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An int.nslv. ons.n cast survey of a onrdegr.s square In the Western
North Atlantic evealed significant variations In th. distribution of prop.stias.
A definite patt ern of fin. structure of Ph. propertl.. was reveel.d In Ph. vpper
500 meters of the water column . Canparisan of such a structure with historical
BT data suggests th. possibility of the ~êi*III. s Current being more Important In
heat exchange proc.ss.s In the upper ~~~~ than the energy exchange through
atmospheric int.racflcn . Reduction of the ocaano~ uphIc model of this on,~~~degree square Into acoustic Information reveals V.ateT variations in convargenc.
zone ranges and wider changes In zone widths than pr.viously expected In a
ama ocean area .II
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I
AN OCEANO GRAPHIC AND ACOUSTIC STUDY OF A ONE -DEGREE

SQUARE IN THE WESTERN N ORTH ATLANTIC

INTRODUCTION 
-

• This stud y Is a report of a one—degree square labe led Area B located In the
Western Nort h Atlantic Ocean . The USS PREVAiL (AGS—20) collected oceano—
gra phic data in Area B during th . period 25 October throug h 1 1 November 1963.
Twenty —three oceanograp hic Nansen stations were occupied, supplemented by 18
bottom core samples, 4 plankton tows, bottom reflectivity measurements at the
23 stations and 13 tracks underway, and 76 bat hythermograms . This report1: • presents an ana lysis of the serial stations and BT’ s with the emphasis placed
upon the actual measured quantit ies (i.e. temperature and salinity) rather than
computed proper ti es (I .e., 

~ 
or dynamic topogra phy).

The location of Area B Is shown In Figure 1 , an d he location of the oceono—
graphi c stat ions is shown in Figure 2. The stations retain th. same numerica l

• designation as was orig inall y p lanned for the cruise even thoug h the act ual tran-
sects were run north —south beginni ng at Station 1. Stations 4 and 7 were riot
occupied.

PHYSICAL OCEANOGRAPHY

An understand ing of the physical propertie s of Area B is best ga ined by
• considering the reg iona l factors which Influ ence, alt er , and locall y determ ine

the distribution of oceanographic variables . Nort heast of the study area lies
the Sarga sso Sea, an area relativel y free of nx4or ocean currents , and having
the highest surface salinities in the Nort h Atlantic . Schott (1 942) reports that
solinities greater than 36 .00 0/00 are found to at least 400 meters in the Sargasso

W Sea . Immediatel y south of the Sargasso Sea lies the Antilles Current , the northern
t branch of the Nort h Equatorial Current which transports saline water from the

Sargasso towards the lunct ion of the Antilles with the Gulf Stream. This current
is thoug ht to exert the majo l Influe nce in altering the properties of the upper
strata of the water column in Area B.

From the surface downwards , the gross features of the water structure may be
• cha racterized as: loca l isotherma l surface water which overlies a salinity maximum;

• -
. 

a relatively uniform region of Sargasso water whose temperature and salinity are
• • relative ly invariant over a small ra nge of values; Nort h Atlantic Centra l Water,

a welldefin .d water mass whose upper boundary includes Sargosso Water; North
Atlantic Deep and Bottom Water , whose cold but slightly fresher waters dominate
the lower half of the water column . The limits for these water masses ore those
defined by the Oceans (Sverdrup , et al. ,  1942) which designates North Atlantic

_ _ _ _ _
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Central Water as l y ing between 8° - 19°C and 35. 10 - 36.70°/oo salinity, and
the North Atlantic Deep and Bottom Water as defined by the range 3,50 — 2.2° C

0and 34.90 — 34.97 /oo sa linity. A composite T—S diagram of all station s is
shown in Fi gure 3.

The Sargasso Water has unique properties described by recent researchers
(WorthIngton, 1959) and (Schroeder and Stommel , 1959). These Investigators
have cited the persistence of 18°C water as a nearl y isot her mal—isoha line layer
located betwee n the bottom of the seasonal and the top of the permanent the rmoc l ine .
They report this layer as app earing at I he inflect ion between the thermoc lines shown
by t he temperature versus dept h cur ve and va ry ing from 150 to 450 meters thick ,
but thinning In autumn . One remarkable feature not ed wo0s tha t the temperature
remained c lose to 17.9 ±0 .03°C and salinity 36.50 ± 0. 10 /oo (Wort hing ton )
t hroug hout the year and that this stab i l ity has persisted for many years . Schroeder

• and Stommel lim it the laye r by a w ider temp erature range (17° — 1 9°C) but the same
sa linity range as Worthingto n . The water has been referred to by them , as it wil l
be here , as t he 18°C water.

