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Thir. FINE STRUCTURE OF THE OCEAN: A REVIEW

by

John P. Bethell

ABSTRACT

Underwater acoustical measurements during wWo: ld War 11 revealed
small-scale inhomogeneities in the ocean abtributed to small
random scatterers. Not until 1963 did vertical sound-speed
profiling reveal the layered nature of the phenomenon.
Meanwhile, because oceanographic temperature and salinity
vprofilers were not designed to detect these small-scale
features, most oceanographic studies did not start until 1965
when higher-resolution equipment was widely available,
Observations in many parts of the world have revealed the
common occurrence of layered regions at many depths. The layers
- are quasi-homogeneous and range in thickness from a few centi-
metres to tens, or sometimes hundreds, of metres. Their
horizontal extent is generally about one thousand times their
thickness. Between the layers are thin boundaiy regions of
sharp gradients in which fine structure, usually explained by
billow turbulence between the layers, is sometimes observed.
The formation of the layers is attributed to one or more of
three broad processes: (a) horizontal transport, (b) vertical
transport by thermohaline diffusion, and (c) vertical transport
by dynamic instability. The details are still subjects of
discussion and various explanavions are reviewed, It is
suggested that combined studies at sea, especially including
joint oceanographic/acoustic measurcments, might more quickly

advance knowledge of the subject.




ey

W,

=AM S R TP
NS g &
4
Al

N v e e m e et MUr e a0

1. 9IBSERVATIONS

1.1 Acoustic Studies 1941-~1967

The presence in the ocean of a finer structure than the classical
two-layer system separated by a thermocline first attracted
attention during World War II [Refs. 1 to 4] when the
"scintillation" of direct sound waves was observed during scnar
experiments. Although evidence of fine vertical thermal
fluctuations was known to acousticians from sound-speed profiles
[Ref. 53 and carefully made bathythermograms [Ref. 6], they
preferred to study the fluctuations horizontally in the same
general direction as the sound waves, even though tﬁis proved
difficult [Ref. 57. Small irregular fluctuations in the

horizontal temperature gradient measured from sensurs mounted

on submarines were reported by Holter [Ref, 7] in 1946, by

Urick et al [Ref, 8] in 1948 and by Liebermann [Ref, 9] in 1951;
later measurements of this type, but incorporating water velocity
probes, were made by Grant et al [Ref, 10] in 1963 and by

Murphy et al [Ref. 11] with an unmanned vehicle [Ref., 127 in

1965. Theoretical studies hy Berman [Ref. 12], Mintzer [Refs. 14-16]
Stone et al [Ref., 17], Skudrzyk [Refs., 18-20] and Potter et al
[Ref. 217, and measurements by Shcehy [Ref. 227, Whitmarsh et al
[Ref. 23], Sagar [Refs. 24-20], Murphy et al [Ref., 277, Nanda et al
[Ref. 28] and Whitmarsh [Ref. 29] between the late 19040s and early
1960s related the sound fluctuations to these inhomogeneities and
envisaged an ocean comprised of small random scatterers,

In Knollman's detailed study [Ref. 30] in 1964 of both US and

USSR work he found mounting evidence that these scatterers were

statistically spheroidal rather than spherical.

The belief in small random scatterers seems to have arisen
because the horizontal temperature measurements showed "patch
sizes" of less than a metre, As Stommel and Federov [Ref. 31]
lacer demonstrated, this was probably caused because the sensors

were passing horizontally through fine thermal layers that
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unduelated in response to internal wave motions. In addition.
although Urick [Ref., 327 reported evidence of similar fluctuaticns
at 1500 m depth in the Atlantic, much of this work was concernel
with near-surface phenomena of interest to acouscicians at that
time; as Shvachko [Ref. 337 and Gostov and Shvachko [Ref. 347 have
shown, inhomogeneities near the svrface seem to be of an order of
magnitude smaller than those in water that is an order of

magnitude deeper,

It seems difficult to make too many comparisons between this
early acoustical work of "thermal microstructure’ and later
studies under the same name made in and below the thermocline.
The work of the acousticians was to understand sound fluctuations
and not necessarily to explain ocean structures. It happened
that, in a period when oceanographers were concerned with the
large~scale, low-frequency movements of the ocean revealed by

the lower resolution bathythermographs and Nansen bottles,

the acousticians had higher resolution equipment that identified
the effects of smali.-scele, high-frequency ocean features with
which oceanographers were not yet generally concerned. That mo.t
underwater acousticians seemed to lose interest at the time thar
oceanographers gained interest seems indicated by Berman and
Guthrie's 1950-70 review [Ref, 351 of underwater acoustics,

whose section on "thermal microstructure" contains references
dated no later than 1963.

In 1963, however, Piip [Ref. 36] of Lamont Geological Observatory,
while studying the sound channel in (he Bermuda-Barbados region
with a vertical sound-speed profiler, had observed the
":nhomogeneity of the oceanic waters, even at great depths and
far from any sources — it scems as if large water masses, instead
of mixing thoroughly during their long and slow journeys from
the source, break up inte layers and cells of moderate size.

These "pieces" of water move aboutl as discrete entities and stay

this way for periods that must be measuved in months, possibly years”,
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During the next four years Fiip made similar cbservations in the
same r<gion [Kefs. 37-417, in the Bahamas [Ref., 427, in the Bay of
Biscay Ref. 43], off Gibraltar [Ref. 43], near Madeira and in the

Canaries {Refs. 43 and 44]. Very littie of this work seems known

?
z

to oceanographers,

1.2 Oceancgraphic Studies 1958-1972

The first report since the 1940s of 2 fine structure measured !
vertically by oceanographers seems to have come from Joseph
fRefs. 45 and 46] of the German H;drographic Inst;tute working
in the Irminger Sea in 1958 with thermocouples. Further
measurements from the same avea are rceported by Holzkamm et al i
[Ref. 477, using the University of Kiel batnysonde [Refs, 48-517 |
which was also used in the early 19603 te re ord fine structure

in the Baltic [Ref. 527, the Mediterranean outfiow [Refs. 53-55]

the Red Sea [Ref, 567 and it- southera outflow [Refs, 57 and 587,

Although not the first to report fine layering, the descripticno
by the US/USSR team of Stommel and Federov [Ref. 317 of their
1905 observations in the tropical Pacific is generally considered
t.o be the classical paper that marks the beginning of the
oceanographers' work on the subject, probably because it is the
first to suggest possible causes and to outlire where future

studies might go.

