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Preambular Note

During the meeting of the Ad Hoc Committee to Study the Peaceful Uses of
the Sea-Bed and the Ocean Floor Beyond the Limits of Nationai Jurisdiction in
March 1968, the IOC was requested to furnish a paper on the scientific aspects.
of the problem. In view of thé limited time before the next meeting of the
Ad Hoc Committee (in June 1968), the IOC Chairman decided to ask the secretariat

to coﬁiile.a brief document summarizing av;ilable infbrmation on scieﬁtific
knowledge of the sea-bed and on methods for its-investigation.- Thig document was
preparéd, largely by the secretariét (UNESCO Office of Oceanograﬁhy) and with the
help, in certain sections, of the staffs of WMO and IMCO.

i The IQC Bureau and Consultative Council, during its 8th meeting, did not
havé an ‘adequate opportunity to examine the paper in detail. ‘Nevertheless it was
agreed fhat the study, although preliminary in character, contained much useful
infofmation and should be transmitted to the Ad Hoc Committee, for use along with
the ECOSOC report (E/4449/Add.1), the General Scientific Framework for World

Ocean Study and other sources of information.
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SCIENTIFIC ASPECTS OF PEACEFUL USES OF THE OCEAN FLOOR

=

(Prepared by the Secretarxat of the Intergovernmental OceanOgraphlc
Commission for the United Nations General Assembly Ad Hoc Committee
for Study of Peaceful Uses of the Sea-Bad end Ocean Floor Beyond

the Limits of National Jurisdiction) ' _

GENERAL INTRODUCTION

: At a time when we are beg:.nnlng to pla.n peaceful use of the aea.-bed
it is indispensable to summarize our ideas on the subject. In the natural
order of their realiZation. present~day peaeeful uses of the ccean floor are:

i. The 1ay1ng of underwater cables and plpellnes,

ii. The explo:.tlng of o:l.l 'and mineral rescurces;
iii. The installing of scientific 1netrumente (e.g. deep-sea
tide gauges) and eventuelly of underwater leboretorles.

Each of these act:l.nt:.es requires a thorough knowledge of the ocean floor
and of the superjescent enviromnment and, for some appl1cet10ns, the amount of

knowledge and data needed is very great.

To cover adequately all the kinds of knowledge needed and the ways of -
obtaining it, a complete modern course of oceanography (comprlslng all the
disciplines) would be appropriate. —In this peper, however, only the most
important facts are selected and the most.vital problems singled out; din—— -
order to demonstrate the degree of involvement of science. This selection
gives the paper something of a mosaic pattern, allowing, nevertheless,
presentation of essentials. €.8+y explanation as to why certain scientific
aspects are so vitally important and suggestions as to the further studies
needed to render the practical work fEaslble and safe. _

BASIC FACTS ABOUT THE OCEAN -AND-ITS FLOOR

(a) Major d;men81ons

Total surface of the ocean 360 million. kma (or Tl% of the Eerth'a
‘surface). - ‘

Average‘depth of the ocean :-35795 e

The area with depths between 14,000 and 5 000 m. represents 36 6%
of the ocean floor surface._ _

Totsl volume of the ocean : 1,370 million km3,

A#erageiaelinity of the oceanic water : 35%



Continental shelf (0 = 200 m) 26 million kn® = 7% of the ocean floor.
Continental slope (290 = 2,440 m) 39 million km? = 11% of the ocean floor.

Abyssal plaln (2 Lo - 5 750 m) 28& mllllon km = 79% of the ocean floor.

Deepfsea trenches (more than 5,750) 11 m;lllon km2 = 3% or the ocean floor.

' The deepest trench is the Mariano_in'the Pacific = 11,034 m.

(b} [The ocean 8s a dynamic system

_The enormous mass of 1,370 million km° of the ocean's water is in perpetual
mnvement. While the ocean's pgeneral circulation is wind=-driven, the uneven
distribution of solar heat over the Earth®’s surface and further redistribution
of this heat by oceanic currents play their important roles in mutual adjustment
of the atmospheric and oceanic circulation patterns. As a whole the ocean
behaves much as’ a complicated heat engine. To fully understand and predlct its

behaviour laws of thermodynamics should be appl;ed.

- Horizontal movements in the ocean are several orders of magnitude faster
than vertlcal ones: On average their relation to each other is as the relation
of horizontal dimensions of the ocean to its depth. Major horizontal currents
sometimes attain speeds of 3 to I knots. Vertical velocities in aress of well-
pronounced upwelllngsﬁare still fractions of a centimetre per second.

' The ocean actxvely 1nteracts with the atmosphere and with the bottom.
Both the atmosyhere and the ocean floor strongly influence the ocean's physics,
chemistry and life. Equally important is the influence of the ocean on the
atmosphere, on the ocean floor and on the continents. .

Hearly everything in the ocean, at least on the time secales involved in our
observations, appears to be in a state of dynamic balance
dissolved salts and gases, living organisms. Local and temporal departures-frem
this dynamic balance may cause major consequencies, both locaelly and elsewhere,
in the ocean itself, in the biosphere and in the atmosphere. On a geological
time-scale, however, this consideration is no longer valid and one may spesk
only of a temporany quasi-equilibrium. This quasi-equilibrium may be simply
e momentary stage in the long, slow evolution which has undoubtedly been
interrupted by abrupt major changes many times in the history of the Earth.

Accumulatlon of sediments on the ocean floor is slow. Although the rate
of this accumlation is only from 0.1 to a few centimetres per thousand years,
-a ‘considerable amount, estimated as being in the region of several hundred
million tons of sediment material, is added every year over the whole surface of
the ocean floor. - Principal sources of sedimentation are : material brought by
rivers from the continents; material resulting from coastal abrasian; material
of biological origin {microscopic skeletons of plankton; shell coral and other

detritus, etc.; chemical precipitation.
Currents redlstrlbute in the ocean the susPended and dlssolved matter

ofeo

*  as accepted in oceanographic classxflcatlon
(adjacent end mediterranean seas included).

: water itself, energy,
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orlglnally brought by rivers, as well as that resultlng from coastal abr351on.
While being transported away from continents heavier minerals may remain
behind, separating from the lighter omes which continue to drift., Chemical.
and biologiCal processes account for various transformations of organic and
inorganic matter during its slow descent through the water layers to the
abyssal depths. Terrigenous material mixes with orpganogene detritus such as
shell fragments, coral sands or different calcareous and silicecdus remnants of
In some areas the planktonic portion of the sedimentation is
even predominant. Calcareous material becomes solvent in cold water and
precipitetes in varm aresas, Some metala, like menganese, undergo concentration
in the form of nodules. Sediments rich in organic matter, once superlmposed
and trapped by 1mpermeable layers, may be transfbrmed into petrollferous ones.

organic life.

Further slow transformations occur in the sediment 1ayers themselves.
There may, however, be quicker changes due to underwater volcanic eruptions
as a result of which sediment layers can become interspersed wlth layers of

lava,

The layers of sed;ments and the crystalllne base on thCh the sediments
rest are subject to tectonic forces of compression ‘and expan51on. The '
complicated topography of the ocean floor, with its mid-ocean ridges, rift
valleys, underwater mountains and volcanoces, displays abundant features of
past and contemporary trapsformations. Understeanding them provides us with
means to interpret the ancient history of the ocean basins and of the whole
planet Earth. = The origin of the oceanic water and of its salt content is
closely related to this geologlcal hxstory. ‘Knowledge of it can be pnrtlcularly
important for such practical aims as mineral exploltatlon. for example. :
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CHAPTER I.  PROBLEMS RELATED TO THE PROCESSES OF FORMATION AND

0 THE GEOGRAPHICAL DISTRIBUTIOﬂ OF MARINE MINERALS

Introduction

In relation to thome uses of the ocean floor mentioned in the géneral

introduction, the most relevant topics of research are :

Amount and @omposition of material tranéported from
the continents into the ocean and of that suspended
end dissolved in the oceanic water.

Suspended matter in the ocean énd suspension currents.
Deep=-ocean sediments 3 stratigraphy and ﬁicropaleantology.
g .
_ N _ : _ o
Near-bottom processes and interaction on water-sediment interface,

Well-rounded deposits on the deep-sea floor : pebbles - nodules «
lava bombs - organogene concretions - spherules. : :

Tectonic processes in the Earth's crust and in the Upper Mantle.

In addition to the findings of research, a considerable amount of
specific and precise data on bottom topography, geophysical parameters,
sediments and water masses sbove, is needed for all practical purposes
associated with any use of the ocean floor. It is therefore essential
that regular surveys be conducted to provide such data as required. A
wvealth of useful data exists in the world from surveys already accomplisned.
It is important, therefore, to know the degree of the present coverage of

the ocean by : :

Bathymetric surveys.
Geophysical surveys.
Sediment sampliﬁg.

‘Underwater photography.
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1.1 Amount and composition of material transported from the continents
into the. ocean and of that suspended and dlSSOlVEd 1n the oceanic wuter.

Every year about 36,000 km3 of river water flows into the sea, charged
with 12,700 million tons of suspended matter, of which large parts are useful -
minerals and ores. Approximately 3,000 million tons of dissolved material
per year is also brought with the same water. This represents, however, a
very samall fraction of the total amount of salts dissolved in the ocean water
(5.10 million tons). It is well known that the chemical composition of the
dissolved material brought by rivers is substentially different from that of
the ocean itself. This fact does not permit acceptance of such a hypothesis
as that of a slow accumulation of salts in the ocean due to supply by rivers,
and calls for more complicated theories as to the origin of the oceanic water
and the salts in it. Although very plausible theories describing their origin
in the general context of the Earth's early history and evolution exist,
scientists do not agree on vwhich of these theories to flnally accept as fully

correct.

Neither the salts nor the suspended matter carried to the ocean by rivers
remain unchanged there. Part of the suspended matter dissolves; part of the
salts in solution is extracted by living orgsnisms; a part of the suspended
material originally brought goes into sediments either in its original form
or after undergoing certain metamorphoses. While sediments accumulate on the
bottom, the material remaining suspended or in solution participates in a '
compllcated cycle in which the organlsms inhabiting the ocean. play a very

lmportant role.

The tables on the followlng pages give some flgures conce:nlng the

chemical composztxon of the..oceanic water, of the continental run-off, ang
their comparzson.



TABLE I =

aceord:.ngto A.P. og

(8 = 35,000y Cl = 19,375%,)
Chemical mg/litre lEhemEcal “ mg /litre
eiemeﬂt “ . . i EIG-m"t‘ . .
[}
M —_ In (1-107%) o 0001
He — 0, ooooos Sn 3.-1077 0,003
Li 1,5-107% 0,15 - Sb 5-107  |0,0005
Be .40 0, 0000008 Te ? —
B 4,610 5,6 ‘ I 5407 0,05
c —_ 28 Xe 7 —
N —_ 0,5 3,7.10"  |0,00037
0 _ — 240 fo,02
F 1,3.10™ 1,3 2,9-107% 0 0000029
Ne — 0,0001 1,310  |o,0000013
‘Na 1,03534 10,354 6-10~1  |0,0000006
Mg 0,1207 1207 2,3-1011  0,0000023
Al 1-10™¢ 0,01 4,2.10"1t |0, 00000042
si 310 | 3,0 1,t-1070 |0 0000011
P 7-1070 0,07 8-10°11  J0,0000006
S 0,089 890 ? -
cl | 1,93534 19354 7,3-1071  |0,00000073
Ar —_ 0,6 2,2-101  [0,00000022
K 0,03875 387,5 6.40711  |o, 0000006
Ca 0,0408 408 t-10-11  |o,0000001
Se 4.107 0,00004 5.1071 . |0,00000052
Ti 11077 0,001 1.40710 o, oooooom
v 3.10™7 0,003 ?
Cr 210 0,00002 ?
Mn 24077 | 0,002 {407 0,000!
Fo 1.10™ 0,01 7 -
Co 5.1078 0.0005. ? —
Ni 2.40~7 0,002 ? -
Cu 3.10~ 0,003 ? -
Zn 1.40- 0,01 - 4.1071  10,000004
Ga 3 107 6,00003 . 8107 |o,00003
Ge 81070 0, 00008 110  |o,00001
As 1.40~7 0,003 — 3.1  |0,00003
Se 1.407 0,0001 2.40* 10,0002
Br 6,6.107 86 ? —
Kr — 0,0003 ? -
Rb 2.1078 0,2 : 8.40 l5.4014
S s.40~ | 8,0 ? —
Y 3.0 0,0003 1.1 11070
Zr 5.10~* 0,00005 2407  [2.40716
Nb 1.40™ 0,00004 i.to 0,00001
Mo {.40 06,04 5.4071%  5.40™n
Te ? — 3.107  o,002
Ru ? - 5,407 5 1g71e
Rh ? - 74000 (7.4070
pd ? -
Ag 3.407¢ 0,0003
cd {.10°¢ 0,0004
L
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TABLE II - Ionic composition

according to O.A. Alekin)

' Total

+ 3 f& <) ,l., 1

S| = |2+ | 8| 8| &
inmg/litee . ... ....1130 |88 |61 |41,6(11,0 |66 | 80,2
in% of dry residue . .[156 | 3,7 | 6,8 [53,4 13,3 |72 [100 -

-Annual suppl
A ety
in miliion tons . oes e ot 404 117 217 1692 | 423 228 | 3171

TABLE III - Chemical elements which are more abundant in'u
oceanlc¢ water than in the continentsl run-off
gccordlng-to A.P. Vinogradov) :

"

Element| Ocean: Rivers : Element| Ocean: [ Rivers .
in % I in % [ In% iny

Li 1,5-10°8 1407 Ca 0,0408 1,3-10™

B 4,6-10~ 2.0 Br 6,6-107 2.410™

F 1,310 3-10™ “'Rb 2107 2 107
—Na~ 1,035 4,5-' 10 B . 7% [ T I % (i ]
Mg 0,129 3,3.40 4 a-10™ 2.40™7

S 0,089 440~ Cs 3,7:40™ 1.107
Cl 1,935 6,4.10 Ba 2.0 <340
K 0,039 i,5.10™ u 3.1077 i-107

TABLE IV -~ Chemical elements vwhich are more.abundant.in
the continental run-off than in the ocean
{according to A.P. Vinogradov)

Element| Ocean: Rivers: || Element Oc.éan: . Rivers:
: in % in % in% nYy
St 34074 840 g 2407 | 5.0
Ti 1.4077 5.4077 .
- Cu 34077 . 5.4077
Cr 2107 1407 ; : _
A4 1.107 2.40°¢
Mn 2,467 {.10™ -
Phb 310 ~f 4077
Fe i.40°8 8,7.10* Al 1407 © 5.40-8
Co 5-4070 B TS ( : _
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" 1.2  Buspended matter in the ocean and suspension currents.

Sus pende'd matter

It is important to study the disitribution of suspended matter in the
ocean as the information so cbtained may provide scientists with guiding
principles to better understanding of the geographical distribution of -
sediments in the ocean. By studying the distribution of ancient sediments
_eonclusions may be come to as regards systems of currents which were
" predominent in the ocean at the time when the ancient sediment meterial was

being deposited from suspenszon.

Informat:mn on concentra.tmns of suspended matter near the sediment-
water interface is important for the use of underwater photography. In
some areas the turbidity of water near the bottom is quite significant and
may prevent successful photography. The turb:.d:.ty gbove the sediment surface

“may also change with the tidal cycle. -

‘Studies of the composition of suspended matter and its comparison with
that of sediments give scientists an insight into the transformations
which such matter undergoes before reach:.ng the ocean floor. -

As was mentloned above, rivers bring :mto the oceans appmx:l.mately
12,700 million tons of suspended matter. It is difficult to estimate the
amount. of additional material in suspension originating from coastal abrasion.
Abrasive processes”vary considerably from one geograrhical area to asnother,
due to the different characteristics of the coasts involved. Although there
is no general agreement between scientists as regards the exact figure,

_ accord:.ng to some estimations the supply of abrasive material into the ccean
in temperate zones - where processes of abrasion are most intense — is of the

same order of magnitude as that of alluvial material. In trop:l.ca.l zones
the latter is considerably more important.

It is estimated that the average concentration of suspended matter in
the ocean is 1 mg per litre and its total amount is consequently 1.3T x 10

mll:Lon tons.