TEMPERATURE

A composite graph of temp erature versus dept h for all stations occupied on the
PREVAIL cruise in Area B is presented In Figure 4. The curves fa ll  along the same
fundamenta l profile , suggesting t hat the one-degree square was under the influence
of one dominant oceanogra phic regime . Descript ive l y, all of the curves revea l an
isot herma l layer , a rather sharp tra ns ition into a seasonal thermocl ine , an inflection
near t he 18°C level , and a perma nent therm ocl!ne which serves as a transition to
t he lower parts of the N ort h Atla ntic Centra l Water and gra ding gentl y Into the

• deep and bottom water .

• Variability definitel y exists in Area B , but in order to observe it better the
data have to be shown at a larger scale. Fi gure 4 does show the fi rst evidence of
varia bility as a small hole dissecti ng the curves between the mixed layer and nearl y
400 meters . The fact that the splitting of these curves corresp onds to distinct
geogra phic locations within the a rea suggests a fine structu re of variab ility.

To exp lore the fine structure furt her , th e upp er 150 meters of the temp erature
depth curves are presented at a larger scale in Figure 5. The gra phs A throug h E
represent t he lines of stations run ning east—west across Area B wherein the northern-
most line Is represented by graph A and progressing al pha betically throug h the
successive lines term inat ing at the southe rnmost line shown on graph E. Thes. curves

• 
• 

• - were constructed by plotting the observed values from the Nansen cast da~~ and
modifying the resulti ng smooth curve with the BP s ta ken In conjunction with each
station . Examinat ion of these graphs reveals that the spl itting begins at the sur face

4~
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and that the curves bunch on the left side of th. sp lit so as to iso l ate one (two on
graph E) station on the right. in every Instance, th. curve on the right represents
a station along the western edge of Area B while graph E shows a western stat ion
(No. 21) as well as the one adlacen t to I t (No. 22) along th. southernmost l ine .
The sli ghtl y warmer temperatures experienc ed at the western stations are tra ceable
down to about 400 meters at which point composite graphs show a tightening in
response to the homogeneity over the entire area of the 18°C water . An exp lanationfor the sepa ration shown in the temperature versus dept h curves above the 18°C
water wil l  be deferred until the vertic al sal inity stru cture has been examined .

SALINITY

The vertica l salinity di stribution for the stations In Area B is shown as a composite
salinity versus depth graph In Figure 6. The curves show a relative ly saline surface
layer which overlies a maximum . The salin ity maximum corres pond s to a point below
the maximum gradient in the seasona l thermocline. Defant (1961) cites the salinity
maximum as being locatod just above the maximum gradient , but his data does not
mention whet her or not a seasonal disp lacement occurs or can occur with respect to
the maximum gradient point . Below th. sal inity maximum is a gentle gradient of
salinity to about 400 meters where the permanent ha locline begins . Beneath the

• permanent ha l ocl ine, the water freshens only very gradua ll y to the bottom . The
• close—spacing of the composite curves throug hout Indicates one basic pattern of

salinity distributi on for t he area , and imp l ies one pre ponderant oceanographic regime .

The fine structure in sa l inity distribut ion is shown by the large scale grap hs in
• Fi gure 7 (A throug h E) . These graphs show the observed values of salinity in the
• upper 150 meters for the same sequence of sta tions along east-west lines correspondi ng

to the large scale temperature versus dept h graphs . Since the sa linity data were lost
for some stat ions (No. 9 and No. 23), some of the grap hs will  show correspond ing ly
fewer curves . The salinity plots at thi s large scale show rather abru pt va riations in
many Instances , which raises the question as to whether the changes are real or mere lyerrors . Due to the absence of objective methods for makin g this distinction , especially
in the portions of the water column above the level of recognized water masses, the
data points were assumed real and connected with straight lines . This procedure
seemed reaso nable since abru pt changes were evident onl y within these upp er levels
of the water column , whereas , the lower portions were easily representabl e with• smooth curves .

