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Preambular Not e 
,,, , r, 

During the meetin~g of the Ad Ho~ Committee to Study the Peaceful Uses of 

the Sea-Bed and the Ocean Floor Beyond the Limits of National Jurisdiction in 
\ 

March 1968, the I0C was requested to furnish a paper on the scientific aspects 

of the problem. In view of the limited time before the next meeting of the 

Ad Hoc Committee (in June 1968), the IOC Chairman decided to ask the secretariat 

to compile a brief document summarizing available information on scientific 

knowledge of the sea-bed and on methods for its investigation. This document was 

prepared , largely by the secretariat (UNESCO Office of Oceanography) and with the 

help, in certain sections, of the ~taffs of WMO and IMCO. 

The IOC Bureau and Consultative Co uncil~-during its 8th meeting, did not 

have an adequate opportunity to examine the paper in detail. Nevertheless it was 

agreed that the study, although preliminary in character, contained much useful 

information 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. 

68-14029 /... 
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SCIenTIFIC ASPECTS OF PEACEFUL USES OF THE OCEAN FLOOR 

(Prepared by the Secretariat of the Intergovernmental Oceanographic 
Commission for the United Nations Gener~ Assembly Add H oc Committee 
for Study of Peaceful Uses of the Sea-Bed and Ocean Floor Beyond 
the Limits of National Jurisdiction) 

m ~ m N N N N m ~ ~ m  

GENERAL INTRODUCTION 
• _ ~ . . . .  

At a t ime when we a re  b e g i n n i n g  t o  p l a n  p e a c e f u l  use  o f  t h e  s e a - b e d ,  
i t  i s  i n d i s p e n s a b l e  t o  summarize ~ our  i d e a s  on t h e  s u b j e c t .  I n  t h e  n a t u r a l  
o r d e r  o f  t h e i r  r e a l i z a t i o n ,  p r e s e n t - d a y  p e a c e f u l  uses  o f  t he  ocean  f l o o r  a r e :  

i. ~he laying of underwater cables and pipelines; 

ii. The exploiting of oil and mineral resources; 

iii. The instal~ing of scientific instruments (e.g. deep-sea 
t i d e  gauges)  and e v e n t u a l l y  o f  u n d e r w a t e r  l a b o r a t o r i e s .  

Each o f  t h e s e  a c t i v i t i e s  r e q u i r e s  a t h o r o u g h  knowledge o f  t h e  ocean f l o o r  
and o f  the  s u p e r j a c e n t  env i ronment  and ,  f o r  Some a p p l i c a t i o n s ,  t h e '  amount o f  
knowledge and d a t a  needed  i s  ve ry  g r e a t .  

To cover  a d e q u a t e l y  a l l  t h e  k inds  o f  knowledge n e e d e d  and t h e  ways o f  
obtaining it, a complete modern course of oceanography (comprising all the 
disciplines) would be appropriate. In this paper, however, onl~ the most 
i m p o r t a n t  f a c t s  a r e  .... s e l e c t e d  t h e  .... most .... v i t a l  problems s i n g l e d  o u t ~ - i n  
o r d e r  t o  demons t r a t e  t he  degree  o f  i n v o l v e m e n t  o f  s c i e n c e .  This  s e l e c t i o n  
gives the paper something of a ~osaic patt e~, allowing, nevertheless, 
presentation of essentials, e.g., ~pl~ation as to why certain scientific 
aspects are so vitally important and suggestions as to the fUrther studies 
needed  t o  r e n d e r  t he  p r a c t i c a l  work f e a s i b l e  and s a f e .  

BASIC FACTS ABOUT THE OCEAN ANDXTS FLOOR 

(a)  Major d imens ions  

T o t a l  s u r f a c e  o f  t h e  o c e a n :  360 m i l l i o n  km 2 ( o r  71%, o f  t h e  E a r t h ' s  
surface). 

Average depth of the ocean : 3,795 m. 

The a r ea  w i th  dep ths  between ~ ,000  and 5 , 0 0 0  m. r e p r e s e n t s  36.6% 
o f  t h e  Ocean f l o o r  s u r f a c e .  

Total volume of t h e  ocean : 1,3TO million kin3. 

Average s a l i n i t y  o f  t h e  ocean ic  w a t e r  : 35%, 
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Continental shelf (0 - 200 m) 26 million km 2 = 7~ of the ocean floor. 

Continental slope (290 - 2,440 m) 39 million km 2 = 11% of the ocean floor. 

Abyssal plain (2,h40 - 5,750 m) 28~ million km 2. = 79% of the o c e a n  floor. 

Deep-sea trenches (more than 5,750) Ii million km 2 = 3% of the o c e a n  floor. 