Accordins to Lisitzin (1961) the chemica.l composition of suspended matter

-

in various parts of the ocean is as follows i

TABLE V¢ -

! i

_ - Lo E

_ Ca.CO3- iC organic: Fe Mn | Ti P ,

(amorphious ) | . N

Indian Ocean 11.45 1.28° ' 8.6  3.14 0.04,0.018 | 0.30
Mediterranean Ses | 1.2 |40 10k 8.7k 0.05.0.54 |-
Red Sea 1.0 WA 1207 19.55 - 0.0k -

: o ' : {in % of the dry resxdue) _
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It is of interest to note that out of the enormous amount of sﬁspeuded

metter brought into the ocean only 0.4% goes into sedinments directly.
Tracing the remeining part and its metamorphoses represents another important

subject of research.

pension (or turbidity) currents

When sedimentation occurs on a slope the mechanical instabilities may
build up until a disturbance, due to currents or an earthuuake, triggers the
sliding down of sediments along the slopes. Whlle mov1ng dovnwards the
sediments mix with the surrounding water. This mixture’s specific gravity.
may be consideraebly greater than that of ordinary sea water. Kuenen (1950)
showed in an experiment that water mixed with mud and sand may travel down
the length of & long tank filled with water without mixing with it and without
losing much of its suspended load. In the well-known cese of the Grand Bank
turbidity current of 1929 it was estimated that the flow was 100 m, thick with
a 5% concentration of very fine sand. Its speed, as found by comparing the
times of successive ceble breaks, was about 90 km/hr. Sand deposits found at
great depths on or below the continental slope, sometimes between layers of
pelaglc sediments, would testify to the fact that a suspen31on current occurred

in the past.

It is not yet established whether turb161ty currents themselves incise
submarine canyons or whether they simply most frequently occur in the Canyons
of the continental slope wnere instabilities are more likely to build up.

It is certain, however, that turbidity currents are a cause of erosion. It is
also certain that some submarine canyons have granitic walls which could hardly
be incised by auspen51on flows elone. Thus the guestion of the origin of :
gubmarine canyons remsins unanswered and further research is necessary.

Turbidity currents can be a danger for suhmerslbles, underwater
installations and divers : : .

It seems likely that fairly large-scale experiments will be necessary to
study turbidity currents in their naxural env1ronment. A typical experiment

might be as follows :

1) Various telemetering instruments should be placed in a
submarine canyon, possibly with the aid of deep~diving submersibles -
to ensure that the instruments are in exactly the right positions
in the axis and on the canyon's side slopes. Instruments should be
capable of sensing changes in turbidity, density end grain size
distribution. In eggregate they can give the dimensions, speed,
and sediment distribution within & current. Cables from the _
sensors should lead out laterally from the canyon to a main cable
on the continental shelf, as it may be ant;clpated ‘that some
instruments will be carried away.

2) Similar instruments should be.placed_in deep-sea channels.

and on fans around the mouth of the canyon., These locations are
at least as important as those in the cenyon as it is only in the
-region of channels, fans, and abyssal plaina that the turbidity
currents decelerate and deposit sediment. The depths may be very
great and it will probably be necessary to telemeter by radio from -
buoys ebove the instruments.
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-~ 3) A slump is usually generated in the head of the canyon
and movement of the slump and the resulting turbidity current
should be followed across.the sea floor. The way of generating
~ the slump needs investigation. Explosive charges a few feet
" below the sediment surface appear ineffective. However, canyon
heads seem to fill partially with sediment and be flushed out’
by periodical slumping. It may. be possible to place the
charges when the canyon head is empty of sediment, and explode
them when. it has been partially filled. An alternative and
perhaps more promising method would be to bripg a marine dredge -
into the area and pump the canyon full of sediment. In effect
this would accelerate sedimentation by littoral processes and
trigger & slump at a time when the instruments were in place,

Descriptive regionel studies of the topography and sediments produced

by turbidity currents will also be profiteble. For example, the grain size
distribution, volume, and areal extent of individual turbidites is unknown
but is needed for comparison with ancient ones on continents. Detailed
studies are required with closely-spaced cores in order to trace sedimentation
"units. If the circumstances are favourable & h:E.gh-res_olution echo-sounder
can give sub-bottom reflections on a turbidite which is recognlzable in

cores. This permits wider spacing of cores and more detalled mapping of the

reflector than can be done from cores alcne.

Some observed details of the topography of deep-sea channels may suggest
that turbidity currents resemble rivers in that they meander and produce
terraces. Many more observations, using deep submersibles and telev151on,
are needed before these phencmena can be understood.

 Suiteble regions for field experiments a.nd. surveys of turba.d:.ty current
phencmena are nurerous. ldeal areas with steep s8lopes are found in the

- Mediterrsnean, the Caribbean, off Melanesia, and off eastern Asia. Theseé

areas are less deep then others and instrumentation should be comparatively
‘easy. However, the scale of processes may be different in the deep, open
ocean baszns, and eventually they elso should be ntud;ed. .

I.3 Deep-ocean sediments : Btgatigraghx'and micropaleontology

-Studies of the deep ocean sediments provide scientists with clues to
understanding the geological history of our plenet, its oceans sand continents.
Such background knowledge is important for meaningful exploration of
underwater mineral resources. thhout this knowledge any seamoh for mznerals

would be conducted blindly.

Ideally, the succession of sediment layers in an undisturbed core should
show a certain sequence of different climatic periods and, on a larger scale,
& sequence of geologzcal periods. As it happens, the facts observed in the
cores of oceanic sediments are not always easy to interpret. The work of
strat;graphers end mlcroPaleontologlsts is reminiscent of the work of a
detective who, in a search for the only correct solutzon. should combine 1n
a true system & multitude of seemingly contradicting clues. _
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Deep ocean sedlments can be d1v1ded into :

= pelaglc sed;ments, lncludxng brown clay with less than
30% biogenous material, diagenetic deposits, con51st1ng
largely of minerals crystallized in- the sea, biogenous-
deposits like foraminiferal ocoze, diatom ooze, radlolarlan
ooze, coral reef dEbrIS' B :

- terrigenous muds having more than 30% of Bllt and sand of - .
definite continental origin; : S L

- turhld;tes caused by tuxbldlty currents,

- slide dep031ts brought to the deep parts of the slope
by slow sliding; .

- glacial deposits derived from iceberg transportation; -
- volecanic sedlments.

The dlstrlbutlon of these types is falrly well-kncwn. For example.
_caleareous material is limited to warm areas. while in cold zones ‘it is

dissolved before reaching the bottom,

Y .
Analyses of sediment cores show that nearly all sediments in the first.
few meters below the sea~bottom belong to the glacial and postglacial periods.
In the Atlantic a considerable number of cores have been tested in order to
establish the succession of cold .end warm’ stages of paleoclimate by examin-
ation of the fossil planktonlc foraminifera in various sedzment layers,
isotopic dating based on, 07/0' ratio was also attempted. As & result, a
sequence of glacial and ;nterglaclal=per;qu was established, the last
g.ge having ended between 11,000 and 17,000 years ago, as confirmed
also by C determination. In general,:the cores of the Pacific do not -
show the same alternations indicative of warm and cool perieds. In many
places the clay cores are continuous without -any apparent clanges during the
whole Pleistocene. In antarctica, ice-rafted sediments can be used as an
indication of cold periods. Orgenic deposits with a higher content of
"radiolaria" in interglacial times alternate with marine glacial sediments.-
- One sequence, for example, contains three relatlvely warm stages. " In the
Arctic analyses show that evén here distinct changes occurred in the past;
the content of foraminifera being different at certain depths of the_core; N

Ihe causes of some dlsconforM1t1es in abyssal sedlmentatlon are Stlll_
enigmatic. In a few cores, the hiatus in sediment accumulation is marked by
an indurated surface, sometimes impregnated by oxides of manganese and iron,
,1nd1cat1ng a long pernod ‘of non-accumulation. In many other -cores, no such
indurated surface is. developed and it appears that at some time an.erosion
process .removed rather rapidly the intermediate: sedlments and accumulatlon '
then continued normally to the present day.  ‘The first-mentioned situation
cannot be _explained unless one invokes bottom-water currents of sufficient -
1nten51ty to prevent sediment accumulatlon for millions of years. The rapid
-removal of young sedlments, followed by a resumptzon of normal accumulatlon, '
may be due to the action of transient density currents which erode the' -

‘unconsolidated sediments briefly and then cease. Attempts have been made
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durmg the past decade to determlne whether 1nterrupted sedlment seguerices
are characteristic of abyssal hills or of valleys, but no clear-cut answer

- has yet been cbtained to this basic gquestion.

Until now the stra.t:.grapher has had to depend alnost exclus:.\rely on
paleontology for age-determinations and correlations in deep-sea sediment
cores (except within that part of the Quarternary for which isotopic dating
methods are available). Thus deep-sea sediment sequences can be put into
a time~framework only in those areas in vhich the sediments are fossiliferous.
At tempte are being made to find ilotcpie and udimentary-petrnlom.cnl methods
to serve as a basis for time~correlations of unfossiliferous sediments, and

wvhen these are suceessful it will be possible to extend paleo-oceanographic
1nterpretatlons to large areas which are at present ma.ccess:.ble to this field

of research.

I.4 Near-bottom processés and interaction on wvater-sediment interface

Equa.l in importance to the ocea.n-a.tmosphere 1ntera.ct10n exists an
mteract:.on between the ocean and its floor., :

The bottom relief is submitted to transformations by endogene {Earth's
interior) forces. Tectonic events like folding and fault:.ng take pla.ce,
volcanoes rise and eject lava and gases, changing the chemicel and physical
properties of the surrounding waters and influencing bottom curients.

- Weter movements :l.ls.o affect the bottom: tidal currents and turbidity
flows form and reform the bottom relief on a smaller scale; they ercde,
transport and redistribute sediments and help the accumulation of some mnerals

and ores.

The problems connected with this interaction can be studied on two
different scales: (1) with respect to the general situation of large parts -
of the sea, even of the whole ocean; {2) by exemining in detail selected
areas of only a few square miles or even square meters large., The different-
iation between these two approaches has just begun. Progress of detailed
small-scale studies of near=bottom processes depends largely on the development
of instruments which would permit observing and recording of dynamic events

quantitatively and synchronously. Only in the last few years has some
important progress in this new dJ.rect.:Lon been made (submersibles, underwater

television and filming).

Ext.femely important from the standpoint of the formation of minerals
are the chemical processes which occur near the water-sediment interface and
in the upper unconsolidated layers of sediments, An important role in these
processes is also played by micro-organisms., Coupled with biological transport
of various chemical elements, these processes may account for the occurrerices
of such economically-importent concentrations of minersals as, for example,
menganese nodules. The genersal conditions of ventilation of a water basin
under consideration are relevant to the types of both chemical and microbial -
conditions observed in the near-bottom area. The oxidation or reduction
conditions may prevaeil, resulting in very specific distinctions in mineral
composition of sediments. While the Black Sea is a classic example of a -
poorly ventilated basin with reduction processes being typical there, the open.
parts of the World Ocean are characterized by the absence of reduction
conditione and by the presence of oxidized oozes and clays. Among the
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‘processes of great interest and :mpcrtance which are Stlll 1nsuff1c1ent1y
studied and lecking accurate quantitative estlmates i# the process of '

chemic a.l preclplta,t:. on.

If it is essumed that the hydrocarbonates snd mineral colloids, _
microelements and biogenous elements carried out by river discharge are
¥ - 826, Ca'* = k26, Mg °° - 3.5 million tons, sink

precipitated, then CO
Yearly to the bottom g*‘ the ocean, that is in ell 1,359 million tons of

hydrocarbonates, calcium end magnesium, Furthermore, 360 million tons of
colloids {in the form of oxides), 36 million tons of micro-elements end
18 million tone of biogenous substances will pass to the bottom in one way
or another. Consequently the tota.l que.ntlty of prec:.p:.ta.ted matter is

1,773 million tons.

1.5 Hell-rounded deposits on the dee_p-sea. floor : pebbles = nodules =
lava bombs = organogene concretlons - sgt_;erules. E _

- The longer the way of transportatz.on of rock debns. once caud;t up -
by the flowing water of & river, the more rounded will it become. It will
be rounded on the beaches too if it is broken off from & cliff and seized by
waves. If such pebbles reach the slopes or canyon heads and roll down the
canyon floors, they may become involved in siowly creeping mudflows or quick
turbidity currents, which may bring them down to the abyssal plains. But
all rounded forms found on the sea-floor are not necessarily pebbles. Under
the same morphology, quite different phenomena may be concealed @ .

A = nodules
- lava bombs
- organogene concretions
- spherules

. Identification is further hindered by the fact that the abbve-mentioned
forms may be covered by asmn organic crust concerling their real nature and
origin, Therefore interpretativi of bottom photographs (our only present
source of knowledge besides dredged material) must be done with cona:.dera.ble

cireumspection.

True peb'bles may elso be found at great depths, hanng either been brought
there by the above-mentioned method or having originated in areas which have
become submerged. For example, ancient beaches have been discovered at depths
of over & hundred meters (e.g., off Corsica), providing that after formation

an important tectonic m_weme_nt took place.

Some teble mounts are covered with a layer of pebbles, proving that their
platforms were formed by wave asbrasion. If we find these platforms at great
depths we can be sure that tectonic submergence tock place.  However, caution
is necessary to prevent confusion of such pebbles with nodules, which may be
found &t any depth and which g:.ve no 1nd1cat10ns about tectonie movements.

Nodg;es are concentrates of certain metals end other chemical elements S
and their existence in the ocean is widespread. They are the most striking
authigenic deposits of the sea floor. Mero (1965) supposes that they
constitute the most common form of hardrock found at the surface of the Earth's
lithosphere. While most of them are no larger than 25 cm., some with a mass
of 850 kg. ere known. Nodules grow sround small rock fragments end such
objects es, e.g., sherk teeth. Their cross-section shows concentr:.c laarers

corresponding to different phases of their formatiom.
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Manganese ‘and ferro-manganese nodules are the most common.
(See "Resources of the Sea" Part One: Mineral Resources of the Sea
Beyond the Continental Shelf. Report of the Secretary-General, L/4blig/Add.1,
19 February 1968} Scurces of manganese in the ocean are the continental
run-off and submarine volcanoes. The respective shares of manganese supplied
from thea@ two sources is difficult to estimate since there was definitely
a time in geological history when thousands of submarine volcanoes were
active on the ocean floor, and also because of the very complicated way
by which the manganese reaches the bottom sediments, both through biclogicel
transport and chemical precipitetion. According to recent date, manganese
accumulates over the entire ocean floor at a uniform rate of 2 mg. per emé
per thousand years. Its maqorlt; goes into fine grain sediment, only a
small part of it partlclpatlng in the formation of nodules which r9qpare

some five million years to develop fully.

When a volcano erupts molten lava is ejected into the air, falling
to the ground in the form of lava bombs. One may 'find such bombs on the
ses~bed around existing volecanic i1slands or in the vieinity of submerged
volcanic islands, Pillow lava is the result of submarine outflaws.

Broken pillow lava may resemble pebbles or cobblesu

Organcgene concretions are spread all over the sea bottom. They may
be dead algae, coral.reef debris, etc., and in photographs are easily confused
with pebbles., In some cases the seemingly rough surfaces of the sea Tloor
are not built up by a course sediment, but are $1mply covered thh a layer

of broken and rounded materlal.

Spherules should also be mentioned, althcugh they are mch smaller in
size than podules and concretions. They are of cosmic origin and are
normally of hlghly magnetic nature, resulting from an inner metallic nucleus
surrounded by iron oxides. Spherules seldom exceed 0.2 mm. in diameter.

It is supposed that the total accumulation of spherules over the Earth'
—surface is of an order of 2,566*t0—5—000‘t0ns annually

1.6 Tbctonic processes in the Earth's c;ust-and in the Upper Mantle

After pessing through the sediments - unconsolidated near the bottom,

then semi-consolidated and finally consolidated - the crystalline base is

~reached, This base is part of the Earth's crust and is generally divided
into two larger leyers called Sial (with an average demsity of 2 67) and

Sima (with en average density of 3 27).

‘The Sial is a llght granlte laxer building up the continental blocks.
Its fragments "float" on the Sima, which consists of a basalt {or gebbro)

layer (found under the oceen floor) and a still deeper peridotite layer.