• Aside From th. erratic variat ions disp layed by these graphs, closer inspection
reveals a correlat ion with the lar ge—scale tem perature composites . Below the er ratic
variations down to 60 meters , In the vicinit y of the salinity maximum , the same sepa-
ration of the curves is evident as was noted on the temp erature composite . The
westernmost stations have slightl y higher sa l initie s than th. other stat ions . Th. curve—
spl itting is evident over th. same depth rang. as the temperature, i.e . ,  to about 400
meters .

1•
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A series of vert ica l cross—sections have been constructed to show a two 0

dimensiona l representation of the distribution of the measured properties in Figure 8
(A throug h F). The graphs represent the series of 5 tines of stations running west east
acros s the area (A through E) and one section run ning nort h—south (F). Contoured on
these graphs are th. observed satinities shown by solid lines with the observed tem-
peratures superimposed as dashed lines . Shading Is based upon salin ity values
wherein the densest shading shows th. salinity maximum defined here as banded
betw een the 36.60°/oo Isohalines; the lig hter shading below 36.40°/oo shows the
beginning of the permanent halocline, and the unshaded reg ion between these two

• salinity values indicates the zone of the 18°C water mentioned earlier.

• This presentation shows many interesting features as well as exhibits why the
composites showed the splitting effect between the westernmost and the remainder of
the stations in the area . Shown qu ite clearly in these sections is a layer of maximum
salinity water stretching across the entire area, but having a core of higher sa l inity
along the western boundary . Moreover, the isotherms are seen to depress westward
indicating a region of warmer water at every depth to which the saline core corresponds.
it should be noted that this core of warm saline water is located almost entirely within
the seasona l thernioc l lne which Is well—defined in these sections by the close spacing
of the lsoth.rms . Station No. 14 on graph C shows a lens of warm saline water of
the same magn itude as the max imum core, and located within the same salinity maximum
layer. In the diagram, It stands apart from th. other apparently larger moss, although
numerous other interpretations are possible. Certainly it correlates with the core on
the western boundary both in terms of salinity as well as temperature structure.
Another iens is evident in graph D where a lens of lower salinity water is shown
overlying the salinity maximum layer and extending to the surface.

Aside From the lenticular features, the unshaded zone depicts the domain of the
18°C ~iater which extends over the entire area bounded locally by the 36.60 to
36.40 /oo isohalines In the vicinity of the 17° — 19°C isotherms. The wide spacing
between the isopleths portray this zone as a relatively uni form section of the water 0

• column which , as the diagram shows, varies In thickness over the area generall y thinning
0 westwardly. This uniform property of the 18°C water makes this zone worthy of sepa-

rate distinction even thoug h, as previously defined, It lies for the most part below the
19° Isotherm which has been specified as the upper boundary of the North Atlantic
Central Water . Beneath the 18°C water, the transition into the permanent ha locline
begins and the flattening tendency for the Isotherms as well as isohalines begins.
Graph F , a north - south diagram along th. western boundary, gives the impression that
the layer of maximum salinity, though varying in thickness is also thinning to the
north qnd south. Thinning of the layer of 18°C water is also evident .

• it is now of interest to account for the presence of the layer of maximum sa (intty
0 and to ascertain whether or not it is merely a transient feature observed during the
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survey, or whether It may be expected to persist for a longer period of time . In this
regard , comparisons of PREVA IL data with historica l data were made . Unfortunatel y,t he sparsity of historica l Nansen cast data within Area B will  not permit an adequate
comparison; however , a reasonable alternative may be found in regiona l studies whichhave included this a rea , or have come within sufficient proximity to yield significantcorre lation .

