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Expendable Bathythermograph Observations From
the NMFS/MARAD Ship of Opportunity Program
for 1974

STEVEN K. COOK and KEITH A. HAUSKNECHT"

ABSTRACT

Results of the fourth year of operation of the NMFS/MARAD Ship of Opportunity Program
(SOOP) are presented in the form of vertical distributions of temperature and horizontal dis-
tributions of sea surface temperature and salinity. Operational and data management procedures also
are discussed. Included are descriptive analyses of the most dynamic transects showing the Yucatan,
Loop, Florida, and Gulf Stream currents and related eddies. Also, characteristics of the cold cell of
bottom water on the Atlantic continental shelf are discussed.

INTRODUCTION

In midyear of 1970 a cooperative expendable bathy-
hermograph (XBT) program was initiated between the
National Marine Fisheries Service (NMFS) and the
Maritime Administration (MARAD) of the U.S. Depart-
ment of Commerce (Cook 1973, 1975, 1976). The
program, conducted in support of the Marine Resources
Monitoring Assessment and Prediction Program (MAR-
MAP) of the NMFS, involved the use of maritime cadets
rom the Kings Point Maritime Academy to collect XBT
lata on board merchant ships operating along the east
and Gulf coasts of the United States. The objective of
his cooperative program was to identify and describe
seasonal and year-to-year variations of temperature and
circulation in the major current regimes of the western
ropical Atlantic, Caribbean Sea, Gulf of Mexico, and
vestern North Atlantic, utilizing merchant ships as
relatively inexpensive platforms for the collection of
lata.

AREAS OF STUDY

Ship routes were selected to obtain regular sampling in
the most dynamic areas of the Gulf of Mexico and
western North Atlantic. The features of principal in-
terest were the Yucatan Current, Loop Current, Florida
Current, Gulf Stream, Shelf Water-Slope Water front,
and a cold-water cell in the Middle Atlantic Bight.

DATA ACQUISITION AND PROCESSING

The Ship of Opportunity effort for 1974 consisted of a
otal of 34 cruises—18 sailing from New Orleans, 12 from
New York, and 4 from Norfolk. Fifty-three transects of
ubsurface temperature observations and associated sur-

'Atlantic Environmental Group, National Marine Fisheries Service,
NOAA, R.R. 7A, Box 522-A, Narragansett, RI 02882.

face data were obtained. A total of 739 XBT’s were
launched; of these 514 (70%) were considered of suf-
ficient quality to be incorporated into the transects
presented.

Subsurface temperature data were obtained by use of
Sippican XBT systems. At the same time, surface water
samples were collected with bucket thermometers for
salinity determination ashore using a Beckman induc-
tive salinometer calibrated with standard (Copenhagen)
water at least once every 30 samples.

The XBT traces were submitted to the National
Oceanographic Data Center (NODC) where they were
dizitized, key punched, and quality controlled. Finally,
these processed data were listed in printout form and
machine plotted. The plots produced by NODC were es-
sentially camera-ready and needed little hand cor-
recting. The few corrections necessary were made by dis-
carding anomalous XBT observations that could not be
supported by other associated data such as sea surface
temperature or other nearby XBT observations. Con-
sequently a vertical section plot may have one or two
missing observations, resulting from the deletion of inac-
curate subsurface data.

The fourth year of operation of the NMFS/MARAD
Ship of Opportunity Program (SOOP) was enhanced by
the inclusion of Coast Guard cutters as ships of oppor-
tunity. The Coast Guard cutters that occupy Ocean
Weather Station HOTEL (OWSH) (lat. 37°N, long.
71°W) began taking hourly XBT observations between
Norfolk, Va., and OWSH in August. This transect was
occupied monthly while OWSH was being maintained,
usually from August through April. We plan to resume
this section when OWSH is again occupied.

Approximately 225 XBT drops and associated surface
data are not included because the observations were
much too widely separated in time and space to be useful
in the analysis. All data collected were archived by the
NODC and are available to interested persons through
the NODC, Washington, D.C. 20235.



Further details concerning the acquisition or process-
ing of data from the cruises considered here can be ob-
tained from the authors.

For purposes of this report all descriptive figures have
been included within the text and all vertical tem-
perature sections have been organized geographically
and chronologically and included as Appendix Figures.

