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ABSTRACT 

Volume reverberation data from the deep scattering layer and oceano¬ 
graphic data for June 1966 are presented for an area located in the Gulf of 

Mexico. Volume scattering strength values are presented for one-third octave 

bands between 2.5 kHz and 20 kHz. Values of scattering strengths range from 

a minimum of -69 dB at 2.5 kHz to a maximum of -48 dB at 5 kHz. Diurnal 

variations of scattering strength with frequency are shown; the values decreas¬ 

ing with Increasing frequency. Echo sounder records of scattering layers re¬ 
sonant at 12 kHz are examined for one station and the apparent migration rates 
and layer thicknesses discussed. 

Oceanographic data, collected coincident with the acoustic data, 
indicate that the area under investigation is located within Florida Current 

water. Historical oceanographic data shows that water lying off the west 
coast of Florida forms a boundary with the Florida Current Water and that 

this boundary zone can be expected to approach or transverse the area occa¬ 

sionally. Both the collected acoustic and oceanographic data show little 
variation from location to location. 
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INTRODUCTION 

This report presents the preliminary results of scattering layer investiga- 
tions In a small area, known as Area LIMA, located in the Gulf of Mexico 

(Figure 1). The boundaries of the area under study are from latitude 24^001 
to 26o00'N and from longitude 85o00' to 86o30’W, Water depth averaqed 
3300 meters. 

The deep scattering layer, as oberved In most of the world's oceans, 
has become the object of Intensive research and speculation. The presence 
of the deep scattering layer generally is shown by a "thickening" of midwater 
echoes on an echo sounder record. Net hauls and biological research on marine 
organisms indicate that the organisms which inhabit the depths of the deep 
scattering layer are primarily responsible for reverberation from the ocean vol¬ 
ume. Further, it appears that the organisms which possess swim bladders are 
the primary agents responsible for sound scattering (Marshall, 1951). 

Volume reverberation ref ts to sound scattered back towards the receiver 
from Inhomogeneities in the oceanic medium. Although turbulence and thermal 
microstructure may contribute slightly, the primary causative Inhomogeneity Is 
thought to be swim bladders of fish. Acoustic theory of bubbles shows that the 
result of insonlfication of the swim bladder (treated as a bubble) Is to force 

the bubble Into resonant oscillation at a frequency whose wavelength is much 
larger than the diameter of the bubble. Hence, explosive sound sources are 
used öeoause they contain many frequencies, are of short pulse length, and 
high intensity. 0 

Biological tows were made at depths above the layer during daylight 
hours and within the layers at night. To obtain maximum simultaneity, tows 
were conducted before and after each acoustic sequence using a Be' multiple 
plankton sampler. Depths for towing were determined primarily by examina¬ 
tion of the echo sounder records. Net catches were preserved for subsequent 
sorting and identification ashore. 

Temperature, salinity, phosphate, and silicate data were obtained In 
conjunction with the acoustic and biological data gathering program. The 

# collected hydrographic data have been augmented by data collected by re¬ 
search programs conducted In the general area. These hydrographic data 

. been combined to show the physical characteristics of the water column 
during the reported cruise, the variability of these characteristics with time 
and the horizontal variation of the physical characteristics of the water of 
Area LIMA and the adjacent urea to the northeast. 
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ACOUSTICS 

Considering individual scutterers, we may define the back-scattering 
coefficient mv as the power that would be scattered by a unit volume of ocean 
per unit intensity of incident plane wave. If the scattering In all directions 
is equal. The unit volume of ocean Is defined as one cubic meter. 

Expressed in logarithmic form 

IOI09 mv = 10 log 
AV 0) 

where 

ls = Intensity of the scattered sound, 

11 = Intensity of the incluent sound, and 

AV = unit volume of ocean. 

This back scattering coefficient has units of db/m and Is analogous to a back 
scattering coefficient defined by N cr. 

Classically an object which Is able to reflect or reradiate sound can be 
expressed by a target strength defined as follawsi 

Target Strength = 20 log j~ (2) 

where 

Ps = pressure amplitude of scattered sound measured at a 
reference distance of one yard, and 

PI = pressure amplitude of Incident sound. 

It then follows that the target strength (scattering strength per unit volume) 
can be expressed by 10 log ^ (prick and Pryce, 1954). 

The volume scattering strengths presented In this report were obtained 
using the scattering strength equation presented by Gold (1966) and derived 
In Appendix A. 



(3) 

10 l°g /0 M(z) dz = 20 log P(t) + 30 log 

~10 log ton 
-1 2* CC (f2 - fi) 

_ 1 + 4 w2a:2 f2 f] 
-86 

Equation 3 is referred to as scattering strength because the equation has a form 

ít °f the equatlon for surface backscattering strength (Chapman and 
nanri$f 1V62J » 

The term 10 log ^ M(z) dz represents the total scattering strength for a 
wafer column with a 1m cross section extending from the surface to a depth 

EXPERIMENTAL TECHNIQUES 

Eight series of volume reverberation measurements were made at two 
stations within the area during June 1966, aboard the USNS LYNCH (T-AGOR-7^ 
to determine scattering strengths of the deep scattering layer. 