The d e e p e s t  t r e n c h  i s  t h e  Mar iano  i n  t h e  P a c i f i c  = 11 ,034  m. 

(b) The qcean  a s  a dynamic system 

The enormous mass of 1,370 million km 3 of the ocean's water is in perpetual 
movement. While the Ocean's general circulation is wind-driven, the uneven 
distribution of solar hea~ 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 en~ne. To fully understand and predict itS 
behaviour laws of thermodynamics should be applied. 

Horizontal movements in the ocean are several orders of magnitude faster 
than vertical 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 4 knots. Vertical velocities in areas of well- 
pronounced upwellings ~ ~are still fractions of a centimetre per second. 

The ocean  a c t i v e l y  i n t e r a c t s  w i t h  t h e  a t m o s p h e r e  and w i t h  t h e  b o t t o m .  
• B o t h  t h e  a t m o s p h e r e  end t h e  ocean  f l o o r  s t r o n g l y  i n f l u e n c e  t h e  o c e a n ' s  p h y s i c s ,  
c h e m i s t r y  and l i f e .  E q u a l l y  i m p o r t a n t  i s  t h e  i n f l u e n c e  o f  t h e  ocean  on t h e  
a t m o s p h e r e ,  on .the ocean  f l o o r  and on t h e  c o n t i n e n t s .  

Nearly everything in the ocean, at least on the time scales involved in our 
observations, appears to be in a" state of dynamic balance : water itself, energy, 
dissolved salts and gases, living~rgauisms ~_~Local and temporal departures ..... frem 
this dynamic balance may cause ma~or consequencies, both locally 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 speak 
only of a temporary quasi-equilibrium. This quasi-equilibrium may be simply 
a momentary stage in the long, slow evolution which has undoubtedly been 
interrupted by abrupt ma~or changes many times in the history of the Earth. 

Accumulation of sediments on the ocean floor is slow. Although the rate 
of this accumulation is only from 0.I to a few centimetres per thousand years, 
a considerable amount, estimated as being in the re.on of several hundred 
million tons of sediment materialp 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 abrasi,n; maSerial 
of biological origin (microscopic skeletons of plankton~ shell coral and other 
detritus, etc. ~ chemical precipitation. 

C u r r e n t s  r e d i s t r i b u t e  i n  t h e  ocean  t h e  s u s p e n d e d  and  d i s s o l v e d  m a t t e r  

. / . o  

as  a c c e p t e d  i n  o c e a n o g r a p h i c  c l a s s i f i c a t i o n  
( a d j a c e n t  and m e d i t e r r a n e a n  s e a s  i n c l u d e d ) .  
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originally brought by rivers, as well as that resulting from coastal abrasion. 
While being transported away from continents heavier minerals may remain 
behind, separating from the ligjuter ones 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 organogene detritus such as 
shell fragments, coral sands or different calcareous and siliceous remnants of 
organic life. In some areas the planktonic portion of the sedimentation is 
even predominant. Calcareous material becomes solvent in cold water and 
p r e c i p i t a t e s  i n  warm a r e a s .  Some m e t a l s ,  l i k e  ~ manganese ,  unde rgo  c o n c e n t r a t i o n  
i n  t h e  form o f  n o d u l e s .  Sed iments  r i c h  i n  o r g a n i c  m a t t e r ,  once  s u p e r i m p o s e d  
and t r a p p e d  by impermeable l s ~ e r s ,  may be t r a n s f o r m e d  i n t o  p e t r o i i f e r o u s  ones .  

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

• The layers of sediments and the crystalline base on which the sediments 
rest are subject to tectonic forces of compression and expansion. The 
complicated topography of the ocean floor, with its mid-ocea~ ridges, rift 
valleys, underwater °mount~ains and volcanoes, displays abundant features of 
past and contemporary transformations. Understanding 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 geological history. Knowledge of it can be particularly 
important for such practical aims as mineral exploitation, for example. 
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TO THE GEOGRAPHICAL DISTRIBUTION OF MARINE MINE~LS 

I n t r o d u c t i o n  _ _ 

• 0 In  r l a t ~ o n  t o  t h o s e  u ses  o f  the  ocean f l o o r  men t ioned  i n  t he  g e n e r a l  
i n t r o d u c t i o n ,  t he  m o s t  r e l e v a n t  t o p i c s  o f  r e s e a r c h  a re  • 

- Amount and c o m p o s i t i o n  o f  m a t e r i a l  t r a n s p o r t e d  from 
the  c o n t i n e n t s  i n t o  the  ocean and o f  t h a t  su spended  
and d i s s o l v e d  i n  t h e  ocean ic  w a t e r .  