A genera l ref erence Is the work of Detant ( b c  cit p. 166) in which he discussesthe vert ical salinity distri bution of t he oceanic troposphere . lie cites a layer of
• maximum salinity as almost always being present, and as being one of the most charac-teristic features of the vertical salinity distribution over the tropica l and subtrop ica lAtlanti c . The layer which he describes corresponds close iy to the one exh ibited inArea B from the point of view of the magnitude of the maximum of salinity, the position

within the seasonal the rmoc line , and geographic locat ion. Corresponding ly, he seesthis layer as representing an intrusion of saline water beneath the surface and spreading
equato rward from hi gher salinit y r egions in the subtropics. This southward transportwou ld appear reasonable from the densit y distribut ion (not shown ) which , similar to• the downward trend of the isotherms toward the western stations, would Imp l y on overa ll• trans port southward .

Another comparison is afforded by a study by Wust (1930) in which he presents
6 cross—section s over the Gulf Stream , one of wh ich crosses the Fl orida Strait atBimini to a location near Area B. This section indicates a maximum of salinity of

• the identical magnitud e as found in Area B, which W~ist associates direct ly with the •Antille s Current. On anot her section just north of the latter , he shows that t his
maximu m layer of sali nity is formed within the hi ghl y sa l ine water furt her eastward inthe Sar gasso Sea, sinks, and is then carri ed along with the Antilles Current towardsits j uncf ion with the Gulf Stream north of the Florida Straits .

In on earlier work W~st (1924) observed 2 salInity maxima east of the FlorIda 0
Current , traced a port ion of it through the Antilles Current, and observed that bothhad a common origin in the sal ine centra l portions of the North Atlantic from whichthey were laterall y transported . Lateral transfer of this same type of saline water has

• also been substantiated by Parr (1936) who concludes that along with this maximum
salini ty laye r may be associated a maximum of current velocity as well as maximum• ver tical stability. The maximum salinity layer observed in Area B is probably a rather
permanent feature , and since it has a lso been shown t hat the stratum of ‘18°C waterwhich underlies it is also a rather stable feature, it would appear that the gross charac— 0

teristics of this area do not likel y show any radical alterations of structure In time.

Despite the sparsity of historica l Nansen data in Area B, about 732 BT’s have beentaken by various shi ps within the area and In the 8 on.—degre. squares which surround• It. In on effort to compare the PREVAIL cruise data In Area B with historical data,temperatures were read From these BT’s for all months at a series of selected depths .
0 0
’ 
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At each preselected depth, the tota l range of temperature variation was recorded by
pl otting a distribution made up of intervals 1/10°F in size over the entire observed
range. To eliminate possibly faulty data or extreme values which occur less than one
per cent of t he time, a criterion was established wherein any sing le isolated observation

[ which fell more than 1°F from the assumed end points of the centra l distribution was
di scarded . This procedure r esulted in only one observation being rejected at any
given leve l except at 250 meters, where two extreme valves were rejected . A plot
showing such a distribution is shown for the first four dept hs in Figure 9.

• The resulting comparison of the Nansen cast with the historica l BT data is shown
on a gra ph in Figure 10. These curves give an idea of the tota l range of variat ion
encountered at each depth . The wider range of variation shown by the histor ica l ST
data is due to the fact that these curves represent a tota l annual variation as contrasted
wit h the Nansen cast data representing onl y autumn 1962. Despite this imbal ance
in the data , It con be seen on this graph that both temperature curves achieve a maximum
value of variation at roughl y t he same levels as the layer of maximum salinity is found .

Referring again to Figure 10, an additi onal scale representing salinity variations
has been superimposed to accommodate the curve which , for t he dept h shown,0~ represents the tota l range of salinity values (maximum minus minimum) observed in
the Area B Nansen casts . Comparison of the 3 curves beads to some rather Interesting
conclusions . For examp le, both the Nansen cast temperature data and the historical
ST data In Area B show tha t the maximum variation in temperature does not occur at
the surface, but rather in a layer well below it. The coincidence of this maximum
variation leve l with th. salinity maximum layer defines the major alterations in
temperature structure brought about via latera l exchange with the Antilles Current .
The salinity curve in the figure has its hig hest range at the surface with a secondary
maximum in the reg ion of current tra nsport . Th is indicates t hat the ma jor alterations
of the salinit y structure are brought about due to interacti ons at the surface (i .e.,

I 
• 

evaporat ion and precipi tation) with the Antilles Cu rrent assuming a secondary role.
• 

