Continued.

31815i.

LATITUDE

Vl[

77346S 035399W

005

STD
CBS
STD

OBS
STD

OBS
STD

DBS
STD

OBS
STD

OBS
STD

OBS
STD

OBS
STD

OBS
STD

OBS
STD

OBS
STD

OBS
OBS
OBS

0000
0000
0010
0010
0020
0025
0030
0030
0050
0050
0075
0075
0130
0100
0125
0125
0150
0150
0200
0200
0250
0250
0300
0300
0347
0387

03 03 087 1970

SD 00 SCO

ORIGINATOR'S

-0172
-0172
-0172
-0172
-0172
-0172
-0171
-0171
-0170
-0170
-0159
-0159
-0158
-0158
-0157
-0157
-0158
-0158
-0162
-0162
-0179
-0179
-018'»

-018't
-0189
-0209

3390
3390
3390
3390
3396
3398
3400
34U0
3402
3402
3408
3408
3410
3410
3415
3415
3415
3416
3423
3423
3430
3430
3433
3433
3436
3456

2730
2730
2730
2730
2735
2737
2738
2738
2740
2740
2745
2745
2746
2746
2750
2750
2751
2751
2757
2757
2763
2763
2765
2766
2758
2785

005

057

0007786

0007779

0007312

0007001

0006837

0005391

0006226

0005831

0005737

0005151

0004543

0004268

0585
NO.
OBS.

DEPTHS

SAD
OTN, M.

X 10^

0000

0008

0015

0022

0035

0053

0059

0084

0098

0125

0150

0172

WEA-
THER
CODE

3

NODC
STATION
NUMBER

0009

SOUND
VELOCITY

14398
14398
14399
14399
14402
14403
14404
14404
14408
14408
14419
14419
14424
14424
14429
14429
14433
14433
14440
14440
14441
14441
14448
14448
14454
14454

LATITUDE

I/IO

LONGITUDE

'1/10 O DAT HR.1/10

ORIGINATOR'S

HGflPt«[ SE*

WEA-
THER
CODE

318154 GL 035381W 556 75 03 03 229 1970

DT

S»E(0
oa

(0"CE

S03

Aia TEMP, t
0575

SOUND
VELOCITY

NO3-N

005

STD



Table II.—Continued.

SHIP

CODE
LATITUDE

1/10

LONGITUDE
g?

ORIGINATOR'S WEA.
THER
CODE

NODC
STATION
NUMBEK

31815^ GL 762465 030362W 555 60 03 06 211 1970 0350 0011

03

1«E0
OR

fOltCI

S27

BARO-
METER
(mbil

089 08

SOUND
VELOCITY

S104-S<



Table II.—Continued.

REFERENCE



Table II.—Continued.

REFERENCE



Table II.—Continued.

RtFfRENCe



Table II.—Continued.

REFERENCE



Table II.—Continued.

KEFERENCE



Table II.—Continued.

KEFEtENCf



Table II.—Continued.

SHIP

CODE

7^*2855

LONGITUDE

1/U
i^

STATION TIME

03 112

S«ED
01

fORCE

ORIGINATOR'S

020
AIR TEMP. ^

128

0506

NODC
STATION
NUMBER

0025

SOUND
VELOCITV

SIO*-S*

ug - ol/l



Table II.—Continued.

MFtBENCf



Table II.—Continued.

LATITUDE

1/10
U

DAY MP.1/10

ORIGINATOR'S

31813^ GL 55^ 33 03 12 020 1970 022

DT SD

BARO-
METER
(mbi)

903 -111

AIR TEMP. "C NO.
OBS.

DEPTHS

STD



Table II.—Continued.

REFERENCE



Table II.—Continued.

mnniHCt



Table II.—Continued.

KEFEftENCC



Table II.—Continued.

REFERENCE



Table II.—Continued.

KfFEtfNCE



Table II.—Continued.

REFERENCE
~



Table II.—Continued.

SHIP

CODE
LATITUDE

I/IO MO DAY Hltl/l

ORJGINATOIt'S

MCimtTsEA

WEA-
THER
CODE -

318154 GL 71033S 01316 W 5S3 h3 1Q3 ll

DT

7 1047 hQ7Q

5D 00 SOO

BARO-
METER

916 -056

027
AIR TEMP. X:

1920
NO.
OBS.

DEPTHS

XI I3

srtcific voiUMi SOUND
VELOCITY

SIOi-Si

t>B • ot/l

008

STD



Table II.—Continued.

REFERENCE



Table II.—Continued.

UFFHENCE



Table II.—Continued.

SHIP

CODE
LATITUDE

1/10
ii

ORIGINATOH'S

CTlrul S(A

NODC
STATION
NUMBER

Han't GL 70210S 562 08 03 18 167 1970 28 XI 5 l5

SrEEO
OR

EO«CE

lARO-
METER

AIR TEMP, r

053 10

SAO
OYN. M.

R )0'

SOUND
VELOCITY

SlOt-SI

167

167

167

167

167

167

167

167

167

167

STO



Table II.^—Continued.

SHir

CODE
LATITUDE

1/10

LONGITUDE
' '1/10

ORIGINATOrS

H GiT Mil liA

WEA-
THEI
CODE

NODC
STATION
NUMIER

31815^ GL 70208S 007298W 552 07 03 19 015 1970

DT SD

00 X

SPfED
OR

FOICE

SOD

lARO-
METER
[mbtl

AIR TEMP, r

SOUND
VELOCITY

007

STD
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