The experimental geometry is Illustrated in Figure 2. An LC-32 omni¬ 
directional hydrophone was lowered over the windward side of the ship to a 
depth of approximately 107 meters. Mark 50 Mod 0 charges (2 lbs. TNT) were 
detonated at a preset depth of 107 meters, at the rate cf one explosive every 

8 minutes, for full daylight and full nighttime measurements and every 6 minutes 
for sunrise and sunset sequences. The deep scattering layer was Insonified by 
the resultant shock wave, setting the swim bladders of fauna present Into forced 
vibration. The received reverberation Is amplified and filtered through a 500 
cycle high-pass filter and recorded on magnetic tape. The magnetic tapes were 

played through a one-third octave band analyzer and displayed on a logarithmic 
oscillographic recorder. Since bubble pulses and surface reverberation contrl- 
bute to the reverberation levels for a short period of time only, (negligibly 
after approximately .4 sec.), values of P(t) are read at 0.5, 1.0, and 1.5 
seconds after the onset of reverberation and the average vabe used. This 

has the effect of summing the contributions from all the scatterers present in 
the water column. Scattering strengths were then computed by use of equation 
3. 

Concurrently with the explosive acoustic sequence,supplementary 12 
kHz reverberation data were obtained using the ship's Edo UQN-1 echo 
sounder transducer, GIfflt transceiver, and Precisian Depth Recorder. Echo- 
grams were recorded continuously, except during the explosive reverberation 

4 

■ il ■ iiiii.« 
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measurements, yielding qualitative data on the deep scattering layers. Acoustic 

ToTaT 7re u UCu7 rdT ,hiP Wind speed overaged 
about 6 knots and seta heights about 2 meters, 

ACOUSTIC RESULTS 

C|ntlrtncFT9UTo3 T'314 nr!Sent u °f scatterin9 strength versus frequency for 
- atlons 1 and 2, for full day and full night conditions respectively. The graphs 
are very similar at Stations 1 and 2. Both curves show a definite positive In¬ 
crease up to 5 kHz. The ‘'peaks" In the scattering strength-frequency curves 
appear to indicate the presence of more than one layer. The "peaks" are slanlf- 
icant (less than ±.5 db standard deviation for an average of 10 bomb shots) and 
from the second peak at 16.0 kHz, which occurs at night and day, one may Infer 

ur uTl TT may h® r!0n"rnlgratory In na^re. Nighttime values are generally 
h gher than daytime values owing to the increased concentration of scatterers at 
night. The increase averaged about 7 db for Station 1 and 3 db for Station 2 
tor the entire frequency range Investigated. 

Layer migrations across sunset and sunrise at 5 kHz for both stations are 
shown In Figures 5 through 8. The curves show scattering strength plotted ar a 

hsnctlon of time fora three hour period centered about local sunrise or sunset. 
The 1/3 octave flit« center«! at 5 kHz was used because the maximum scatter- 
mg strength values observed usually occurred In this region. 

-*uríÍ9Ure 9 shoWS the dIurnal variation of scattering strength for each of the 
one-third octaves investigated. Diurnal variation Is defined as the difference 
In decibels between the maximum nighttime and minimum daytime values. It is 
not understood why the maximum diurnal variation differs for the two stations 
The greatest variation occurs at 3.2 kHz for Station 1 (12 db) and at 4.0 - 5.0 
kHz for Station 2 (7 db). The dissimilarity In the magnitude of the curves for 
the two stations can be explained by reference to Figures 3 and 4. For full 
day conditions the scattering strengths at Station 2 are higher, while for full 
night Station 1 has the greater values. 

Figure 10 shows the peak or maximum resonant frequency of the scatter¬ 
ing layer, or layers, as It changes during migration at Station 1. This figure 

shows a daytime resonant peak of 16 kHz and a nighttime resonant peak of 5 kHz. 
The scattering of points around sunrise Is probably due to a multi-layering effect. 

Multi-layering refers to two or more distinct layers, or one layer, which divides 
at sunset and then recombines after sunrise. Such a multi-layer could contain 
different kinds of scatterers, each of which has Its own characteristic resonant 

frequency. This could account for the "flatness" of the full day and full night 
curves between 5 kHz and 12 kHz In Figures 3 and 4. 9 
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Migration rates are not shown accurately by Fl'amre in in * 

' r^rob,oM r0«jfn,r:;,o 
pr«nh.nf at =M Z». . !?!" Were ob«r^ of «hid, war. 
rZZn . "" wMch "os evident during migrations only 

“Zd T WOS ,rd,ly,dl,Cern,bls "»oughoutrt. duroZ dysio- 
hZ ' Z, ppec"'t0 Under8° -"'sratlon at either sunset or sunrise 
but remained constant at a depth of approximately 100 m. Its oLren 
thickness averaaed about 35 a . . 7 ,T5 aPParent 
before sunset, migrated onward, aád’^f. "0 a>"’r appear8d ^«"fnently 
ouslv untlZnrTJf Tt, f ^ ' and,aft«'' »“"“f appeared rather contlnu- 

before migration, 'a vag^mS It 2» 
sunset, exhibited migration over the sunset period, andÆ^^rgëd 

L d^T natZ- tÄ W“ Z 'T* and Wdeflltcan b. 

the abTIÎmlg “«» «Is dt Zhltal^Ih"!«^0^ Z’ °f 
movement at sunset and an equal downward movement at sunrlselThe 
tion rate computed from the record was about 11 m/min rt, * , ®ra 

an; • ., 

.S. dt ir9*. ° r dlf,U,e ma“ Wh,ch from the 
layers varied fraZ l,.^0 Th” apparen* thickness of the Individual 
layer, varied from as little as 50 meters to as much as 150 meters. 