Both ere separated by the so-called Mohorovi&ié dlscontlnulty, which is
world-wide. Beneath the continents this "Moho" is bent down by the
countinents to a depth of 30 = 50 km; in ocesn aress (where the Sial is Jacklng)
it comes up to a depth of 5 km, or even less (0 5 km in some parts ¢f the

Pacific),




18-

All types of intermediate crust_(with_subwéontinéntal and subw-oceanic .
subatypes) are known to exist between & typical Yeontinental" and s typical
"opeanic" crust. Study of all these types is in progress, as was lP&rned
at the Lntern&tlonal Oceanographlc Congress in Moscow in 1966, '

In 1961 the U.S5. "Mchole" project was ‘started. Attenpts were made
to drill through the sediment layer for samples of simatic rock near the
surface in some areas of the Pacific. Unfortunately, after a few years"

testing, the attempt was deferred.
_ Two opposing tectonic forces : compression and expansion - influence
the narth's crust, :

By comgresslon mountain chains fold, an example from later geologlcal
times belng the two immense belts girdling the world - the "alpine' belt
beginning in Spain, continuing through the Alps, the Caucasus, the Himalayas,
end ending in the Indonesian Islands; and the "Pac;flc belt encireling”
the Pacific Ocean from New Zeeland to the Andes,

: Expension produces a network of fracture-llnes spreading all over the
vorld and cuttlng sialic continents, as vell as simatic layers of the ocean .
floor, into pieces. One of the most 1mpress;ve land scars begins 1in -
Scandinavia, continues through the Rhine and Rhone valleys, turns east in

the Mediterranean Sem, south again in the Red Seas,and ends in the East African
greben system. There are some other features of the same kind in the oceans,
the most characteristic being the mldpocean rldges (e.g.. the Mid-Atlantlc,

the. Carlgberg Rxdge. etc.),

Large emounts\ of volcanic material rose along the fracture lines, forming
volceatioes or covering large parts of the sea-bed with traps. Some of the
most 1mportant island groups (Huweii, Cansries) are of volcanie origin.
Sialie and simatic material evidently becomes mixed in the ridge areas, formang
s special sub-type: of crust. It can even be supposed that Sima outcrops on
the sea bottom inside the rift valleys. Soviet scientists followed this idea
(on the second cruise of the "Akademik Kurchatov" in 1967) and dredged some
ultra~basic rocks from the rift walls of the Cerlsberg Ridge (Ind;an Ocean)

These rocks clearly have a simatic comp081t10n.

““Another important subJect recently"stnﬁted~1s—deeg:sea trenches as, for
example, those following the island arcs of the Pacific. Some facts,such as
the downward bending of the Earth's crust and the frequency. of earthuakes
there, lead us to suppose that these trenches are undergo;ng lateral
eompre551on. the long term result of thls mey be the folding of the sedlments

they contain in large quantity.

The d;scove:y of three underwater pools of of hot (morP than hOOC), hlgh-

 salinity (more than 240% ) water in the Red Sea deeps was importsnt. The

largest brine pool is 12 x 5 km. Inside it, three distinct elevat;ons_were
found which are thought to be volcanic craters. Some of the seismic reflexion
profiles across the brine pools indicate feulting. Isotope studies show that . ..
the sourcé of the brine water is the Red Sea itself, while the numerous metals
found in solution derive from the sub-botiom rocks. It -is supposed that
rifting hes caused flssures for the ascending ore solutions and descendxng sea
water, - It was calculated"that an ore body of 130 million tons is evailable
‘there, including iron, manganese, cooper, zinc, szlver, gold, ete. It is
thought poss;ble that similar hot brines may be found in the Gulfs of Aden,
Akaba, California, etc., wherever recent and actlve rlfts ex;st. .
. . . -/n.

% Ref, GRICE, C.F., 1968, The Red Sea's brines
and heavy metsels, Ocesn Industry, 3, 3. pp.52-57.



" I,T Bathymetric surveys

Basic for every kind of practical and scientific work on the sea bottom -
is a bathymetric map. Even those ectivities limited to the surface of the
ocearn, like navigstion, cannot develop without knowledge of bottom t0popraphy.
Safety of navigation and possibilities of determining a ship's position im the
open see depend very largely on the relisbility of nautical charts.

. Weuticel charts exist from the early deys of navigation. At present
they cover, on & variety of scales, the whole of the World Ocean with its
adjacent and mediterranean seas, Rautical charts,'however, do not give a
clear visual presentatlon of the bottom relief and are therefore of little

use other than for nav1gatlon purposes.

"A-nautical chart mey be transformed into a bathymetric (toyographlc)
map by drawing contour lines. In this wey were made the first scientific
attempts to give morphological presentation of the bottom relief (e.g.,
' General Bathymetric Chart of the Oceans, by the International Hydrographic
Bureau, (The fourth edition is now being published.) Scientista added to
all previcusly collected soundings a considersbhle number made from research
ships with greater precision and sometimes greater frequency in space for
particularly interesting areas. Thus, scientists are able to draw contour
lines nearer to reality by following scientifie hypotheses on geomsrphology. .
At every stage these interpretations. reflect the present level of our
knowledge of the geological history of the ocean basins and of the origins
(and, conseguently, the most likely shapes) of certain prominent morphological
features., 1In this wey & number of excellent scientific bathymetric maps-
of all over the world were prepared by different scientific groups. Some
references are given at the end of the Selected Bibliography to Chapter I.

It sh'ould be mentioned that an up~to-date geological/geophysical atlas
of the Indian Ocean is now being prepared through international cooperation
under the asgis of I0C/Unesco as & follow=up of the Intermational Indian
Ocean Expedition of 1959-1965, The bathymetric maps of this atles promise
to be the most modern ever made. :

Information concerning other bathymetric maps and, particularly, existing
~nautical-charts, mey be derived from the "Intermational Hydrographic Bulletin"
published menthly by the International Hydrographic Bureau, the principal
international organism reaponsible for collection of ocean-bottom soundings
{see Chapter IV) and for ensuring adequate coverage of the World Ocean by
nauticsal and. bathymetric charts (see also Resclution V-8 of the IOC in Aonex 1),

Ihe question which now arises is whether the coverage of the World Ocean
by existing bathymetric maps is adequate. ‘The answer is that it is not.
Scientific investigations of the ocean floor have reached the stage when hardly
any better scientific use can be made of the soundings collected 50 far. One
example is sufficient to demonstrate the situation: The Mediterranean Sea
is the ancient centre of european culture. But as recenily as ten years ago -
no morphologzcul map of this sea was availsble. Even today, its general

bathymetric map does not go beyond the scale of 1 : 750.000 and is still

considered provisional (Ref. ICSEM charts, US Bathymetric Charts, ete.).
'More detailed and more precise meps of some parts of the Mediterranean have

recently been constructed by the Oceanographic Institute of Monaco. Their
scale is 1 : 50,000: 10 sheets will cover the area between Monaco end the
Corsican coast. But even these maps, although including only new soundings, -
cannot be considered as complete. The gituation as regards the open ocean is

considersbly worse,




The whole problem is that, -in order tc construct bathymetric maps

of better quality (i.e., greater accuracy and scientific meaning) topogranie
surveying of the ocean floor should be .started snew with the most modern
instrumentation and methodology. Shortcomings of previous open ocean
soundings have been : o —

i, Unrelisble and inaccurate pos:.ta.on—f‘:.xmq -
of & our'veymg ship.

ii. Uncerta.inties in va;l-ues Gf’..so'md«velocity used
for celculating precise depths of echo~sounding.

iii. Use of widé—angle echo-é?,éunders.

iv. Insufficient space-fréqneucy of soundings.

(Some of these problems are treated in greater deteil in Chapter iI.) :

" The shove-mentioned lacks. should be eliminated before new systematic
surveys of bottom topography are organized on a global scale. This task
is very much one for international cooperation since uniform methodology and
8 universally available precisicn navigation system may be developed only
through the common efforta of all interested ccuntr:.es.

~

I.8 Geophysical surveyg

Geophys:.ca.l surveys comprls:.ng collection of seismic, grav:l.metrlc,
magnetic and heat flow dat.a., very often along selected profiles, are being
conducted by all the major oceanographic countries of the world (USA, USSR,
UK, Japan, Frence, Federal Republic of Germany, etc.) as part of their
national programmes. Many geophysicel surveys were made within the framevork
of such international expeditions as the IIOE, when information concerning _
the data cbtained-and the data themselves were exchanged. To-aconsiderable— - -
extent geophys;.ca.l surveys are conducted by private industrial and mining '
companies of some countries, with very little information bemg made publie
about their results. Some internationel orgaenizetions,such as ECAFE of the .
UN for exaemple, conduct geophysical surveys of shelf areas with a view to -
the eventusl organizing of exploitation of aveilsble m:i.nera.l resources.

So far no complete_ international record exists. of the geophys;gailisurvellng
done at sea.

In spite of the absence of such a record it is fa.:u.rly well-known
that the actual coverage of the ocean by geophysmal measurements is very
scanty. The first ocean-wide summaries are expected to be included in the
Indian Ocesn Geological/Geophysical Atlas of the IIOE. The development of
basic principles of internationel exchenge of marine geophysical data is on the
agenda of the IOC Working GrOup on Ocea.nographz.c Datsa Exchange. 'If an
improvement of the general situation, with coverage of the World Ocesn by geo-
physical measurements, is to be a.chleved, the first thing to do would be to

prepare a world mventory of marine geophysical data.
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1.9 . Sediment sampling

Although during the lasi few years a great many sediment cores have
been collected from all over the World Ocean, one cannot spask of a sxstematlc

coversge of the- oceans by sed;mﬁnt sampllng.

There sre certain limitations in present coring methods and practlceé
which render rather difficult sny large<scels genevelisations or aystematic
gxmseﬁﬁaﬁiaas of tha geegrnphical distribution of sediments on sediment maps .

- Sediment cores are limited in length, being seldom longer
than 20 m. .

On %the whole, sediment samyles are taken w1thout a8 genersl plan -
at best they are - taken along profiles. :

The distances between the closest sediment cores are still too
great, which makes correlation between them difficult or impossible.
Therefore it remains uncertain whether the sediment characteristics
obtained from a core are valid for a large area or if they represent

loéal exception.

Tne analyses of sediment cores in laboratarzes are often delsayed
for yesrs.

Sediment cores taken by industrial comﬁanies or information conecerning
thege cores aye not generally available. :

There exists no international register of informetion concerning
sediment cores,
Kevertheless, attempts are being ﬁadg in the vorld's most advanced

ocesnographic laboratories to prepare, as far as the above situation permits,
sediment maps covering verious parts of the World Ocean. GSome of these maps

- weye shown at the recent Second Internatmonal Oceanographlc Congresa in

Moscow (1966).

*

1.10 Underwater bhotOgrqqu

Piotographic surveys of the ocean floor allow us to complete visually
ouy more or less ghstract impressions received from echo-soundings and
sediment or rock samplings. Underwater photographs disclose the bottom

microstructure and may prov1de valuable lnfbrmatlon on dynamic procasses near .

the seapbed.
As with sediment sempling, there iz no systematic covéragéiof the otean
floor by photographs.

There is no. limitation at present on the technical side for more general

and systematic use of underwater photogrepby. What is needed is international .
coordination and international exchenge of informetion on all the photographs

. prnﬁently avallsble,

Underwater televiaion maey help to improve coversge in shallow aress.

Also, such technical innovetions as photo-sledges {mow in use hy the Oceanographic

Inetitute of Monaco) can pronde for greater comtinuity, which is part:cularly
important when mapping is involved.
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I.11 Concluding remarks concerning internaticnal scientific cooperation

From the General Introduction and the short summaries given in Chapter
I, it is evident that oéeanographic'research,'even when restricted to
3pec1f1c problems of the ocean floor, is necessarily multlmdlsclpllna:y
It is logical, therefore, that the complex natural interactions in the ocean
require for their study the close collaboratlon of sclentlsts of different
specializations, This is one of the reasons why there are so many inter=
nationel seisntific organ;zat;ona dgaling with the Sosen from so many
different angles. fhe whole field of marine science msy be divided into a.
number of systematic sections, either mccording to the fundamental dlsc1pllneB
of science involved (physics, chemistry, biclogy, etc.), or according to the
objects of study (dynsmics of the ocean clrculetlon, ocean-atmosphere
1nteractlon,sedlmentology, coastal processes, fishery research, etc.).
Historically, the formation of international scientific bodies did not follow
strictly any of these two lines-of ‘classification. The result is that we
have some internationsl bodies whose functions are all-embracing (e.gz., SCOR,
I0C), and other bodies whose functions are selective in one or another sense
(IHB, FAO, WMO, IAPSO, etc.).  There is also a regional approach to oceanic
problems in which a partlculer geographlcel region was chosen as s basxs for
international cOOperetlon (ICES, ICSEM, PSA, etcoes). . :

. Returning to the problems of immediate relevance to the study of peaceful
uses of the ocean floor, one may say that the international scientific
cooperation to be involved should comprise not only the disciplines pertaining
strictly to the ocean but also those relevant to the atmosphere.;- '

The physical conditions of the marine env1ronment in whlch marine
seditentary material is formed and transported and the run-off of terrestrial
sediments are:.to a varying degree_ 1nfluenced by atmospherlc conditions
prevailing both over land and oceans.. Relevant meteorological research is
mostly concerned with studies of the general circulation of the atmosphere:
~and of climatic variations of the marine environment. In both fields the

interaction between ocean and atmosphere is one of the predomlnant agents
to be considered. : :

Research into oceﬁn—atmosyhere interactiun'processes can therefore provide
an important input to marine geophysical studies of- a more general nature,
: 1nclud1ng bottom geology. The meteorological and oceanographic reseerch
_involved, and the collaboration between WMO, IUGG and UNESCO/IOC in this
respect, are mentioned in the report prepared under General Asaembly Resolution

2172 (XXI) (Part 1, Chapter IV, appendices).

#  The last two paragraphs of this Section
" are contributed by WMO, '
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 CHAPTER II.  SOME MSTHODOLOGLCAL PROBLEMS RELATED 0 SCIENTIFIC
EXPLORATION OF Tik ocmm AND 175 RESOURCES '

Introduction / -

Methadological studies are of particular importance at a stage when
scientific research is called to render services to industry and economics.
Basic scientific information should be universally applicable. Scientists
themselves are permitted doubts in the data they obtain;  they are aware of
the limitations of their methods end the degrees of variability in the
natural phenomena they observe. Engineers and technologists, seafarers and
fishermen, if they use scientific information which they do not themselves
colliect, have no alternative but to trust it completely. Therefore the
fundamental data for such a vast environment as the ocean should have & uniform
degree of reliability which can be ensured only. through a uniform degree of

accuracy and comparabllity.

There are two groups of scientists: one holding the opinion that already
far too many measurements have been made in the ocean and that the amount of
data being added regularly to those already accumulated is much too great to
cope with; and another maintaining that the ocean. is 5till insufficiently
covered by measuremﬂnts and studied only very superficially.

_ Both groups are right and their views are not in contradiction. The
amount of data concerning the oceen available at present is indeed very great.
The scientific and practical use of these data is, however, very limited, due
to the unsystematic way in which the data have been collected in the past, '
because of the conflicting methodologzes employed and, in some cases, because
of an inadequate degree of accuracy given by the prlmltlve instrumentetion

of the past.

In many flelds, more preclse, more accurate and more Bystematlc new data
The time has come to pass from the reconnalssance type

are now required.
"'6f data collection to systematic and detalleﬂ_ytudléﬁ‘*

iI.1 Precision navigation on the hi _gLseas

One of the key problems of marine research and of any other human activity
on the high seas is that of finding one's exact geographlcal pc51t10n.
Originally this was the primary task of all naevigators as socon as their ships
left the area from which the familiar coast was visible. Thus the hlstory of .
development of nav1gat10nal means end methods is the history of navigation

.1tself.

The -problem acquired even greater 1mportance with the development of
naval and research fleets, which requlred far more accurate p051t10n-f1x1ng

+han merchant ships.

Even within the research community the requirements for accurate position- -
fixing were not the same throughout. Physical oceanographers and marine
biologists have never really been concemed with the problem as the objects
- of their study are either highly variable in space and in time or mobile,

“Only recently did studies of microstructure of water stratification and
turbulence impress on physical oceanographera the urgent need to meke navxgatlon

more accurate,
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From the beginning, the demends of hydrographers, marine geocmorphologists
and geophysicists vere very high. It may be said that, although well aware of
the imperfections of conventionsl methods of navigation (demd reckoning, '
astronomical position-fixing) explorars of the ocesn loor weni phe2ad wiith
their souadings snd with the ﬁonutrucflon of nautical aad baohymﬁ?rLr charts
(see Chapter I, op. lb«]7)3 impellied both by seientific cur 10%1tf And pranu;c&I
neads. The rﬁsuﬁn is that it is 8till impossible for s shin ip the oner ocean
to return to exactly the same positieon 1t cccupied previocusly. Once discovered,
many prominent festures of thﬂ oeesn’s bottom relisf could not be confirmed
by other ships for thet very resson. This may explain in pari the frequent

- disagreerments between scientists concezplnﬁ the exact depth of a seamount or

3 deep»sea tranch.

