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ABSTRACT

During Cruise 37 of the Research Vessel KNOBR>91 hydrographic
stations were occupied, most of them in the general area of the
Windward Passage, eastern Cayman Basin, Mona Passage and across
the Caribbean Sea from Puerto Rico to Venezuela.

Vertical profiles of potential temperature, salinity, dissolved
oxygen and dissolved silicate are presented. The data lists include,
in addition to the observed parameters, such computed values as
pressure, potential temperature, potential density, specific volume
anomaly, sound ve locity, dynamic height, potential energy, Vaishla
frequency and Vaisala period.

Also included in the data l.ists are 28 hydrographic stations
occupied during November 1973 on Cruise 78 of the Research Vessel
ATLANTIS II in the Windward Passage, Central Caribbean Sea and the
Atlantic Ocean just east of the Lesser Antilles.

INTRODUCTION

Cruise 37 of the Research Vessel KNORR is the third of a series

of cruises carried out starting in 1970 in an effort to identify

and trace the various water masses moving through the passages

between the Atlantic Ocean and Caribbean Sea, As in the previous

cruises, financial support was provided in the form of a National

Science Foundation Grant+. The format of the present report follows

that of the previous two  Metcalf, Stalcup and Zemanovic> 197 1 and

1973! .

In February to April 1970, Cruise 56 of the Research Vessel

ATIANTIS II dealt mainly with the study of the passages through

the Antilles Arc between Guadeloupe and the South American

continent. Long sections of hydrographic stations were made on

both the Atlantic and Caribbean sides of the island arc, and

addit ional hydrographic stations were occupied in and near the

*National Science Foundation Grant !f GA 27939 is gratefully acknowledged.



various major passages where current studies were also carried out.

In March and April, 1912, Cruise 25 of the R/V KNORR continued the

same general type of program with hydrographic sections extending

between Puerto Rico and Guadeloupe on both sides of the island arc.

Extra stations were occupied in the Anegada-Jungfern Passage area

along with several types of current observations in this long passage.

In March 1974, the third main portion of this over-all study,

Cruise 37 of the R/V KNORR, carried the work to the Mons and Windward

Passages. The present data report deals primarily with the hydrographic

station data from this cruise.

The work in the Windward Passage started in autumn of 1973 when,

on Cruise 78 of the R/V ATIANTIS II, a brief bathymetric survey of1

the sill area of the passage was carried out followed by the anchoring

of two moorings of current meters and the occupation of a number of

hydrographic stations in the Windward Passage as wel.l as in the main

Cruise 78 of the R/V ATIANTIS II was supported in part by the
National Science Foundation under Grant GD 319183 and in part by
the Atomic Energy Commission under contract AT  ll-i!-3563, and
the consideration of these agencies is gratefully acknowledged.
The authors also wish to express their thanks to Dr. Vaughan T.
Bowen, Senior Investigator of those two projects, and Dr. Hugh D.
Livingston, Chief Scientist on the cruise, for making it possible
for us to carry out this phase of the work. Our thanks are also
due Captain Herbert Babbitt and the officers and crew of the
R/V ATLANTIS II.

The assistance of Dr. Nick P. Fofonoff and members of the "Buoy
Group" of WHOI in preparing, mooring and retrieving the current
meters is gratefully recognized as is the cooperation of the
Of f ice of Nava l. Research, through its project N00014-66-C0241 NR
083-004, in loaning us the current meters.
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part of the Caribbean Sea and in the Atlantic Ocean just east of the

Antilles. The station positions are shown in Figure l.

R/V KNORR Cruise 37

Most of the emphasis of Cruise 37 of the R/V KNORR was on the

Windward Passage area, The station positions and locations of the

"sections" are shown in Figures 2, 3 and 4. Following the major work

in the Windward Passage, a trans-Caribbean Section of hydrographic

stations was carried out from the southwestern tip of Puerto Rico

to the islands on the Venezuelan shel.f. This section was made as

a part of the CICAR  Cooperative Investigations of the Caribbean. and

Adjacent Regions! progra~, an international cooperative study aimed

at increasing the scientif ic knowledge of that region. Following

this, a few more stations were occupied at the western end of the.

section previously made across the Windward Passage Sill from the

Atlantic Ocean to the Cayman Basin. Then the current meters moored

the previous autumn on the sill were recovered. Hydrographic

station sections across both ends of the Mona Passage completed

the cruise.

HYDROGRAPHIC STATION DATA

The hydrographic station work followed the routine established

on the previous cruises of this series, The stations were spaced

5 to 10 miles apart across the Windward Passage and 10 to 20 miles

apart in the nearby areas. On the CICAR section across the Caribbean,

the spacing was considerably greater. Most s tations cons is ted of two



Nansen bottle casts with a total of 29 samples between a depth of one

meter and the bottom. The samples were distributed within the water

column to delineate as closely as feasible such features as the

salinity maximum and oxygen minimum layers and any North Atlantic

water which might be lying close to the bot tom near the controlling

sill of the Windward Passage. A bottom finding "pinger" was used to

control the height above the bottom of the deepest sample. The

common practice was to place the pinger 4-5 m below the bottom

Nansen bottle and then lower the array until the pinger was 4-5 m

above the bottom. Much of the time, because of the drift of the ship,

the dec pcs t s amp le was not exac t. l.y where i t had been hoped i t wou ld

be with respec.t to the bottom, but it was generally within about 10-15 m

above the bot tom.