BIOLOGY 

a^anlsmttedTd t n'ÄlS9 Z ^ ™ri"« 
lea. analyses will be c^pltZZ ’tJ ’xt mettt t 

s^ :^led f- ^ ÄtÄzrr 

OCEANOGRAPHIC DATA COLLECTION METHODS 

Imttl« IS°ruLr' measurem«nh "«re made using standard Nansen water 
tMh “.iL r* W h rever,ln8 thermometer,. Temperature values collectai by 

oha ë ^nH îM *NanSen ** lm Were ana|yzed for wllnlty. Inorganic phos- 

raltaZer onCt<,jr*nZ'0n‘-LSolln,,y Were bX 
SraTt r Sin ur0™ '^«rfrtically accurate to ±.003 0/00 
( rown and Harmon, 1961). Water samples for phosphate and slllcai 

m nations were stored frozen In polythylme bottles until they were processed 
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STATION LOCATION, BATI, AND TYIf OIF BATA OBTAINED 

STATION 

1-A 

1**8 

2 

A 

B 

C 

D 

I 

F 

6 

H 

I 

J 

K 

L 

•M 

*N 

*0 

•Q 

TEMFIR- 
AlUKi 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

SAUN- 
ITY 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

OXY¬ 
GEN 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

PHOS- 
PHATI 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

MU- 
CAT, 

BATI 

X 

X 

X V 2V66 

•3/1/62 

?/1/¿: 

3/2V62 

5/25/62 

3/2V62 

V29/52 

5/22/35 

5/21/35 

5/18/35 

2/17/32 

2/18/32 

2/3/62 

2/1/62 

2/26/62 

5/22/62 

2/24/62 

LONG1TUOI 

85*45'W 

85*38’W 

85*14"W 

85*56*W 

S6*41'W 

85*I6'W 

86*00’W 

86*41’W 

85*18'W 

85*07,W 

85*26'W 

83*irw 

85*44'W 

85*20,W 

89*30^ 

87*20'W 

85*23'W 

84*48^ 

34*02*W 

84*40*W 

LATITUDE 

DEEPEST 
DEPTH 

AN METitSl 

25*00'N 

24*54‘N 

24*irN 

23*5rN 

2;r*irN 

25*21'N 

24*44'N 

24*03'N 

24*03'N 

25*33'N 

25*36'N 

25*00'N 

24*15'N 

25^351 N 

24*27"N 

26*39-N 

26*3**N 

?5*54'N 

25*22'N 

24“38'N 

5W 

112» 
500 

»41 

2853 

»18 

2964 

1092 

2921 

1183 

1460 

1450 

2886 

3200 

3000 

2488 

3000 

953 

122 

1382 

SHIP'S NAME mmssQum 
1-A,1-M 

A,8,C,D,E,F,M,N.O.F,a 
G 

Hrlf J 

K,L 

•STATION OUTSIDE OF AMA UMA USED ONLY TO DEFINE THE AMA OCCUPIED VY 

LYNCH 
HIDALGO 
ALASKA 

ATLANTIS 
MAIEk TAYLOR 

8 WATER. 



in I III lie laboratory. Both phosphate and silicate samples were* processed chro“ 

matographlcally as described by Murphy and Riley (1962) for phosphate, and 

Strick load and Parsons (1965) for silicate,, Phosphate values are accurate to 
0.01 fj,g'-at/ L and silicate values to 0 J ^g-at/ L. BT data to a depth of 

approximately 900 feet (275 meten) were collected before and after each 

Nansen cast, acoustic sequence, and biological tow. Historical data (Table 1) 
were obtained from a data search conducted in the Oceanographic Office. 

WATER CHARACTERISTICS 

An examination of the temperature, salinity, and oxygen profiles 
(Figures 11, 12, and 13) indicates that the profiles fall Into two groups. 
The present data (June 1966) and nine of the historical sets of data fall into 
one group. This group will hereafter be referred to as A water. The data 
from the three remaining stations fall into a second group hereafter referred 
to as B water. 

In order to define the relative positions of A and B water with respect 
to each other and Area LIMA, temperature data collected In 1962 by the R.V. 

HIDALGO, In Area LIMA and the surrounding area, were plotted against depth 
to determine whether It w ;s A or B water (Figure 14). A surface plot of these 
stations was then made to show the boundary between water of A and B char~ 
acter during the winter of 1962 (Figure 14). The approximate location of 
surface currents for the Gulf of Mexico, as depicted by Lelper (1954), Is 
shown by Figure 15. Comparison of this current chart with the relative posi¬ 
tion of A and B water indicates that B water is almost certainly associated 
with a large gyiv of water off the west coast of Florida and A water with the 

Florida Current, which brings In water from the Caribbean. The gyre off the 
Florida Coast probably represents a much shallower current than the Florida 
Current, since much of the course of the gyre lies over the shallow continental 
shelf west of Florida. 