Suspended m a t t e r  i n  t he  ocean and s u s p e n s i o n  c u r r e n t s .  

Deep-ocean s e d i m e n t s  • s t r a t i g r a p h y  and m i c r o p a l e o n t o l o g y .  

N e a r - b o t t o m  p r o c e s s e s  and i n t e r a c t i o n  on w a t e r - s e d i m e n t  i n t e r f a c e .  

W e l l - r o u n d e d  d e p o s i t s  on t he  d e e p - s e a  f l o o r  : p e b b l e s  - nodu le s  - 
l a v a  bombs - o rganogene  c o n c r e t i o n s  - s p h e r u l e s .  

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

In  a d d i t i o n  t o  t h e  f i n d i n g s  o f  r e s e a r c h ,  a c o n s i d e r a b l e  amount of  
s p e c i f i c  and p r e c i s e  d a t a  on bo t tom t o p o g r a p h y ,  Eeophys~ca l  p a r a m e t e r S ,  
s e d i m e n t s  and w a t e r  masses  above~ i s  needed f o r  a l l  p r a c t i c a l  pu rposes  
a s s o c i a t e d  w i t h - a n y ~ u s e - - o f  t h e  ocean f l o o r .  I t  i s  t h e r e f o r e - e s s e n t i a l  
t h a t  r e g u l a r  s u r v e y s  be conduc ted  t o  .provide such d a t a  as r e q u i r e d .  A 
w e a l t h  o f  u s e f u l  d a t a  e x i s t s  i n  the. wor ld  from s u r v e y s  a l r e a d y  a c c o m p l i s h e d .  
I t  i s  i m p o r t a n t ,  t h e r e f o r e ' ,  t o  know t h e  deg ree  o f  t h e  p r e s e n t  covere~e  o f  
t h e  ocean by ; 

B a t h y m e t r i c  s u r v e y s .  

G e o p h y s i c a l  s u r v e y s .  

Sed iment  s a m p l i n g .  

Unclerwater 10hot o~raphy .  
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I.i Amount and campositio n of materia! t!ansported from the continents 
into the ocean and of that suspended and dissolved in the oceaniC~w;~ter. 

. . . .  

Every year about 36,000 km 3 of river water flows into the sea, charged 
with 12,TO0 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 small 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 substantially different from that of 
the ocean itself. This fact does not pe~t 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 which of these theories to finally accept as fully 
correct. 

N e i t h e r  t h e  S a l t s  no r  t h e  suspended m a t t e r  c a r r i e d  t o  the  ocean by r i v e r s  
remain  unchanged t h e r e .  P a r t  o f  the  suspended m a t t e r  d i s s o l v e s ;  p a r t  o f  t he  
s a l t s  i n  s o l u t i o n  i s  e x t r a c t e d  by l i v i n g  o r g ~ i s m s ;  a p a r t  o f  t h e  suspended 
material originally bro~ht goes into sediments either in its original form 
or after undergoing certain metemorphoses. While sediments accumulate on the 
bottom, the material remaining suspended Or in solution participates in a 
complicated cycle in which the organisms inhabit~g the oceanplay a very 
important r~le. 

The t a b l e s  on the f o l l o w i n g  pages g i v e  some f i g u r e s  c o n c e r n i n g  t h e  
...... c h e m i c a l  compos i t ion  o f  t ~ c e a n i a  r a t e r ,  ...... o f  t h e  c o n t i n e n t a l  r u n - o f f ,  and 

t h e i r  compar i son .  
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TABLE I A v e r s e  c h e m i c a l  composition of oceanic water 
~according to A,P. Vi-nogradov) 

(,.f = 35,00O/oo; CI t9,375%o) 
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2 . 1 0 '  

? 
? 

6. t0 T M  
? 

1.10"-~4 
2 .10  "N 
1.10-* 
5 . 1 0 1  
8.I0"~ 
5 .10  "14 
7. t0 t 

0,0001 
0,003 
O, 0005 

0.05 

0.00037 
0,02 
0,0000029 
0,0000013 
0j0000006 
0,0000023 
0,00000042 
0,00000tt 
0,0000006 

. = = . . .  

b,00000073 
0,00000022 
0, 0000006 
0,0000001 
0,0OOOO052 

"0,00000012 
, , . , . , , , . , ,  

0,0001 

• t 

0,000004 
0.00O03 
0,00001 
0,00003 
0t0002 

, = , , , . .  