In addition to the hydrographic stations occupied in connection

with the Caribbean inflow studies, a series of 7 large volume stations

were occupied for radio isotope sampling for Dr. V. T. Bowen under

AEC Project 1k 3563.00. At these stations, ordinary hydrographic.

stations of two casts of Nansen bottles were also carried out. At a

number of hydrographic stations, an additional short cast of 9 Nansen

bottles in the upper 200 m at which only temperature and salinity were

measured were added to the regular station by Dr. Edward Carpenter.

Eleven of these short hydrographic stations not in conjunction with

the regular 29 bottle cast were also occupied by Dr. Carpenter whose

work was supported by NSF Grant GA 37993, The hydrographic station

data from these various other stations are included in the listings

in this report.
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Temperature, salinity, oxity and dissolved silicates were measured

for each Nansen bottle sample. After the thermometer corrections and

depth computations were made and the chemical analyses run, the data

were plotted vs. depth using the shipboard computer X-Y plotter. These

graphs were then used in the construction of the vertical profiles. As

was the case with the reports from the previous two cruises in this

series  Metcalf, Stalcup and Zemanovic, 1971 and 1973! the vertical

exaggeration for most of these profiles is 925:1. In the earlier

cruises, most of the hydrographic stations were occupied in less than

2000 meters of water, and the profiles were all drawn to that depth only.

In the present cruise, the stations often went considerably deeper than

that figure, and the profiles extend all the way to the bottom. In the

case of the trans-Caribbean section, because of its greater length

compared with the depth, the vertical exaggeration has been made 250;l.

In most of the profiles, the ocean bottom is represented simply

by a straight line connecting the corrected  by Matthew's tables, 1939!

sonic depths of adjoining stations. In the case of that section

extending across the Windward Passage sill, the actual controlling

depth of that sill has been indicated in the profile in order to

illustrate the physical "cut-off" level for uninterrupted water flow

between the Atlantic and Caribbean through this passage. The actual

sampling points are represented by dots in the profiles. In cases

where the data points were thought to be of doubtful accuracy, if

the values were not used in the contouring of the profile, the dot

has been eliminated from the section.



In some instances, most commonly occurring in the oxygen profiles

but to a very Limited extent in some of the other parameters also,

the scatter was such that if the contours were to fol.low the data

points in strictest accuracy, the sharp contortions would be virtually

impossible to follow. This situation occurred mostly, though not

exclusively when an overlap of the two Nansen bottle casts resulted

in sets of observations only a few meters apart in the water column

which were actually gathered on separate casts an hour or more apart.

Due, probably, to time dependent changes taking place in the water

column a strict following of the rules of contouring would result in

a profile that did not resemble the true situation at any one time.

I'here fore in some of these instances, a certain amount of judicious

smoothing of the data was indulged in to construct what we believe

to be a more realistic representation of the situation in the ocean.

It must be confessed that if we were to look over -he same material

afresh and draw an entirely new and independent set of profiles, in

all likelihood a number of slightly different interpretations might

appear, but we feel that nonetheless the profiles presented in this

report represent a reasonable portrayal of the situation. Attention

should be called to the fact that potential temperature rather than

observed in situ temperature is shown in the temperature profiles in

this report. In previous data reports of this series, in situ

tempera ture was us ed.

Deep sea reversing thermometers were used for obtaining the

temperature. In general, temperatures were read to a hundredth of

r degree 0 and are considered accurate to 0,02' . The bottom four



or five thermometers in the usual 29 bottle station were low range,

expanded scale instruments which were read to 0.005' C and are

considered accurate to 0.01 C. In cases where the temperature
+ O

was missed or there were obvious thermometer malfunctions, the

temperature is omitted from the listings. In certain cases, temperature

readings were obtained which appear to us to be of questionable accuracy,

but we are not perfectly convinced that they are erroneous. In those

cases, the value is marked with a "Q". This system was also employed

in the cases of the other measurements besides temperature.

Depths were calculated in the standard way from paired protected

and unprotected reversing thermometers carried in alternate Nansen

bottles below about 150 m. Asterisks mark those cases in which the

adopted depth agrees with the thermometrically determined depth to

within 5 meters in the upper thousand meters of the water column

and to within 0.5 7. in the deeper water. The other depths in the

lists were interpolated from the thermometrically determined depths.

A horizontal line separates the Nansen bottle casts in each station.

The second column in the listing is the pressure in decibars

derived from the temperature and salinity  and, thus, density! of

the overlying water.