The two oodles of water differ mainly In the temperature character¬ 
istics of the seasonal fhermocltne, the depth of their respective permanent 
thermae lines end haiocilnes, and the depth at which the oxygen minimum 
occurs. In A water, the bottom of the seasonal thermocllne is marked by a 
sharp Inflection In the temperature profile (Figures 11, 14, and 16). In B 
water, this Inflection is often absent and when it is present it occurs at a 
much shallower depth (Figure 11 and 14). The Inflection point is only present 
In 6 water that Is bordering on A water. During the winter months, A wester 
develops an isothermal surface layer to a depth of between 100 and 150 meters 

(Figures 11 and 14). In B water, a comparable Isothermal layer Is either not 
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developed or developed to o noch shallower depth. This seems to Indicate 
at B water suffers little winter cooling compared to A water. Conclusions, 

based on winter temperature profiles for B water, may be only apparent sin« 

the data represents only on. winter (1962) and may not be true foVother years. 
Below 150 meters, B water appears to have the same characteristics as A water 
but displaced upward in the water colum by approximately 200 meters. This 

zlli'Cnr 9ure5 "and U)' M"n,,y <F,9ura ,2)' ^,he oxy8“n 

TEMPERATURE 

Characteristic of tropical waters, the temperature profiles from the 
present data show a warm body of water overlying a much larger body of 
cold water (Figure 11). At the time the data were collected, the seasonal 
thermocllne was well developed. The bottom of the seasonal thermocllne Is 
Indicated by a rather prominant Inflection point at 150 meters (Figure 14) 
Temperature data collected In past years In and near Area LIMA Indicate that 
at ! east for A water this Inflection point ddes not vary a great deal In depth 

(Figure 11) The temperature data show that an Isothermal layer existed at 
the t me of the June 1966 cruise from the surface to 25 meters. The presence 
of this layer In June is due to mixing, either from wave action or surface 

cooling. During the colder months of the year, this Isothermal layer can be 
expected to reach to the bottom of the seasonal thermocllne (Figure 11). 

The permanent thermocllne Is located between, approximately 150 and 
900 meters. As the name Implies and figure 11 Indicates, seasonal tempera¬ 
ture variations have no detectable effect on this layer. This layer shows con- 

from^on tta¿iñlty !r0m 1 TUfhrOU9h 300 meters buf somewhat greater variations 
from 300 to 900 meters. The temperature decreases approximately 19°C from 
the top to the bottom of the permanent thermocllne. In Area LIMA, the 6°C 
Isotherm approximates the bottom of this layer. Below 900 meters the tempera- 
ture drops off slowly, reaching 4.2'C at approximately 1500 meten. From 

1500 meters to the bottom, at opproxlmotely 3300 meters, the potential temper- 
afure of fhe water remains nearly constant. 

SALINITY 

In Area LIMA, the salinity values are approximately 2%o greater at 
the surface than In the deep and bottom waters (Figures 12 and 17). Both the 
North and the South Atlantic display the same feature In the lower latitudes. 

/B1 ?r,niJT 3 «»Monal halocllne was oberved 
(Figure 17). This halocllne correlates with the seasonal thermocllne discussed 
previously, A comparison of seasonal salinity data at these depths (Figure 12) 
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indicates that salinity values decrease during the warmer months of the year. 
During the cooler months of the year, overturning of the surface water to a 

depth of between 100 and 150 meters destroys both the seasonal ha Iodine and 

thermocline. This causes an isohaline condition to exist during the winter 
months {Figure 12). 

Directly below ihe seasonal thermocline exists a well developed 
salinity maximum. The core of this maximum approximates the 200 meter 
depth in A water and Is found at a somewhat shallower depth In B water. 
This maximum represents the core of Subtropical Underwater which will be 
discussed later. The permanent halocline is found from approximately 200 
to 700 meters. Unlike the seasonal halocline, its salinity values decrease 
as the depth Increases. It Is between approximately the 200 and 500 meter 
depth that salinity values show their greatest variations (Figure 12), At the 
termination depth of the permanent halocline, there exists a slight salinity 
minimum. This minimum represents Subantarctlc Intermediate Water, about 
which more will bo said later. This minimum ranges In depth from about 600 
to 1000 meters but average, approximately 800 meters (Figure 12). Salinity 
minimums of this water typ* above 750 meters represent B water, below 1300 
meters the water Is essentially Isohaline. Salinity values below this depth 
approach closely the value of 34.96%o. 

STABILITY 

The tropospheric waters of Area LIMA, like similar waters In most 
tropical seas of the world, have a strong positive density gradient of consider¬ 
able depth. The effect of this density gradient is to prevent the exchange of 
water in the thermocline with the area's stratospheric water. The stratos¬ 
pheric waters, since no interchange is possible with the surface, have their 
origin in the arctic and antarctic regions of the Atlantic Ocean. 