ACOUST ICAL PROPERTiES

Using the observed temperature and salinity values and filling In interme diate
depths where needed with computations at depths selected from the accepted temper-
ature and salinity profiles , sound speed versus dept h prof i les were constructed based
upon the equation of Wayne Wilson (1960) . A composite of the resulting profiles• 0 for th. stations in Area B is shown in Figure 11. Since the relation between temper-
ature and sound speed Is direct, the sound speed profiles bear a resemblance to the
tempe i~ature versus depth composite down to about 1200 meters . The sound speed• minimum occurs near this depth, below whic h an a l most linear increase in sound speed
due to pressure occurs . A large—scale plot of the finer sound speed structure of the

• upper 150 meters is shown in Figure 12 (A throug h E) arranged in the same sequence
as the temperature and salinity plots. The same splitting of the profiles occurs which

•27
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represents the slig htly higher sound speeds associated with the warmer saline core
of the western boundary of the area.

• Using suc h large scale plots, each of the sound speed profiles was approximated
by 40 linear segments and placed in a ray—path computer program. This program
computed Snell’s law refraction for sound rays emanating from a point source located
at 5 meters, and provided the space and time coordinates of the hypothetica l ray
out to some predetermined range.

Many variations In acoustic range resulted within Area B. Figure 13 shows how
the convergence zone characteristics change with distance. The minimum range
refers to the horizontal distance along the surface to the point where the first refracted
convergence zone ray strikes the surface. The width of the zone denotes the horizontaldistance along the surface from this minimum ray to the convergence zone ray farthestfrom the source whether or not the zone is completely reswept .

• The ranges and widths shown in Figure 13 vary widely and erratica lly throughout
the area with little detectable pattern. With the exception of Station 21 In the

• southwest corner, the stations at which the core of warm, saline water appeared all
• have a smaller bundle of rays making up the convergence zone even though the widths

vary Indiscrfmlnatly. The results show that In an area as small as a one—degree square,
minimum ranges may vary by as much as 8 kiloya rds and convergence zone widths by asmuch as 6900 yards. lo date, no corre lations have been found between these vari-
ations and the changes In the oceanographic properties themselves . Subtle changes In
the propert ies which produce subtle changes in the sound speed profile can causeO 

significant changes in convergence zone propagation. Table 1 presents information
• 

0 

on the mean vertica l sound speed for the stations In Area B. These values were computedby p lacing on 89° ray into the ray path program (the program will not accommodate• 

a 90° ray) .

One fina l point of interest concerns the acoustic properties of the 18°C Saragasso
water. A ray diagram is presented in Figure 14 which predicts the paths of sound rays
emanat ing from a point source at a depth of 240 meter~ located at Station No. 12 in
Area B. The diagram shows that a large subsurface duct results In which sound,
uninfluenced by bottom loss, is propagated Into an extremel y wide zone beneath and

-
O including the surface. If o hypothetical transducer, for example, having a beam w dth

of 20° was oriented horizontally at this level, the diagram shows that the entire
angular output of such a device would contribute to this duct which extends beyond
90 klloyards. An omnidirectional source at this level would still contribute 20° of Us
output to the duct and higher angles would bounce from the surface and bottom.

CONC LUSION

Asid, from sampling errors, an additional area of uncertainty creeps into the
analysis of th. accepted data. This is the uncertainty inherent in all one—ship surveys

36
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Table 1 Mean Vertical Sound Speeds for Area B Stations

Mean Vertica l Mean Vertical
• Depth—Uncorrected Sound Speed Sound Speed

Station No. (Meters) (Mv’Sec) • (Ft/ Sec)

15 5285.00 1516.37 4975.0
16 5304.90 1516.55 4975.5
17 5302.00 1516.76 4976.2

• 18 5304.00 1517.60 4979.0
19 5269.00 1516.96 4976.9
20 5245.00 1517.00 4977.0

• 21 5258.00 1516.32 4974.8
22 5307.00 1516.50 4975.4

• 24 5304.00 1516.12 4974.1
25 5304.00 1516.77 4976.3

5 5212.00 1517.41 4978.4
6 5238.00 1516.81 4976.4
8 5218.00 1516. 99 4977.0

11 5210.00 1516.83 4976.5
12 5254.00 1516.52 4975.4
13 5265.00 1516.46 4975.3

5073.00 1515.78 4973.0
2 5066.00 1516.27 4974.6
3 512L00 1515.81 4973.1
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wherein the data collected represents a complex admixture of spatial and temporal
variations. Time-series observations at several points taken simultaneously are needed
to unscramble the tim./ space variations. Thus, the graphs and diagrams presented in
this report must represent a somewhat confused picture of the true variation at any
given Instant . Th. contouring of the detached so line lens on th. cross-sectional diagram
C In Figure 8, for example, may very we ll hove obscured a core on the western boundary0