6. t0 T M  

t • 10-1e 
2.10 T M  

0,0000t 
5 . t 0 - ~  
0:003 
5.t0-1e 
7.10-t8 
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TABLE II loniCcom~osition ofthe continental run-off 
~T'~'rdzng to O.A. Alekin) - - 

I + 

in m g / l t t r e  . . . .  . . . .  IS,0 
In % o I d r y  res idue  t5,6 

~ qn~.al su;pply . . . . . . . . .  

InTo 1:he OCeal'l 
in m i l l i o n  t o n s  . . . . .  4114 

6':'8 
, ,, 

1t7 217 

53, 113, 

J - ToTal 

~,~ 89,~:. 

1692 423 228 I 3t71 

TABLE I l l  C h e m i c a l  e l e m e n t s  w h i c h  a r e  m o r e  a b u n d a n t  i n  
_ _ _ ~ - -  . . . . . . . .  _ . . - . . _ , . .  , - 

ocean_XC w a t e r  t h a n  i n  t i h e  c o n t i n e n t a l  r u n - o f T  
(acco rd ing :  t o  A . P .  V i n o g r a d o v )  ' ' - 

Element 

Li 
B 
F 

Mg 

S 
CI 
K 

Ocean : 
;n % 

t ,5 . t0 -*  
4,6.10-4 
1,3.10-~ 

1,035 
0,129 
0,080 
t,935 
0,039 

, ,-.. , .  % . , . . . . .  
.In ;n  % 

i i --." . m 

E 

1, I0-7 Ca 
2.10-I Br 
5 . 1 0 1  Rb 

4,5.10 -4 . . . .  8 r - -  
3,3.10-4 I 

4.10-, C s  
6,4,10-, Ba 
1,5.10-4 U 

0,0408 
6,6.10"I 

2.10 -s 

5 . 1 0 '  
3,7,10-* 

2. tO-* 
3. t0 -I  

1 ,3 -10-1  
2.t0-e 
2 10 -I 
1 ; t 0 '  
2.10- '  
1, I@-I 

<3,!o- '  
I .  10 "~ 

TABLE IV C h e m i c a l  e ! e m e n t s  W h i c h  a r e  m o r e .  a b u n d a n t  i n  
t h e  c o n t i n e n t a l  r u n - o f f ' t h a n  i n  t h e  ocean  
(according to A.P. Vinograd6v)- ' -' - - 

E i e m entl Ocean" 
in % 

givers: 
in% 

SI 
Ti 
Cr 
Mn 
Fe 
Co 

. 

3. I0-~ 
I. 10 -~ 
2.t0-* 
2.10-~ 
t . t0"6 
5. t0-* 

6. I0- '  
• 5.10-" 
• 1 10 -T 

1.10~ 
e,7.1o-. 

! , 10 -~  
. . . .  

Element I -Ocean:  R ;vers i  
i r l%  ~ ;.n % 

i ii ,I 
i 

Ni 2. t0 -~ 
C u  3. t0-7 

. Z~ t. 1 0 '  
Pb " 3.10- '  

• A! I,  I 0 - .  
• 

t , 

5 . t o - ,  
5.10- ' ,  
2.10"1 
t .10- ,  

.... 5. t0  -6 

. . . . .  
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I .  2 Suspended m a t t e r  i n  t h e  ocean  and s u s p e n s i o n  c u r r e n t s  

Suspended m a t t e r  

I t  i s  i m p o r t a n t  t o  studM the  d i s t r i b u t i o n  of  suspended m a t t e r  in the  
ocean as the  i n f o r m a t i o n  so ob t a ined  may prov ide  s c i e n t i s t s  w i t h  g u i d i n g  
p r i n c i p l e s  t o  b e t t e r  u n d e r s t a n d i n g  of the  g e o g r a p h i c a l  d i s t r i b u t i o n  o f  
s ed imen t s  in  the  ocean.  By s t u d y i n g  the  d i s t r i b u t i o n  of  a n c i e n t  sed imen t s  
c o n c l u s i o n s  rosy be come t o  as. r ega rds  s y s t e m s  of  c u r r e n t s  which were 
p redominen t  i n  the  ocean a t  the  t ime when the  a n c i e n t  s e d i m e n t  m a t e r i a l  was 
being deposited from suspension. 

Information on concentrations of suspended matter near the sediment- 
water interface is important for the use of underwater photography. In 
some ~ areas the tUrbidity i of Water near the bottom is quite significant and 
may prevent successful photography. The turbidity above the sediment surface 
m~r 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 reaching the ocean floor. 