TRANSECT ANALYSIS

Gulf of Mexico
(Fig. 1, Appendix Figs. 1-16)

Loop Current.—In 1974 the Loop Current was crossed
on seven occasions (Table 1) by SOOP ships. There were
two crossings in March (Appendix Figs. 1, 2), one in
April (Appendix Fig. 3), two in May (Appendix Figs. 4,
5), and one each in June (Appendix Fig. 6) and July (Ap-
pendix Fig. 8).

Utilizing 20°C at 125 m as the left edge of the Loop
Current (G. A. Maul, pers. commun.), the position of the
front can be monitored from XBT data. Most mi-
grations of the Loop Current edge ranged between lat.
22°N and 24°N. Movements of more than 1° of latitude
in less than 2 wk were not uncommon. One migration of

about 90 nautical miles (167 km) occurred within 9 days,
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Figure 1.—Composite plot of Gulf of Mexico eddy positions.

Table 1.—Crossings of the Loop Current made by SOOP vessels in
1974.

:\;:»}wmi:\. Station
figure Ship no. Date
1 Delta Sud 20-23 8-9 Mar.
2 Delta Norte 11-15 21-23 Mar.
3 Delta Sud 28-31 15-17 Apr.
1 Delta Sud 40-32 21 May
5 Delta Sud 22-2 27-29 May
6 Delta Sud 9-2 28-29 June
8 Delta Sud 17-20 7-8 July

between 28 June (Appendix Fig. 6) and 7 July (Appen-
dix Fig. 8).

The Loop Current was crossed by the Delta Sud on 9
March at lat. 23°15'N at station 23 (Appendix Fig. 1).
Again on 23 March at lat. 22°30'N the Delta Norte cross-
ed the Loop Current between stations 12 and 13 (Appen-
dix Fig. 2).

In April (Appendix Fig. 3) a crossing of the Loop Cur-
rent by the Delta Sud determined the front to be at lat.
22°N.

In May (Appendix Fig. 4) the Loop Current appeared
as a broad flowing current between stations 40 and 32. At
this time the front’s position had intruded up to lat.
24°N. Again in May (Appendix Fig. 5), the Delta Sud
crossed the Loop Current between stations 22 and 24. At
that time the front had receded back to lat. 23°N.

In June (Appendix Fig. 6) the Loop Current again ap-
peared as a broad flow between stations 9 and 2. The
main front (20°C and 125 m) showed up between stations
7 and 8 at about lat. 24°N. Also present at this time was
a counterflow around Cuba that showed up between
stations 1 and 2.

In July (Appendix Fig. 8), the Loop Current was cross-
ed at lat. 22°30'N between stations 17 and 18.

Eddies.—In 1974 the SOOP ships in the Gulf of Mex-
ico crossed eddies most of which were anticyclonic with
warm-cores on 19 occasions (Table 2). Eddies were cross-
ed in March through August and November (Appendix
Figs. 1-7, 9-14). The diameters of these eddies where
crossed ranged from about 75 nautical miles (138 km) to
335 nautical miles (621 km) and ranged in depth from
200 to 700 m. Some eddies were crossed more than once.
One anticyclonic eddy (Appendix Figs. 4, 7, 9) in par-
ticular was easy to track because it had a subsurface sig-
nature in the form of a peak in the 26° isotherm that was
opposite to the rest of the isotherms. This peak also hap-
pened to occur at the center of the eddy. This eddy was
crossed on 21 May (Appendix Fig. 4), 7 July (Appendix
Fig. 7), and 21 July (Appendix Fig. 9) and migrated in
position from lat. 26°24'N, long. 87°52'W (Appendix Fig.
4) to lat. 24°55'N, long. 88°55'W (Appendix Fig. 7) to
lat. 25°26'N, long. 89°44'W (Appendix Fig. 9). On all
crossings the eddy structure extended to depths of
greater than 600 m. The eddy moved 140 nautical miles
(259 km) in 2 mo in a southwesterly direction or about 2.3
nautical miles (4.3 km)/day (Fig. 1).

Low salinity surface water.—River runoff along the
Gulf coast, which forms a plume detectable by low sur-
face salinities (<34.5°/,,), sometimes extended great
distances offshore (well beyond the shelf break). Nine
transects of low salinity water were detected in 1974
(Table 3). Crossings in March, April, May, June, July,
and August (Appendix Figs. 1, 3, 4, 6, 7, 9-12) showed
large variations in salinity ranges and horizontal extent.

At times the extent of the low salinity surface waters in
the eastern Gulf of Mexico seemed to be controlled by the
northward migrations of either eddies or the Loop Cur-



Table 2.—Location and characteristics of eddies transected in the Gulf of Mexico by SOOP vessels in 1974.