Irn 1995, also, observations w«re being made of an ever finer
structure between the layers., Fosberry of the Royal Navy and
Woods of the U.K, Meteorological Office [Refs. 50-01] performed
the first of a =eries of experiments in the summer thermocline
near Malta using dyve tracers, underwater photography and a
temperatur ewgradient probe [Refs, 62 and 637. These studies were
continued and extensively reported by Woods [Ref, 64-687 during

the next five years and did much to draw attention to the subject.
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In this area he observed iayers of near-conswint-gradient water
a few metres thick separated by interfacial regions comp-sed

of ensembles of steep-gradient "sheets”a few centimetres thick.
He interpreted this finer structure as due to shear along the
interfaces between the layers causing Kelvin~Helmoholtz
instability and billow turbulence, which he saw [Refs. 09-71]
as a process similar to that causing clear-air-turbulence (CAT)
[Refs. 72 and 737 in the atmosphere.

The commercial production of a high-resolution salinity-
temperature-depth profiler [Refs. 51 and 747 in the US in the
early 1960s had made it easie: for more oceauncg: “phors to
observe fine structures. Since then, vertical measvrements

of fine strvcture have beer. made with these and similar
instruments, as well as with specially-Jesigned probes [Refs.02-
63 and 75-787] of generally higher resoiution, in many parts of
the world. A g ographical listiang of rccorded observations is

given in Table 1 and some examples of thé data in Table 2.

As a result of the observations listed in Table 1, the picture
of the ocean that has emerged is described by Nasmyth [Ref. 867
as one of fairly extensive regions of uniform gradients
interspersed with hcrizontally-stratified regions that occupy
between one-third to one--half of the total volume. These latter
regions may vary from a few metres to a few tens of metres in
thickness, extend horizontally for tens of kilometres and exhibit
an irregular temperature structure quite uvnrelated to the mean
gradients in the area. Within them are a number of irregular
layers, typically a few centimetres to a few metres thick,
separated by thin boundary regions (Woods' "shect ensembles")

of relatively steeper temperature gradicents< often exceeding
0,01°C/m.
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Many questions remain unanswered about the formation and extent
of the "iner "sheet" siructures. They have not been observed
between ail series of layers, but whether this is due to the
small amount ¢of shear or to the low resolution of the
instruments is not yet clear and more studies are required

in this direction, especially with the high-precision equipment
being develcped at Scripps Institution of Oceanography by Cox
e. al [Ref. 80]. When observed, the finer structure in the
"sheets" is generally accepted to be a result of the layering
in the way envisaged by Woods [Ref. 68], so the principal ;

question remains that of explaining the layers themselves.
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TABLE 1

REFERENCES TO FINE LAYERING

PACIFIC

East Tndies
Hawaii

East tropical
San Diego Trcugh
Off Oregon

Gulf of Alaska

ATLANTIC

Gulf ~f Mexico

West Indies
Filorida-2ahamas
Bermuda

Tropical mid-Atlantic
Mid-Atlantic Ridge
Canaries
Mediterranean outflow
CWS Juliett

Irminger Sea

Irirch Sea

BALTIC

EDITERRANEAN

Gulf of Lions
Tyrrhenian Basin
Strait of Sicily

RED SEA

INDIAN OCEAN

ARCy s

ANTARCTIC
Weddell Sea
Saline lakes
FRESH LAKES

Lake Ontario
Loch Ness

[31]
L76]
[79]
[80~85]
[86,87]
[88,89]

[90]

[ 36-41]]
[36,42,68,79,91]
[ 36-41,927
03,94

[95]

1 43,447
[43,44,53~55,96-102]
11037

[45-47]

[104]

[52]

[105,106]
[107]
[59-61,64-69]
[56,108,169]
r57,58,110]

[111-115]

[116]
[117-119]
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TABLE 2

EXAMPLES OF FINE LAYERING

Place

Ref.

Pacific

[31]

St.Sicily

[67]

Med.Quitflow
in Atlantic

[101]

Arctic

[113]

Tyrrhenian
Basin

[107]

Depth

Rel.tg
thermocline

130-500

in

0-100

in

1200-1500

below

250~400

650-~1900

below

* Layer

thickness
m

Interface
thickness
m

2-40

1-12

001"'0. 2

34

0.1

10-200

1-4

At

across .2t .,

C)

As
across int.

(%)

1° /m

0.3

0.058

0.02

O. OS‘-OQ.]..

*Horizontal

Extent
(km)

>30

136

*p general rule is that layers have a vertical/horizontal ratio of

1:1000
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2. EXPLANATIONS

The theories developed fall under three principal headings:

(a) horizontal transport, (b) vertical transport by
thermohaline diffusion, and (c¢) vertical transport by dynamic
instability. It was once thcught necessary to explain all
layering by a sing .e process but there is a growing tendency
to choose the theory according to the circumstances. A recent
example of this is an analysis in which Gregg and Cox [Ref. 85]
see evidence of six distinct processes occurring along one

profile,

2.1 Horizontal Transport

The early records of fine layering in the Irminger Sea [Refs. 45-47]
were interpreted by Holzkamm, Krause and Siedler [Ref. 477] as being
caused by the sinking of surface water combined with the horizontal
mixing of waters of different characteristics. Piip [Refs. 36-44]
attributed his observations in other parts of the Atlantic to the
same cause, Similar processes were suggested by Stommel and
Federov [Ref. 31] as a preliminary to double-diffusion, and later
incorporators of the double-~diffusion theories generally require
advection [Refs., 53-58, 95, 102 and 121-124] as an initial process.

Pingree [Refs., 97 and 997 has suggested that advection along deep
isopycnal surfaces could be originated by vigorous local mixing.
Simpson [Kef. 1047 has also called on advection in an area of low
tidal energy to explain layering in the Irish Sea, and Gregg and
Cox [Ref. 85] have found evidence of advection in the San Diego
Trough. However, in the USSR "Polygon" survey in the tropical
Atlantic [Refs. 93 and 94], with which Federov is associated,

adveection seems to be rejected as a formative process.