Since the density of sea water Is a function of temperature and salinity, 
any variation in these factors in a given unit of water will be reflected in 
a change In the waters density. In June of 1966 the surface water of 
the part of Area LIMA sampled (Figure 1) was isothermal and approximately 

isohaline to a depth of 25 meters (Figures 14 and 17). As a result, this same 

unit of water also displayed an isopycnlc (homogenous with respect to density) 
condition (Figure 18). Similarly the formation and destruction of the seasonal 
thermocline and halocline will reflect in a like formation and destruction of a 
pycnocline in the same water. As previously stated, the A water In Area LIMA 
is effected by seasonal variation to a depth of approximately 150 meters. Dur¬ 
ing June of 1966, the maximum density gradient In this water was found between 
25 and 275 meters (Figure 18). In this range the density gradient averaged 





v;Äbüi.!ctZÄ'^rh rr::°:ds h ^ 
ÄÄÄÄ*E? CZÄt 
C,0nS fe ,emPera,Ure a"d vo.ltÄ^Ä 

¡4« met:r ExciXÄfb«'“¿irr™ ^to 
femperoture ond salinity variation for both th. ran9® t‘la, SÍK>v'i tho maximur 

17) and historical data for Awat^^n a Jl t ^ U m 

water colurT c'tonê^/‘d "t^'0?'"9 0 
only a very small energy Input to sum^rt ,„ÏTi * ,hw' daP,h‘ would need 
near Isothermal and iX ln. -^ZT s^ tT ' Hwever' Ju* to ,ht 

by femperahtre or »l“^ ^e”“’ *- 

VERTICAL WATER STRATIFICATION 

origin. oÄÄ mlxL^Ä '* - °"™ ^ 
meroted as Surface Water Subtroolml 11 .Crea,,ng ‘^F*^ ,ho»o can be es.u- 

Water^ond NorthlS^o"'. SUban,GrC"C 

The depth to which the Surface Water extends h ™t,.ll_t l .k 
gr« «t d^h to which seasonal mixing occurs InA ^s 
this layer is marked bv a k xi . A wat0r ih* oottam af 

and salinity profiles, ^hls Inflection^^ 1°° P°lnt *? ^ fhe ^P^rature i i ,i . inflection point occurs at between ion j*n*41 cn 
meters in the temperature and salinity curves (Figures 11 12 
Temperature and salinity values In the Surface Water reLIÎ\ ^ }7)' 
of the year. These variations wer» Zl-ZÍ . to th* 
of the Inflection point In temperature and °US«i‘ *n B watwr' ^e dept 
and 125 meters (Figures 11 U aTu^ " ïn™” “ Wr,Ä* ,® 
point. In most oMhe^water mal!*t !^ * Thf «haHo^ess of the Inflection 

of fh. bo^mn JZ Ä w Ït fctÏÏT 
that B water does not form a well developed lav« of 1 ! prT*" 
mUCh of *• !>-»•- of H,. gyre ,„ which Z 



over the continental shelf west of Placida. Mixing and thus destruction of the 
ayer of Surface Water can be expected to occur In the shallow water over- 
lying the continental shelf. 

Directly below the bottom of the seasonal thermocllne lies a pronounced 
salinity maximum that marks the presence of Subtropical Underwater (Figures 12 
and 1/) For the oxygen profile, this water type shows up either as a minimum 
or a well marked Inflection (Figure 13). In A water the core of this water type 
occurs at a depth of approximately 200 meters. Salinity and temr jratures at 
the core range from 36.60^oo to 36.80</oo and 20.0*C to 22.5‘C, respectively. 
The cor® depth of the Subtropical Underwater, In B water, appears to be quite 
variable; ranging between 25 and 150 meters; however, this may be oily a 
reflection of the proximity of some of the sampled B water to the A - B water 

Interface. Subtropical Underwater forms at the surface In the subtropic con¬ 
vergence zones of the North and South Atlantic (Défont, 1961). This water 
mass flows through the various passes In the Antillean Arc and thence through 
the Caribbean and Cayman Seas Into Area LIMA (Wust, 1964). Though this 
layer of saline water is quite thin (approximately 100 meters). It suffers com¬ 
paratively little vertical mixing, due to the prosence of a strong density gra- 
dient at th. depth at which It flow,. Thl, gradient tend, to »ppra« mat of 
the vertical turbulence which would normally contribute to the layers destruc¬ 
tion (Montgomery, 1938). 

The core of Subantarctlc Intermediate Water Is seen In Area LIMA as 
a broad salinity minimum located at between 650 and 900 motors (Flaures 12 
and 17). The cor. of thl, water typ. I, opprima.«! by the of Zph«- 

photo maximum and Its upper surface Is approximated by the intermediate 
oxygen minimum (Table 2). From salinity profiles of A water, the core of 
Subantarctlc Intermediate Water vailed from 775 to 900 meters. The salinity 
at the core vario, from 34.85%o to 34.88*00 01* the temperature from 6.6«C 

t 7‘Icír thr0e "“y ProfI,®s of B water, the core depth ranged 
"’^L,65? t0 7?° metars* Th® ««Unity and temperature values at the core are 
within the values given for the core In A water. The significant difference 
between Subantarctlc Inteimodiate Water In A and B water is that the core of 
the water type In B water Is elevated approximately 200 meters above the 
corresponding core A water. 