Appen- Station
dix Station coordinates Depth Diameter
figure Ship no. (lat., long.) Date (m) nm (km)
1 Delta Sud 12 26°56'N, 91°33'W 8-9 Mar. > 500 170 (315)
16 25°08'N, 89°21'W > 500 170 (315)
17 24°56'N, 89°05'W > 500 120 (222)
20 23°40'N, 87°32'W > 500 120 (222)
2 Delta Norte i 27°52'N, 92°51'W 21-23 Mar. > 600 200 (370)
5 25°09'N, 89°47'W > 600 200 (370)
6 24°50'N, 89°28'W >700 175 (324)
11 22°55'N, 87°05'W >700 . 175 (324)
3 Delta Sud 11 27°01'N, 91°51'W 15-17 Apr. > 600 95 (176)
16 26°00'N, 90°29'W > 600 95 (176)
16 26°00'N, 90°29'W =600 290 (537)
28 22°46'N, 86°30'W > 600 290 (537)
4 Delta Sud 40 24°29'N, 86°51'W 21 May 600 245 (453)
49 28°09'N, 88°48'W 600 245 (453)
5 Delta Sud 4 27°28'N, 92°16'W 27-29 May > 600 120 (222)
9 26°10'N, 90°48'W > 600 120 (222)
8 26°10'N, 90°48'W > 600 300 (556)
22 23°10'N, 86°55'W >600 300 (556)
6 Delta Sud 9 25°41'N, 87°08'W 28-29 June > 500 175 (324)
17 28°08'N, 88°52'W > 500 175 (324)
7 Delta Sud 4 27°17'N, 91°44'W 6-7 July > 600 335 (621)
14 23°30'N, 87°18'W > 600 335 (621)
9 Delta Norte 8 27°48'N, 92°44'W 20-21 July > 600 140 (259)
13 26°17'N, 90°54'W > 600 140 (259)
13 26°17'N, 90°54'W >700 195 (361)
22 24°17'N, 88°17T'W > 700 195 (361)
( 10 Mayaguez 1 29°01'N, 88°44'W 17-18 Aug. =600 165 (306)
7 27°22'N, 86°41'W > 600 165 (306)
‘ 11 Mayaguez 19 24°24'N, 82°39'W 25-26 Aug. > 700 240 (445)
24 26°54'N, 85°53'W >700 240 (445)
12 Mayaguez 1 28°44'N, 88°26'W 28-29 Aug. > 600 140 (259)
; 6 27°19'N, 86°27'W >600 140 (259)
6 27°19'N, 86°27'W >200 150 (278)
9 25°37'N, 84°22'% >200 150 (278)
13 Delta Sud 10 25°37'N, 87°33'W 2 Nov. > 600 75 (139)
13 26°42'N, 88°06'W > 600 175 (139)
14 Delta Sud 21 27°36'N, 87°36'W 6 Nov. >600 160 (296)
26 26°07'N, 85°21'W >600 160 (296)

'Only about one-half of this eddy was transected.

Table 3.—Low salinity (< 34.5°/,.) coastal water encountered by SOOP vessels in
the northern Gulf of Mexico in 1974.

Water depth
Appen- at Offshore
dix Station seaward edge extent

figure Ship Date no. (m) nm (km)

1 Delta Sud 8-9 Mar. 2-4 32 50 ( 93)

3 Delta Sud 15-17 Apr. 14 38 70 (130)

4 Delta Sud 21 May 49-51 124 70 (130)

6 Delta Sud 28-29 June 16-18 > 500 90 (167)

7 Delta Sud 6-7 July 1-3 144 195 (361)

9 Delta Norte 20-21 July 1-11 > 800 230 (426)

10 Mayaguez 17-18 Aug. 1-3 >800 85 (157)

11 Mayaguez 25-26 Aug. 25-27 =800 210 (389)

12 Mayaguez 28-29 Aug. 1-6 >800 200 (371)
rent itself. The offshore extent of the low salinity surface (as discussed above) removed the block and allowed the
water shown in Appendix Figures 4, 7, and 9 apparently plume to extend farther offshore. In some instances the
was blocked by the presence of one particular anticy- low salinity surface waters were entrained into the eddy

clonic eddy. The southwestward migration of this eddy structure (Appendix Figs. 6, 9, 10, 12). In most cases



when this occurred the low salinity water appeared on
only the northern side of the eddy. Peaks in the surface
salinity (Appendix Figs. 4, 9, 11, 12) indicate the in-
stances where low salinity water was transected, exited,
and then transected again, which we interpreted as low
salinity surface waters being entrained by the leading
edges of eddies. The interaction of coastal water with ed-
dies probably is a significant mechanism for the mixing
of the less saline coastal waters with the more saline
oceanic waters in the Gulf of Mexico.