2.2 Vertical Transport by Thermohaline Diffusion

Because the transfer of heat by molecular diffusion is a
hundred times faster than that of salt, the ocean's thermohaline
structure can be mariginally unstable under certain conditions
[Refs, 112 and 125]. Laboratory and theoretical studies of
double diffusion [Refs. 126-~1457, mostly associated with the
names of Stommel at M.I.T. and Stern and Turner at Cambridge,
have indicated how these processes might be responsible for
layering in the ocean. Federcov [Refs. 122 and 1467 has
discussed ccean observations of layering in support of this

concept,

The most frequent appeal to double diffusion is when warm salty

water overlies cooler fresher water, sc that both temperature

and salinity decrease with depth. Tank experiments show that

long thin convection cells grow from the interface, diffusing

their heat more rapidly than their salinity and thereby

continuing to descend. Similar conditiouns apply to the ascendirg
elements, It has not yet been possible to observe these "salt
fingers" in the ocean, although instruments for this purpose are
being developed [Refs. 147 and 1487. Although s..c workers

[Ref. 149] dcubt if these delicate structures could survive in

the ocean, Linden [Ref. 1507 has recently demonstrated experimentally
that salt fingering could still have a significant effect on vertical
transport if turhulence in the open ocean is as patchy as reported

by Grant et al [Ref. 1517 and Woodz [Ref. 687. However, no
theoretical work on the effects of shear on the fingers has yet

been reported,

Stommel, who was among those who first drew attention to the
physical curiosity of double diffusion [Ref, 1527, used the

process to explain the layering he observed in the Pacific [Ref, 317
and western Atlantic [Ref. 027, The strongest circumstantial
evidence, however, has come from observations of layering under
warm salty outflows, such as tnat of the Red Sea into the

Indian Ocean [Refs., 57, 58 and 1107, the Mediterranean into the
Atlantic {Refs, 43, 44, 53~55 and 906-1027 and the Levantine waters

of the eastern Mcditers-anean into the Tyrrhenian Basin [Ref. 1077,




The stepped characteristics of'layers'in these areas is rather "

more uniform than observed in the thermocline layering.énd seems

to be restricted tc very specific parts of the area un&er the ouvt-.
flow [Refs. 100;162]. Huppert [Ref, 1537 has made a'theoretical ;
analysis of double diffusion in which. he ralcul(ces a lifg of

five days for the layers observed 'by Tait and. Howe [Ref 967 ,

in the Mediterranean outflow. ) ; . i I

The cther double-diffusion process oécur; when warmer saltier
water lies beneath cooler fresher,water, so that both temperature
and salinity increase with depth. Turner and Stommel [Ref., 1257 .
have demonstrated that this can produce a serles of well-mlxed
turbvlent layers separated by sharp, 1nterfaces, again formlng

a regular stepped structure.. Such a thermohaline profile’is : ! i
common in polar waters and apparently-permanent stepped |
structures of this uiature have been observed there [Rers. 111- 119}.

Katz [Ref. 95] has shown that the penetration of saline Mealterranean

¥

water into a less-saline water column over the M1d~At;antlcsR1dge
results in the formation of sharp, well-defined layers, Similar:
thermohaline ccnditions can also exist above areas of heat
transfer through the ocean floor and reperts of layering haye

come from the "hot brine" areas of the Red Sea [Refs. 56, 108 and !
109] aud from parts of the Pacific [Ref. 154]; recent measurements
in the latter area, however, have failed to confirm their
continued existence there [Ref. 155T. prpert'sV[Ref..153] ,

theoretical analysis of this process suggests that {t can be one

of great stability. ,

i
Gregg and Cox [Ref. 83] have recently sudgebted that the qor'et

diffusion effect, in which a temperature gradient tends to
establish a salt concentration gradient, might be of significance
in the formation of layers in|regions of low vertical, transport.
More laboratory work is suggested to determine the Soret
coefficients for the major constituents of sea water under oceanic

conditions., ) ‘




2.3 Vertical Transport by Dynamic Instability

Munk: [Ref. 1567 suggested that shear instability in inertia-
:gravity waves was a probable cause for vertical mixing in the
thermocline and Phillips [Ref., 157] described how self-

)

limiting breakdown of the waves would create turbulent

patches that are sporadic in space and time but that, in the

presence of a mean shear, would preferentially occur along

the crests or troughs cf the waves, Orlanski and Bryan
[Refs. 158 and 1597 proposed that a sporadic overturning
associated with finite-amplitude internal waves of 10 m to
20 m vertical waveheight would convert a parcel of water of
sloping density gradient into a homogeneous blob that would
.themt find its own stability level and spread out in the form

of a layer.

Garret and Munk [Ref.160], however, envisage an almost closed
syséem in which the shear between the layers is randomly
superimposed on the shear of internal waves to cause local
mixiné, the creation of homogeneous parcels of water, and

hence the formation of fresh layers. Although this concept
ofllayering as a catalyst explains the regeneiation of layers,
it leavés open the question of how the first layers were formed
and how, in a lossy process that must generate thinner and
tﬁinqer layers, there is a return to the original thicknesses.
However, their model is an important stage in drawing together

some of the work on dynamic instability.

Woods [Ref. 161] has observed that 10 km long waves along the
Maltese oceanic front cause upwelling and downwelling lobes of
a few metres thickness, widths of a few kilometres, and
lengths of over ten kilometres, which he associates with
thermocline layers. It has not yet been possible to study
this ‘concept in other frontal areas and, moreover, it is not

certain whether all layering occurs in the vicinity of fronts,

A
=
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Atmospheric effects are thought to be responsible for some
layering, even far from the surface layers. It is believed
[Refs. 105 and 1067, for instance, that cooling and
evaporation of the surface in the Gulf of Lions by the
Mistral sometimes causes the water column there to collapse

and form deep intrusive layering.

Because of the non-linear properties of sea water, the mixture
of two water masses of equal density but different thermo-
haline properties can be shown to result in a third mass of
average thermnhaline properties but slightly greater density.
This "cabelling" instability was noted by Munk [Ref. 156] and
has now been developed byFoster [Refs. 116, 162 and 163] as

a possible explanation for the formation of steps in parts of
the Antarctic. It may also explain conditions in the low

salinity of "fresh" water lakes,

Many of the gaps in understanding the dynamic processes have

been due to insufficient measurements of the velocities

involved. The work being done by Nasmyth [Refs. 86 and 87],

and such equipment as that developed by Simpson [Ref. 164], should
help to provide these data.

13
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CONCIUSIONS

The history of the study of fine layering in the ocean presents
a sad picture of lack of communication between acousticians

and oceanographers., The attempts of the acousticians in the
1950s to explain the inhomogeneities in terms of small random
scatterers might have been resolved more quickly if the data
had been published in oceanographic literature. Equally, the
oceanographers! "discovery" in the late 1960s postdated wide-
spread acoustic measurements that had already identified the

layering in some detail but had not been widely published.

