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The surface circulation in the western Indian Ocean during the two monsoons. (Left) December to February.
(Right) April to October. 

Department of Physical Oceanography 
Research into the physical characteristics 

of the ocean was pursued in a number of 
field studies during 1970. A major cruise 
was undertaken to the tropical Atlantic to 
ascertain the transports through the larger 
passages of the Windward Islands. This 
three-month cruise of R/V ATLANTIS II is 
part of a sequence of investigations of the 
approaches to the Caribbean and the source 
waters of the Gulf Stream. Detailed hydro
graphic sections were made both east and 
west of the Islands within the 1500-meter 
depth contour. The sections were supple
mented by direct current measurements 
from shipboard and from moored current 
meters. 

An opportunity occurred during Cruise 
99 of R/V CHAIN to seek the abyssal western 
boundary current in the Indian Ocean. 
Evidence for its existence was detected 
along hydrographic sections east of Mada
gascar. Preliminary estimates indicate that 
it has about half the volume transport of 

the one in the South Pacific. On the follow
ing leg of Cruise 99, a network of hydro
graphic stations was occupied to examine 
the circulation of the Somali Current after 
it leaves the coast. Observations in 1963 and 
1964 had indicated an anticyclonic circu
lation offshore and the stations taken in 
1970 confirmed the southward flow to the 
east of the Somali Current. 

A series of six cruises, each of about two 
weeks duration, were carried out on R / V 

CHAIN and R/V KNORR to set and retrieve 
deep-sea moorings for current measure
ments. Experiments were carried out to 
determine the velocity field associated with 
Gulf Stream meanders and the characteris
tics of currents adjacent to the continental 
shelf. Further experiments were made to 
learn more about the generation of inertial 
currents near the surface by local winds. 
A program to delineate microstructure was 
carried out in the waters near Bermuda 
from R/ V GOSNOLD using neutrally buoyant 
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floats to obtain temperature and vertical 
currents in the main thermocline. 

Members of the Department participated 
in several cooperative endeavors with scien
tists from other laboratories. A return to the 
region of the bottom-water formation in 
the northwestern Mediterranean yielded 
further data of the vertical currents in the 
sinking region. Improved instrumentation 
permitted both vertical currents and tem
perature to be recorded over a two-week 
period. The instruments were set and recov
ered from the French Research Vessel 
JEAN CHARCOT. A long meridianal line of 
gravimetric records was obtained in the 
Pacific from css HUDSON through the gen
erous cooperation of the Canadian Bureau 
of Energy, Mines and Resources. Measure
ments of the color distribution of back
scattered light from the ocean were made in 
a joint experiment with USC&GS DISCOVERER 

and a DC-3 aircraft from the Scripps Insti
tution of Oceanography. 

The North Atlantic 
Hydrographic data collected during the 

International Geophysical Year and on sev
eral cruises in the following years have been 
used to prepare and publish an atlas of the 
deep water of the North Atlantic. Color 
plates, showing the distribution of potential 
temperature and salinity, depict clearly the 
sources contributing to the deep-water 
circulation. The atlas (Volume II) is in the 
same format as the earlier volume edited 
by F. C. Fuglister in 1960. Together, they 
provide a comprehensive description of 
temperature and ·salinity distribution of the 
North Atlantic for the period between 1954 
and 1962. 

A· second atlas, containing a volumetric 
tabulation of water in the North Atlantic 
by intervals of temperature and salinity, was 
also published in 1970. The principal water 
masses are described together with volu
metric breakdown for six geographical sub

divisions and for the entire ocean. The 
volumetric census proves that the North 
Atlantic is warmer and more saline on the 
average than the other oceans. Most of the 
excess salt can be attributed to excess of 
evaporation over precipitation in the North 
Atlantic and the adjacent Mediterranean. 
Much of the excess heat is due to the great 
depth of the main thermocline on the west
ern side of the Atlantic. In contrast, the 
South Atlantic is fresher and considerably 
colder than the other oceans. 

Preparation of an atlas of the near
surface thermal structure of the North 
Atlantic is underway. Average temperatures 
will be shown at six discrete depths and will 
include seasonal variation of the thermal 
field. The proposed atlas will be published 
in color by the U.S. Navy Oceanographic 
Office and will provide a basis for synoptic 
ocean studies. 

A detailed examination of flow through 
the major passages into the eastern Carib
bean using hydrographic stations and direct 
current measurements revealed a complex 
inflow pattern. This flow is highly variable 
and does not extend uniformly across the 
passages. It was possible to demonstrate 
from the temperature-silicate relationship 
that little exchange was occurring at depths 
between 50 and 200 meters in two of the 
passages surveyed. Both above and below 
these depths the temperatures and silicates 
indicated continuity of flow. Preliminary 
estimates of transports range from 17 to 28 
million cubic meters per second through the 
four major passages. 

The Gulf Stream 
The formation of rings of current south 

of the Gulf Stream as cut-off meanders 
constitutes an important mechanism for 
removing mass and momentum from the 
Stream and for transporting Slope Water 
across the Stream into the Sargasso Sea. 
Data from 16 cruises are being analyzed to 
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