Western Atlantic Transects
(Figs. 2-10 and Appendix Figs. 17-35)

Specific features that were monitored in the western
North Atlantic by the program were the position of the
Gulf Stream, variations in temperature and position of
the bottom water cold cell on the continental shelf, posi-
tion of the Shelf Water-Slope Water front, and eddies
formed from the Gulf Stream. Where data were available
and observations were close enough in time to permit
comparison, correlations were made with the National
Environmental Satellite Service (NESS) Experimental
Gulf Stream Analysis (N-69) charts and The Gulf
Stream Monthly Summary which show the positions of
the Gulf Stream and associated features.

Characteristics of the bottom water cold cell.—In
his discussion of temperature patterns in continental
shelf water, Bigelow (1933) described a core of cold bot-
tom water that extended from south of Long Island to the
mouth of the Chesapeake and was evident throughout
the summer months. According to Bigelow, this core was
surrounded entirely by warmer water and could receive
no replenishment during the summer; thus, he con-
cluded it was formed in wintertime and then persisted
throughout the year. Further descriptions of this cold cell
have been given by Ketchum and Corwin (1964) and
Whitcomb (1970). The data which are presented here
show the formation, structure, and modification of this
cell during 1974.

Nine observations of the cold cell were made by SOOP
vessels in 1974 (summarized in Table 4). For purposes of
discussion, the observations have been grouped into

three separate geographic areas, chosen because they
represent regularly scheduled merchant ship cruise
tracks. These tracks have been designated as the MOR-
MAC transect (Fig. 2), Santa Cruz transect (Fig. 3), and
HOTEL transect (Fig. 4). The MORMAC transect is the
cruise track used by Moore McCormack Line ships and
closely follows a line between New York and Bermuda.
The Santa Cruz transect extends from New York to Cape
Hatteras, approximately along long. 74°W. The HOTEL
transect is the cruise track used by Coast Guard cutters
operating between Norfolk and OWSH. In the following
discussion, the seasonal characteristics and variations in
the cold cell temperature and position along each tran-
sect are summarized.

The temperature structure of water on the continental
shelf during February (Appendix Fig. 17) should be con-
sidered, because the cold cell was formed from these
waters and the minimum temperature that could be at-
tained in the cell was dependent upon conditions during
the winter months. At this time, cold water (7°-12°C) ex-
tended from surface to bottom on the shelf and the struc-
ture of the cell had not yet been established by stratifica-
tion.

Along the MORMAC transect, the first evidence that
the cell had formed was obtained on 6 May (Appendix
Fig. 21). The characteristic shape of the cell was shown
by the outline of the 11°C isotherm in shelf waters.
Within this “cell-like” structure, temperatures ranged
from less than 9° to 11°C and the cell extended from a
minimum bottom depth of 20 m to a maximum of 38 m.
The horizontal extent was 65 nautical miles (120 km) and
the cell was approximately 20 m thick at the center.
When next observed on 14 August (Appendix Fig. 25),
temperatures in the cell ranged from less than 9° to 13°C
and the bottom depth range of 40-55 m indicated that the
cell was migrating into deeper water. The last obser-
vation was made on 3 October (Appendix Fig. 30). By
this time, temperatures had warmed to 14°C in the outer
edges of the cell and it had moved over the shelf break.
The depth range extended from 34 to 99 m. These
changes in temperature and depth are summarized in
Figure 2.

Along the Santa Cruz transect the earliest obser-
vation of the cold cell was made on 6 May (Appendix Fig.

Table 4.—Characteristics of the bottom water cold cell detected by SOOP vessels in 1974.