Explanations of the layered structure still depend on many
theoretical suggestions based on a large number of observations
but comparatively few detailed interpretive studies. Moreover,
the observations have been made with many types of equipment
having different time constants, and possibly not always under
the most carefully controlled conditions [Ref. 165], so that it
is difficult to compare one type of observation with another.
It is suggested that a greater interchange between workers is
required, not only in conferences but also in studying each
otner's areas with each other's equipment. The MODE experiment
[Ref., 166] now being planned by 1) US and British laboratories
under the leadership of Stommel and Robinson to study the ocean
"weather' off Bermuda next spring will include a conceatrated
study of the layered structure and will, therefore, be a step
in this direction. It is hoped that this cooperation will
include further joint oceanographic-acoustic studies such as

that recently undertaken by Johannessen and Mellberg [Ref. 1677,

It is also suggested that the subject deserves a detailed
cataloguing of the observations being made and an improvement
in its nomenclature. The term "microstructure" has been

deliberately omitted from this review because it seems

14
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unsuitable as a description of everything between 200 m thick
steps and milliimetre thick "sheets”, As the exact character

of the structure becomes mor 2 precisely identified by the high-
resolution equipment now coming into use it seems that a
terminology based on statistical descriptions would aid

communications.




lo.

11.

REFERENCES

Columbia University. 1945. "Fluctuation of transmitted
sound in the ocean". Division of War Research Sonar
Analysis Section Tech.Memo.6. Nat.Def.Res.Comm.6.l~
sr1131-1883. )

National Defense Research Council. 1946. "Physics of
sound in the sea, Pt I Transmission'. Research
Analysis Group. Washington D.C.

Bergmann, P.G. and Yaspan, A., eds. 1968. "Physics of
scund in the sea". 2nd.ed., Pt.I. New York: Gordon
and Breach.

Eckart, C. and Carhirt, R.R. 1950. "Fluctuation of sound
in the sea", In "A survey report on basic problems of
underwater acoustic research', Nat.Res.Counc., Comm. on
Undersea Warfare, Washington D.C.

Woodcock, A.H., 1941, "Surface cooling and streaming in
shallow fresh and salt water", J.Mar.Res. 4, 153-161.

National Defense Research Council. 1946. "The application
of oceanography to subsurface warfare". Summary Tech.Rpt.
Div.6, Vol,6A. Washington D.C.

Holter, N.J. 1944. "Measurements of the horizontal thermal
structure of the ocean”, USN Radio and Sound Laboratory
Report S-17.

Urich, R.J., and Searfoss, S.W. 1948. "The microthermal
structure of the ocean near Key West, Florida, Pt 1:
Description, and Pt 2: Analysis". U,S.N.Res.Lab.Rpts.
53392 and S3444.

Lieberﬁann, L. 1951, "The effect of temperature
inhomogeneities in the ocean on the propagation of
sound". J.Acoust.Soc.Am. 23,5,563-570.

Grant, H.L., Moilliet, A. and Vogel, W.M, 1963.
"Turbulent mixing in the thermocline"., Pacific Naval
Lab, preprint. Esquimalt, Brit.Columbia.

Murphy, S.R. and Lord, G.E., 1965. "Thermal and sound
velocity microstructure data taken with an unmanned
research vehicle", In "Proc. 2nd USN Symp. on Milt.
Ocean,, May 1965, USNOL, Silver Spring, Maryland, ®
Silver Spring: US Naval Ordnance Lab.




12,

13.

14.

16,

17.

18.

19.

22.

23.

24.

Murphy, S.R. and N¢dland, W,E. 1965. "An anmanned research
vehicle for use down to mid-ocean depths". 1In “Ocean
science and ocean engineeriang 1965"., Vol, 2. Trans.Joint
Conf. and Exhibit..Marine Techn.Soc,/Amer.Soc.Limn,Ocean.
June 1965, Washington D.C. pp.898-913 Washingtoen:
Mar.Tech.Soc.

Bergmann, P.G. 1946. "Propagation of radiation in a medium
with random inhomogeneities". Phys.Rev.70,486-492,

Mintzer, D. 1952, "Wave propagation in a randomly
inhomogeneous medium, I". J.acoust.Soc.Am.25,5,922-27.

Mintzer, D. 1953. "Wave propagation in a randomly
inhomogeneous medium, II®. J.acoust.Soc.Am.25,6,1107-1111.

Mintzer, D. 1954. "Wave propagation in a randomly
inhomogeneous medium, III*, J.acoust.Soc.Am.26,2,186-190.

Stone, R.G. aurd Mintzer, D, 1962, "Range-dependence of
acoustic fluctuations in a randcmly inhomogeneous medium.
J.acoust.Soc.Am.34,5,047-653.

Skudrzyk, E.J. 1957. "Scattering in an inhomogeneous
medium". J.acoust.Soc.Am.29,1,50-60.

Skudrzyk, E.J. 1960. "The scattering of sound in an
inhomogeneous medium®. U,S.0rdnance Res.Lab.Rpt.,
Contract NOrd 16597-63.

Skudrzyk, E.J. 1963. "Thermal mictrostructure in the
sea and its contribution to sound level fluctuations".
In "Underwater Acc istics: Proc. lhst. on Underwater
Acoustics", ed. Albers, U.M, New York: Plenum,.

Potter, D.S. and Murphy, S.R. 1957. "On wave propagation
in a random inhomogeneous medium”, J.acoust.Soc Am.

29,2,197-198

Sheehy, M.J. 1950. "Trnasmission of 24-kc underwater
sound from a deep sou.rce", J.acoust.Soc,Am.22,1,24-28,

Whitmarsh, D.C., Skudrzyk, E.J. and Urick, R.J. 1957,
"Forward scattering of sound in the sea and its
correlation with the temperature microstructure",
J.acoust.Soc.Am,29,10,1124-1143.

Sagar, F,H., 1955, "Fluctuations in intensity of short
pulses of 1l4.5-kc sound received from a source in
the sea", J.acoust,Soc.Am.27,6,1092~1106,




E 27.

28.

31,

32.

33.

34.

o—

35.

36.

Sagar; F.H., 1957. "Comparison of experimental underwater
acoustic intensities of frequency 14.5~kc with values
computed for selected thermal conditions in the sea®.
J.acoust.Soc.Am.29,&,948-965

Sagar, F.H. 1960. "Acoustic Intensity fluctuations and
temperature microstructure in the sea®, J,acoust.Soc,
Am.32,1,112-121

Murphy, S.R., Potiter, D.S. and Garrison, G.R. 1956.
"Underwater acoustic transmission variations caused
by thermal layers". Paper I8 read at 52nd Mecding of
Acoust.Soc.Am., Nov,56, Los Angeles. J.acoust.Soc.Am.
29,1,186

Nanda, J.N. and Rzo, V.N. 1958, "Fluctuation of sound
pulses transmitted vertically in the sea™. J.acoust.
SOC.Am.;_;_O_, 7'; 639-6410

Whitmarsh, D.C. 1963. "Underwater-acoustic-transmission
measurements". J.acoust.Soc.Am.25,12,2014-2018

Knollman. G.C. 1964. "Wave propagation in a medium with
random spheroidal inhomogeneities". J.acoust.Soc.Am,

36,4,681-688.

