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A Sequence of Current Patterns in the Gulf of Mexico
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The primary current in the Gulf of Mexico is in the form of a loop entering through the
Yucatan Channel and eventually leaving through the Florida Straits. It usually transports
more than 25 million m®/sec of water at 50 to 200 cm/sec. Although it retains its basic char-
acteristics along the line of flow, it is known to be highly variable in position. Little informa-
tion on the exact nature of the variations is published. A series of eight cruises of about
2-weeks duration each was conducted by the author over a 80-month period in the different
seasons. The primary current was crossed forty times. Five of these cruises supplemented by
three others having somewhat differing objectives provided a series of eight cruises in one
16-month period beginning in July 1965. A reasonable sequence of current patterns for the
primary current loop is indicated by the observations. The variations in pattern are compared
with those indicated by data available from other time periods. The flow is well represented
year-around by the topographies of the 22°C isothermal surfaces. This permits a simplified
analysis and allows conclusions about the current systems to be drawn from cruises on which
only limited data were collected. From July 1965 through December an eastward flow along
the coast of Cuba strengthened and became the start of a ‘spring intrusion’ into the gulf.
By August 1966 the intrusion had reached 760 km across the gulf, and a ‘fall spreading’ into
the west gulf had begun. In July and August 1965 the northern end of the loop became a

Vor. 75, No. 3, January 20, 1970

separate eddy, a detached exterior flow.

INTRODUCTION

Although the Gulf of Mexico is an adjacent
sea, small compared with the three major
oceans, it contains a current, the east gulf loop,
which moves at about 50 to 200 em/sec and us-
ually transports more than 25 million m®/sec
of water. This is more than one-third of the
transport of the Gulf Stream and is sufficient
to refill the Gulf of Mexico basin in 30 months.
This flow has large variations both in path and
in volume. These variations may well have a
significant effect on ‘a part of the North At-
lantic Ocean.

Beginning in May 1964 a series of eight
cruises was conducted in the gulf with the
objective of studying changes in the thermal
structure throughout the year. Most cruises
were limited to about 14 days of ship time.
Five of the cruises fell within one 16-month
period (July 1965 to November 1966) and may
be used in sequerice to indicate time changes
in the primary ecirculation of the east gulf.
Three cruises conducted (by Pequegnat, Nowlin
and Reid, and Cochrane) during this same
period provide additional data. Data from other
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time periods indicate that some of the features
observed in the present sequence may occur
repeatedly.

Since the initial objective of these cruises was
to study the changes in the thermal structure,
attention was focused on the upper 300 meters.
It soon became apparent that the most impor-
tant factor affecting local thermal structure was
horizontal advection and that it would be neces-
sary to know the changes in circulation pattern
before any valid conclusions could be drawn
about the thermal structure changes. In par-
ticular, when the major current in the gulf
moved across a given location, the isotherms
were found to change in depth by amounts of
more than 125 meters with advective move-
ments of 90 to 150 km. On the other hand, the
structure of the current seldom changed sig-
nificantly downstream along the path of flow.

In the earlier cruises of the present series;
observations below depths of 300 meters were
sacrificed in order to extend the area that could
be covered within the available ship time. Some
cruise results were based on bathythermograph
data primarily. On two cruises an instrumented
towed cable 267 meters in length was used with
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temperature sensors spaced 7.6 meters apart
- [Leipper, 1966]. After it was realized that
movement of the current system was such a
key factor in defining the geographical varia-
tion of the thermal structure, it was decided
that the small amount of additional time re-
quired for deep observations would be very
worth while. Thus, on the later cruises not
only hourly temperature observations in the
upper 300 meters but also hydrographic data
to 1200 meters were obtained at regular dis-
tance intervals, normally about 65 km. The
observational coverage of the current patterns
was improved as insight was gained.

These results are presented not so much for
their conclusiveness as for their potential use in
future, more definitive studies, such as studies
that may become possible during the Gulf Sci-
ence Year proposed for 1970-1971.

Loor CURRENT

Nowlin and McLellan [1967] and others have
stated that the current bounding the eastern
gulf loop is the main feature of the surface
circulation in the Gulf of Mexico. This state-
ment was further supported by the ecruises
described here. These cruises were planned to
best observe, in the time available, the extent
and character of the loop. However, for this
study as for other time studies of ocean cur-
rents the words of Stommel [1965, p. 136]
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Very little is really known about such (ocean
current) fluctuations. It takes years of careful
and expensive observations to produce even a
crude description of them . . . until this
burdensome and not immediately rewarding
task is undertaken, our information about the
fluctuations of ocean currents will always be
fragmentary.

In the present cruise series and others of the
same type taken previously, about forty cross-
ings were made of this strong current, most of
the crossings running perpendicularly across the
flow. The impression obtained from these cross-
ings is that the loop current is always strong and
that the current on each side of the loop is
largely contained in a band 90 to 150 km in
width. An isolated eddy, possibly broken off
from the loop current and having many of its
characteristics, has been observed. As the ship
enters the band of strong current in the loop,
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the presence of the current becomes immedi-
ately apparent from the set of the ship, the.
angle of the wire in taking hydrographic sta-
tions, and the slope of the subsurface isotherms.
At times there are also noticeable changes in
sea state and changes in surface films and in
amounts of other drifting materials.
Depth-of-isotherm sections were prepared
from bathythermograph observations while the
cruises were underway. Study of these sections
in relation to other evidence of the presence of
the strong current has led to the conclusion
that the temperature data alone and in the
upper 300 meters only gives a very good
indication of current location. Ichiye [1962]
found a good correlation between tempera-
tures (at 100 and 200 meters) and dy-
namic heights referred to the 1000-meter refer-
ence in the gulf. On this basis he suggested
synoptic surveys be made with the bathyther-
mograph. Depths of isotherms in the Gulf
Stream area have been utilized systematically
by Fuglister and Worthington [1951] and
others. However, deeper stations were obtained
in most cases of the present series, and a more
complete deseription of the current can be de-
veloped. This more complete description will
not be undertaken here since the simple tem-
perature indications of ecurrent locations are
sufficient to show the changes being discussed.
On a pattern of the topography of an isother-
mal surface, northern hemisphere flow is as-
sumed to be along the isotherms with the
greater depths of the isothermal surface being
on the right-hand side of the current as the
observer faces downstream and the lesser depths
being on hig left. The speed of the current is
assumed to be proportional to the slope of the
isothermal surface. In other words, it is assumed
that the topography of the isothermal surface,
insofar as the loop current in the gulf is con-
cerned, is interpreted in the same way in which
charts representing geostrophic flow are inter-
preted. No attempt is made to infer or com-
pute the actual current speed from the relative
slopes of the isothermal surfaces, although speed
has been computed in selected locations by using
the geostrophic assumption and the hydro-
graphic data. In the present study attention will
be focused on the variation in position of the
current. A study of variations in its speed will
make another investigation, as will the detailed