Minimum Maximum Depth Approximate Tempera-
Appen- bottom bottom at thickness ture Horizontal
Tran- dix depth depth center at center range extent
sect Ship Date figure (m) (m) (m) (m) (°C) nm (km)
A Santa Cruz 6 May 20 28 41 35 18 <89 68 (126)
B Mormac Argo 5-6 May 21 20 38 29 20 <9-11 65 (120)
C Santa Cruz 11-12 June 23 32 49 45 23 <9-13 100 (185)
D Mormac Rigel 14 Aug. 25 40 55 50 23 <9-13 53 ( 98)
E Santa Cruz 3-4 Sept. 27 45 70 50 19 <9-14 90 (167)
F USCGC Taney 29-30 Sept. 28 40 55 50 15 <12-15 15 ( 28)
G Export Defender 1 Oct. 29 40 63 60 22 <12-16 29 ( 54)
H Mormac Rigel 3 Oct. 30 34 99 72 30 <11-14 110 (203)
I Santa Cruz 9-10 Oct. 31 45 70 50 20 <12-14 75 (139)
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Figure 3.—Variations in cold cell temperature and depth along the Santa Cruz transect—
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20). Temperatures in the cell ranged from less than 8° to
9°C. The horizontal extent was 68 nautical miles (126
km) and the cell ranged from 28 to 41 m in bottom depth
with a thickness of about 18 m at the center. By 11-12
June (Appendix Fig. 23) the outer fringes of the cell had
warmed to 13°C and water with temperatures from 10°
to 13°C had begun to move seaward over the shelf break.
The bottom depth range at this time was 32-49 m.
Within the cell, two separate parcels of water (< 9°C)
were present between stations 26 and 30. On 3-4 Sep-
tember (Appendix Fig. 27) temperatures in the cell were
in the 9°-14°C range and part of the cell had moved over
the shelf break and extended to a depth of 70 m. The ton-
guelike shape of the 13° and 14°C isotherms showed the
initial stages of a process called “calving” by Cresswell
(1967) whereby a parcel of water separates from the
parent mass and moves seaward. During 9-10 October
(Appendix Fig. 31) the calving process was detected in an
advanced stage. A mass of water with temperatures rang-
ing from 12° to 14°C had separated from the cell on the

shelf and was moving seaward over the shelf break. At
this time, the cell extended to a maximum bottom depth
of 70 m. These changes in temperature and depth are
summarized in Figure 3.

Only two observations of the cold cell were made along
the HOTEL transect, and these were closely spaced in
time—29-30 September (Appendix Fig. 28) and 1 Oc-
tober (Appendix Fig. 29). Appendix Figure 28 shows tem-
peratures ranging from less than 12° to 15°C in the cell
over a bottom depth range of 40-55 m. The horizontal ex-
tent was only 15 nautical miles (28 km). Slightly further
south, the temperatures ranged from less than 12° to 16°
over a bottom depth range of 40-63 m (Appendix Fig. 29).
Here the horizontal extent was 29 nautical miles (54 km).
The changes in temperature and depth are summarized
in Figure 4.

Several generalizations can be made from a composite
plot of the changes in cold cell temperature and depth
with Figure 5. Minimum temperatures within the cell
remained low (8°-9°C) throughout the summer and
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elevated temperatures were not observed until the end of
September. The cold water was found in relatively shal-
low depths (20-40 m) in the spring, but as warming of
shelf waters increased during the summer, the cell moved
into deeper water. Observations made in the fall also in-
dicated that the cell covered a greater depth range than
in the spring. There seemed to be an increase in the
minimum cell temperature from north to south, but
there were not sufficient data to separate geographic
variations from those caused by seasonal changes. A
more detailed analysis would require more frequent ob-
servations made at regular intervals.

Gulf Stream.—Considerable attention has been focus-
ed on fluctuations in the position of the Gulf Stream. In
addition to shipboard observations of temperature and
salinity, satellite and aircraft observations of surface
temperature are being used to differentiate between
water masses. Because the SOOP transects intersect the
Gulf Stream at discrete points with considerable spatial

and temporal separation, complete coverage of the Gulf
Stream and associated features by this means is impos-
sible. However, when correlated with the satellite obser-
vations the transect data provide a source of ground
truth for the remote sensors, as well as valuable subsur-
face information for investigators involved in study of the
Gulf Stream system and other water masses.

During 1974, SOOP transects crossed the Gulf Stream
12 times. These crossings are summarized in Figures 6-9
and Table 5. Gulf Stream crossings were identified by
the strong horizontal gradients shown on vertical tem-
perature sections and positions of the North Wall were
determined by using the 15°C isotherm at 200 m
(Worthington 1964).

Both The Gulf Stream Monthly Summary and the
NESS Experimental Gulf Stream Analysis (N-69) charts
provide information about fluctuations in the Gulf
Stream position. The information provided in these pub-
lications gives more complete and synoptic coverage over
the entire Gulf Stream system than is possible through
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mine positions during mid-month from The Gulf Stre
Monthly Summary because positions were given only
the beginning and end of the month. An estimate of the
errors accompanies each measurement,

Within the estimated range of measurement errors, ﬂlz

Table 5.—Gulf Stream crossings by SOOP vessels in 1974.