As was mentioned above, rivers bring into the oceans approximately 
12,70o million tons of suspended matter. It is difficult to estimate the 
amount, o f  a d d i t i o n a l  m a t e r i a l  i n s u s p e n s i o n  O r i g i n a t i n g  f rom c o a s t a l  a b r a s i o n .  
Abra s ive  p rocess  es~ va ry  c o n s i d e r a b l y  from one g e o g r a p h i c a l  a r e a  t o  a n o t h e r ,  
due t o  t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  o f  the  c o a s t s  i n v o l v e d .  Although t h e r e  
i s  no g e n e r a l  agreement  between s c i e n t i s t s  as r e g a r d s  t he  e x a c t  f i g u r e ,  
a c c o r d i n g  to  some e s t i m a t i o n s  the  supply  o f  a b r a s i v e  m a t e r i a l  i n t o  the  ocean 
i n  t e m p e r a t e  zones - w h e r e  p r o c e s s e s  of  a b r a s i o n  are  most i n t e n s e -  i s  o f  t he  
same o r d e r  o f  magni tude as t h a t  of  a l l u v i a l  m a t e r i a l .  In  t r o p i c a l  zones 
t h e  l a t t e r  i s  c o n s i d e r a b l y  more i m p o r t a n t .  

I t  i s  e s t i m a t e d  t h a t  t h e  average  c o n c e n t r a t i o n  o f  suspended  m a t t e r  in  
t he  ocean i s  1 mg pe r  l i t r e  and i t s  t o t a l  amount i s  c o n s e q u e n t l y  I~ST x iO ~ 
m i l l i o n  t o n s .  

Accord ing  t o  L i s i t z i n  ( 1 9 6 1 ) t h e  chemica l  compos i t ion  of suspended matter 
i n  v a r i o u s  p a r t s  o f  t h e  ocean i s  as follows : 

TABLE V 

I n d i a n  Ocean 

Medi terranean  Sea  

Red Sea  

Ii.~5 

1 . 2  

1.0 
I 

• I " ' I 

CaCO~ ~C organic~ Fe Mn ; Ti P i 
i : - ! . 

i .  28 ' 8.67 3.14 o. oh o. o18 i o. 30 1 

~.o zo. i ,  8 .7~  0 .05  o . 9 ,  , -  
I . 

k.~ 12 .1 '  19 .55  - o.0~ - 
( i n  ~ o f  the  d ~  r e s i d u e )  
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It is of interest to note that out of the enormous amount of suspended 
matter brought into the ocean only 0.4% goes into sediments d/rectly. 
Tracing the remaining part and its metamorphoses represents another important 
subject of research. 

S ~  ns! on ( o_r t \~b i ~ ' ~  

When sedimentation occurs on a,slope the mechanic.sl instabilities may 
build up until a disturbance~ due to currents or an earthquake, triggers the 
sliding down of sediments along the slopes, ~hile moving downwards the 
sediments mix with the surrounding water. ~his mixture's specific gravity 
may be considerably 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 a long tank filled with water without mixing with it and without 
losing much of its suspended loado In the well-known case of the Grand Bank 
turbidity current of 1929 it was estimated that the flow was i00 m. thick with 
a 5% concentration of very fine sand. Its speed~ as found by comparing the 
times of successive cable breaks, was about 90 Fun/hr. Sand deposits found at 
great depths on or below the continental slope, sometimes between layers of 
pelagic sediments, would testify to the fact that a suspension current occurred 
in the  p a s t .  

r 

It is not yet established whether turbidity currents themselves incise 
submarine canyons or whether they simply most frequently occur in the canyons 
of the continental slope ~here 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 suspension flows alone. Thus the question of the origin of 
submarine canyons remains unanswered and further research is necessary. 

T u r b i d i t y  cu r r en t s  can be a danger fo r  s u b m e r s i b l e s ,  underwate r  
installations and divers. 

It seems likely that fairly large-scale experiments will be necessary to 
study turbidity currents in their natural environment. A typical experiment 
might be as follows : 

i) 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 and grain size 
distribution. In aggregate they can give the dimensions, speed, 
and sedimen~ distribution within a current. Cables from the 
sensors should lead out laterally from the canyon to a main cable 
on the continentalshelf, as it may be anticipated 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 canyon as it is only in the 
region of channels, fans, and abyssal plains that the turbidity 
currents decelerate and deposit sediment. ~he depths may be very 
great and it will probably be necessarF to telemeter by radio from 
buoys above 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 ~t has been partially filled. An alternative and 
perhaps,  more p r o m i s i n g  method would  be ~o-br ing .  a mar ine  d redge  
into the area and Du~ the Canyon full oi"- sediment. In effect 
this would accelerate sedimentation by littoral processes and 
trigger a slump at a time when the instruments were in place. 