Stommel, H, and Federov, K.N., 1967. "Small-~scale
structure in temperature and salinity near Timor
Mindanao". Tellus 19,2,306-325.

Urick, R.J. 1963. "Low frequency sound attenuation in the
deep ocean", J.acoust.Scc.Am.35,9,1413-1422.

Shvachko, R.F., 1966, "Sound fluctuations and random
inhomogeneities in the ocean". In "Proc., 2nd Int.
Ocean.Congr., 1966, Moscow",

Gostov, V.S. and Shvachko, R.F., 1969, "The microstructure
of the temperature field in the ocean". Bull,(Izv.)
Acad.Sci.USSR, Atmos.Ocean.Ser.5,10,1066-1974
(Eng.ed.612-61/).

Berman, A, and Guthrie, A.N. 1972. "On the medium from
the point of view of underwater acoustics".
J.acoust.Soc. m. 51,3(Pt 2),994-1009.

Piip, A.T. 1966, ‘'Precision sound velociby in the ocean,
Vol. I: The sound speed channel in the Bermuda-
Barbados region, Nov-Dec. 63", Lamont Geol.Obs.
Tech.Rpt.No.3, CU-3-66,

1.8

b ltlas it e e 22 L SN AN S




37.

38.

39.

40,

41.

42.

44.

45.

46.

Piip, A.T. 1964. "Fine structure and stability of the
sound channel xn the ocean®, J.acoust.Soc.Am.36,10,
1948-1953.

Piip, A.T. 1967, "Precision sound velocity profiles
in the ocean. Vol., II: The sound channel in the
Bermuda-Barbados region, Apr.-Jul. 1964". Lamcut
Geol.Observ.Tech.Rpt.No,4, CU-4-67,

Piip, A,T. 1969. "Precision sound velocity profiles i
in the ocean. Vol. V: Sound speed and temperatures ‘
of Bermuda waters in autumn and winter, Oct. 1964-
March 1966". Lamont-Doherty Geol.Cbserv.Tech.Rpt.
No.7, CU-7-609. !

Piip, A.T. 1969. "The oceanic microstructure off |
Bermuda — a year's study®. Paper 0-67 given at
50th Ann.Mceting of Amer.Geophys.Unien, April 1069, ;
Washington D.C. !

Piip, A.T. 1970, "Precision sovnd velocity profiles |
in the ocean, Vol. VI: Sound s»eeds and temperatures
in and near the deep passages »>f the eastern
Caribbean, Nov. 1966-July 1967". iamont-Doherty Geol. :
Observ.Tech.Rpt.No.1, CU-1-7C. i

Piip, A.T. 1967. "Precision sound velocity in the
ocean, Vol, III: 31 hour- in the Tongue of the Ocean:
Sound speed, temperature, etc. March 1965%,

Lamont Geol.Observ,Tech.Rpt.No.5, CU-5-67,

Piip, A.T. 1968, "Precision sound velocity in the
ocean, Vol., IV: Canary Islands-Gibraltar-~Bay of
Biscay sound speed, temperature, etc. June-July 1965%,
Lamont Geol.Observ.Tech.Rpt.No.6, CU-6-68,

Piip, A.T. 1969, "Large cells of Mediterranean water
in the Madeira~Canaries region"., Paper 0-67 given
at 50th Ann.Meeting of Amer.Geophys.Union,

21-25 April 1969, Washington D.C.

Joseph, J. 1959. "Die Trubungsverhdltnisse in der
Irminger See im Juni 1955 und ihre hydrographischen

Ursachen" . Ber.Dtsch.Wiss.Komm.Meeresforsch.15,3,
238-259,
Joseph, J. 1959. "ijber die vertikalen Temperatur- und

Tzﬁbungsregistriergngen in einer 500 m machtigen
Deckschiecht des noidiichen Nordatlantischen Ozeans",
Dtsch.Hydrogr,Zéisschr. Erganzungsheft Reihe B(4°),3,
4‘8"550

[0




a7,

48.

49.

50.

52.

55.

56¢

57

58.

Holzkamm, F., Krause G. and Siedler G. 1964. *0n the
processes of renewal of the North Atlantic deep water
in the Irminger Sea". Deep Sea Res.11,6,881-890.

Hinkelmann, H., 1056, "Ein Gerat zur Schnellregistrierung
des Druckes. der Temperatur und des Salzgehaltes fur
Anwvendungen in der Ozeanographie". Kieler Meeresforsch.
12,2,200-201.

Hinkelmann, H. 1957. "Gerat zur Schnellregist:‘erung in
der Ozeanographie'. Z.,angew.Phys.9,10,505-513,

Siedler, G. 1963. "On the in situ measurement of
tenperature and electrical conductivity of sea water".
Deep Sea Res.10,3,2609-.277.

Pingree, R.D. 1970. "In situ measurements of salinity
conductivity and temperature". Deep Sea Res.l17.4,
603"’6100

Siedler, G. 1961, "Uber die kurzfristige Veranderlichkeit
von Temperatur- und Salzgehaltsschichtung in der
ostlichen und mittleren Ostsee in Sommer 1960,

Kieler Meeresforsch.17,148-153.

Siedler, G. 1969. "Die Haufigkeitsverteilung von
Wasserarten im Ausstrombereich von lleeresstrassen”.
Kieler Meeresforsch,24,2,59~65.

Zenk, W. 1969. "Zur S~hichtung des Mittelmeerwassers
westlich von Gibraltar". Ergebnisse der "Meteor? -
Reise 8, Januar bis Marz 1967. Kiel Inst. fur
Meereskunde unpub.man.

Zenk, W, 1970. "On the temperature and salinity
structure of the Mediterranean water in the northeast
Atlantic". Deep Sea Res.l17,3,627--631.

Krause, G, and Ziegenbein J. 1966, "Die Struktur des
heissen salzreichen Tiefenwassers im zentralen
Roten Meer", '"Metecr” Forschungsergebnisse, Reihe A
Heft 1. Kiel Inst.fur Meereskunde unpub.man.

Siedler G, 1968. "Schichtungs- und Bewegungsverhaltnisse
am Sudausgang des Roten Meeres". "Meteor!
Forschungsergebnisse, Reihe A, Heft 4. Kiel Inst.
fiir Meereskunde unpub.man,

Krause, G. 1968. "Stiuktur und Verteilung des Wassers
aus dem Roten Meer im Nordwesten wes Indischen Ozeans".
"Meteor" Forschungsergebnisse Reihe A, Heft 4.