: When the exploitetion of the ocean's mineral rescources is started on the
high sess, the problem of sccurate position-Tixing will become still more
important. Precision and accuracy of detailed expleratory surveys will depend
totally on the precision and accuracy of navigation.' Finding a merker buoy in
the open ocean could becoms a formidable problem in the abgsence of accurate
navigotion means, This is the reascon for the promxnence given to the partlcular
methodologicsl problem of Shlps' posztlon—flxang in the open ocean.

It is perhaps useful to give at the beginning some basic information
concerning routine methods of navigation currentlg emplcyed by the vast
majority of merchent, naval and reseaxch vessels, _ .

On the high seas} twe methods ave ava;lable to the nav;gator fbr position-
fixing purposes, these are:

1) Astronomical ohservations whereby the navigator observes a
celestial body or bodies among those whose data are included
in Nauticael Almanacs and other related rables, REach
observation provides a position line, Two or more observatlcns,
taken simulteneously or within a time interval, provide s
corre5pond;ng number of position lines which, transferred for
the intermediste distance run, if this is the case, determzne
et the 1ntersectlon the ahxp 8 position.

2) Radio positionefixing systems which, msking use of electro-
megnetic waves, provide position lines used in the same way as
the astronomical position lines, As this text refers tao
navigation on the high seas, radar is not-included in the radio
position-fixing systems, although it may often be used for such
purposes by providing range smd bearing of ter:estrlal narks or

features.. _ B

Astronomi.cel (bservations

The methods avmilable sre numerous and have a varying degree of accuracy.
Their common limitation is favourable weather conditions, i.e., mainly good
visibility, elesr sky at least partly, to allow for the observetion, clear
horizon and normel vefracticn., ALl methods under such conditions provide
the degree of aecuracy which is required for safety in the open mes, i.e.,

qfao

# The follewing information was kindly p?epa“éd :
and supplied for this document by the Inuargovwfnmentaj
Maritime Congultative Cprganization.
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sbout one nautical mile. The aceuracy of the coservation depends om a number
of factors such as the guality of the instruments, the weather conditions;

“and the skill of the observer. A good cbservation and deteiled calewlation
snd interpolation can give a very sceurate (beloy the one mile limit) result
at the expense of time. Simplified methods and tables exist for the purpose
_af decreasing the time reqx;rad for the calca;atlonﬁ at the Pxpense of meouracy,

The errors which msy be introduced into sstronamical position ;lnes,
thus resulting in ;naccurate fix, could be sumnarized as follows:

(a)  Error of observation in the altitude. This could be a
combination of errors due (o the individusl observer,
to the instrument, t¢ incorrect veluwes of dip, refraction
and other date. concerning the observed celestial body. The
cumlative error would result in the position line being
plotted incorrectly. - The most important contrituting error
in this group depends on the choice of incorrect values for
dip and refraction. For this reason, position lines
obtained when abnormal refraction is suspected are not

reliasble,

(b) Error due to inaccurate or incorzect deck watch readings.
Such en error will result in incorrect hour angle which,
in turn, will introduce an error in the calculated altitude;
the po51t10n line will subsequently be displaced,

{e) Errdr inherent in the method used for the calculatlons.
This i5 the cumulative result of errors in the formation
of duta teken from the Nauticel Almanac snd in the method
by which the astronomical trisngle is solved., Methods
aiming mainly at simple and guick calculations by working
only to a few figures, as well as the gimpld fication of
1nterpolat10ns, are understandably less accupate,

(a) Exror in dead yeckoning between cbzervations, This is

' Introduced when @ position line is transferred, and it is
due to the fact that the course and distance made good between.
observations may differ from the course laid on the chart
and the estimated distance,  The effects of wind and waves, 77
the existence of unsuspected current mad compass faults
ere contributing factors. The final error in the plotting
of the position lines and the resultant fix could be
considerable., Individuel contributing factors could either
combine and increase the finel error, or cancel each other

p&rtlally or tohalxy

Radio Aids to Naviﬁatiaﬁ

Radio aids to nsvigatiocn are, in prineiple, considered fres from human
error of observasion. MHowever, they are lisble to en error in transmitting
or receiving, due to conditions which nay be wnfuyoursble Lo the propagation
of electromagnetlc waves., OSuch error is inherent to almost all methods at
varying degrees. Accurate celibration is generally required to minimize
the adverse effects of extraneous sources of 1nterference. A8 an example,
the following methods in common use sre mentioned: : :



=30

(a) MF dlrectlonmfindlng. This could be either a shipborne or
8 shore-hased DF. The latter has a much greater range,
~although errors of up to 4° have been experienced ot the
greater ranges by nlght. Aerials in shlps are pot immune
from sky wave effectsy for this reason bearlngs could be
inaccurate if both ground and sky waves are present.
Ground waves from & distant trensmitter could be deflected
ad they pass from lend t6 dee or vice=versa, this refvection
varies with the angle of incidence to the coast line. The :
resulting errors are difficult to assess and compensate.
A first-class bearing is usually considered accurate within
2%, For more mccurate position, with normal methods the
range should not exceed approximately 100 miles.

(b) Consol. The system provides long-rénge facilities for

. ——— - - ;. . . -
position lines and required automatic transmlttlng ground
beacons., In order to detérmine a p051t10n, it is necessary
to obtain p051t10n ‘lines from two independently operated
stations; the lines obtained ere shallow hyperbolee.,
"Special charts or special tables are required, and the
corrected mercatorlal beering may have an accuracy ‘of =0.2°,
The useful coverage is limited to sbout 140 on either side
‘of ‘the basé line, ailthough this could be extended by use of
sky waves at night, The system should not be used within
25 miles of the beaccon.. Errors. are larger and variable by

“night, end at great ranges. .

(e) Loxan, MIt provides facilities for posltlon-fixlng at long
dlstandhs, requires at least three transmitting stations,
special shipborne receiver and special charts or tables,
The position lines are hyperbolae. The system can handle
an infinite number of cbservers at the same time, and the
accursecy, which could be within 0.5% of the range from the
mid-point of the base line, decreases as the cbserver moves
eway from the base line which joins & peir of stations.

—{d) Decca. The system involves.a number of fixed transmitting
stations whose transmissions are received by special
shipborne receiver,: The position lines are mslsc hyperbolae,
-In addition to certain fixed errors, variable error at the
receiver could be caused by:the presence. of a sky wave
component, The normelly religble limit of coverage is
considered to be approximately 250 miles from the centre of
a chain of stations. However, this safe maximum could be
considerably increased in day=time. —The use of continuous
vave transmissions could theoretically prov1de an accuracy .
of *10 yards near the base line between a pair of statiomns,
although this is not always. pract1cab1e gdue to constant and

varisble errors.

Other~Syétems

It is known that at present certain other systems have heen developed
or are under development (satellite nav1sat10n, inertial nav1gat10n, Onega
system); - these are expected to provide world~wxde, all weather, highly
automated dnd very sccurate position-fixing. These gystems, however, have
not yet been in common use for civilian purposes. .

¥ End of IMCO's coptribution.
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The most promising system for the future is satelllte navlgat1ons'
It was tried with success on the r/v "Chain" of Woods Hole Oceanographic
" Institution, Using one satelllte, the ship's track was contlnuously _
recorded with slxghtly more sccuracy than was sttained with the estronomical
method (21 nautical mile). More recent tests with three satelliites ensured
en accuracy of 0 1 neutical mile, which is very satxsfactory.

Another substantlal aid to future accurate position-fixing would be
the installation of an ocean-wide network of manned or unmanned anchored
buoys with well-determined coordinates., Buoys equipped with radar are
already used for relative yosition-fixing in a number of small-seale open
ocean studies, By this method the relative precision can be high enough
(21% of the distence between the ship snd the buoy), but the general accuracy
remains the same, i. oy the accuracy of the astronomically-determined position

of the bucy (#1 nautical mile at best).

It is worth mentxonlng here some advantages offered by the very low
freguency (VLF) navigation system developed recently specifically for
oceanographic purposes. It was used aboard the US r/v "Atlantic II" in
the Atlantic in 1963 and eboard the US r/v "Argo" in the Indian Ocean in 196k
during the Internationel Indian Ocean Expedition. The edvantage of this
system is that it has a very long range of coverage. During the operations of
r/v "Argo" in the central Indian Ocean distances from the shore stations _
involved varied from 6,000 to 10,000 nautical miles. The deviations of the
VLF positions so obtalned from the visual, radar or celestial fixes were of
the order of several nautical miles. The system may be computer-operated.
While not sufficiently accurate, it may provide an independent control of
the dead reckoning in the areas vhere celestial fixes are impossible because
of constant cloudiness. :

SN ' :
It is evident that the eventual establishment of a world-wide

navigation system for all-weather and all-purpose accurate position-fixing
in the open ocean should be a metter for international cooperation and
international agreement. ' The Intergovernmental Oceanographic Commission
has already underteken steps in this direction by adopting in 1961 Resolution
I-5 "Aids to Navigation" (see Annex I to this document).

II.2 Precision echo-sounding and sound velocity

Echo-sounding is the only way to measure the depth of the sea bottom
continuously., On the accuracy of echo-sounding depends the precision of
our maps. Knowledge of theé details of the bottom relief is important, not
only for geologicml studies, but also for present and future technical
_installations on the sea floor, e€.g., pipelines, cables, stations, etc..

- Modern depth recorders determine the distance between sea surface and
bottom by measuring the time taken by a sound impulse to reach the bottom
and to be reflected back., Thus the correct depth is a function of reflection
time and sound velocity in sea water. Recordings are made in the form of
echograms from which readings of reflection times or corresponding depths are
made for further correction, taking into account local sound velocity. The
sound beam in the water spreads conically, with a beam width varying from
20° o 60° snd an average velocity of 1,500 m/sec. The wide angle of the
sound beam produces an undesirable effect, i.e., on the slopes it is not the
actual depth under the ship which is recorded but the depth of the point on
the bottom closest to the sound emitter.” It often happens that several
side~achos are recorded at once on the same echogram, making a correct reading
impossible, To avoid such. 1nconven1ences, i.e.,te suppress the side-echos,
narrow beam echo-sounders are now being constructed. One of these has just
been used on the German research vessel "Meteor". Its beam, no more than




5@ wide, is emitted from a stebilized underwatsy platform beneath the ship's
hull. . Thus the beam axis remeing veriical even wvhen the ship rolls aud
pitehes he&v1lye Ancther problem is that sound veloelty changes w1th water :
density which, in turn, depends upon temp#r&td;? ang %&LJﬂlﬁyg Their values
therefore have to be known all along ?np vﬁrtlcal water coluun and lntroqu;@d
in the formuls for caelculating the corrvect dept Selinity and +emperﬁtur°
messurements being very tlmemcon.;um.wgg mosh aﬁhUmuaunazngu a¥e normslly _
corrected through the use of tebles giving aversme sound’ vptoﬂlty yalues for.
certain geographical arees. Thers is no doubt that a serisin percentage

of error is involved in thzs operation since }o¢aﬂ variations of &emperature
and salinity msy be con31derablea It is alﬂo ebsolutely necessery, for
‘precision ecno—soundlng to have s pover gource with s striect frcquency
eontrol. Sllght variations in power frequency cause drops snd rises on the
echogram. It is important to be eware of the fact that most of +he scundzngs
done before 1950 wers cbtained without frequency sontirol. L

Meps w1th uncorrected soundings csn be of some use to nav1 gation, 4
shipfs navigator can try to locate the n051t1on by comparing his own
uncorrected echo-soundings with those on the map. If the published depths
had been corrected the navigator would be in difficulty to find the position,
Shepard (1963) gives en example showing thet the corrected depths scross
the San Diego Trough sre almost a mi.le off‘thL uncorrected ones.,

I1,3 Calidration, intercalibration,'ihtercomggrison and standardizetion
of ingtruments and methods. - .

To describe the ocean properly all messurements taken in it should be
accurate and comparabls., Two accurate measurements of the seme element
are not necessarilg comparsble, One lnstrument may measure smccurately
instant ckaracteristics of a current, guch o8 speed nnd dlrectzon, and

. another measure equaelly accurately 1ntegrated speeds and averege direction
over s certain period of time. These meassurements are both accuratn ‘but
not comparsble. In such cases inptercomparison tests mey provzde scientists
with some conclusions as to the real correlation between the vate measured.

Meny instruments do not messure directly the elements of interest.
Most currentmeters, for example, measure the number of revoldtiocnme of their
rotor per time unlt, instead of peasuring the real current velocity..
Electric salinometers measure conductivity or relative conductivity instesd
of selinity. Buch instruments need to be callbrateﬁ agumnaﬁ certain standavds.
For calibration, currentmeters are towed ot a fixed speed in specigl tanks.
Standard ses water with known sallnlty and conductlvaby is used as & rPference

point for salinometers.

It may happen-sometimes that different systems of calibration hiave been
used for instrumenis of the same type. Also, some ingtruments may have had
more recent celibration certifivestes then others of the same kiand, In order
to check on old or doubtful celibration velués, intercalibration tests may
be conducted by carrying out meagurements of the sane elements, either
simultaneously (when reeded) or in other equal "onﬁ_tlons by both rﬁll&hle

and “unrelldble" 1nstruments._

Flnally, for all kinds of routine service or’ aurvamtypw operatxon&
(as, for example, IGOSS or WWW - see following Chapter) where regular and
nurerous measurements of the seme elements are involved, the instruments
to be employed end the methods to be followed must be standardlzed. This
means that the instrubents: should be of the sams ueaagn, hiave the same
sensitivity, and ensure the same degree of precision and accur&cy.' The
nethods of measurements end date reporting sbould be prescribed in advence
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sad sbrictly followed by al) concerned. The standardizetion thus schisved.
would snsure sutometically e wndform degres of accvracy sud fall cowpsrability
of mepsurepeirhs . : :

hs eerly as 1961, the Intergovernmental Oceanographic Commission called
the sttention of the world oceadographic commmity o the necsegity for
coordinated international efforts in meking messurements in the ooean acwusabe
anil compareble (mee IOC Resolution I-%1 "Standardizetion snd intersalibration
of cresnogyraphic methods and equipment” ~ Amnmex I to this document), UNESCO,
SCOR, TAPSO and ICES respondsd favourably o this eppeal and since 10961 a
grest nupber of international intercomparison and intercalibration tests have
bheen conducted. They covered such sress sz chemical anslyses, plankton
sampling, curreni messurements, ophtical messuvements, 2tc. A standerd plankion
net, wes designed for the Intemational Indian Ocean Bxpedition and the use of
this net nuds possible the esteblishment of the Inteinational Plankton Colilection
of the Indien Ocesn. The work undertaken by the organizstions mentioned
above is just starting, It i extremely important end very promising, There
can be po dowbt that, for the benefit of future detailed bathymetyic and
grophysical sucveys, intercomparison tests will have to be conducted
internationelly for a numver of relsvant kinds of messurements inecluding, for
exsuple, tests with different types of scho-acwnders and different correcticn
Lecholgues. : : '

14 iz equelly important for anmy lerge-secale iniernational exploratory
ectivities to stupdardize procedures invelved in data reporting. The amount
of scientific and other relevant dete which will be exchanged internaticnally
in comnestion with. vexious peaceful uses of the ocean floor promises to be
extrenely great. Iu order Lo permit efficient heandling of these dats through
conputerized systens, it is sbsolutely necessary firet of all to standardize
internstioneliy the form oFf presentztion of 21l the original dste for computer
input. With the very revid development of mutomatic date processing systems
on the netiopsl leval, the importance mad urgeney of the intornetiousl aspect
of this work’becomss fully evident. {Ses slso Chepier IV.)
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CHAPTER 11X,  PROBLEMS RELATED TO HUMAN ALTI?LmlLS AT SEA AND,
IM PARTICULARa T THE FEAGLBLIATY §HI SAFETY GF'
EXPTOLTATION ACTIVITLES A SLA

Intraductian

Buientiste, periienledly those songoyned wish the a@naarv&%x@m of naturs,
keep reminding cont&mporary society that large-scale intrusion of Msn into
Hature, particularly for purposes of expleoiting its numerous resources, zay
have far-resching consequences both for Man end his patural envirooment,
Through’ & complicated chain of interactions these consequences mey appear in.