D e s c r i p t i v e  r e g i o n a l  s t u d i e s  o f  t h e  t o p o g r a p h y  and s e d i m e n t s  p roduced  
by t u r b i d i t y  c u r r e n t s  w i l l  a l s o  be p r o f i t a b l e .  For  example ,  t h e  g r a i n  s i z e  
d i s t r i b u t i o n ,  volume,  and a r e a l  e x t e n t  o f  i n d i v i d u a l  % u r b i d i t e s  i s  unknown 
b u t  i s  needed f o r  compar i son  w i t h  a n c i e n t  ones on C o n t i n e n t s .  D e t a i l e d  
s t u d i e s  a r e  r e q u i r e d  w i t h  c l o s e l y - s p a c e d  c o r e s  in  o r d e r  t o  t r a c e  s e d i m e n t a t i o n  
u n i t s .  I f  t h e  c i r c u m s t a n c e s  a re  f a v o u r a b l e  a h i , h - r e s o l u t i o n  e c h o - s o u n d e r  
can  g ive  s u b - b o t t o m  r e f l e c t i o n s  on a t u r b i d ~ t e  which i s  r e c o g n i z a b l e  i n  
c o r e s .  This  p e r m i t s  w i d e r  s p a c i n g  o f  co re s  and more d e t a i l e d  mapping o f  t he  
r e f l e c t o r  t han  can be done f rom c o r e s  a l o n e .  

Some obse rved  d e t a i l s  o f  the  t o p o g r a p h y  o f  d e e p - s e a  channe l s  may s u g g e s t  
t h a t  t u r b i d i t y  c u r r e n t s  r e s e m b l e  r i v e r s  i n  t h a t  t h e y  meander  and produce  
t e r r a c e s .  Many more o b s e r v a t i o n s ,  u s i n g  deep  s u b m e r s i b l e s  and t e l e v i s i o n ,  
a r e  needed  b e f o r e  t h e s e  phencmena can be u n d e r s t o o d .  

S u i t a b l e  r e g i o n s  f o r  f i e l d  e x p e r i m e n t s  and s u r v e y s  o f  t u r b i d i t y  c u r r e n t  
phenomena a re  numerous.  I d e a l  a r e a s  w i t h  s t e e p  s l o p e s  a r e  found  i n  t h e  
M e d i t e r r a n e a n ,  t h e  Car ibbean  ~, o f f  M e l a n e s i a ,  and 0 f f  e a s t e r n  A s i a .  These 
a r e a s  a r e  l e s s  deep t h a n  o t h e r s  and i n s t ~ n t a t i o n  s h o u l d  be c o m p a r a t i v e l y  

e a s y .  However, t h e  s c a l e  o f  p r o c e s s e s  may be d i f f e r e n t  i n  t h e  deep ,  open 
ocean  b a s i n s ,  and e v e n t u a l l y  t hey  a l s o  s h o u l d  be s t u d i e d .  

1 . 3  Deel>-ocean sed imen t s  ~ ~ _ - _ ~ _  : . . . . . .  . . . . . .  .. .. s t r a t i g r ~ h  and m i c r o ~ a l e o n t o l o K v  

S t u d i e s  o f  the  deep ocean  sed i sen t s  p r o v i d e  s c i e n t i s t s  w i t h  c l u e s  t o  
u n d e r s t a n d i n g  t h e  g e o l o g i c a l  h i s t o r y  o f  ou r  p l a n e t ,  i t s  oceans  and c o n t i n e n t s .  
Such  background  knowledge i s  i m p o r t a n t  f o r  m e a n i n g f u l  e x p l o r a t i o n  o f  
u n d e r w a t e r  m i n e r a l  r e s o u r c e s .  Wi thou t  t h i s  knowledge any s e a r c h  f o r  m i n e r a l s  
w o u l d  be conduc ted  b l i n d l y °  

I d e a l l y ,  t h e  s u c c e s s i o n  o f  s e d i m e n t  l a y e r s  i n  an u n d i s t u r b e d  co re  s h o u l d  
show a c e r t a i n  sequence  o f  d i f f e r e n t  c l i m a t i c  p e r i o d s  a n d  0 on a l a r g e r  s c a l e ,  
a s e q u e n c e  o f  g e o l o g i c a l  p e r i o d s .  As i t  happens0 the  f a c t s  o b s e r v e d  i n  t h e  
c o r e s  o f  o c e a n i c  s ed imen t s  a r e  n o t  a l w ~  e a s y  t o  i n t e r p r e t .  ~he work o f  
s t r a t i g r a p h e r s  exid ~ c r o p a l e o n t o l o g i s t s  i s  r e m i n i s c e n t  o f  t h e  ~o rk  o f  a 
d e t e c t i v e  who, i n  a s e a r c h  f o r  t h e  o n l y  c o r r e c t  s o l u t i o n ,  s h o u l d  combine i n  
a t r u e  s y s t e m  a m l t i t u d e  o f  s e e m i n g ~  c o n t r a d i c t i n g  c l u e s .  
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Deep ocean sediments can be divided into : 