c Subantarctlc Intermediate water is formad at the South Atlantic Polar 
Front (48 - 52°S), (Wust, 1964). From this latitude. Ft spreads northward 
below the surface and enters Area LIMA by way of the Cayman Sea. During 

the passage from the crea of formation to Area LIMA, this water typo suffers 

considerable mixing. In Area LIMA, the core of Subantarctlc Intermediate 
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TABLE 2 

DEPTH OF SELECTED HYDROGRAPHIC FEATURES 

STATION 

1 

B 

D 

E 

F 

H 

I 

J 

K 

L 

A 

C 

G 

SALINITY 
MINIMUM 

750 

800 

850 

850 

900 

77g 

875 

875 

750 

850 

750 

650 

650 

PHOSPHATE 
MAXIMUM 

800 

800 

850 

825 

950 

750 

600 

OXYGEN 
MINIMUM 

650 

700 

650 

700 

650 

700 

750 

500 

350 



Warw represents less than 5% concentration of the original formation water 

11 ají a At*antIc Deep Water forrn* fhe deep and bottom water of Area 
LIMA. It appears In the water column In Area LIMA at approximately 1300 
meters for A water and 1100 meters for B water. It Is In this water mass that 
A and B water lose their Identity (Figures 11 and 12); temperature and salinity 
values are approximately 4.26*C and 34.98%o, respectively. Oxygen values 

ist01*10 aVT9e near 4*9 m*/L (Ngure 13). Worthing- 
ton (1955) has presented evidence that the oxygen at this level is decreasing 
at approximately 0.015 ml/1/yr. This reduction Is cumulative, since the 8 
deep and bottom water Is not at present being renewed. 

M .L A^,d?,nCiPre#eníed by Worthington (1954) seems to Indicate that 
North Atlantic Deep Water forms periodically along the south coast of Green- 

r If* f u croW6S ^ ^111^ Arc Into the Cayman Basin and the 

H ííeX¿?* y WQy °f th! W,ndward Passo9e* According to Worthington 
(WS^ the bottom water In the Cayman Basin was last renewed In approxi¬ 
mately 1840 by overflow of North Atlantic Deep Water through the Wind wad 

P7T; i® daep Water of fh® C0/1000andadjacent Gulf of Mexico has been 
relatively stagnant since then. 

SPEED OF SOUND 

In Area LIMA, the decrease In temperature associated with the thermo- 

a|»[üth%uTP!,d dîCT# ,n SOUnd speed to upproxlmately 700 meter, 
iSl I9 * 80 ^ th *depth/ th® ,ound ‘Peed grad,«nt decreases and at about 
1000 meters reverses. From approximately 1200 meters to the sea bottom, the 

TZ T7 ''m1** Ih,# re,at,ve,y thermal chamcter 
bL d#irfh 200 T T»a OWS t.he ,lncrea,e In Pr**»ur®, With Increas¬ ing depth, to effect a constant Increase In the speed of sound with depth. 

The depth of the sound channel axis, which Is defined as the depth at 
which the »PMd of sound Is at Its minimum, occurs at approximately 1000 
meters (Figure 19). The depth of the sound channel axis can be expected to 

Thsee varfatfons ^ ‘ ^P-^re-xIepth ch^cterlstlcs. 
These variations will be especially marked between A and B water, with the 
sound channel axis being considerable shallower In B water. 

OXYGEN MINIMUM 

Oxygen values are available from nine historical stations In Area LIMA 
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XwT.'hTMUNTlÆlwV0 Ü (!abk Thr“ of,h«e ‘Won. were 
19Ä5 Of »V , .NTiv 935 and S,x were occuPIed by the HI IDA GO in 

token’ ln B wX ' A wot<>r ^ •*» «ere 

-old ->~Slnf*.°nl1' rta"°n‘ ?P,ra‘mt B w<,,er' no,hIn8 can b. »aid about the oxygen characteristics of this water; however several nAn*r*l 

"'J’Z"" T F,8Ur* ,3' Th* -^en -wZTn TZt 
appears to be much broader than the minimum found In A water and the mini- 
mun appears to lie higher In the water column. ' the mInI 

i JT * Th? 0xy9en available for A water. In and adjoining Area LIMA 

r“6 °Xy9en mÍnImüm 11 ,ocated b®Iween 600 and SOO^eters (Table 2) 
Wust (1%4) gave a depth range of from 500 to 800 meters for t^yfl2n mW-’ 
n»n In In which Arw UMA I. loco.«!. An apparanHy'c?«« 

to corre lat« an can be made by comparing the temperature aniwllnlty value, 
corresponding to the depth at which the oxygen minimum Is found. Siwh corres- 

S Ä“"? 35:039'00 f« ih* **<• ollect«! 
MlÏÀGOWuaïïÜ T , -°¾° f0r ^ d0,° coHected by the 
.J“-™' P964 olve. values of 8» to 9*C and 34.» to 35.0%s tor 

Z toCnum ÄT^b^* * WOt,r Undoub,*dl>' I*“« tefe^crrlv- 
for th* ATI* A Kirie* 1?, temperature and salinity valu» 
for the ATLANTIS and HILDAGO station data, the depth of the -xvaen minimum 