& coumpletely different sphere than that of the original intervention. Sometimes
wapkindg itself may become the viciim and msy pay dearly in human 11?@5 fcr
‘precipitate snd careless interference. _

Thaese general remarks shre fully applicable to the ccean and human activities
thers, We know already numerous examples when deliberate or accidental C
transplantations of living species from one see 1o apother upset profoundly the
precarious ecological balance there causing, inter allag drastic changes in loecal
fisheries, Local overf:shxng may scibetimes br;ng ‘@bout the some effect. Use
of explosives for seismic work, besides killing directly & part of the enimal
population, raises mud from the bottom in some eveas and inereases turbidity to
sueh &n extent that it mey cause mass mortaliity of commercial fish speecies snd
othey mapine animals, What is generslly called "merine poilution™ is a complicated
phencmenon with such numerous repercussions that it now calls for special research
into its effects. 'This ryesearch is essential if marine pollution, with all its
effects, were to be stopped and prevented for all future time. The recent tragedy
of the "Porrey Canyon" demonstrated clearly this point of view.

It is well-known that there are various dangers which the ocean reserves
for seafarers, fishermen and explorers and which will be equally dangerous to
those who will venture to exploit its floor. To mention only & few, tropical
cyclones, storms end gales, storm surges, icebergs, tsunamis, may threaten
activities conducted from the surface of the ocean and from the shores.

Turbidity currents and sand movements produced on the ses-bed by tidal and other
currents msy constitute a real danger for drilling rigs and other wnderwater
instaliations as well as fbr submersibles, :

The aim of this chapier is 1o demonstrate vhat veys and means exist to
ensure the safest and wisest course of peaceful human activities at ges. The
authors have selected only the most lmportant aspects of the problem and,
wherever pOSBlblE“TEQFGSted competent lnternatzonal bodles to supply-the necessary

information.

IIT1.1 For#castlng_of sea~surface condltlens {wind, waves currentss
temperature, sallnltyf and assoclﬁted_grdblams of organxz1ng
synoptic observatlons on the high seas.

@&
The‘prov131on of meteorolog;cal serv1ces

Meteorology and hence WMO iz involved in the provision of services in support
of the safety and efficiency of & variety of types of operations et sea, In.
particular such services -are being given in support of present-dey exploitetion
of mineral resources at sea, with respect ¥ activities which are carvied out at

O/Gti

% Thig section was kindly contributed by WM0D,
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or nemr the sea surface, = It is assumed that development of the exploretion
and nxplo;ta.man of the ocesn floor. end subsoil will requ.tre similer service -
to an incressing extent. The nat,ure of these sernves 15 Pxplmned 1n the

following peregraphs.

. As in the case of obher operations &t sea it is. l:n.kel, that meteorologlcal
information will be required with regard to the design and construction of
technical equipment which is exposed to surface conditions {ships or special -
marine structures). Factore involved include forces exerted by prevailing
windg and by extreme gusts, shearing forces due to strong vertical wind sheay,
ice accretion, wave action and tempera.tuz‘e va.r:l.ata.ons. This information
serves mainly in support of the safety of operstions. '

Tre sefety and efficiency of the opérat:.ons depend to & varying degree
on atmospheric conditions and their effects on the conditions of the pea
surface. Three different typﬁs of mgteorologlcal mfomatmn gre relevant

in th;s reapect.

(a.} Accurate and detesiied short~term forecasts of weather
end wave copditions in support of the safe and efficient

conduet of da.:.}y opera.t:.ons-

{(b) Medium and long-range forecasts of the trend of weather and

' ses conditions apd the probability of the occurrence of
extrems conditions inm support of logistie plamning of operst:.om,
such as the provision of & regular supply of material end
personnél to ocean stetions;

{e) Climt.ologic&l-data. in ‘support of long-range planning of
exploration and exploitation activities,

The services rendered by Netional Meteorolog:.cal Cenires in this
respect, the scientific research involved, the rdle of WMO and of the World
Westher Watch in its opera.tz.ms and scientific aspects have been surveyed in
the report prepared under General Assembly Resolution 2172 (XX1) (Paz-t I,

Cb.apter IV, appendices}.

The provision of oceéngﬁraphic garvices

While neticnal meteorologicel services have existed for s long time
already and are well organized intermationally through WMO, national
ccesnographic services, as distinct from research estsblishments, represent
& conaiderably more recent development. They exist so far in the most
advanced countries only, and their origin is closely. related to the real
practical needs to heVé réliable forecasts of oceanographic conditions, —
' A forecast of ice conditions in the Arctic sess for the pur:poses of
nevigation cannct be based solely on meteorological informstion. A thorough
knowledge of currents is nesded, This implies studies of water balance of
the whole Arctic bmm and its marginal seas and reqmres an approprmte

chaervational networlc "

A forecast of the therws) structure of the main thermocline masy be of
intersst and importance for both f:.shermen and. those who operate subnersibles.
The technigue of such & forecast is now being developed and its e.pplms.tmn
will certsinly wwre the wopemtmax of mteorologmal and ocemogmphm

networks sad services.
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Timely tsunami warnings are very important in the areas where this
disastrous geophysical phenomenon occurs frequently.  The provision of
these wvarnings requires approprlate observational and communlcatlon networks.

These few examples simply demonstrate the need for servlce-type

The Intergovernmental Oceanographic Comm1351on,
being cognizant of this need, inaugurated in 1965 the Internatiocnal Tsunami
Warning System in the Pacific (I0C Resolution IV-6, see Annex I), and adopted
in 1967 the decision to establish an ‘Integrated Global Ocean Station System
{IG0SS) which should be the oceanographlc counterpart of the World Weather
Watch. (I0C Resolution V-20, see Annex I.)

The purpose of 1GOSS 15 to provide more extensive and timely information
on, and prediction of, the state of the oceans, end to support research on
the processes of the ocean, so that nations can provide improved oceanographic
services to increase the safety and efficiency of their marine activities.
IGOSS should be & global oceanit system and should consist of national
facilities and services provided largely by the participating countries
themselves with coordination and aupport from Unesco, WMO, and other 1nternat10nal

organlzatlons.

IGOSS ia contemplated as a coordinated system responsive to the operatlonal

and research. requirements agreed upon among the participating nations and
utilizing the most modern observing, commun;catlon, ahd processing technology

available, IGO5S should be a dynamic system, flexible enough to be adapted
to sczent:flc and technical advances,

1Goss will be plqnned and operated closely with the WWW, including GARP,
Information collected by IGOSS should be avallable to all countrles and be -

. presented in a form convenient for use.

IGOSS will be used'omiy for peaceful_purposes, due account being taken
of the national sovereignty and security of States, in accordance with the
provisions of the Charter of the United Nations.

I1G0SS, which will be planned and coordinated by the IGOSS worklng
Committee of the IOC, should 1nc1ude the following components:
(a) The cbservational netﬁork comp;xszng all types of ocean
_data stations and observational means, inter alia

automatic autcnomous telemetering buoy stations

- coastal stations and research vegsels
- fixed ocean sﬁations and”mobile;ships
- fixed off-shore platforms
- pbservatioﬁél satellites

other new means of cbservations which may be
developed eventually.

(b) A communication service for timely transmission of data from
the observationsl network to ships, land-based stations, or
through communication satellites, and for further dlssemlnatlon

of these data and products among user natlons.

(c) Deszgnated centres for collectlon. processlng, retrieval and
dissemination of data.
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III,E' Deterloratlon of materials in the marine envzronment and their
- protection spsinst. corroszong fouling and bor]ng.

Marine Corrosion

Merine corrosion is the destructlon of a metgl or alloy by chemical
or electrcchemlcal reactlon with ltB env;ronment.- . :

In the normal marine env;ronmenta this reaction iz electrochemical,
The corroding metal forms a product which, in the marine environment, is more
stable than the metal itself. Sea vater contains ions, particularly CL™
which are inimical t¢ the formation of protective oxide film, Ser water is
also & good electrical conductor, allowing substantisl corrosive. electrical
" currents to flow from one place to another as & result of electrochemical
reactions. = Water temperature, salinity and the dissolved oxygen content
affect the course of these reactions, but since in the natural environment the
correlation between these three charecteristics is complicated by a number of
other natural processes (circulation, biological oxygen consumption, etc..),
there seems to be no consistency between the different types of water masses’
in the ocean and the corrosion rates. It is known, however, that in oxygen-

free water corrosion is greatly reduced.

Every engineer knows the dangers to various underwater metallic
constructions and structures occurring from corrosion and corrosion-fatigue.
Research into corrosion processes and protective measures sgainst corrosion
are undertaken wldely on the natxonal level by industriel enterprises, -

shipbuilding companies, etc.

Essentially, there are three methods of protection ageainst corrosion :

(i) cOatzng by anti~corrosive pa;nts, epoxy resins
_end plasticag

~{ii)—Cathodic protection;
(iii)} Use of corrosion-resisting metals and alloys.

There exist extensive technical literature and bibliographic sources
coneerning marine corrosion and protectxve méasures egainst it (see Selected

.Blbllography to Chapter III).

" There is no doubt that further useful experience in this field will be
accumulated through the expan31on of englneerang sctivities in the ocean.
~ One particular aspect of corrosion protection regarding the design and use

- of in~situ type and leboratory instruments for marine research is, however,
often overlocked in a number of countries, With Nansen bottles which are
not costed reliable values of the oXygen content in the sea water they collect
can never be. cbtained. Hevertheless the use of non~coated bottles still
continues on a large scale. Hydro-optlcal equlpment for both in-situ and
lseboratory use should be so designed as to prevent chemical reactions within
the volume of water with which the measurements are carried out. Designs
of electrical contacts, and even of single screws attaching different metallic
parts of marine research instruments, should always be made, taking precsutions

T2

o Definitioﬁ_from “A_G1ossary of Ocean Science and
Undersea Technology Terms™. Compsss Publicetions Ine.,
Virginia, USA, 1965. : ' . _
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agsinst all possidilities of corvosicm. Many presicus wmaring instrumenis
nave been rendersd wansable by guick corrosion in the mes watey or in the
hunid atnosphere of o s:hip vhers salt wabter dmplem are on ﬁ*i&::f{m;r ;{'m;i;ur@ a

Inbernational mm*prwa. ion in marine corrosion etudies end g:c:’?:mtwﬁ_
was i1l recently prometed by the CECD whieh, approximately one reey ego,
decided to establish an indspandent Permanent Indterdational i:'nmm. tiee For
Resesrch un the Pressrvation of Meterials in the Merine Enviromsent. This
Comnittes is now functioniug and is open for memberehip %o reFearch ingbituiiony
thvoughout the world. It aloo cdvers remsarch astivitier dn the fisld of
marine fouling and boring. SRS : ' S T

Marine Fouling and Boring.

The growih of merine organiome on pilings, ships® hulle end similay
surfaces introduced by Man into the mavine or estuariie enviromment eod the
davaage caused by this growth to undérwater structures have niwdys caught the
wttention of marine scientists snd engineers, Most research work im oviented
towards preventing ettecks by these orgenisms, lergely becauss of the seriovs
SCONCRLE CONSEQUBLOES . T S : : S

Fouling is ususlly defined as an assemblage of living organisms on
submarged or semi-submerged surfeces.  In 1952 & monogragh on marine foulsrs
wog published for the Bureaw.of Shipa by Woods Hole Ocemcgraphit- Ingtitution.
This bendbook, entitled "Marine Fouling snd its Pr@v&nmmz ' gmres svwwa}, '

Loportent factsl

(1) Fouling ig the result of the attachment of living crgsnisws.
which reproduce by producing frec-swimming levvas which
nevone widely Sispersed in the marine end sstuarine
environment end stisch to, end grow on surfaces,

42} e sesson of stbachuent is longest and the rate of growth
of these orgenisms wost rapld in the tropies.

{3} There mppesys %o be no place in the oceans oy sstuavies vhers
fouling will not ocour of some time or other except Por
places in estusries whers the ses water becowes tou dalut@d
or where sbiotie {Loxie) conditicns oceur, ' .

(B) e Kinds ¢ e:s’f. organisms that attach and fr,he sequEnes—of ——
attachment varies from place 10 place and time to time,
snd thus hes no practicel nemmg e the &ou“img prcb.!,exﬁ‘

§45) Surfwze texture, colour, ;znclma‘m.on and ﬁagrﬂe 0#.“ iLLm::xza’i.aon
Cmey Favour or retard the developwent of the fouling commanity
tut nove of these factors can be modified so as to be & o
prechieal, effective foulmg pz'eventa.mvm

 Thase facts lead 'tc the mmlm:.on tha.t the only s&nsfactoxgr ss;ya hem
for the prevention of foaliag is one which wovld work for a1l orgaaisws -
enywhere and at all timee of the year., The basic eim is %o prevend the
attachuent of layves, BExtensive resesrch has shodn thet the nost prastiosi
methodas are either Yo mike the surfacs toxic with &.m.:-efsm.ﬁmg paiads or %o
intwroduce toxle zubstances into the lumediste savivonmens, Ilhe latter wmethod
wey be applied to tubes or tasks eonducting or e&sx%ﬂining._smm Wkl B
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liter atur@a rm *’mﬂmgv a]sca ghves valuuhle J.nformatz,on on enuranm.ental
factors which may influence confrol measures on fouling organizms. The -
life nistory of and information ou ecological factors of fouling orpam.sm

sre aveilable theongh the extensive 11teza+ure on swientmy groups such &8s
-;sm‘na,uj.m.,, mmda.mﬁ.ﬁ and by hrgwma. .

- .ﬁ.-conm.&eram@ smownt of work has slso ‘been devm;ed +o the- s'{'.ud.y of
parine boring snimals. Ccmpm‘mnrw@ literatuvre on their taxonomy, dictribution
and esologr, 88 well as on seenomic espsctis of thelr activity, is evailabls,
Importent mevine borevs apre known from eight different phyla of the animal
kingdom: Povifers, Bryozca, Phortmtdag Molluscs, 51punculoldea.5 Annel:.da,
Artmup@m,\ Eehmc&evmﬁa' ag well ap from a.lga.e a.mi fung.u '

o The clamame» eeused hy narine borers in & ngen 1oca.i.:.ty has defmlte
ralation. to the generel oveanog graphic conditions.  The limiting effecis of.
temperature and salinity oh the -attach 01‘ several spacies of marine borers
have been shown in several locelities. ' The seme’ applies to the fouling
organisms trmspori.&d with ships end Lhe:;.r subsequent introduction into the-

ecom;rsttam of their new hablta.t.

In sy;te of all the work on marine foulérs and horera, nany quest:.ons _
84ill remain to be solved. There have been few attemp"bs to study the: b:mlogy
snd interrelations of all the 1mgx7rtant spec:.es of marine boxers snd merine
foulexs sharing the same habitat and acting es matualdly restrxctlng or reducing
agmtse. Steadily increesing sthp:e.ng end chenging environmental conditions
in cosstal aress ~ceused by marine polluta.on. somstruction of canals, dams, etc.,
ey ::hange considerably the d:.strxbut:.m of ma.nne foulers and borers.

Stud;;r of these organisms, therefore_, is not only__of greet economic
importance for all activities relating to the sea, but alaso concerns the
study of marine fauvna and flors &s a whola, Also important is the examination
end possible control of the side-effects from anti-fouling systems which
involve the direct relesse of toxic substances into bays snd harbours.

IILB Same aspects. pertammg tc the Egsslbn.l:wx of Mm's 11fe and work

undarwaﬁar.

Till very recenitly the history- of oceenography has been the history of
cbserving and measuring the ocean's phenomena and properties exclusively from
the suwrface, The modern coneept of a surface resgarch vessel is a true
reflectiocn of this century-long history. It hes, however, alwgys been in
man's nature Lo wish to penetrate below the ocesn surface and to observe
the underwater world as direcily as he cbserves his familiar terrestrial =
snvieonment, The realizstion of this wish began with the construction of
bathyspheres and continued with adeptaetion of military submarines to research
PUIPOHEH & At the same time the development of free~diving techm.ques
segen, thus liberating man from thie cumbersome drnng suit w:t.th a.z.r tubes

which lipked him to t‘ms suri‘ace ‘vessel.

