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Deep Circulation in the Antarctic Ocean 
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Introduction 

The gen�ral features of deep circulation in the Antarctic waters have already 

been illustrated by G. E. R. DEACON (1933, 1937) as well as A. DEFANT (1936) and D. 

WUST (1932). The structure of whaling grounds depends on such hydrological condi

tions which vary year by year. The author intended to find a new approach to this 

problem. 

* Tokyo University of Fisheries. 
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Basing his research on the oceanographic data collected by the Umitaka-maru 

(training boat belonging to the Tokyo University of Fisheries) during the period from 

Dec. 1956 to Mar. 1957 (M. ISHINO, Y. MORITA, Y. SAOTOME, 1958) the author studied 

the deep circulation in relation to fisheries. 

First, the charts of the meridional sections for the water temperature, salinity, 

dissolved oxygen, phosphate-P and density in situ (dt) from Cape of Good Hope to Prince 

Harald Coast projecting those data within 20-40°E were constructed. 

Next, the characteristic features such as dichothermal water (temperature mini

mum), oxygen maximum (the second maximum as well as the first maximum), the 

deeper oxygen minimum, salinity minimum (intermediate water) and the deeper salinity 

maximum of the deep water, phosphate-P maximum were compiled in the same map 

as shown in Fig. 1. 

Secondly, the horizontal view of the boundaries of watermasses and the dicho

thermal topography related to the previously obtained results by other authors are 

indicated in Fig. 2. (G.E.R. DEACON, 1937, H. MOSBY, 1934, N.A. MACKINTOSH 1946, 

L. MIDTTUN and J. NATVIG 1959, J.L. HOLM and A. JONSGARD 1959, J.W.S. MARR 

1956, J.T. RUND, 1932). 

Results 

I. Refering to Fig. 1 

( 1 )  Subtropical Convergence was found to be nearly 43° S in summer (Dec.-Mar.). 

Subtropical water having temperature higher than l0°C and salinity higher 

than 35%o indicated its thickness of about 400-600 m from the surface of the 

sea. 

( 2) Antarctic Convergence was found to be nearly at 49-50°S. 

Consequently Polar Frontal Zone roughly between 43-49°S corresponds to 

stormy zone of prevailing westerlies and to West Wind-drift zo.ne. 

( 3) Antarctic zone in summer lying in the higher south latitude (50°-70°S) is 

clearly d.efined by the existence of dichothermal water (intercooled water or 

winter water). However, the core depth comes down from south to north 

(75m depth in the 66-69°8, 100 m in the area of 58-64 °S and 160 m depth 

at 50° 8) and also its temperature minimum rises from south to north (-l.8 °

-l.350C). It shows vigorous convection in winter in the upper layer shal

lower than 300 m. 

( 4) Profil�s indicate clearly the descent of Antarctic Interm�diate Water from 

the surface layer near the Antarctic Convergence to about 1000 m depth 

beneath the subtropical water mass. 

Second maximum of dissolved oxygen coincides nearly to the axis of Inter

mediate Current slightly shallower than the depth of salinity minim.um 

(Intermediate Water). The same has been already confirmed in the case of 
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the north Pacific (M. UDA, 1960a, 1960b). 

Following L. MIDTTUM and J. NATVIG and using the simplified equation, 

A L1z2(sA-sB) as A a2s 

L1x•(s"+s'-2su) 
of Vx 

ax =p az2 

between Station A52 and A53 on the isentropic surface corresponding to 

depths of 278 m and 600 m respectively and assuming A= 10, 

we have Vx=0.5 cm/s . 

( 5 ) Hence, the polar frontal zone is defined by the limit of the salinity minimum 

and the second maximum of dissolved oxygen. 

( 6 )  In the Antarctic zone the ascending upper deep water from about 1500 m 

depth or deeper in latitudes lower than 45°S to the upper layer 300-800 m 

depth denoted by the mesothermal layer (temperature maximum) as well 

as the coincided oxygen minimum layer the upper phosphate-P maximum 

layer, and the deeper salinity maximum layer (34.69-34.72%0). 

( 7 )  Nearer to the Antarctic, between 64:-69° S the patt�rn shows vigorous vertical 

mixing and sinking water masses by the evidence from the distributions of 

water temperature (very cold below 0°C) to the bottom, salinity (diluted 

lower value), dissolved oxygen etc. 

( 8 )  The upwelling area between 54-64 °S corresponds to the most productive zone 

in the Antarctic Ocean i.e. most favourable whaling grounds (e.g. J. L. 

HOLM and A. JONSGARD, 1959) and to the rich zone of Euphausia superba 

(J.W. S. MARR, 1956). Or in other words, the above zone lies between the 

pack-ice zone and Antarctic Convergence in summer. 

( 9 )  The sinking area between 64-69° 8 constitutes a peculiar zone adjacent to 

the Antarctic Continent, which may be called the Euantarctic zone in which 

the production of bottom water occurs and the bottom current starts. 

Vertical mixing between the surface water of Antarctic zone and deep water 

carried by deep current seems to occur most strongly, in the zone near the 

latitude 60-68°S around 64 °S. 

II. Refering to Fig. 2 

(10) The above mentioned productive zone appears to be located around Antarctica, 

the latitudes of 55-65°8 with the dichothermal water of temperature minimum 

below -1 °C and in the eddy system between the warmer West Wind-drift 

and colder Easterly Wind-drift (Circum Polar Current). 

Concluding remarks 

The essential structure of the most productive zone in the Antarctic whaling 

grounds corresponds to the upwelling zone of Antarctic Ocean between 54-64 °S in 

summer. 

The mechanism in detail should be studied further. Also the characteristic features 
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of each sector within the Antarctic zone and its variation remain as our problem. 

Lastly the author wishes to appreciate the surveys conducted by Mr. M. 1SHINO 

et al. and the crew of Umitaka-maru (Captain T. KUMAGORI) as well as those splended 

works by "Discovery" and "Brateg" Expedstions etc. 
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