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ABSTRACT

Oosanographic survey was performed in the Ross Ses, Antarctica,
from 25 January to 8 March 1967 aboard CLACIER and STATEN ISLAND.
Ocesnographic stations were occupied in the central part of the sea
to complement previous work done by NAVOCEAND in the investigation
of Circumpolar Water intrusion into the Ross Sea and at the ammual
ice forecasting station locations, Current meter sxrays were mocred
at two locations for drect cwrrent resdings, and a speciel bathy-
petric swvey was conducted along the Victoria Land coast, ‘

Preliminary analyeis of cceanographic station dats indicates
that the main intrusion of Circumpolar Water enters the Ross Sea at
about 174°W longitude and that bottom topography is an influencing
factor in deflecting this water southward into the Ross Sea.

MARTIAL CAR
Ships of Opportunity Braach
Nearshore Surveys Division
Oceanographic Surveys Department
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I. PREVIOUS KNOWLEDGE OF THE REGION

The Antarctic Continent is encircled oty the broad, eastward flow-
ing Cirocumpolar Current, The prevailing wind direction in this area
is westerly with an associated net horizontal transport of surface
water to the north. According to the law of continuity, this northerly
transport of surface water must be compensated by a southerly transport
at a deeper depth. Thus, according to Midttum and Natvig (1957), the
gensral circulation around the Antarctic Continent is L.i of a meride
jonal ~irculation s'merimmosed unon a eeneral flow to the east.
Evidence of this southward transport is the presence of a warm layer
between the surface and bottom water layers found around the Continent.

The intrusion of this warm, subsurface layer into the Ross Sea
can easily bs detected by its higher temperature and salinity and is
known as Antarctic Circumpolar Water., Two other well defined water
masses, Upper Water and Shelf Water, are present in the Ross Sea,
Upper Water is subdivided into Antarctic Surface Water and Winter Water,
The deeper layer of the Upper Water has been called Winter Water by
Mosby (193L) because this layer has the same .haracteristics that the
Upper Water had during ths previous winter, Surface Water, sccording
to Deacon (1937), 48 a surface layer which hi¢s a higher temperature and
lower salinity than Winter Water due to summer heating and ice melt,
Shelf Water is the most dense water mass in the Ross Sea and is
characterised by cold temperatures and high salinities,

Countryman and Gsell (1966), from their investigation of 1963 and
196, DEEP FREEZE data, bolieve that the main intrusion of Circumpolar
Water into the Ross Sea is north of 75°30'S between 176°W and 180°,
Additional, but smaller, inflows of Circumpolar Water enter through the
western and eastern Ress Sea,

II, OBJECTIVES OF THE SURVZY

The objectives of this survey were tos (1) defins the movement
of the Antarctic Surface, Shelf, and Circumpolar Water mssses by measur-
ing direotion and speed of currents in the southern and eastern Ross
Sea; (2) £111 in oceanographic station holiday areas in order to com-
plete the analysis of Circumpolar Water intrusion into the Ross Ssa
and complement previous work done by NAVOCEAND; (3) reduce bathymetric
holiday areas along the continental shelf; and (L) occupy the snmual
ice forecasting oceanographic estations along the main shipping route to
MceMurdo and Hallett Stations,

III. NARRATIVE OF THE SURVEY

Three NAVOCEANO oceanographers and one bathymetrist joined USCGC
GLACIER (WAGB L) at McMurdo Station, Antarctica, on 25 Jamuary 1967,
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After completing a bathymeiric survey near Victoria Land, as requested
by the National Science Foundation (NSF), two subsurface current meter

arrays were moored and oceanographic stations were occupied in the
central Ross Sea,

On 19 February, two oceanographers and the bathymetrist t-arzfer-
red from GLACIER to USCG7 STATEN ISLAKD (wAUB 278) to finish the
remaining oceanogrophic stations and to begin the bottom sediment phase

of ithe survey, The oceanographer remaining aboard GLACIER recovered
the two current meter arrays,

CLACIEN and STaTZN ISLA!D rendezvoused at Fdisto Inlst n/f Cape
Hallett on 25 February to transfer the oceanographer on GLAC .ER to
STATEN ISLAND. GLACIER then departed the survey area leaving STATEN
ISLAND to occupy the ammual ice forecasting stations, STATEN ISLAND

finished these stations on 1 March and arrived at Port Lyttelton,
New Zealand, on 8 March,