A forxu;i.-dable' fleet of deep=-san submarsibles has émerged recently from
the first line of technical development: Bathyscaphes for attaining the
deepest pa,r'&m of the ocesn, diving saucers of very high ma,noe'wra.blhty for:
the depth limits of the continental shelf and the slope, rasaareh submartnes
for mediwn depth rengee {to 4,000 = 5,000 m,} - about 30 different types
constructed to date. It is nah the purpose of this paper to give technicsl
Adhails of despesen svbmersibles. Readers ape therefore refevved to existing
technieal Literstura [see Selseied Bibliography to Chapter I1i),
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. Free-diving with an aqualung progressed very rapidly after the
Second World War., It was accompanied by extengive physiological studies -
. and brought man to the possibility: of diving to considersble depths under
saturation conditions. During the past two years it has been proved that .
man cen stay and work underweter at depths of 100 - 150 m, for several weeks,
At the moment we mey say that it is possible for a man to reach and stay at
depths. as great as 300 m,, with attempis envisaged down to 600 m. It would
not be fantastie to pred:!.ct man 8 penetratlon as deep as 1, 000" m. end perh&pa

C noYa.,

While, according to published informa.tion, studies and experiments in
the field of deep-d.lnng and diving under saturation conditions were proceedlng
in a number of countries (France, Monaco, USA, USSR, UK) some international
efforts vere made to define the advantages which these new techniques offer
to marine research. A panel on the prolonged -8tay of ‘man underwater was '
created by the International Commission for the Scientifie Exploration-of the
Hediterranean under the chairmanship of Commandant Cousteau. In 1965 this
panel advanced the idea of esteblishing an international underwater research-
laboratory, which idea was further pronmlgated by the Intergovernmerital
Oceanographic Coma.ssz.on through its Resolution IV~16 (see Annex I). The
panel was of the opinion that certain kinds of presearch in marine geology and
also in experimenting with fine-scale turbulence, as well as some biologit:al
observations, may onl,v be performed. from en underwvater laboratory. An opinion
was expressed that in order to be effectxve such & laboratory sheuld

necesaan.]y be mobile,

It is or J.nterelt to note that a large pmportz.on o:f' ocea.nogra,phers
holds very conservative attitude towards the ides of p.n undervater research
laboratory. They still maintain that practically everything in terms of
observations. and meesurements can be done from:sur.face research ships or, -
if needed, with the aid of deep submersibles. ' It is also s:l.gn:l.ﬁcant that,
although many countr:.es responded to IOC Resolution IV-16 by expressing their
interest, no country has yet offered its support to the enterprise. All this
stresses the only absolutely certa:.n fact, viz., that much more research should
be done on vital aspects of men's penetmt.:l.on underwater before public¢ opinion

is convinced in both the sc:l.entlf:Lc ut:.l:.txr end safety of such en enterpnse. —

The most 1mportant pmblems to be resolved are:

- Man B prolonged survwa.l a.t. great ocean depths, notabl,v
through his phys:.olog:.ca.]. adaptatzon hy us:.ng adequate breathing

mixtures.

- Provision of 1oglst1c auppor%tomemlt suff:.c:.ent :.ndependence
of action, mobility and meximum security.  This logistic support, -

apart from the necessary arrangements for safety, rest and
supplies, includes underwater laboratory facilities for on-the-spot

analyses and experiments, -

One Qifficulty is to find suitable gas mixtures to breathe under various
pressures, according to the duration and depth of diving. The effects of
pressure are of two general types: ' _ N : .

Those for the most pa.rt. mecha.mca.l and- asaoela.ted with spaces
ingide the body that are normally f:.lled with gas (middle ear,
sinus, _lun@). _'I‘hese effects can be controlled by. appropnat_e

train :i.ns v



BT

~ Those which affect the physiology of breathing and require
.the application of a decompression process. These effects
vary according to the bresthing gas or mixture of gases
used, Normal air mey be used safely down %o 45 or 50 m.;
below this limit the nitrogen of normal air begins to’
‘exert a significant narcotic effect. So, for deeper diving,
the oxygen must be supplied in a different mixture, Since
an exposure over long periods to partial pressures of oxygen
higher than 0.2 atmosphere is toxic for the human body, it is
esgential %o dilute the oxygen with other gases to keep its
partial pressure within this limit in function of the total
pressure, that is to say, in function of the depth, '
Experiments have been carried out ysing breathing mixtures with
hydrogen, helium, neon, etc. Of these, helium is the most
commonly used. It has, however, certain disedvantages:

- It is expensive.

- Humau speech becomes unintelligible. Speciel electronic
devices have been developed to solve this problem and are
now being experimented with.

= The high thermal conductivity end specific heat of hellum
is such that divers lose far more calories thrOugh their
lungs than they would by breathing normal air.  This effect,
added to the loss of calories through direct contact of
the humian body with the underwater environment, is probably
the most notable limitation to the effectiveness of under-
water wvorkers. Experiments to overcome this difficulty
- pre being conducted on the develoPment of electrically and
water-heated insulated suits.

Another major problem of deep diving is the compulscry release of

__accumulated gas from solution in the blood and other body fluids which must

be achieved through decompression, This procedure usually requires a series

of stops on ascent, to allow gases to escape from the body slowly enough to

prevent the formation of bubbles in the blocd. Standard decompression tables

can be used for short periods and at depths not greater than 120 m. When

the required operating depth is in excess of 120 m. thé decompression time

is so great that diving cannot be carried out safely without special

decompression equipment. For example, a dive to 200 m, for one hour of work
e '“wzli—reqplre about 24 hours of decompressxon—~-A—submer51ble decompression
chamber is one step towards the solution to this problem. It would help divers
to regain the surface in the best possible decompression conditions. But the
final solution will probably be associated with saturstion diving, which may be
the key to extensive human exploration and exploitation of the sea~bed. 1In '
the latter case, once the diver's body is saturated with ges, the decompression
- time is fixed and does not increase with a longer stay under high pressure.
' Saturation diving has already enabled man to make successful experlments with

underwater houses and lsboratories.

It is certain that very deep diving will raise additionsl problems.
Experiments have shown, for example, that the greater the pressure, the more
diffieult is the mechenical action of breathing, with the complication that
the relemse of €O, .from the lungs is less complete. Special devices will have
to be designed to overcome this problem. There mey also be a need for technology
adapted to the underwater enviroument, especially concerning corresion. Spec;al
tools will have to be developed to perform work in conditions close to non=
gravity. Appropriate sources of energy must be chosem, according to pover
demands and duration of the underwater activities. "These sources mey yange .

from betteries to nuclear pover.
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in conelusion, we mgy say that, once started, the penetration o
man into the ocean depths will continuwg. There is no doubt thet its
progress will be elosely related teo the progress of pesceful uses of ths
sea-bed and ocesn floor. There is therefoye every reason L0 athach
greah, importance to this particuler fleld of humen aeti?ity and to accord
0 it all nacessary nelp available shrough lnteﬂnai onal cooyn?ahkmn,

- . ' c ' : e B
IXI.4  Marine Pollubticn ss a resulh of human Bebivities

Industrialization, development of transport and in gevneral an expanding
technology are the cause of inereasing merine. jpollution° The important forms
of merine poliution in rslation te their dimensions and international '
implications are pollution vy oil, radloactlve_suhstances,_chem;calsu*%'

0il Pollution

By far the most importent type of merine pollution is thet caused by oll
end in partlcular by persistent oils, 1oe., erude oil, fuel oil, heavy dmesel
oil and lubrlnatlng 0il. These oils remain on the surface of thﬂ s=e for
long periods and are capable of being carried to considerable distances by
winds sand currents,

04l pollution originates from varicus sourcess:

~ Shipe, inéludiﬁg wfecks;_
« Coastal industrial esteblishuments;
« Underwvater oil drilling ané pipelines,

It is generally believed that most of the oll polintion comes from ships.
The marked increase in pollution in the yesrs follewing the last world war
was uvndoubtedly connected with the ingreased movement of oil, specially crude
oil from the oil flelds to the refineries. :

Lavge quentities of persistent cils are regularly diseharge&fznﬁaftme o
sea by tankers as & result of washing of their tanks end the disposal of their
oily ballast walers. Dry cargo ships which hab;tually use »hemr fuel, tanks
for ballast water also dlschaage 0ily ballest into the 588,

Recently, tanker accldents heve proved dramatlcalny the amount of
poliution which can ccour in connection with such accxdents.

_ The amount ol pollutlcn arlglnatlng erM'wrecks, SOUYCEs on 1and and
splllages from pzpelxnes and during drilling operatlons has not yet been
e¢learly assessed; it is, hawaver, b@lleved now to be of great sxgnlflcanc@

at present.

Radiosctive Pbllution

Radlaactxve narine pollution is due to the release of waste nroducts
from nuclear establishments, auclear ships, weapons testlng aad aceldents durlng

-_:/._. o

% fhis sectidn was kindly eontriﬁuted bj_IMCGu

88 ore deteiled lnformauxon on various ca&agorlea of marise
pollunants, campllﬁd by the I0C Wbrkxng Group on Marine
Pollution, is given in Annex 1T %o this ﬂoeument, t@gether
with I0C Resolution V=19 on the subjeet.
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transport. During normel operations, the levels of_goilutioa are not

pignificaenty the effechts of wmecumalstion through a certein lengbh of

time, snd puaszble accadenhsg soulid essily br&ng pollubion to eriticsl
: ,evelso : .

Discharee of Chemicals

Tis form of pollution is largely due o industrisl esteblishments
digcherging vaste products in cosstel waters or rivers. Waste chemicals
e som@t;maa losded on sh;pﬂ Lo ha discharged in tha open sed.

Monltorlnﬁ of Marine Pallutxon

As far as discharge of oil from ships is cdncexned, Article IX of the
Internationel Convention for the Prevention of Pollution of the Sea by 01l
requires that

¥{1) Of the ghips to which the present Convention spplies,
every ship which uses 0il fuel and every teanker shall
be provided with an ol record book, whether as part
of the ship®s offiecial log book or ctherwise, in the
form specified in Annex B to the Conventiocn.

{2) The 0il record bock shall be completed on each oecasion,
whenever sny of the followiug operataons takes place
_1n the ship:

(&) ballasting of and discharge of ballast from
cargo tanks of tankers;

{b) cleaning of cargo tanks of tankers;

(e} settling in slop tenks and discharge of
water from tankers;

(a) dlsposal from tenkers of oily res*dues “from
siop tanks or other sources;

(e} ©ballasting, or clesning during voyage, of _
bunker fuel tanks of ships other than tankers;

() disposal frem ships other than tanknrs of oily
T Tyesidusy from bunker fuel tunks or other sources;

{g) saccidental or other exaentlonal discharges or
escapes of oil from tankers or ships other
than tbﬂ.—nﬂi’? T8

~ In the event of sech dlscnarge or escape of oill or 01ty
‘mixture us i refeyred to in sub-parsgraph {2} of
Article IIX or in Artiele IV, & statemsnt shall bz made
in the oil record book of the circumstances ofy and
reascn for, the discharge or sscape.”

This, although limited to oil end not yet suitsble for sciemtifie
uge, seers to be the only csase of 1ntgrﬁat10nal monitoring of marine
poiluxlmn at 198 souyce,

Manstormng of radloactzve mazrine pollutzon is a prdblem,curfently
under discussion, .
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.Control and Abaterent of Marine Pollution

The only set of international rules exclusively directed to the
contrel end sbatement of marine pollution is the "International Convention
for the Prevention of Pollution of the Sea by 0il, 1954, as amended in

1962.%, '

In conpection with the studies initiated in IMCO following the

"Torrey. Canyon" accident, other more elaborate patterns for the international.

control and sbatement of both accidental and deliberate pollution,and
including pollutants other than oll, are being considered. Information
concerning the current efforts in this direction underteken by various:
organizations of the UN family and on further prospects of interapency
cooperation is given in the Report prepared under General Assembly Resolution

2172 (XX1).
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CHAPTER 1V.  PROBLEIG RELATED 70 THE ACCESSIBRILITY OF SCleTIFIC DATA :

Iv.1 Tyves of enviroﬁmental information and related data facilitieé -

It is useful to Speclfy from the very be~1nn1ng certain progressxve
steps of data processing in tnelr logical order.

1. Primary Recordings:

The original product (or a'copy)‘directly
resulting from a recording instrument
{graph, paper tape, magnetic tape, film, etc.)

2. Primary data:

Discrete (numeric¢) values of various
oceanographic characteristies (on paper,
paper-tape, film, punched cards, magnetlc
tape, etc.)

3. Reduced data:

Any presentation, which reduces the amount
of information contained in the primary
recordings or data.

4, Documentation:

Any verbal (printed) presentation of scientific
results, or description of data; of methods or
of circumstences of observations as well as
bibliographic or source references to primary
recordings or data.

Correspondlng to_these types of 1nformatxon there exist, different
types of data facilities.

Firstly, there are the true "data centres" which are primerily concerned .
witin the machine manipulation of digital information as well as the conversion
of analog records to their dipgital equivalent.

Secondly, there are the "documentation centres" (information service
centres) that feature computerized-selective dissemination of information ..-— 8«
complemented by modern micro-imaging techniques that yield rapid access with :
deeper and more specific retrieval. This type of centre uses an on-line,-
random-access computer and specializes primarily in information selection and
acqu;sitibn, information dissemination through sbstracting or the use of
indexing techniques, 1nformatlon storage and retrieval, and information
generstion. :

Tnis sort of functlon, on & much more modest scale, was advocated at a
meetlng of the CSAGI in Moscow in 1958, where it was’ resolved that World
Data Centres should provide a ﬂ;;mzted information service", specifically

l/l. N

* This .chapter is baséd principally on material prepared
by the I0C Working Group on Oceanographic Data Exchange
end by its former Chairman Mr. C.D. Sauer {Canada).
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with respect to reprints of publications concerning IGY subjects, and

that the WDCs were to act as information centres in their respective
disciplines, . Some time ago SCOR created its Working Group No.12 on
Marine Science Abstracts and Bibliographies, and recently the IOC ‘adopted
e resolution concerninpg Storage and Retrieval of Scientific Information
(I0C Res., IV-12 - see Annex I}, both of which point to the urpcnt need for
establishing international mechanlsms to prov1de selective marine
1nformat10n serv1ccs._

Finally, there exist "data repositories" which fulfil routine library
tasks such as assembling information, then storing, cataloguing, copying,
and distributing the material without any further modification., The latter
type of function is exnmpllfled in most of the current IGY World Data Centres,
Although this type of service satisfies the needs of some lavoratories, the
time and cost involved in converting published material to a machine
processible form renders this approach prohibitive to most NODCs unless no
other avenue presents itself. Tnerefore, most National Oceanographic Data
Centres, when receiving requests for data from individual scientists or
laboratories, will bend every effort to locate a source that is cepable
of providing the data in a machlne compatlble form.,

IV.2 Automatization of data scquisition and processing

Bignals coming from sensors placed in the sea can be recorded on digital
magnetic tape. This procedure offers a number of adventages in terms of
storage and reproduction of data, particularly with continuously sensing and
recording instruments. Digital recording on magnetic tape can always be
reproduced in analog form or in a digital print-out through the use of an
appropriate computnnp faclllty. _

Recording of seismic signals directly on magnetic tape is widely used
in the o0il industry and similer recording equipment is now being used for
reflection surveying. New continuocus recorders of salinity and temperature
versus depth (STD) slso allow recording on magnetlc tape as well as analog

'type recordlng.

During recent years development of computing technlqpes also made it
p0831ble to replace various time-consuming operations of primary dsta
process;ng by mechine treatment. Thus it has become feasible, even aboard
ship, to introduce instrumental corrections, to calculate such parameters
as water density, dynamic anomalies and sound velocity, to plot station
curves, to interpolate and to carry out quality control of date with the ald

of computers.

_ More and more research Shlps now hawe computers installea whlch, in
addition to data recording and processing, may perform numerous other useful
functions such as, for example, calculatlons necessary for satellite
navigation,

The US bathyscaphe "Trieste II", for example, has a small-scale
navigation and ship-control computer on- board, making nav1gat10n near the
sea bottom much safer.

The research vessel "Chain" of Woods Hole Oceanogfaphic Institution
used a computer on board, not only for satellite nawlgatlon but also for
gravimetrical and magnetic field measurements. The "Silas Bent" of the

US saval Oceanographic Office can record simultaneously wide-beam end

stabilized narrow-beam bathymetric soundings, magnetic intensity, gravity,
sea surface temperature and sub-bottom profiles. On station, simultaneous
measurementa of depth, temperature, salinity, and sound velocity down to -
6,100 m. are possible, - The Naval Electronics Laboratory (USA) is attempting
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to cOmpute isotherm profiles.

The US&R research vessel "Akademlk Kurchatov uses computers for
navigation and data storage. : : -

The use of computers in oceanogrzpny 0pens a new stage in marine research
as it provides means whereby regular and frequent measurements from automatic
station networks mey be collected and processed. Such networks, in addition
to automatic reearding ByStems, may have inwbuidi eompibing faeilities %0
perform all the nacessary primary data processing and may even transform the
original date into more easily usable secondary products. . This is particularly
importent for the forecasting of sea-surface conditions_(see Chapter ITI).
Planning of the Integratéda Ocean Station System (IGOSS) by the Intergovernmental
Oceanographlc Commission will certalnly be based on the most modern metnods
available. .