0 In transit to the east, or any other complex motion. Or, the long saline layer contoured
on diagram F of the same figure could possibly have been due to a small lens travelling
in the direction of the ship and which was sampled 3 or 4 times at different locations

• and coutoured as a layer. The graphs and diagrams as they are presented in this
study assume that th. changes that take place are geographical in nature and represent• a synoptic picture .

The acoustic ana lysis Is susceptible to many errors beginning with the collection
of the data and continuing through to the drawing of the final profiles. The Nansen
cost method of obtaining acoustic information is helpful and informative, but it gives0 only computed values at discrete points. More reliable information could be elicited
from measured values which are continuous with depth -

0 In a study in which acoustic information is to be extracted from temperature and0 

salinity measurements, it is obvious that the acoustic results can be no more accurate
I than the temperature and salinity measurements upon which they are based. It is

c lear that the proper approach to the construction of sound speed profiles from Nansen
cast data is not to begin the study with a construction of the sound speed profile, but
rather to begin with the construction of the most accurate temperature and salinity

O profiles possible. From these profiles, a sound speed profile may be constructed based
on points which are continuous with depth and thereby guaranteeing internal consistency
between the oceanographic data and the resulting sound speed at every depth.

The ultimate data would be synoptic time-series measurement of oil the oceano-
graphic and acoustic properties at numerous locations within the area and continuous
wi th depth. Recently, tim. sequence temperature measurements via thermistors were

• taken In conjunction with time sequence current observations as well as some Nansen
casts In Area B. Results of these data should be available for study In the near future.
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APPENDIX A COMMENTS ON THE DATA

Temperature
O -~

The measurements of tem perature for this study are based upon the averaged
• • values of paired reversing thermometers which are handled by fairly standardized

procedures. When the readings from a g iven pa ir of thermometers differed by
more than 0.07°C, the reading from the most reliable thermometer was accepted.
Reliability considerations were based upon the previous history of the Instrument
in question. In this fashion, the temperature measurements are thought to be
accurate to ±0.04°C.

Salinity

• Measurements of salinity were mode by an Induction salinometer after the bottled
samples were shipped to the Oceanographic Office . Utilizing standard techniques
of determination, the accurac y of the data was considered correct to 0.01°/on . In
this study, no attempt was made to alter or reject any observed value of Nansen cast

• temperature or sali nity in li9ht of the foregoing judgements.

Bathythermographs

Of the 76 BPs reportedly taken on this cruise , 52 of them were converted lntc
usable prints for this study. Of these, 46 were taken with one instrument. In an
effort to compare and possibly calibrate readings, when a Noreen station was taken
within the space and time of any of the BT’s, the thermometric temperatures were

0

00 

plotted over the range of depthi covered by the 81’s, and th. algebraic difference 
0between the two val ues plotted. The resulting value was then compared graphically

with the station data by referring the computed diff erenc. to the thermometric
determination which Is taken to be zero at all depths. After a series of such plots,
as is shown in the typica l one on Figure 15, it was noted that th. one instrument
used most on t his cru ise consistentl y showed temperatures which differed by some
positive value up to 5°F after the BT had traveled beneath th. mixed layer. Since
It seemed unlike ly t hat the 81 should olwayi differ by a higher temp erature than the

0 

• Nansen data , It was assumed that this inst rument was making some systematic error .
Other than being used in correlation with layer depth and temperatures within the
layer , the BT’ s From the PREVAIL cru ise were rejected for this study. The 6 remain
ing 81’s taken with another Instrum ent were not used since no Nansen data were 0

0

taken during the 2 days whe n it was emp loyed .
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