- pelagic sediments, including brown clay with less than " " 
30% biogenous material, diagenetic~ deposits, consisting 
largely ~of minerals crystallized in the sea, biogenous 
ideposits like .... foraminiferal ooze,~diatom ooze, radiolarian 
ooze, coral reef debris; 

- terrigenous muds having more than 30% of silt and sand of~ ~ 
d e f i n i t e  c o n t i n e n t a l  o r i g i n ;  

- turbidites caused by turbidity currents; 

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

- glacial deposits derived from iceberg transportation; 

- volcanic sediments. 

The distribution of these types is fairly well-known. For example, 
calcareous material is limited to warm areas, while in cold zones it is 
dissolved before reaching the bottom. 

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 considerab!e number of cores have been tested in order ~o 
establish the succession of cold and wa~ostages of paleoclimate by examin- 
ation of the fossil planktonic foraminifera in various sediment layers, 

A18~^|6 i s o t o p i c  d a t i n g  based o n / u ~ l u  r a t i o  was a ! so  a t t e m p t e d .  As a r e s u l t ,  a 
s e q u e n c e  of  g l a c i a l  and i n t e r g ! a c i a l  pe r iods  was e s t a b ! ~ s h e d ,  the  l a s t  
@ l ~ e i ~ t - ~ g e - h a v i n g  ended between Ii,000 emd~7,o0o years-ago,~ aS con firmed 
also by C I~ determination. ~In/general,~e cores of the Pacific do not 
show the same alternations in~cative of wsrm and cool periods. In many 
places the clay cores are continuous without any apparent cllanges during the 
whole Pleistocene. In antarctica, ice-rafted sediments can be used as an 
indication of cold periods. Organic deposits with a higher content of 
"radiolaria" in interglacial times alternate with marine glacial .... sediments. 
One s e q u e n c e ,  f o r  example,  ~ Contains t h r e e  ~ t a t i v e t y - w a r m  ~-- s t a g e s .  In  the 
A r c t i c  ana lyses  show t h a t  even here  d i s t i n c t  changes occur red  in  the p a s t ;  
the  c o n t e n t  of  f o r a m i n i f e r a  be ing  d i f f e r e n t  a t  c e r t a i n  depths  of  the  core .  .... 

~he causes of some disconformities in abyssal sedimentation are still 
enigmatic. In a few cores, the hiatus in sediment accumulation is marked by 
an i n d u r a t e d  s u r f a c e ,  sometimes impregna ted  by oxides  .... o f m a n g a n e s e  and i r o n ,  
i n d i c a t i n g  a long pe r iod  of non-accumula t io  n.  In many~ o the r  c o r e s ,  no such 
i n d u r a t e d  s u r f a c e  i s  developed and i t  a p p e a ~  t h a t  a t s o m e t i m e  a n  e r o s i o n  
p roces s  removed r a t h e r  r a p i d l y  the i n t e r m e d i a t e  s e d i m e n t s  a n d  accumula t ion  
then  c o n t i n u e d  n o r m a l l y  t o  the  p ~ s e n t  ds~. ~ e  f i r s t ' m e n t i ° n e d  s i t u a t i ° n  
canno t  be e x p l a i n e d  u n l e s s  ..... one invokes bo. t tom-water  c u r r e n t s  o f  s u f f i c i e n t  
i n t e n s i t y  t o  p reven t  sediment  a c c u m u l a t i o n  fo r  m i l l i o n s  o f  y e a r s .  The  r a p i d  
removal of young sediments,, followed:by, a-resumption of-normal ~accumulation , . 
may be due to  the ac t ion  of  t r a n s i e n t  d e n s i t y  c u r r e n t s w h i c h  erode t h e  
u n c o n s o l i d a t e d  sediments b r i e f l y  and then cease .  At tempts  have been made 
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during the past decade to determine whether interrupted sediment sequences 
! 

are characteristic of abyssal hills or of valleys, but no clear-cut ar.~;Ter 
has yet been obtained to this basic question. 