IV. RESULTS

at locations shown in Figure 1, Using GLACIER, 2 subsurface buoy
arrays, each with 3 current meters, were moored, and 32 ocsahographic
Nansen stations were occupied. Oceanographic casts were not made below
1,400 maters due to faulty wire on the oceanographic winch. A total of
2,775 nautical miles of echo soundings was obtained along the ship's ;‘
track while occupying oceanographic stations and near Victoria Land z
coast as requested by NSF,

i
|
|

Persomel aboard GLACIER and STATEN ISLAND conducted obeervations é
|
i
{

STATEN ISLAND occupied 2 oceanographic Nansen stations in the
central Ross Sea and the 28 anmmual ice forecasting stations., Fowrteen

bottom sediment samples were ocollected, and 1,935 nsutical miles of
echo soundings were run,

Aboard both ships, a total of 563 nutrient samples was dramm and .
quick frozen to be apalyzed at MAVOCEANC for inorgamic phoephats, ; :
nitrate, and silicate.

A station summary is presented as Table I.

V. METHODS OF COLLECTION AND ANALYSIS
A. Physical Oceanography.

1. Temperature. Paired deep sca reversing thermomsters (-2° to
20°C) wers utilized to record in situ water tempsratures, These ther-

momsters are considered accurats To #0,02°C. Thermomster readings were
corrected by standard procedures., The acocspted temperature nlm vas
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TABLE |,

OCEANOGRAPHIC STATION SUMMARY

Consec ., Sta, . ° Sonic | Cast
Number Lotitude ®S | Longitude IDe uﬂ"' Depth BT | Nutrients
- ) (m)

] 77°09.3"' | 166°43.3' | 201 | 15 |V

2 72°35' 173°10°E 5% | 519 |V

3 70°56' 179°17.5' | 2195 | 1223 |V v
4 70°53.5' | 177°25'W [ 2834 | 1373 [ V|
5 71025 176°30'W | 2926 | 1387 | V/ v
é 71°52,5' | 174°45'W | 3292 | 1368 | V v
7 72°53 174°29'w [ 3155 | 1370 | v v
e a0y 176000 | o4 | 312!/ v
9 7157 177°43.5'w| 1006 | 818 | V|
10 71°24' 179°13'W | 1006 | 836 |V v
n 75°23 176°50°E 412! 285 |V v
12 75°26* 180° 558 | 44 |V v
13 76°02' 178°37°w | 604 | 567 | V v
14 75°30* 175%1.5'W| 567 592 |V v
15 76°10 172°03.5'W| 448 | 445 | v
16 75°52 171%7w | 458 | 46|V v
17 75°23 172%4'w | 1463 | 1217 |V v
18 74°52' 172%05'w | 1829 | 1126 | v/ v
19 74°55' 174%4'w | 1555 | 1212 | V v
2 74°23' 176%00'w | 905 | 831 |V v
21 73°54.,5' | 174°10'W | 2469 | 1300 | V v
2 7326 176%2°w | 1226 | 1245 | v/ v
23 72°57.5' | 177°43'w | 03| 588 | V| V
)| 72°26* 179°3wW | 84| 749 V v
25 71°55 179°05'c | 486 | 1107 ! V v
2 72°53.7' | 178%6¢ | 1738 | 1286 | V| .V
74 73%25.5' | 179°35'w | 40| 418V
28 73°56.5' | 177°56'w | 805| 788 | v
Y4 74°56,3' | 178%06'W | 412| 40|V v
1) 74012 178°31% 291 20| vi
31 73085 177°52°¢ M| 21/ v
32 74°%" 177255} 31| 285 v
3 75°54.7' | v7erE | M| AV Y
k7 74°21 30| 263 v

179° 't

All stations token from USCGC GLACIER except numbers 33
ond 34 token from USCGC STATEN ISLAND.,