Kiel Inst. fur Meereskunde unpub.man,

20




59.

60,

01.

62,

63.

64.

65.

66.

67.

68.

69.

70.

71.

Fosberry, G.G., Woods, J.D., Drinkall, B. and Britton G.P.
1966. "Observations of the behaviour of the thermocline
and transient statifications in the sea made visible by
dye markers®. Paper read at seminar of the United
Kingdom Studies in Environmental Prediction, London,

Oct. 1966, MOD London.

Woods, J.D. and Fosberry, G.G. 1966. "Observations of the
thermocline and transient stratification made visible by
dye". In "Malta '65: Proc.Symp.Underwater Ass." London:
The Association.

Wocuds, J.D. and Fosberry, G.G. 1966, "The structure of
the summer thermocline", In "Report of the Underwater
Assoc., 1966-1967",2,5-18., London: The Association.

Wearden, G. 1966, "A temperature gradient meter'.
Admiralty Research Laboratory, Teddington, Report
No. 0/30.

Woods, J.D. 1969. "On designing a probe to measure
ocean microstructure®. Und.Sc.Tech..Jl. 1,6-12

Woods. J.D. 1968, "Wave-induced shear instability in the
summer thermocline", J,Fluid Mech.32,4,791-800

Woods, J.D. 1968, "An investigatioun of some physical
processes associated with the vertical flow of heat
through the upper ocean®., Met.Mag.Lond.97,65-72

Woods, J.D. 1969, "Diurnal behaviour of the summer
thermocline off Malta". Deutsch Hydr.Zeit.21,3,106-108.

Woods, J.D, 1971, '"Ocean microstructure and billows
turbulence", In "Proc. Joint Ocean. Assembly, 1970,
Tokyo".

Woods, J.D. and Wiley, R.L. 1972, "Billow turbulence
and ocean microstiucture”, Deep Sea Res.19,2,87-121

Woods, J.D. 1968, "CAT under water"., Weather, Lond.
23,6,224-235,

Woods, J.D. 1969, "On Richardson's number as a
criterion for laminar-turbulent-laminar transition
in the ocean and atmosphere®. Paper read at Coll.
of Meteorological Variables, June 1969, Stockholm.
Radio Science 4,12,1289-1298

Woods, J.D., ed., 1969, "Fossil turbulence", Report of

working group. Coll., of Meteorological Variables,
June 1962, Stockholm. Radio Science 4,12,1365-1367

21




- . iy > - T S T AR O LU= (iR P SN T Aokt gy S 2%
e »‘g’.' P vy AU S R T O R P s o g3 b 7 e TN R SR S A A R O ke ety e X %

i
~

72. Pao, r.H. and Goldburg, A., eds, 1969, '"Clear air
turbulence and its detection”, In "Proc.Symp. on
Clear Air Turbulence and its detection, Aug. 1968,
Seattle, Wash." New York: Plenunm,

73. Dutton, J.A. and Panofsky, H.A. 1970. "Clear air
turbulence: A mystery may be unfolding". Science

167,3920,937-944.

74. The Bissett-Berman Corporation. 1964, "Instruction
manual for model 9000 sSalinity temperature depth
System'" ., Santa Monica. Cal.: Bissett-Berman.

S MR S T T F T S

75.  Shelkovnikov, ¥.K. 1968, "Procedu.,e and equipment
for investigating turbulent microfluctuations at
sea". Int., (Vertn.) Moscow Univ.Phys.Astron. Ser.l.

e et - SR B

76. Graefe, V, and Gallagher, B. 1969. '"Oceanographic
profiling with improved vertical resolution®.
J.geophys.Res.74.23,5425-5431,

77 Denner, W.W,, Neal, V.T. and Neshyba, S.J. 1971.
"A modification of the expendable bathythermograph
for thermal microstructure studies". Deep Sea Res.

18,3,375-378

78. Gregg, M.C. and Cox, C.S. 1971, "Measurement of the
oceanic microstructure of temperature and electrical
conductivity". Deep Sea Res.18,9,925-934,

79. Osborn, T.R. 1971. "Vertical measurement of microstructure'
In "Proc.Joint Ocean. Assembly, Sep. 1970, Tokyo". 7,
Tokyo: Jap.Soc.Prom.Sc.,

80. Zox, C.S., Hacker, P.W.,, Johnson, B.,P, and Osborn, T.R.
1969, "Fine scale of temperature gradient", Trans.
Mar,Tech.Soc. 95-103. !

81. Cox, C.S., Nagata, Y. and Osborn, T.R. 1969, "Oceanic fine
structure and internal waves". Bull.Jap.Soc.Fish Ocean,
Special No.1969, (Prof. Uda's Comm.Papers), 67-71.

82. Nagata, Y. 1969, "Frequency distribution of the vertical §
temperature gradient in the thermocline". Geophys.Inst,
Univ.Tokyo. Memo.No.l.

83. Nagata, Y. 1969, "Comparison of two records taken at a
distance of 50 m", Geophys.Inst., Univ.Tokyo. Memo.No.2.

84. Nagata, Y. 1969, "Higher order spectral analysis of the

vertical temperature gradient in the oceanic thermocline".
Geophys.Inst., Univ.Tokyo, Memo.No.8.

22




Gregg., M.C. and Cox, C.S, 1972. "The vertical micro-
structure of temperature and salinity". Deep Sea Res.

16,5,355-376

Nasmyth, P,W, 1970. "Oceanic turbulence". Ph.D. thesis,
Univ.Brit.Columbia.,

Nasmyth, F.W. 1971. "Some observations of the fine
structure of the upper layers of the ocean”. In
#Proc. Joint Ocean, Assembly Sep. 1970, Tokyo".
7. Tokyo: Jap.Soc.Prom.Sc.

Roden, G.I, 1968. "Spectral analvsis and interpolation
of STD records”. J.geophys.Res.73,2,535-539.

Roden, G.I. 1971, %“Spectra of North Pacific temperature
and salinity perturbations in the depth domain"®.
J.fhys.0cean.l,1,25-33

Gaul, R.D. 1968, *"Investigation of oceanic strajification
currents and surface waves"., Westinghouse Research Labs.
Pittsburgh Pa, Final Report ONR Contract N00014-67-C-0288.
(AD 678 654).

Plaisted, R.0. and Richardson, W.S. 1970. "Cu.rent fine
structure in the Florida Current". J.mar.Res.28,3,359~363.