Position
(lat., long.)

Appendix
figure Ship Date

r 5-6 May 38°30'N, 71°12'W
gé nglzaccrl:zga 17-18 May 31°48'N, 79°06'W sources agreed closely on the positions of the Gulf Stream
23 Santa Cruz 11-12 June 38°12'N, 73°57'W North Wall. Only in May was there a significant dif-
ST | Sanca G 28 July kel 75:2;:va ference in the measurements. The distance offshore to
gg gzi:[rz(zfrﬁgel 3“114 g:; g;:gg ;g°400'w the North Wall measured from The Gu_lf Stream
29 Export Defender 1 Oct. 36°42'N, 72°18'W Monthly Summary was about 40 nautical miles greater
30  Mormac Rigel 3 Oct. 37°30'N, 71°00'W than the distance determined from SOOP data when
31 Santa Cruz 9-10 Oct. 36°12'N, 74°12'W superimposed on the N-69 charts.
32 SantaCruz 19 Oct. 35°00'N, 75°00'W
34 Export Defender 27-28 Nov. 36°00'N, 74°00'W
35  Santa Cruz 7-8 Dec. 36°00'N, 75°18'W

Eddies.—From analysis of the vertical sections con-
tained in this report, four Gulf Stream eddies were
detected during 1974 (see Table 7 and Fig. 10). Eddy #1

SOOP transects. However, since the N-69 charts are
derived solely from remote sensing of sea surface tem-

peratures and The Gulf Stream Monthly Summary is at
least partially dependent upon these data, the patterns
shown by these publications may not be as accurate as
those portrayed from subsurface temperature data. The
information collected by the SOOP affords an excellent
source with which these data can be verified.

Table 6 shows the Gulf Stream positions as deter-
mined from each source. In each case, the distance has
been measured along identical bearing lines and this dis-
tance converted to nautical miles. Several sources of
error were apparent. The inconsistent quality of
reproduction of N-69 charts and the distortion in-

(Appendix Fig. 19) was crossed by Santa Cruz on 5-6
May and was centered at station 7 (lat. 32°00°N, long.
75°00'W). The sloping of the isotherms indicated an
asymmetrical cold core eddy, possibly becoming en-
trained in the Gulf Stream. The Gulf Stream Monthly
Summary (April) showed an eddy centered at lat.
33°00'N, long. 74°00'W on 30 March 1974. Since the eddy
was not shown in the May issue, it may have become en-
trained during the interval. This eddy was not shown on
the N-69 charts.

On 5-6 May (Appendix Fig. 21) Mormac Argo crossed a
cyclonic, cold core eddy (Eddy #2) that was centered

around station 8 (lat. 36°00°'N, long. 68°00'W). The
structure of the eddy was evident to a depth of about 600
m and the width at the surface where transected was ap-
proximately 145 nautical miles (269 km). The May issue

troduced by photocopying lead to some uncertainty in
measurements. In addition, some interpolation was
necessary to locate positions between stations on ver-
tical sections. Interpolation was also necessary to deter-

Table 6.—Comparison of Gulf Stream position in 1974 as located by SOOP, NESS N-69 charts, and The Gulf Stream Monthly