o




TABLE | (Cont.)
C:"”cl' 192 | Lotitude S | Longitude ° Ds:"k DC::th BT | Nutrients
{m} {m)
as 71°54' 176°00" 1920 | 1404 |V
36 71°41" 175°38" 2341 225 |V
37 72°24" 170°46* 289 72 |V
38 72°16.5' | 170°4' 450 | 332 |V
» 72¢18.2' | 170°10" 3 182 |V
40 72°13.5' | 170°12 777 a4 |V
41 72°10* 170°41* 380 332 |V
42 72°06.5' | 171°06° 384 337 |V
43 71%47" 171°57 777 483 |V
a 71°47.5 173%45' 2190 487 |V
45 72°30" 171°15* 360 332 |V
46 77°45' 164°55¢ 251 222
47 77°44" 165°19" 403 74 |V
48 77°40' 165%4¢' 640 500
» 77%36' 165°5%" 57 | 470 |V
50 77°25.5' | 166°04.5' 960 400 |V
51 76°32 170°26° 822 | 400 |V
52 76°2' 168°15.0 732 »7 |V
53 76°05° 166°18" 622 | 400 |V
54 75°54.5' | 164°58" 915 400 |V
55 7447 167° 26* M5 a7 |V
56 74°56.8' | 169°14° 364 ky. BRIV
57 75%16* 171°02* 631 387 |/
58 75°25.5' | 172°54° 548 »5 |/
» 73°37.3 | 176°%" 640 »s5 |V
& 73°%».5' | 175%°7.% 505 » |V !
61 73°38.5' | 17322 » »7 |/
62 73°33.7 | w14 610 | 400 |V
All ths above are ice forecas stations and were taken from

USCGC STATEN ISLAND




TABLE | (Cont.)

“L":"’mgd' Lotitude °S | Longitude | Type Sample
1 75054" 77°%°E | Surf. Somple
2 75057" 178°16W | Kullenberg
3 75924.5' | 176°02°W | Kullenberg
4 75053.7' | 173°54W | Surf. Somple
5 75053" 17190W | Kullenberg
6 75023" 172°11'W |  Kullenberg
7 74°54.5' | 174%08°W | Kullenberg
8 74925" 176°00W | Kullenberg
9 Taes7 178%6'W | Kullenberg

10 75027 180° Kullenberg

n 74057 178%06' | Surf. Sample

12 740225 | 179°33W | Kullenberg

13 73077 176°16W |  Kullenberg

1 73%2" 178°12°W |  Kullenberg

15 72034° 179°55W |  Kullenberg
6
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obtained by averaging the two readings if the values differed by 0,06°C
or less. When paired thermometers differed by more than 0,96°C, the
reading from the thermometer considered most reliable, based on its
previous record, was used,

Three =2° to 10°C and one =2° to 20°C YOSHINO protected reversing
thermome ters were field tested as part of a field reliance test.
Results from these thermometers were not used in deterwining accepted
temperature values,

2, Sample Depths. Unmprotected reversing thermometers paired
with the protected thermometers were used to determine thermometric
depth values, Depth of the sample then was computed using these ther-
mometric depths in conjunction with observed wire angles. Attempts
were made to place the Nansen bottles at standard depths.

3. Baﬂt_lsermographs. A 900-foot mschanical bathythermograph (BT)
lowering was made prior to most Nansen casts, In areas where ice
coverage was 9/10 or greater, BT's were not attempted,

L. Current Observations. Two current meter arrays were moored
in the survey area. rach array consisted of the following:

(a) a surface float equipped with a radar reflector
(b) a 500-1b. net buoyancy Danko subsurface float to
the array
(e¢) 3/L inch, 2 in 1, Samson braided nylon rope mooring
hne

(d) tl.ree Geodyne self-recording current meters spaced
along the mooring line

(e) a Ceodyne timed release mechanism

(f) three 450-1b. anchors

A1l current meters were set to sample for 50 seconds at 10-minute
intervals.

Array No. 1 was moored in B8LO feet of water at 77°09.3'S and
166°43.3'E. The current meters wers spaced at dapths of 168 feet,
498 feet, and 810 feet below the sea surface., The total sampling time
for this array was 23 days and 8 hours. The bottom current meter did
not record due to a faulty film advance,

Array No, 2 was moored in 1,70 feet of water at 73°40'S and
173°10'E. The current meters weve spaced at depths of 223 feet,
968 feaet, and 1,709 feet below the sea surface. The total sampling
time for this array was 19 days. Only directions were recorded with
the bottom meter due to a broken =avonius rotor,

The output from these Ceodyne self-recording current meters is
recorded on 16 mm photographic film which must be developed and machine
read, .
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Be Chemical Oceanography.

1. Salinity. Water samples were collected with Nansen bottles
at all sampiing depths. Salinities were determired by means of an
Industrial Instrument inductively coupled salinometer (Model RS-7B,
Serial 22,;90), This instrument was field tested for accuracy by ana-
lyzing a substandard of known salinity against standard Copenhagen
water., Based on this field test, salinities may be cousidered accurate
to 1.01%.