Cooper, J.W. and Stommel, H. 1968, "Regularly spaced steps
in the main thermocline near Bermuda". J.geophys.Res.73,

18,5849-5854.

Brekhovskikh, L.M., Ivanov~Frantskevich, G.N., Koshlyakov, M.N.,
Federov, K.N., Fomin, L.M. and Yampol'skiy, A.D. 1971,
"Some results of a hydrophysical experiment on a test range
established in the tropical Atlantic Ocean'. Bull. (izv.)
Acad.Sci,USSR. Atmos.Ocean.Ser.7,5,511-527 (Eng.ed. 332-343).

Brekhovskikh, L.M.,, Federov, K.N., Fomin, L.M., and
Yampol'skiy, A.D. 1971, ‘'"Large-scale multi-buoy experiment
in the Tropical Atlantic". Deep Sea Res,18,12,1189-1206.

Katz, E.J. 1970, "Diffusion of the core of Mediterranean
water above the Mid-Atlantic Ridge crest". Deep Sea Kes,
17,3,611-625.

Tait, R.I. and Howe, M,R. 1968. "Some observations of
thermohaline stratification in the deep ocean"., Deep Sea
Res.15,3,275-280

Pingree, R.D, 1969, "Small-scale structure of temperature
and salinity near Station Cavall". Deep Sea Res.l10,3,

275-295,

[+ B
s )




§

D ot i |
j
.

A AN

98'

99.

100.

lcl.

lo2.

103.

1040

105.

106.

107.

108,

109.

11o0.

111.

Howe, M.R. and Tait, R.I. 1970. "Further observations
of the thermohaline stratification in the deep ocean',
Deep Sea Res.17,6,963-972.

Pingree, R.D. 1971. YAnalysis of the temperature and
salinity small-scale structure in the region of
Mediterranean influence in the NE Atlantic". Deep Sea

Res. 18,5,485-491.

Tait, R.I. 1971. "The microstructure of the north-east
Atlantic”. In "Proc.Joint Ocean.Assembly Sep.1970,
Tokyo".7. Tokyo: Jap.Soc.Prom.Sc.

Tait, R.I. and Howe, M.R. 1971. *Thermohaline
staircase". Nabure, Lond.231,5299,178-179.

Elliott, A. 1972. "Steps in the ocean". New Scientist
54,790,18-19

Pingree, R,D, and Plevin, J. 1972. "A description of
the upper 100 m at Ocean Weather Station JULIETT
(52°30'N, 20°00'W)", Deep Sea Res.19,1,21-34.

Simpson, J,H. 1971. "Density stratification and
microstructure in the western Irish Sea". Deep Sea
Res.18,3,309-319.

MEDOC Group. 1970. "Observation of the formation of
deep water in the Mediterranean Sea 1969%, Nature,
London, 227,5262,1037-40

An~ti, D.A, 1971. "On the mechanism of the deep mixed-
layer formation during MEDOC 69", Cah.Ocean.23,5,427~
443.

Johannessen, 0.M. and Lee, 0.S. 1972. private
communication.

Swallow, J.C. and Crease, J, 1965. "Hot salty water
at the bottom of the Red Sea". Nature, iLond.205,

Degens, E.T. and Ross, D.A., eds, 1969, "Hot brines
and recent heavy metal depositsin the Red Sea'.
Berlin: Springer.

Hamon, B.,V., 1967. "Medium-scale temperature and
salinity structure in the upper 7500 m in the
Indian Ocean”. Deep Sea Res.14,2.169-181,

Neal, V.T., Neshyba, S., and Denner, W. 1969,

"Thermal stratification in the Arctic Ocean".
Science 166,3903,373-4

24




. e

112.

il3.

1i4.

115.

116.

117.

118'

119.

120.

121.

122.

123.

Neshyba, S.S., Neal, V.T. and Denner, W. 1969, !

*The significance of temperature stratification in
the Arctic®., In ¥Proc.6th U.S.N. Symp. on Mil.

Ocean., May 1969, Seattle’ 1 457-4/1.,Sea+tle,
Wash,: The University. :

Neshyba, S, ainid Neal, V.T,- 19/1. "Temperature and
conduciivity measurements under Ice: lsland T-3%".
J.zeophy.s.Res. /6 33, 810/~8120.

Neshyba, S.S., Neal, V. T. and Denner, W, 1971
"Internal waves apd thermal-solutal microstructure®,
In "Proc, 8th U,S.N. Symp. on'Mil,Ocean. May 71,
Monterey, Calif, I Monterey. USN Postrc“aduatq
School.

Neshyba, S., ‘Neal, V.T. and Denner, W, 1972. ' '
'Sp ectra of 1nterna1 waves: in .situ measurements

in a multiple-layered structure . J.Phys. Ocean.
2,1,91-95

’ . 1
Foster, T.D., 1972, "An analysis of the cabelling
instability in sea water®. J.Phys.Ocean.,2,3,
in press. ‘
. : . {
Hoare, R,A. 1966, "Problems of heat transfer in
Lake Vanda, a density-stratified Antarctic lake".
Nature, Lond. 210,5038,787-789. : .
Hoare, R.A. 1968, "Thermohaline convection in Lake
Vanda, Antarctica". J.geophys.Res.73,2,607-612, '

Shirtcliffe, T.G:L. and Calhaem, I.M. 1968.
"Measurements of temperature and .electrical

conductivity in Lake Vanda, Victoria Land, Antarctica".

N.Z. J.geol.Geophys.]1,976-981. X

Simpson, J.H. and Woods, J.D, 1970.: "The .temperature
microstructure in a freshwater thermocline”,
Nature, Lond. 226,5248,832-834.

Stern, M.E. 1967. "Lateral mixing of water masses“
Deep Sea Res.l14,6,747-753. !

Federov, K.N. 1970e "On the step-~like structure of
temperature inversions in the ocean". Bull, (izv.)
Acad.Sci,USSR, Atmos.Ocean., Ser. 6 ,13,137811188.
(Eng.ed. 704-709). : )

Siedler, G. 1969, "On the fine structure of densibty
and current distribution and its short-time
variations in the different areas”, In *Progress
in Oceanography" 5,81-94. London: Pergamon. ;




124.

125,

126.

127.

128.

129.

130.

131,

132,

133'

134.
l35o

136.

137.

1389

Federov, K,N. 1971. "The new evidence of the lateral
convection of the ocean". Okeanol.l1l,6,994-998.

Turner, J.S. and Stommel, E. 1964. "A new case of
ccavection in the presence of combined vertical
salinity and temperature gradients”. Proc.natn.
Acad.Seci.USA 52,1,49-53.