On R/V KNORR Cruise 37, the salinity determinations were done on

a WHOI salinometer  Scheicher and Bradshaw, 1956!. The results, listed

to a thousandth of a part per mille, are considered to be accurate to

about 0.003 ";,. On the case of the salinities for the ATLANTIS II
+

Cruise 78, another type of salinometer was used, and there is some



reason to feel that the instrument was not giving as good results as

it should have been. It is therefore advised that the salinities of

+
those stations be considered accurate to about 0.008 to 0.0l.

Dissolved oxygen was measured by a modified Winkler titration

with an amperometrically determined end point. The results are

believed to be accurate to about 3
+

Reactive silicates were determined on a Gilford spectrophotometer

using the method described by Strickland and Parsons �972!. This

method differs somewhat from that used in the two earlier cruises

of this series. Previously, the Grasshoff �964! method was used

which, while s lightly simpler in some respects, suffers from a

"phosphate reinforcement". That is, the presence of phosphates

in the sample produces a s lightly higher reading of apparent silicate

than it should. The difference is probably quite small, but it should

be kept in mind in making comparisons between the values listed in

this report and those from the two earlier cruises of this series

that a small discrepency may exist. due to this factor. It is

believed that most of whatever discrepancy there may be wil! prob ably

be masked by the fact that although the silicates were originally

measured to a tenth of a micro-gram atom per liter, they are listed

in this report to the nearest whole unit in keeping with the

standard National Oceanographic Data Center format. Values to

0.1 pgtnAt/1 are on file at WHOI. The accuracy is cons idered to be

of the order of 0.5 pgmAt/1 or better.

Potential temperature  theta! has been computed. It should be

pointed out that although the temperatures for the most part are



recorded to the nearest 0.01' C  the lowest temperatures at most stations

are listed to the nearest 0.005' C as described above! the computer

program lists all the potential temperatures to the nearest 0.001 C.

It is suggested that rounding these values to the same decimal place

as the original data would be more realistic.

Sigma-theta is listed instead of sigma-t. In the shallow water,

this makes no significant difference, and in the deeper water we feel

the sigma-theta is more useful. Again, the characteristics of the

computer program makes it more convenient to l.ist these values to

three decimal places, but it would be more realistic to round them

off to two places for most purposes.

In keeping with the previous data reports, specific volume anomaly

 delta!, dynamic height, sound volocity, potential energy, Vaisala

frequency and Vaisala period, all derived from the WHOI hydrographic

station computer program for reduced data, are also given.

AC KN MLEDGEHENT
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FIGURE 1 through O'XGURE 12
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Figure 1. Station Locations, ATLANTIS Il Cruise 78,
6 to 28 November 1973
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Figure 2. Station Locations, KNORR Cruise 37,
February - March 1974
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Figure 3. Station Locations in Mindward Passage Area,
KNORR Cruise 37, February � March 1974
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Figure 4. Station Locations in Nona Passage Area,
KNORR Cruise 37, March 1974



SRL I NIT T 5 I LIE RTER3TENTIAL TENPERATURE ERVGEN

Figure 5. Potential Temperature,  Celsius!, Salinity,  Q,
Oxygen,  ml/1! and S ilicate  pxgm At/1! sections,
Atlantic side of Windward Passage sill. Stations
375 through 384. See Figure 3 for station locations.



E II. I CATEPOTEhlTIAE TEAIPERATORE 0XYGE IISALINITY

KI LdVETEITS

F igure 6. Potential Temperature, Salinity, Oxygen
and Silicate sections on the Caribbean
side of Windward Passage sill. Stations
388 through 394. See Figure 3 for station
locations .
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Figure 10. Potential Temperature, Salinity, Oxygen and Silicate sections
on the Atlantic side of Nona Passage sill. Stations 453
through 458. See Figure 4 for station locations.

K EST 4L 'tllPERlTJRE

Figure ll. Potential Temperature, Salinity, Oxygen and Silicate sections
on the Caribbean side of Nona Passage sill. Stations 459
through 464. See Figure 4 for station locations,
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ATLQlTIS II CRUISE 78

Hydrographic S ta t ion Data

S ta t iona: 1999 � 2026
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KNORR CRUISE 37

Hydrographic Station Data

Stations: 374 � 464
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During Cruise 37 of the Research Vessel KNORR, 91 hydrographic stations were
occupied, most of them in the general area of the Windward Passage, eastern Cayman
Basin, Mona Passage and across the Caribbean Sea from Puerto Rico to Venezue1a.
Vertical profiles of potential temperature, salinity, dissolved silicate are presented.
The data lists include, in addition to the observed parameters, such computed values
as pressure, potential temperature, potential density, specific volume anomaly, sound
velocity, dynamic height, potential energy, Vaisala frequency and Vaisala period. Also
included in the data lists are 28 hydrographic stations occupied during November 1973
on Cruise 78 of the Research Vessel ATLANTIS I I in the Windward Passage, Central
Caribbean Sea and the Atlantic Ocean just east of the Lesser Antilles.