Summary.
N-69 Charts Gulf Stream
Appendix SO0P Distance Distance Distance
figure/date bearing line nm (km) Date/Bearing line nm (km) Date/Bearing line nm (km)
21 Sandy Hook 171+12 4-7 May 155435 May 23510
5-6 May 130° (317+22) Sandy Hook 130° (287+65) Sandy Hook 130° (435+19)
22 Charleston 7410 Cloud Cover — May 34+12
17-18 May 147° (161+19) Charleston 147° (156+22)
23 Cape Charles 118+15 6-10 June 90+15 June 100+18
11-12 June 124° (219+28) Cape Charles 124° (167+28) Cape Charles 124° (185+33)
24 Cape Charles 140425 Cloud Cover - July 144£10
28 July 170° (259+46) Cape Charles 170° (267+19)
25 Sandy Hook 222415 15-20 Aug. 225410 August 215+24
14 Aug. 137° (411+28) Sandy Hook 137° (417+£19) Sandy Hook 137° (398+44)
27 Cape Charles 132+15 4-10 Sept. 120+10 September 115+10
3-4 Sept. 161° (245+28) Cape Charles 161° (222+19) Cape Charles 161° (213£19)
29 Cape Charles 174+ 6 27 Sept.-1 Oct. 165+15 October 150£10
1 Oct. 95° (322+11) Cape Charles 95° (306+28) Cape Charles 95° (278+19)
30 Sandy Hook 225+ 6 4-6 Oct. 230+20 October 210+10
3 Oct. 137° (417+11) Sandy Hook 137° (426+37) Sandy Hook 137° (389+19)
31 Cape Charles 120+20 11 Oct. 95410 October 120+10
9-10 Oct. 128° (222+37) Cape Charles 128° (176+19) Cape Charles 128° (222+19)
32 Cape Charles 120+10 18-22 Oct. 120+15 October 125+12
19 Oct. 161° (222+19) Cape Charles 161° (222+28) Cape Charles 161° (232+22)
34 Cape Charles 102+ 6 21-24 Nov. 91+15 November 100+10
27-28 Nov. 140° (189+11) Cape Charles 140° (169+28) Cape Charles 140° (185+19)
35 Cape Charles 100+50 5-10 Dec. 135+12 December 121+10
7-8 Dec. 163° (185+93) Cape Charles 163° (250+22) Cape Charles 163° (224+19)
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Table 7.—Gulf Stream eddies transected by SOOP vessels in 1974.

Location
Appendix of
Eddy figure/ center
number Date (lat., long.)

Approximate Maximum
surface observed Direction
diameter depth of
nm (km) (m) rotation

1 19
5 May

2 21
5-6 May

3 33
20 Oct.
4 35 32°N, 73°30'W

7-8 Dec.

32°N, 75°W
36°N, 68°W

37°N, 74°W

165 650
(306)
145 500
(269)
90 450
(167)
150 660
(278)

Cyclonic
Cyclonic
Anticyclonic

Cyclonic
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Figure 10.—Gulf Stream eddies surveyed during 1974.

of The Gulf Stream Monthly Summary showed a
cyclonic eddy with a width of about 80 nautical miles
(148 km) centered at a position of lat. 36°30'N, long.
68°00'W, which corresponded closely to the position of
Eddy #2. No correlation could be made with the NESS
N-69 charts of 4-7 May 1974 because of heavy cloud
cover in the study area. However, the 14 May 1974 N-69
charts showed a cold-water intrusion in this area. Com-
parison of SOOP original XBT traces with other traces
shown in The Gulf Stream Monthly Summary revealed
reasonable similarity; it was concluded that Eddy #2 was
the same eddy depicted in the May summary.

Appendix Figure 21 also showed another unusual
feature. An unusually strong thermal gradient (surface
temperatures changed from 23° to 20°C over a distance
of 15 nautical miles or 28 km) was present between
stations 3 and 4. Similar fronts in the Sargasso Sea have
been described by Katz (1969), Voorhis (1969), and Voor-
his and Hersey (1964).

Eddy #3 (Appendix Fig. 33) was located by USCGC
Ingham on 20 October 1974. This anticyclonic eddy was
centered near lat. 37°N, long. 74°W with the charac-
teristic downwarping of the isotherms being detectable
between stations 3 and 7. An intrusion of warm water
shown on the 23-28 October and 31 October-3 November
N-69 charts could have been the result of this warm eddy
moving into this region. However, no eddy was shown at
this location in the October or November issues of The
Gulf Stream Monthly Summary.

Eddy #4 (Appendix Fig. 35), a cold core, cyclonic eddy,
was crossed by Santa Cruz on 7-8 December 1974. The
maximum depth observed by XBT was 660 m, while the
eddy center was located around lat. 32°00'N, long.
73°30'W (station 14). Sea surface temperatures were as
much as 3°C lower than adjacent Gulf Stream waters,
but no signature was detectable in the surface salinities.
This eddy was apparently the same one that was
monitored with neutrally buoyant floats by the U.S.
Naval Oceanographic Office and surveyed on 11 Decem-
ber 1974 by P. L. Richardson aboard RV Trident (Gem-
mill 1974; Anonymous 1975; Gemmill and Cheney 1975).

Shelf Water-Slope Water front.—SOOP transects
crossed the Shelf Water-Slope Water front five times
during 1974. Determinations of frontal crossings were
made primarily on the basis of subsurface temperature
gradients shown on the vertical sections with additional
supporting evidence being drawn from surface tem-
perature and salinity gradients. A summary of these
crossings is given in Table 8 and in Figures 6-9.