50«violate, the June 1966 temperature and salinity values warm mjtrm 

ZZÚZZ ;?8-hr;C Z, fTh* «<»™P«'-'-wc. acca^Äby 
wperlmpcelng the historical temperature and salinity pro nies on the resoectlv« 
Am. 1«6 profil« and drawing what app«.™d to be a rM^aTl. * ÍSt ” 

0>W" mlLn,mum <l»pth valu« were then estimated tor the three 

» ^h!l^P 9-,5’C' 35.03^00, and SS.OSyJ vato« 
tor jlZ ZT” ï ciM“,n8 ,h* «x*«»» maximum and minimum valu« 

0f ,h* «• ‘bown m rigures 16 and 17. The estimated depth ranges are as follows! 

.Station 
1A 
IB 
2 

Depth Range 
^25-650 m 
600-675 m 
675-700 m 

giren S W«*o ^h. (500-600 m) 

valu« at the minimum !£y nT ¿ |„ rltonl™ tefiT of,°78^ 
axygre by th. Winkler mmhod, dot«, "HaweUr, Carrltt « dT^tly’ 
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became aware of occasional large systematic errors on some former expeditions 
(particularly during the IGY period of 1956-58) caused by different procedures 
used In standardizing the Htersolutlon." 

PHOSPHATE 

Total phosphate values are lowest at and near the surface (Figure 20). 
The present and historical data indicates that the low surface concentration 
of phosphate extends to a depth of between 100 and 150 meters. This Is ap¬ 
proximately the lower boundary of the Surface Water. Phosphate values In It 
can be expected to be low and fairly uniform since this layer, at least In A 
water. Is subject to vertical mixing. Below 150 meters, phosphate values In¬ 
crease until a maximum Is reached at approximately 800 meters (Figure 20). 
Phosphate values then decrease slightly with depth, but still maintain relatively 
high values. The depth at which the phosphate maximum occurs varies consid¬ 
erably even In the same kind of water (Table 2). However, examination of the 
depths at which the phosphate maximum and the salinity minimum occurs Indi¬ 
cates a strong correlation between Individual pairs of values. 

It seems probable that the phosphate maximum has Its source In the 
South Atlantic and Antarctic Oceans. These waters are relatively rich In 
phosphate compared to waters of the North Atlantic (Riley, 1951). From this 
source the water of high phosphate concentration Is carried Into the Gulf of 
Mexico as an Integral part of the Subantarctlc Intermediate Water. 

SIUCATE 

Profiles of silicate concentration obtained during June 1966 In Area 
UMA are shown in Figure 21. Of these, only one profile reaches below 500 
meters. These few data allow only the most general conclusions. 

Silicate concentrations are quite low in the waters from the surface to 
approximately 200 meters. Below 200 meters silicate concentrations Increase, 
but appear to show a much greater variation In concentration In the 300 to 500 
meter range than either phosphate or oxygen. Silicate concentrations up to 
28 fx gm aV L form a broad maximum centered at approximately 1400 meters. 
This Is approximately 400 meters deeper than the phosphate maximum and 700 
meters deeper than the oxygen minimum. Below 1400 meters silicate values 
drop off only slowly, the concentration decreasing only 2.8 ft gm aV L In 900 
meters. 
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CONCLUSIONS 

li-sliMil.MIlihHIlii.lH.ilIrN.WiBHHIil'IIUUli 

^ L» ,ln T determine exact relationships, acoustic, oceanographic 
and biological data were attained with maximum simultaneity. As previously 
mentioned, the biological data have not been completely processed. There¬ 
fore, no mention of this very Important facet of the program can be made. As 

the acoustic data shows, there Is very little variation In the scattering strength 
values and curves obtained from Station 1 and 2. The oceanographic data. In 
particular the temperature and salinity profiles, also display this similarity. 
The conclusion Is that the two stations of the June cruise were within the same 
oceanic water mass and hence possessed similar acoustic parameters. This 
water mass seems to be Influenced chiefly by the Florida current. The histor¬ 
ical oceanographic data does hint of variations for different seasons, but no 
correlation with seasonal acoustic and biological data Is possible. 

Pertaining to the echograms, the only discernible correlation Is that 
the bottom af the seasonal thermae line coincides with the bottom of the shallow 
non-mlgratory scattering layer. This may or may nof prove significant In fuhire 
studies of this area. The oxygen, silicate, and phosphate minima and maxima 
all occurred too deep In the water column to allow correlation with the exist¬ 
ing acoustic data. 

It Is the feeling of the authors that an acoustic technique using pulses 
of constant frequency CW), In lieu of explosives, would be a better source of 
acoustic data for correlation with oceanographic data. At best, with the exist¬ 
ing data no definite correlations are found. This Is due primarily to three 

causes; (a) the unavailability of seasonal data for acoustics and biology, (b) 

the limitations of the explosive technique for measuring scattering strength, 
he., omnldlrectlanallty of the system, time constant of ItT* seconds, etc. 
and (c) the Insignificant oceanographic and acoustic variations from station ' 
to station. 