Ostrach, S. 1957. "“Convection phenomena in fluids
heated from below”. Trans.,Am.Soc.Mech,Engr.79,2.

Stern, M.E. 1960. "The !'salt-fountain' and thermochaline

convection®. Tellus 12,2,172-175.

" Stommel, H., 1962. "Examples of mixing and self-

stimulated convection on the S-T diagram".
Okeanol.2,205-209.

Walin, G. 1964. *Note on the stability of water
stratified by both salt and heat". Tellus 16,3.

Turner, J.S. 1965. "The coupled turbulent transports
of salt and heat across a sharp density interface',
Int.J.Heat Mass Trans.8,5,759-767.

:Veronis, G. 1965, "On finite-amplitude instability in

thermohaline convection". J.mar.Res.23,1,1-17.

Shirtcliffe, T.G.L. 1967. "Thermosolutal convection:
observation of an overstable mode". Nature, Lond.

213,5075,489-490.

Turner, J.S. 1967, 9"Salt fingers across a density
interface", Deep Sea Res. 14,5,599-611.

Turner, J.S, 1968, "The behaviour of a stable salinity
gradient heated from below". J.Fluid Mech.33,1,

Turner, J.S. 1968, "The influence of molecular
diffusivity of turbulent entrainment across a
density interface". J.Fluid Mech.33,4,639-656.

Stern, M.E. 1968, "T-S gradients on the micro-scale".
Deep Sea Res. 15,3,245-250.

Shirtcliffe, T.G.L. 1969, "The development of layerea
thermosolutal convection". Int.J.Heat Mass Trans.,
12,215-222.

Stern, M.E. and Turner, J.S. 1969. "Salt fingers
and convecting layers". Deep Sea Res.16,5,497-511,

26

P —




139.

140.

141.

142.

143.

144.

147c

148-

149.

150,

151.

Stern, M.E. 1969. #Salt finger convection and the
energetics of the general circulation®. Deep Sea
Res.16,Suppl. ,263-267.

Stern, M.E. 1969, "Collective instability of salt {
fingers®. J.Fluid Mech.35,2,200-218

Welander, P, 1969, “Instability by heat diffusion in
a stably stratified fluid®, Goteborg Univ.Ocean. |
Inst.Rpt.No.2. {

Shirtcliffe, T.G.L, and Turner, J.S. 1970.
"Observations on the cell structure of salt fingers®.
J.Fluid Mech.41,4,707-719.

Gili, A.E. and Turner, J.S. 1971, *Double-diffusive
convection over a sloping boundary®. 1In ¥Proc.
Joint Ocean. Assembly Sep.1970, Tokyo”. 7. Tokyo:
Jap.Soc.Prom.Sc.

Lambert, R.B. 1971. #Experimental studies of
stratified layers". In "Proc.Joint Ocean.Assembly
Sep.1970. Tokyo".7.Tokyo: Jap.Soc.Prom.Sc.,

Lindberg, W.R. 31971. "“An upper bound on transport i
processes in turbulent thermohaline convection®,
J.Phys.Ocean,1,3,187-195.

Federov, K,N. 1972. #Thermohaline convection called
salt fingers and its possible effect on the ocean". g
Bull. (Izv.) Acad.Sci,USSR. Atmos.Ocean.Ser.$§,2, ’
214-230,

Stern, M.E. 1970. "Optical measurments of salt
finger *., Tellus 22,1,76-81,

Kim, M.G,, Lambert, R,B. and Letcher, S.U, 1971,
"Investigation of double-diffusive convection i.sing

an ultrasonic pulse-echo technique". J.acoust.Soc,
Am. 50,5(2).,1389-1392,

Briscoe, M. 1971, *Summary and Impressions of the
Session on Ocean Microstructure", In "Proc.Joint
Oceanogr.Assembly Sep. 1970, Tokyo". 7. Tokyo:
Jap.Soc¢.Prom.Sc.

Linden, P.F. 1971, *Salt fingers in the presence of
grid-generated turbulence". J.Fluid Mech.49,3,
611-624.

Grant, H.L., Hughes, B.A., Vogel, W.M. and Moilliet, A.
1968, "The spectrum of temperature fluctuations in
turbulent flow". J.Fluid Mech.34,3,423-442.




153.

154.

155.

156,

157.

158,

159.

160.

164n

165.

Stommel, H., Arons, A.B. and Blanchard, D, 1956.
TAn oceanographical curiosity: the perpetuwal salt
fountain®. Deep Sea Res.3,3,152-153.

Huppert, H.E. 197i. "On the stability of a series of
double-diffusive layers®, Deep Sea Res. 18,10,
1005-10621.

Lubimova, E.A., Richard,; P., von Herzen, R.P. and
Udintsev. G.B. 1965, "On heat transfer through
the ocean floor!. Amer,Geophys.Un,Terrestial Heat
Flow, Geophys. Monograph No.8.

Von Herzen, R.P. and Anderson, R.N. 1972, -
"Implications of heat flow and bottom water temperature
in the equitorial Pacific". Geophys.J.R,Astr.Soc.260,
427-458.

Munk, W.H. 1966, "Abyssal recipes". Deep Sea Res. 13,
4,707-730.

Phillips, 0.M. 1966. "Dynamics of the upper ocean".
Cambridge: Univ.Prec-.

Orlanski, I. and Bryan, K. 1969. "Formation of the
thermocline step structure by large-amplitude internal
gravity waves". J.Geophys.Res. 74,28,6975-6983.

Orlanski, I. 1971. "Energy spectrum of small-scale
internal gravity waves". J.Geophys.Res.76,24,5829-5835.

Garrett, C, and Munk, W, 1971, "Internal wave spectra
in the presence of fine-structure". J.Phys.Ocean.l,l,
196-202.

Woods, J.D. 1972. private communication,

Foster, T.D. 1969. "Haline convection induced by the
freezing of sea water", J.Geophys.Res.73,60,1933-1938,

Foster, T.D, 1969. "Experiments on haline convection
induced by the freezing of sea water', J.Geophys.Res.
74,28,6967-6974.

Simpson, J.H. 1972, "A free-fall probe for the
measurement of velocity microstructure"., Deep Sea Res.
19,4,331-336.

Pingree, R.D. 1971, "Regularly-spaced instrumental
temperature and salinity structure", Deep Sea Res.

18,8,841-844.

o
o

ST




166.

167.

Hammond, A.L. 1972. "Physical oceanography: planning for
a major experiment". Science 176, 4032, 268-269.

Johannessen, 0.M. and Mellberg, L.E. 1972. "Layered
oceanic microstructure, its effect on sound propagation'.
J.acoust.Soc.Am., in press,