For further successful development of automatic data processing a number
of auxiliary problems should be solved., First of all, it is necessary -to -
acquaint practising oceanographers with the techniques of programming and with
all the possibilities computers offer to oceanography. In this connection
wide exchange of information should be organzzed 1nternat10nally through
symposia and technical conferences. - .

IV,3 Development of the System for the Internatlonal Exchangg
o Océanographn.c Da.ta

Current activities of.tne World Data Centfes-for;Oceanographx :

~ Of all the World Data Centres operated till recently by the CIG
(Comite€ International de Géophysique) of ICSU, those concerned with oceanography
have been smongst the most active, especially from 1963 on, This success -
is due in large measure to the Intergovernmental Oceanographic Commission's .
unrelenting efforts in tackling the complex details involved in the international
exchange of oceanographic data. IOC, in revising Chapter X of the CIG Guide
to International Data Exchange, sponsored a prov151enalgscheme4wh1ch ------ considerably
facilitated dats exchange., As more and more laboratories began using the
system, working scientists' requirements were reflected in the changing
techniques adopted in two subsequent revisions of the Guide, This points to
the rapidly-changing needs of this multi-disciplinary science, as well as to-
the ready response . to these demands by the I0C Working Group on Internatlonal
Oceanographic Data Exchange. ‘

The cGIIEEfion-of oceanographic material by the Worid Data Centres with
respect to the programmes of IGY/IGC and 10C Declared National Prograrmes has. -
been most encouraging. According to the latest estimate, data from approximately
150,000 oceanographic stations accumulated in the WDC.system by the end of 1967.
The amount of incoming data doubles every year. The volume of information
supplied to working scientists and laboratories is equally satisfactory. Also, -
WDC catalogues are meeting the needs of the oceanographic comminity. In this
connection it should be noted that the IOC recently recommended the adoption
of a revised catalogue format. This format is now in use by WDC-A.

A matter of concern, however, is the relationship of World Data Centres.
for Oceanography to the rapidly-growing family of Hational Oceanograpnic Data’
Centres. The latter are primarily responsable for serving national needs .
and, in doing s0, are in most cases surpasszng the World Data Centres-in
sophistication. This fact is related to their respective funding. Increasxng
volumes. of data, partly as a result of ‘the rapid changes in oceanographlc
lnstrumentatlon, obliged these nevw centres $0. abandon conslderlng the- c18581c
manual techniques and to use chiefly automated data-processzng facllltles.
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In doing so they established themselVes_as true da_'ta'centres§ 4as opposed
t0 the library function now being carried on by most World Data Centres.

Basic rules and repulations for internationel
‘exchange of relevant scientific data .

The Intergovernmental Oceanographic Commission published in 1967 the
second revised edition of the Manual on International Oceanographic Data
‘kxchange (IOC Technical Series No.l, 1967}, It contains as its major part
the Provisional Cuide for the Exchange of Ocesnographic Data. The word
“provisional" signifies that it is being kept under continuous review by the
Commission with its Working Groug on Oceanographic Date Exchange and its
scientific advisory bodies SCOR and ACMRR, This Provisional Guide contains
a number of rules concerning such items as soundlngs, bottom samples, bottom
paotographs, topographic profiles, interinm bathymetrlc charts, gravity and
geomagnetic field measurements, heat flow, seismic refraction and reflection
cbservations, etc. The guide lists the World Data Centres, Permanent
Specialized, Regional, and National Centres and also describes the operational

functions of all these Centres,

Copies of the Manual may be obtained from Unesco in English, Frehch,
Spanish and Russian.

Some aspects of future development-6f.international
exchange of oceanographic data

) "By 10C Reso*utlon V=204 (See Annex I) the I0C Working Group was charged

with reviewing and reappralsal of the whole international oceanographic data
exchange system and, in particular, the future rdle of the World Data Centres
for QOceanography. The Commission requested the Group to continue the
development of means whereby geoioslcal and geophyslcal data may be more
effectlvely exchanged. .

When undertaking the above work the following aspects will be taken 1nto
consideration:

i. The development of instrumentation. It was noted that oceanography . .
is presently undergoing a rapid instrumentation evolution which makes
necessary an immediate re-evaluation of the techniques’ for handling data,
from the p01nts of view of National, Regional and World Centres, Oceanographic
data acquisition had long been considered a personal effort, l.e., the
collection of date used to be exclusively the work of individuals carrying.
out oceanographic research, usually from a ship at sea, Todmy the rapidly .
evolving aspects of automated collection, using modern data-logglng devlces,
has radicaelXly - cnanged this concept. T .

ii. Adaptation by NODCs. ‘Tne type of data which will in future be
deposited in the Hational Oceanographic Data Centres poses special problems
in handling, storage and retrieval because of their immense volumes. In view
of this, National Centres will have to adapt in order to cope with the
enticipated "information explosion". It is obvious that the modest date
repositories described in Seetion IV.1 would find themselves very heav1ly taxed
when suddenly faced with the need to edapt to such changes.

: 11;. Adaptatlon and future¢;ole of WDCs for Oceanography., If the present
-trend continues, World Data Cemtres 'A' and 'B' for Oceanography msy soon
contain most of the available oceanographic dats on the World Ocean. This means
‘that they would actually be storing far more data than any of the National or

- Regional Oceanographic Data Cenires, - Because of this they would have to

establish e standard archiving systen to ensure rapid aceess to their date
banks, It has slwWways been recognized that one of th: major rdles of the WDCs
is to facilitate and expedite the. exchenge of sceanographic data between




sy

individuals and/or institutions. To readily cope with the effects of what

is currently termed a "data egp1031on » one can either up-grade and strenrthen
. the centres or cease to deposit primary records or primary data. The Au noc _
Group on ‘the s subject, esteblished by the I0C wqulng Groun, con51dered :

"... that primery records and primary data from high-density sampling devices
are to be retained at the orlglnatlnp activity or Fational or Regional Data.
Centre, but that the corresponding reduced data should be transmitted to the
World Data Centres. The extent of reduction will be a functlon of the type
and volume of the measurements ¢oncerned, As more and more automated
mesasuring devices replace traditional sampllng procedures, World Data Centres
will gradually need to move towards becomlng essentlelly autOmated ‘documentation
centres. Hotwithstanding the above recommendatlons, srimary data should be
available on reqneet according to the prlnczples to be specified in the -

Provisional Guide™.

It is useful to note in this respect that more and more Data Centres - .
have changed to "listing" the location of avemilable data rather then "storing"
the materisal in their centres. COSPAR, apparently, has been faced with a
similar problem with regard to data from satellites and in one of its -
resolutions {IGY Bulletin No.6l, July 1962) adopted a practice similar to

that suggested in the paragraph above.

iv. Standard Format for Exchange. In considering weys and means. by

which international exchange could be accelersted, it became obvious that

the ideal solution would be the introduction of a standard format which would
link not only the World Data Centres but also the Regional and National
Centres, However, it was subsequently established that national archiving
systems and their associated formats would of necessity be closely linked to
"available data-processing facilities. Since these vary widely from country
to country, it would not be possible to recommend one universal archiving
system for oceenographlc data. Rather each nation would have to develop the
format best suited to its own needs and the automatic data proceeslng
facilities available. In doing so, it should, however, be aware of the need
for compatibility with an IOC exchange format (yet to be specified). This
__mechenism would then facilitate and expedite’ the two~way exchange betwaen o
nations through the World Data Centre system.

v. Standard Format for WDC Archives. The standard format constitutes
the very foundation on which the WDC archiving system must be built.
Therefore one must first try to establish what the future réles of the World
Data Centres will be and how the anticipated useér demands might affect the
character of such archives, Only then'cen the“prbper-format be selected and

future réle of the World Date Centres for Oceanogrephy should precede all
dlscuSSLOns on the formulatlon of standard exchange and arch1v1ng formats.

IV.4 ARCHIVING AND RETRIEVAL OF METEOROLOGICAL DATA™

National Meteorological Services have for many years operated systems
for the archiving of meteorological data and, where appropriate, of marine
meteorological data, including those of ocean surface conditions, This
work is coordinated by WMO, ' The data are used both_ for research and _
operational purposes ¢ ‘An example of an iuternationel archiving and- retrieval
- project for marine meteorological data is that of "marine climatological
summaries” prepared semi-annually by a number of designated centres, each of
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which .is responsible for the collection and publication of data from a
given ocean area. An example of a recent research project is the
"Higtorical Sea Surface Temperature Data Project", in which four.marine
meteorological centres are preparing monthly mesns of individual years
of several elements in a grid of small areass covering the world oceans
and for & period extending over the last hundred years. =

The advent of computer-besed data storage and retrieval systems
and the further development under the World Weather Watch of global systems
of observation and data exchange have opened new posslbllltles for centralized

" modern arch;vxng and retrieval systems on an international basgis. This has

resulted in the development of extensive arch;vzng functions st World and
Regionsl Meteorological Centres. .
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ANNEX I

RESOLUTION I - 5

AIDS TO NAVIGATION

The Commission

Recognizing that accurate nav:.gatlon ig essential for detailed systematl.c oceanographic mvestlga-
tions, and further

Recognizing that systems of a1ds to nav1gat10n presently available for use do not generally meet
the requirements of detailed oceanographic investigation except for limited specific areas and
that such systems if possessing the required accuracy should continue to be established in the .

interim,

Aware that several systems of aids to navigatibn, are presently under development which show
promise of meeting the long-range ocean-wide requirements of detailed systematic oceanographic

investigation,
Resolves that the Commission thfougﬁ its member governments actively encourage and support

the continued development and subsequent establishment of a ground based long-range radio
navigation system capable of meeting the world-wide requirements for detailed systematzc oceano- -

graphic 1mrest1gat1ons, and ] . .

Recommends that in the establishment of the accepted world-w1de ground based system of long-
range radio navigation, priority be given to those areas for which no aids are presently available

and for which large-scale oceanographic investigations are planned;

Further recommends that the International Hydrographic Bureau at Monaco, Intergovernmental
Maritime Consultative Organization and the International Civil Aviation Organization be requested

- through their member governments to co-operate with IOC in the expeditious developmeit, and

. subsequent establishment of a single national and international ground based long-distance radio
navigation aid capable of meeting the accuracy requirements for detailed systematic oceanographic

investigation (repeatability + 50 m. and position accuracy + 0, 25 nautical miles);

Further recommends that steps be taken by Member States to assist those countries having ships
taking part in the international co-operative oceanographic investigations to obtain and effectively

use the equipment required for these navigational systems;

Further recommends that the development of other promising and economical systems of naviga-
tion even of lesser accuracy such as certain methods of satellite navigation, be actively pursued.
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RESOLUTION I =11

QTANDARDIZATION AND INTERCALIBRATION OF OCEANOGRAPIHC
METHODS AND EQUIPMENT

The Coramission

. Reéognizing that there is a pressing need for a co-ordinated programme that ensures that oceano-
graphic observations will be more meaningful and useful for oceanographic research in ge_neral,

Recognizing further that this can be accomplished by a carefully planned programme which in-
cludes to varying degrees the standardization, intercalibration and absolute calibration of ’
observational methods and equipment, and that the formulation’'of such a programme should be
carried out by thoge scientists most intimately involved in the collection and use of such data,

Convinced that in order to have comparable resuiis this will probably involve some standardiza-
fion of methods and equipment but equally convinced. that world-wide standardization of all oceano- -

graphic techniques is not now desirable,

Aware that such a programime should proceed in an orderly fashion so that the {inal results will
be the assurance that accurate oceanographic data can be ‘mutually exchanged among cceanographers,

Further aware of the excellent work in thig field bemg'carried out by IAPO, ICESand ICSEM, and of the
recent intercalibrations at Honolulu and aboard "V1tyaz and "Gascoyne" sponsored jointly by
SCOR and Unesco, - e -

Requests SCOR to undertake the folloviing task:

Appoint as soon as possible working’ groups for the purpose of examining, summarizing, and
criticizing the present oceanographic methods and equipment in common use to determine where
these methods or equipment do not provide universally usable, accurate data; or where such data
cannot pregently be utilized to the utmost, and to recommend ‘by report to the 10C appropr:ate
steps whereby these methods or equipment should be made universally usable: This may in some
cases be accomplished by standardization or by intercalibration, or by such methods as these

experts may determine.
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RESOLUTION IV-6

INTERNATIONAL ASPECTS OF THE TSUNAME
WARNING SYSTEM IN THE-PA_CIFIC .

The Intergovernmental Océanographic Commission,

Reéognizing -the lmportance of providing timely warnlngs of the approach of
Tsunamis in the Pacific Ocean, _ : _

Noting the report of the Wbrklng Group Meeting on the International Aspects
of the Tsunami Warning “ystem in the Pacific, .

Commendes the Working Group for 1is efforts and the'comprehensive report of
the Honolulu meeting submitted to this Commission,

Notes with appreciation the offer of the United States to undertake the
expansion of its existing facilities in Honolulu to become the
International Tsunami Information Centre,

Accepts the offer of the United States and recognizes the existing Tsunami
Center at Honolulu as the International Tsunami Information Center

of the Intergovernmental Oceanographic Commission,

N . :
Establishes an International Coordinating Group composed of interested
- member states in the Pacific to effect liaison among the
participating Members, to promote exchange of information on developments
of observing methods and of techniques of tsunami forecasting, to effect
liaison with other interested organizations, and {o provide advice on the
cperation of the International Tsunami Information Center, '

Encoup- ages——tﬁé‘mambér gtates to exchanga scientific and technical personnel
among the various national Tsunami warning and research centers,

and,

Commends  to the governments of member states the implementation of the .
~ various technlcal recommendations lncluded in the Working Group

Report, and

Con51der g that the Internatlonal Coordlnatlng Comm1ttee on the. Tsunami
Warning System. should be a funcflon of this Commission rather

than of Unesco,

Heguests the IOC Bureau and Consultatlve Council at its next meeting to

constitute the I0C International Coordinating Group on the
Tsunami Warning System, meetings of which will be financed in a maaner
similar to obher IDC subsidiary bedies, and further

Requests the Directdr-General of-Unesco to consider furnishing the financial
suoport to individual scientists who might travel from other
countries to the Interrational Tsunami. Information Center for purposes of
cocperative tsunami research and trainirg in the operation of the
Tnternational Tsunami Warning System j; The possibility of usging the
International Seismological Fund if established should alse be considered.
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_ _ RESOLUTION IV-12
STORAGE AND RETRIEVAL OF SCIENTIFIC INFQRMATION

The Intergovernmental Ocesnographiz Commission,

Bgsggniziﬂg_the rapidly expanding volume of information concerming
the results of marine resesxréh &nd the urgent Need to ensure thed the
information be readily ratrievable by scientists eoncernsd with every
aspect of marine research in ell parts of the wcrld, and by all those
concerned wilh these matters in both government and industry;

Roting the need for all such information not only to- be retrievable

but for this retrieval to be as speedy as possible, together with the
acknowledged inability of even the largest national orpanizations, or
the World Data Centres, to accept these tasks at the present time;

Noting also the efforis already being made by the Fisheries Division of

TAO, with the assistance of various international and nationai institutions®,

to provide an intellipgence and information retrievel service, especially
.through their Current Bibliography on Aquatic Sciences end Fisheries,

both as concerns marine (and fresh water) research in pgeneral and fisheriea
research in particular {Report of the 3rd Session of ACMRR snd IOC/1V-18),
and the views expressed by SCOR Working Group 12 on Marine Science.
Abstracts and Bibliographies, concerning the need to ensure the
naintenance and further improvement of these services as & rinirum
requirement, with the consequent need for maximum support by all countries

concerned;

Recognizing further that these objects cannot be achieved by irregular
support (already one collaborating body having been foreced to conclude

its operations for lack of funds); so that continuing and expanding - -~ —

- support is required;:

Recommends that Member States, together with SCOR and ACMRR, urgently
consider what steps might be taken, in collaboration with other interested
bodies, to ensure, for the promotion of oceanography in general, that

sufficient funds, facilities and staff ere made available for the provision -

of a reirieval service edequate to the needs of the international marine

research community, and S

Requests Unesco meanvhilé to consider ways end means of developing.
1ncgeased_co%lahoratlon with FAO with a view to enlarging coverage of
various disciplines by the CBASF, ' 0

* (ICES, CSIRO (Australia), VNIRO (USSR), UNESCO,
and, until recently, ASIRC (University of Rhode
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RESOLUTION IV-186
INTERNATIONAL UNDERWATER LABORATQORY