APPENDIX A 



APPENDIX A 

Consider the Incremental acoustic Intensity received at a hydrophone 
from an element of Insonlfled volumn dV located at a distance Rj, from the 
hydrophone; 

dl(t) = »’¿>1 dV A1 

where M(Rf 0,4) denotes the volume scattering coefficient of the medium 
and I], the Intensity of the Incident sound. 

It Is worthwhile to note here the assumptions upon which the deriva¬ 
tion Is based. 

1. The explosive source is Isotropic, 
2. A omnidirectional hydrophone is used, 
3. Deviations from Ideal Inverse square spreading loss are 

neglected, 
4. The energy Incident upon the scattering volume Is re- 

radiated uniformly In all directions In real time (t.e., no time lags), 
5. The concentration of scatterers Is uniform In any give:; 

horizontal plcne, and 
6. Hydrophone and source are coincident. 

We can express the Incident intensity I] by 

A2 t 

where 

E represents the total of the energy In the sound source, 

r the period of the shock wave or "pulse" duration, and 

R2 the distance between charge and Insonlfled volume. 

Utilizing assumption No. 6, A1 and A2 can be combined to obtain 



From Figur© 22 w» obtain, upon conversion to spherical coordinates, 
the relation 

dV = sin 0 dl® <J/ dR. 

Substitution Into equation A3 yields 

dl(t) = ilr»8d0df/ dl. 

Substitution of R = , and dR = ^ 

Into equation A5 and Integrating we obtain after simplification 

l(,) = YTcT* M(R, e, /) E sin 0 d0 d^ » A6 

where t is time after detonation (seconds), and C Is the speed of sound In 
sea water In yds/sec. 

From the fifth assumption pertaining to the distribution of scotterers, 
the scattering coefficient M(R, 0, ¢) becomes a function of depth only. 

Integrating with respect to 4and then changing from the 0 limits to 
depth z limits yields 

A7 

Using the relation for intensity 

A8 

"fore yo c Is the familiar acoustic Impedance, and P(t) is pressure In dynes/cm 
w® con convert equation A7 Into a usable form by solving for a scattering co¬ 
efficient for the entire depth z. 

A9 

Since the energy contribution of the bubble pulses Is negligible compared to the 



^SOURCE AND HYDROPHONE 

FIGURE 2?. GEOMETRY FOR SCATTERING STRENGTH DERIVATION 
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shock v/qv© for otir ¡rorioi% r ir 

P (0 of Hue shock wave represented by** ^ n°eC* com’c*®r the pressor® 

Pe ’t/a t >0 

P'W 

t<o 
A10 

where P0 is the peak pressure and rr I« 

Using equations for evaluating P0 and <r l ^ ^ COmiant of the shock 
obtain for a 2 pound charge of TNT the vakTs ^ ^ Wertheír¡ 0950), 

wave. 

we 

and 

Where 

58{iö*^wI/3 (WV*) “*22 
\R~r »io“4sec An 

\R J 83 8-03x 103 ^In2. A12 

W = charge weight In lbs, 

R ra<hal distance from exploslai In ft., 

a = time constant In seconds, and 

Po = Initial peak pressure In lbs/In2 

domain ÂTÂtî'0 fr0m ,h* ^ ^ - *. fr«,«ncy 

>00 
aiw)e“Iwt Mr., 

A13 
n> = (2,)-1/2 £° 

where 

at,) = (2,)-1/2 jf® p(r).-iw dT 
Combining A10 and. AM yl.kfe 

8(<o) = P0 (2,)-1/2 ()/a 

A14 



Taking the absolute magnitude of All 5 by the method of complex..ju¬ 
geâtes yields 

Po 1 

+ u,2 ] i7t 

where u)represents the angular frequency 2irrt. 

Al 6 

The total energy flux of the explosive shock wave can be expressed by 

■“M2 
-to 

By using Plane here l'$ theorem: 

E = (/oc)”1 jf °° [P(t)] 2 dt. A17 

E = (,0-1^ |g{W)| 2 d*u, 

we obtain 

A18 

p 2 /• 
E * / 

2vpc J- 

-OO 

co 
... .Mili» 

CC **2 (jjX A19 

To convert from energy flux to total energy radiated In all directions, 
It Is necessary to multiply equation A19 by 4it to give 

E = 
2 P«2 da> 's¿r—4 pc ¿ÇQ ¢-2 4- a. 

2Po2 
pc L *U>, CC ^ + w* 

A20 
/*■«*»2 dw 1 
L, a-**u,2 J' 

It Is pertinent to mention that equation A20 contains energy associated with 
negative as well as positive frequencies. 

Performing the above Integration yields 

E = 

Substituting this expression In equation A9 gives 

jf2 M(z)dz 
C2t3 [P(t)1 2 ...«.mtjmmKqmmmm 

8*o¿ cc ( tan“ I 

A21 

&:,ni ,jV't 
<CZf2fl 
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Converting to the more useful logarithmic form 

10 log M{z]kl2 == 20 log c + 30 log t + 20 log P{t) 

-10 log 8 "20 log P0 -10 log Œ 

-lOIogton-l 

Combining known constants and subtracting 6 dB due to contributions 
from the surface reflected paths gives the final form 

10 log M(z)dz = 20 log P(t) + 30 log t 
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