In order to provide a means of verification of the posi-
tion of the front as determined from SOOP sections,
comparisons have been made with NESS N-69 charts.
After the position of the front was determined on the

Table 8.—Shelf Water-Slope Water front crossings by SOOP vessels

in 1974.

Appendix Frontal position

figure Ship Date (lat., long.)
23 Santa Cruz 11-12 June 38°N, 71°48'W

25 Mormac Rigel 14 Aug. 39°42'N, 73°W

27 Santa Cruz 3-4 Sept. 38°N, 74°W

28 USCGC Taney 29-30 Sept. 37°N, 75°W
31 Santa Cruz 9-10 Oct. 38°18'N, 73°54'W




Table 9.—Comparison of position of Shelf Water-Slope Water front as detected by SOOP and N-69 charts.

-

Appendix SO0P Distance N-69 Distance
figure Date bearing line nm (km) Date bearing line nm (km)
23 11-12 June Cape Charles 132416 1318 June Cape Charles 156418
53° (245428) 53° (289£33)
25 14 Aug. Sandy Hook 72416 12 Aug. Sandy Hook 90£10
141° (1334 28) 141° (167£19)
27 3-4 Sept. Cape Charles 108+ 12 Cloud cover in study area—no
53° (2004£22)  measurement possible
28 29-30 Sept. Cape Charles 66410 27 Sept..- Cape Charles Bhx12 '
86° (122£19) 1 Oct. 86° (122£22) 1
31 9-10 Oct. Cape Charles 132420 11 Oct. Cape Charles 102410
63° (245+37) 53° (1894 19)

SOOP sections, a bearing line was established to a near-
by landmark. The distance in nautical miles was
measured with a pair of dividers and an estimate of error
was made. The position of the front was then measured
along the same bearing line on the N-69 charts, These
comparisons are shown in Table 9.

Within the estimated range of measurement error, the
positions determined from the two sources agreed close-
ly, suggesting that the methods currently used are
reliable indicators of the frontal position.
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Appendix Figure 23.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution of
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Appendix Figure 32.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution
of temperature (°C) in the upper 200 and 800 m. Santa Cruz—19 October 1974.



PRRAMETER AT SURFACE

G 23 36.
%) =)
220 S
S 35, S
w
(=] >
w 2l =
[ = R
= 2y, &
T 20 | &
v o}
&
~ 19 33
* T I T T I I
0. 30. 60. 90. 120. 150. 180. 210.
DISTANCE (N. MILES)
m o~ — o
S ol = oo ~® n > ™ o — LY s
0 & <dng & < a0 e 08 & <+ &+ + 20ab 2058 0
4o Yo
1
2 W
w
-
w
£ 50 _| |_so
==
—
a
w
o
&
100 100 o =
B8O 70
0. 210.
CRUISE TRACK PLOT
0 0
2 100 _| | 100
w
T
w
=
= il | 200
o
w
| =1
+
300 = | 300
4yoo _| | 400
500 o TR 500
| i I I I T
0. 30. 60. 90. 120. 150. 180. 210

INGHAM 7410 STATIGNS 1-13 10/20/74 - 10/20/74
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Appendix Figure 30.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/.. ) and vertical distribution
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Appendix Figure 31.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution
of temperature (°C) in the upper 200 and 800 m. Santa Cruz—9-10 October 1974.

41



27
26
25
24
23
22

{]

21
20

¥ TEMPERATURE DEGREES

50

(METERS)

4 DEPTH

150

200

(METERS)
n
(=}
o

300

¢ DEPTH

400

PARAMETER AT SURFACE

=33,

325

I I T T I I =1
40. 80. 120. 160. 200. 240. 280.

DISTANCE (N. MILES

—_ N ™ - w ~ ® o
& 2o 9nn o dmo + asoak Ao b

320.

IS0

100

150

200

320.

L 100

L 200

L300

L 400

LS00

L 600

L 700

800

I I T I I I I
4o. 80. 120. 160. 200. 240. 280.

SANTA CRUZ 7410 STATIONS 1-12 10/19/74 - 10/19/74

320.

(0/00)

GSALINITY

70

4o

CRUISE TRACK PLOT

70

uo

Appendix Figure 32.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution
of temperature (°C) in the upper 200 and 800 m. Santa Cruz—19 October 1974.
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Appendix Figure 35.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/.. ) and vertical . “stri-
bution of temperature (°C) in the upper 200 and 800 m. Santa Cruz—7-8 December 1974.
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