The Intergovernmental Cccanographic Commission,

-Reoogmizing that the: establishment of an Intornational
Submarine Leoboratory, for use as an oppliod scionce
conire invelving prclongod periods undor water and open
4o all rescarch workors, is of interest to the Inter.

eovemmentah Oocanogra ghlc Commission,

Hoping that member cov.ntrias, appreciating the importahoe
of the resulis to be expected from such a laboratory,

will cooperate in making it 2 reality,

Deocides to srmmumnicato to momber countries all such
informationyas may bo suppliod to it on this au'b;;ect by

+ho roapona:.ble authorities,
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HESOLUTION Vago

INTEGRATED GLOBAL OCEAN STATION® SYSTEM
{1GUsS)

The Intergovernmental Oceanographic Cammiss;qn;_

Considering the growing need for oceanic date on a global scale, by a wide
renge of users, ineluding workers in research, engineering, navigetion and
cemmercea fisheries end forecasting services and in o“der to furthez the
scientiflec atudy of the oceatl: and atnosphere;

Recojmizing the act1v1t1eb of the Worid Meteorologiecal Orgnnlratlon and
particularly the marine aapects of its World Weather Watch (wa),

Noting the advice of the Internatlonal Tele»ommunlratlons Union that en initial
plen end programme for an Iantegreted Clobal Ocean Stat1on System should be
prepared by early 1969, 'this plan to include the geographlcal distribution of
0ceanograph1c stations, their aystem of operatlon, the deployment of frequencies
in the system and the manner 1n Uhluh oceanographic 1nformatlon is to be

trensmitted’;

Hoting further Resolution 9 (Cg-V) of the Sth Session of the World Meteorclogical
Congress which stresses the need for closer cooperntion between WMO and other
international agefcies concerned with merine mtl\rlt;.es, such as 10C, :mcludzng
the aatablishment, &8s required, of joint worklng groups {I0C/V=224);

Decides to establish within the Commigsion & permauent Working Cammitte» Lor an
Integrated Global Ocean Station System, with a membership of no more than twelive
of those member states which are most active in this field, the Chairmen of the

various subsidiary groups (estmofficic), cbservers and representatives of ahher

interested organizations;

Authorizes the Working Committees o

{i) to plan and coordinate an I0C Programne of btndlea and services
in cceanic axeas, both within the Commission and Jo1nt15 with WMO

and other orgaenizations;

{ii) to act aa the Commission's suthority for thé,discharge of its. -
responsibility for the IGOSS work of the IOC/WMO Panel of Experts

--gn Coordination of Requlrements and those‘groupu on
Deta Exchenge, Telecommunications and Ocesn~Atmosphere
Interaction, as detailed in Resolutions V«20A, 208,

20C, 20D, 20E hereafter; and
(iii} %o form additionsl papels of experts, oy . considered
NECessary . : _ ,

Invxtes the WMO and other organizstiong teo cnn&xder fnvourably cooparation
Wwith the sbove Working Committee, o

“ 5s defined in the report of the 1st Mee*ing of the
Working Group on Fixed Oceanographic Statz&ns
(Annex ¥ to UWESCO/NG/100)
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RESOLUTION V=20 4

QCEANOGRAPHIC DATA EXCHANGE

ﬁhc intergovermmental Oceanograpinie Coamission,

Accepts the report of the third meeting of the Working Group on Gceanographlc
Datae Lxchange (IOC/V-l3), appreciates the recommendati~ ns contained in the
report of the Ad Hoc Group on Format Standardization (10C/V=13A), and epplauds
the Working Group for its work om the Second Edition (Revised) of the Manual
on International Oceanographic Data Exchenge as approved by the Tth Meeting
of the Bureau and Consultative Council (I0C/B-30), and particularly thanks
the Canadian Oceanographic Deta Centre for its essistance on these matters.

Amends Lhe terms of reference of this Horkzng Group (Res. I=9) by adding the
followlng H .

to review and reappraise the whole international ocesnographic
data exchange system as recommended in Section 8 of the report
"Internstiona} Ocean Affairs" (I0C/V-INF.111), and as reaffirmed
in Recommendation {(ix) of the summary of the recommendations of
the Working Group meeting in The Hagué in September 1967 (I0C/V-k);

a)

k) to continue and encourage the present work leeding towards
format standardization for use with autamsted techniques for
dsta 1nput, storage, retrieval,dissemination, and exchange,
but recognizing the cons1derable financial implications inherent

in such automatian;

¢} to contianue the development of means whereby geological, geophysical,
-biviogicsl, special sir-sea interaction data, send data from
"continuously recording" sensors are incorporated into the.
international ocesnograpbic data exchenge. system,

pirects the Working Group to establish and naintain close collaboration with
Hatlonal and Regional Dats Centres and with those groups of the Working
Committes concerned with verious aspects of the Integrated Global Ocenn Station

System (ICGOSS); and _

Inv1tea MO, FACG and cther interested organ1zat10ng to send observers to the
meetlnge of the Working Group. : :
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| ANNEXIT

" RECOMMENDATIONS OF THE FIRST MEETING OF
THE I0C WORKING GROUP ON MARINE POLLUTION

AParis, Unesco, 14~17 August 1967)

As a result of the exchange of views on various aspecta of: the problem of the present gtate of
polluticn of sea water, the JOG Working Group on Marine Po]lution.

Being goncerned abaut the faet that pollution of the sea with domestie, indusirial and agricultural
wastes by land run~off, by ships and by other ways, can result in important modifications of the
natural conditions of sea water which can have harmful effects on the vital activities of marine or-
ganisms, cause deiriment to the biotic resources of the sea, can be dangerous o human health and
cause economic loss, diminish the aesthetic qualities of the sea and coasts and reduce the quality

of the water for mdustmal uges,

Having the obje'c'tive of organizing an efficient study of pollution, of the process of auto- and artifi-
cial purification and of the control of water pollution with a view to its eventual elimination,

Believes that the time has come to treat all kinds of marine pollution as listed in the Report of the
Working Group as facets of a single problem requiring concerted action by chemists, radio-chemists,
marine biologists and micro-biologisis, physical and chemical oceanographers, engineers, lawyers,

administrators, etc,;

Believes that co-ordination is needed on bhoth national and international levels of all environmental
pollution studies and preventive measures; :

And consequenﬂy.recommends that the Fifth IOC Session:

{(a) draw the attention of the IOC members to the need for furfher reseafch and dissemination
of information on oceanographic and other related aspects of marine pollution falling into

the broad categories of:

(i) detection and measurement of various chemical and micro-biological constituents of
marine pollution;

(ii) tracing and predicting their fates;

considering that the follomng specific fields of research may be identified as the mostim-
portant ones:

development of relevant physical, chemical, phyeico-chemical and radio-chemical —
methods with special consideration to the transition elements of the Periodic Table
and to the oil content of the marine environment; :

standﬁrdization of methods of sampling and analysis in oceanography, including spec-
trographic and chromatographic methods; .

the establishment of models of the dilution and disbe_rsion of poliutants in the opensea,

coastal waters and estuaries, which can be used for the prediction of the concentra~
fions of pollutants at chosen distances and directions from the poiat of discharge;

the understanding of the bm—geochemmal c1rcu1ation of pollutants;
the mlcro-bmloglcal degradation of marine pollutants including oil;

the determinaticn of the effects of aub-lethal doses of the more 1mportant pollutante
on ecosystems; -

the establishment of the most appropriate ways of determining the toxicity of various
pollutants independently and in combination under various environmental conditions;

bonex IT - page :
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{b} request IOC members to make such arrangements as necessary in order ¥o have such ra-
search conducied on & continuing bagis, fo make accessible as much as possible of gach
country's experience and information on problems of marine peliviion, including its occean-
ographic aspecis, to consider the possibilities of maintaining records of discharges of
pollutants intc the high se&s, and to promsote reszearch on these probizms and on measures
for pollution control., This m?g"n. be achisved by dexignating, wherever practieal, a cen-
tral national governmental body which could, inter alia, act a8 an agent to facilitate inter-
national exchange of scientific and techuical informaticon, research plans and experience;

{c} regquest SCOR, in co~operaticn with ACMRR and IAWPER, to study what international acien-
tific astion on the non-governmental lavel can be takew in order to facilifate regearch re-
farred o ahove; ' i

{d) regquest the interested organizations of the United Nations family to agrée on the appropriate
machinery to ensure joint action by these orgamzahons in the field of marine pollu‘twn

which machinery, inter alia, should;

{i) formulate a system for regular reperting by national sources to appropriate regional
or international bodies, of discharges of pollutants {in addition te oily substances the
discharge of which from ships is already recorded under the International Convention
for the Prevention of Pollution of the Sea by (i1} directly into the high seas by ships
or by other means, and of other deliberate, accidentzl, or otherwise unavoidable dis-
chargee which may have international eifects; '

{ii} maintain international registers of discharges of the kinds defined under (i) above
{dates orperiod of each discharge or dumping; the composition and quantity of the
materials discharged; the nature of the container, if any; the site {latitude and longi-

tude}; the method 'ef transport to it);

{iii) improve the exchange of information mtemat‘onally concerning research relatang to
marine pollution and spec:l.ﬁca]ly through: :

mamtammg a register of institutions and workers in the field of marine pollution whlch
shall be available to member couniries;

circulating to countries inforimation on nanonal laws and r‘-g:luatmns relatmg ie pellu-
tion conirel;

eirculating to couniries reports on progress on pellation control;
circulating information on research in hand;

“{iv) provide for the due mput of the relsvant oceanographic o trat— id mfnrmatmn resultmg
from the co~ordinated research by IOC members;

{v) prepare proposals for further steps to be taken mtematmnally towards the control of
marine polution; S

{e} authorize the IOC nominee to the United Natlous Secretary-General's Group of Experts on
the implementation of the United Nations resolution 2172 "Resources of the Sea" to draw
the attention of that Group to the above recommendations and to the necessity to reflect
them in those proposals which that Group will formulate, and to request this Group to con-
sider the needs for bilateral and regional co-operation on poliution monitering which might
involve responsibility of regional organizations such as ICES and ICSEM. '
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T‘ABL‘E OF MAJOR CATEGORIES OF POLLI) '“'}.DN o

#For each type of polluticn, the general categories of ef’fect most frequentljr asaociated with that
‘pollution type are indicated by crosses in the appropriate eolumn, Whers judgement was pessible,
the most imporiant category of effect for a particuiar type of pellution is indicated by a circled
crozs, The final colum gives reference numbers o footnotes where illustrative exampleﬁ of ‘the
aategories of pollution are given, :
General cateporics of effect

_ Harm Hazarde Hindranes Reduction - Reference
Major categoriass . to . to to of ‘to Hlus-
of poliantion Uving human maritime amenitiee trative
resources  health activities examples
Direct’ .
. . -~ = . 1
Domestic - microbial @ - x
sewage (in~ - . .
cluding Indirect _ . L p
wasie from mierobial @ x. . 2
food pro- _
cessing) Eutrophica- . -
tion and .
Xj . 3
related ® _ * * O
processes ) ‘ :
Heavy .
. X - 4
metals * @
Petro- N = .
chemical . i * ® 5
oils, ete, - - ox ® 6
Pulp and ‘ ) :
- - x 7T
paper ’ i .
Industrial .. wastes - .. .
wagle S -
products Pesticides T x ®) - - 8
Deterpents x - - x 9
Badioactive '
materials @ * 10
‘Heat x - x K - 11
Solid ' ' : '
¢ . - - 2
objects * - X 1
.Dredgmg' x C < . 13
spoil : .

Footnotes to Table

1. Direct contamination of beachss near discharges of inadequately treated sewage can lead to
bacterisl and virus infections and non-aesthetic condztmna thh consequent adverse effecis on

tourmm .

2, Bacterial or virus infe otu_n can he caused by eating raw ghellfish hawestecl from areas con-
taminated by sewage and this also leads to adverac effects on the fishing indusiry, '
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3.

10,

11,

12,

13.

Discharge of sewage or other organic wastes leads tc increases in nutrient salts and changes

in their proportions in the sea and so to gquantitative and qualitative changes in the phytoplank-
ton which may: (a) have adverse effects on shellfish; (b) if they involve increases in toxic spe~
cies, lead to poisoning by eating contaminated sheilfish; {c) lead fo non-aesthetic conditions
resulting from the mass production, mass moriality and decomposition of marine organisms.

Filter-feeding inveriebrates and also f{ish larvee, ete,, which are sensitive to changes in the
quantities of certain elements normally rare in sea water, take in metals such as copper, zinc
and mercury originating from indusirial wastes, In various circumstances this causes the
deatn of the organisms, the spoiling of the flavour of shellfish and the poisoning of consumers

of the organisms,

Wastes from petro~chemical industry cause spoiling of the flavour of marine producté and dan-
ger to man through the consumption of organisms in which carcinogens have accumulated,

Oily substances may clog nets, spoil the {lavour of fish and shellfish, kill sea birds, contami-
nate beaches, Some methods of ireating oil on beaches and on the sea surface involve thé use
of materials toxic to marine life, '

Sulphite effluents with high biological oxygen demand cause non-aesthetic conditions, deéstruc-
tion of shellfish beds and hindrance to migrating fishes.

Insecticides and residues, such as chlorinated hydrocarbons and organic phosphorous com-
pounds, are persistent and highly toxic to marine anthropods and may accumulate in other or-
ganisms with consequent health hazards to predators including birds and man,

The SCOR/ACMRR WorRing Group is not aware of any specific examples but, considering thai.
detergents have a high phosphorous content, is of the opinion that the bio~-degradation of the -
shori~chain detergents could add to the eutrophication effect of domestic waste,

Because of the rigid control exercised over the atomic energy industry since its inception, the
Workmg Group has no examples of adverse eifects brought about by the discharge into the sea
of radicactive effluents. There do exist, however, the potential dangers of nuclear accidents
as hazards to health, Of particular concern are the radioactive isotopes of those elements
which are normally rare in sea water and which are readily taken up by marine organisms.

Under certain conditions, warm water discharges from large electrical power plants can lead
to: {a) excessive growth of vegetation which interferes with navigation; (b) increase in fouling
and boring organisms on vessels and structures; (c¢) thermal blocks which interfere with migra-—
tiona of fish; (d4) when associated with other iypes of discharge, increased microbiological acti-
vity and thereby oxygen depletion with consequent adverse effects on living marine resources,

ticles and other persistent matemals can: (a) interfere with navigation and fishing operaﬁons-
(b) provide a habitat for boring organisms; {c} when washed up on shores, reduce amenities;
(d} adversely affect the benthic habitat,

Floatmg and sunken solid objecis, such as drums, wire, botlles, timber, vehicles, plasticar-

Discharge of clay, sill, etc., from dredging, and also possibly from mining and drilling opera-
tiona, may: {a) increase the turbidity of the water with adverse consequences to marine life;
(b} cover hard bottom with soft layers which impede spawning of fizh and settling of shellfish;
{<) because of high nutrient content of interstitial water, add to the nutrient salt concentration -
of the sea and hence to the problems associated with eutrophication; (d) interfere with naviga-
tion and fishing operations, :
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RESOLUTION V-19

MARINE POLLUTION

The Intergovernmental Oceanographic Commission,

- Being concerned gbout the fact that pollution of the sea with ddmestic,
industrial and agricultural wastes by land run-off, by ships and by

other ways, can result in important modifications of the natural conditions .
of sea water, which can have harmful effects on the vital activities of -
marine organisms, be detrimental to the biotic resources of the sea, be
dangerous to human health and. cause economic loss, diminish the esthetic
gqualities of the sea and coasts and reduce the quality of the wegter for

industrial uses,

Being convinced that further improvement in the coordination of international
aspects of marine pollution is needed,

Bearing in mind that a number of international agencies is already concerned
with research on pgllution, its effects and control,

Being informed of the FAO World Conference on Marine Pollution and its Effects
on Pishery Resources and Fishing Operations to be held in Rome in 1969,

: Recommends that the TOQ inform the FAQD of its desire to partlclpate, if called
upon, -in this Conference.

Accepts the Report and the Recommendations of the IOC Wbrklng Group on Marine
Pollution with minor modifications.

Recommends that the organizations of the UN family involved or interested in

- pollution problems explore the possibility of forming a joint group- of—experts —
to ensure that necessary scientific information is available to those agencies
responsible for conservation of resources, pollubion control and ababement.

- Instructs the IOC Working Group to continue development of programmes on the
oceanographic research aspects of marine pollution, including monitoring aspects.

If an alternative scientific group under the joint sponsorship of the interested

UN organizations were to be established, the IOC would have to recousider the —

position of its working group on marine pollution.

-, -y
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