2. Nutrients. Samples for nutrient analyses were collected in
6-0z. polysthylene bottles and quick frozan. These samples will be
analyzed for silicate, nitrate, and phosphate content at NAVOCEANO with
a Beckman model DU Spectrophotometer,

The phosphate samples will be analymed by the method described
by Murphy and Riley (1962) and the silicate and nitrate samples will be
?n;éged according to the method described by Strickland and Parsons
X .

Ce Geological Oceanography.

1. Bottom Samples. A 6-foot Kullenberg gravity corer was used
to collect all bottom samples. In cases whers only & small amount of
sediment was obtained, the sample was stored in a glass jar and logged
as a surface sample,

2. Bamng. The ships' UQN/1-B was used to obtain all echo
sounding tracks.

VI. DISPOSITION OF DATA

Observed Nansen cast data were coded and forwarded to the National
Oceanographic Data Center (NODC) and are on file under cruise reference
number 31880. Computer computations have been completed for sound
velocity, sigma~-t, and specific volume and dynamic height anomalies.

BT data were forwarded to NODC for processing and retention.

Current meter data, when processed, will be retained on file in
Code 9210 at NAVOCEANO.

Nutrient samples are being processed at NAVOCEANO and will be
available as laboratory item number kL.

Boettom sediment samples have been analyzed for engineering prop-
erties and sediment size and composition. The analyses are on file at
NAVOCEAMG under laboratory report number 312, Bottom sediment sample
field description (log shest M) is presented as Table II.
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Copies of tine sonic soundings obtained along the Victoria Land
coast were given tc the NSF for retention. Original data of all sonic
soundings are on file in Code 8500 at NAVOCEANO,

VII. PRELIMINARY ANALYSIS

Deacon (1963), in his discussion of the Southern Ocean, states
that the general flow around the Antarctic Continent is eastward, He
points out, however, based on the slope of the isotherms, that there
is a westerly flow of the Deep Water in the eactern approach to the
Ross Sea.

In order to show the intrusion of Antarctic Circumpolar Water
into the Ross Sea, a north-scuth section is presented in Figure 2,
This section was chosen to include only the stations with high sube
surface temperature maximume, It shows the Antarctic Surface Water to
be in the uppsr 100 meters of the water colums, with no apparent dif=-
ference in thickmess, The Antarctic Surface Water blends directly inte
the warmer Circumpolar Water with no evidence of a cold Winter Water
layer. Circumpolar Water, in relatively pure form, exists as far
south as station 17. Stations 16 and 15 show only limited influence
with the subsurface temperature maximum colder than 0°C., Sinoce the
deepest Nansen casts taken in this series of statiocns only wemnt down
to 1,368 m, the presence of Shelf Water is not showm,.

Also, it is apparent in Figure 2 that the rapid change in depth
from 1,463 m to LSB m between stations 17 and 16 acts as an effective
barrier to any extensive southerly movement of Circumpolar Water;
however, the effect of this warm intrusion is felt throughout the
Ross Sea,

Subsurface temperature maximums and the depths at which they
were found are presented in Table III.

TABLE IJ1, SUBSURFACE TEMPERATURE MAXIMA

Station No. Max., Temp. °C Depth (m)
6 + 1.l k8
7 + 1,49 300
2 + 1.4 250
19 + 11 166558
17 + 1,16 T3

e i St a— S
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From Pigure 3, it appears that the main intrusion of Circumpolar
Water enters the Ross Sea at about 17h°W longitude., The 1,000 m bottom
contour was superimpossd o the 1°C isotherm, and it is apparent that
the 1°C isotherm does follow thc 1,000 m contour, suggesting that
bottom topography may be an influencing factor in dsflscting the warm
Circumpolar Water southward into the Ross Sea. Upon reaching its most
southerly extent, the flow is then deflscted eastward.

VIIXI, ADDITIONAL WORK NEEDED IN THE REGION

Our knowledge of the circulation in the Ross Sea is basically
derived from dynamic calculations and by tracking properties such as
tesperature, salinity, and oxygen, More direct current measuremsnts,
such as performed on this surwy, aro nseded to determine how wll the

ciroulation as derived by indirect msthods compares with the actual

Anmual ioe forecasting stations are required to continue the

long range ice forecasting program along the main shipping route to
McMnrdo Sound,
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longitude and that bottom topography is an influencing factor in deflecting
this water southward into the Ross Sea.
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