Until now the stratigrapher has had to depend almost exclusively 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 which the sediments are fossiliferous. 
A ~ e ~ t  &re be in~  made ~o f i n d  i s o t o p i c  and s e d i m e n ~ a r y - ~ e ~ r o l o g i e a l  me~hoda 
t o  s e r v e  as a b a s i s  f o r  t i m e - c o r r e l a t i o n s  o f  u n f o s s i l i f e r o u s  s ed imen t s ,  and 
when t h e s e  are  s u c c e s s f u l  i t  w i l l  be p o s s i b l e  t o  ex t end  p a l e o - o c e a n o g r a p h i c  
interpretations to large areas which are at present inaccessible to this field 
of res e arch. 

1 . 4  Nea r -bo t tom p r o c e s s e s  and i n t e r a c t i o n  on  w a t e r ,  sed iment  i n t e r f a c e  

Equal in importance to the ocean-atmosphere interaction exists an 
interaction between the ocean and its floor. 

~he bottom relief is submitted to transformations by endogene (Earth's 
interior) forces. Tectonic events like folding and faulting take place, 
volcanoes rise and e~ect lava and gases, changing the chemical and physical 
properties of the surrounding waters and influencing bottom currents. 

• Water movements also affect the bottom: tidal currents and turbidity 
flows form and reform the bottom relief on a smaller scale; they erode, 
transport and redistribute sediments and help the accumulation of some minerals 
• s A i d  o r e s  o 

~]ae problems connec t ed  wi th  t h i s  i n t e r a c t i o n  can be s t u d i e d  on two 
d i f f e r e n t  s c a l e s :  (1) w i t h  r e s p e c t  t o  the g e n e r a l  s i t u a t i o n  of. l a r g e  p a r t s .  
o f  t h e  s e a ,  even o f  the  whole  ocean; (2) by examin ing  in  d e t a i l  s e l e c t e d  

. . . . . . . . . . . . . . . . . .  ~he ..... dl~ f e r e n t -  a r e a s  o f  only  a few s q u a r e  mi les  or  even squa r  e me_te~ large_.- "-" 
i a t i o n  between t h e s e  two approaches  has ~ust  begun.  P rog re s s  o f  d e t a i l e d  
s m a l l - s c a l e  s t u d i e s  o f  n e a r - b o t t o m  p roces ses  depends l a r g e l y  on the  deve lopment  
o f  i n s t r u m e n t s  which would  permi t  obse rv ing  and r e c o r d i n g  o f  dynamic even t s  
quantitatively and synchronously. Only in the last fewyears has some 
important progress in this new direction been made (submersibles, underwater 
television and filming). 

Extremely  i m p o r t a n t  from the  s t a n d p o i n t  o f  t h e  f o r m a t i o n  of  mine ra l s  
a re  the  chemical  p r o c e s s e s  which occur  n e a r  t he  w a t e r - s e d i m e n t  i n t e r f a c e  and 
i n  t he  upper  u n c o n s o l i d a t e d  l a y e r s  o f  s e d i m e n t s .  An i m p o r t a n t  rS l e  in  t h e s e  
p r o c e s s e s  i s  a l s o  p l a y e d  by m i c r o - o r g a n i s r ~ .  Coupled w i t h  b i o l o g i c a l  t r a n s p o r t  
o f  v a r i o u s  chemical  e l e m e n t s ,  t h e s e  p roces se s  may account  f o r  the  occur rences  
o f  such e c o n o m i c ~ l y - i m p o r t a n t  c o n c e n t r a t i o n s  o f  m i n e r a l s  a s ,  f o r  example,  
manganese nodu le s .  The g e n e r a l  cond i t i ons  o f  v e n t i l a t i o n  of  a water  b a s i n  
u n d e r  c o n s i d e r a t i o n  are  r e l e v a n t  to  the types  o f  bo th  chemical  and m i c r o b i a l  
c o n d i t i o n s  observed  in  t he  nea r -bo t t om a r e a .  The Ox ida t i on  or  r e d u c t i o n  
c o n d i t i o n s  m~y p r e v a i l ,  r e s u l t i n g  in  very  s p e c i f i c  d i s t i n c t i o n s  in  mine ra l  
c o m p o s i t i o n  of  s e d i m e n t s .  While the  Black Sea  i s  a c l a s s i c  example of  a 
p o o r l y  v e n t i l a t e d  b a s i n  w i t h  r e d u c t i o n  p r o c e s s e s  b e i n g  t y p i c a l  t h e r e ,  the  open 
p a r t s  o f  t h e  World Ocean a re  c h a r a c t e r i z e d  by the  s b s e n c e  o f  r e d u c t i o n  
c o n d i t i o n s  and by the  p r e s e n c e  o f  ox id i zed  oozes  and c l a ~  Among the 
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processes of great interest and importance which are still insufficiently 
studied and .lacking accurate quantitative estimates i8 the process of 
chemical precipitation. 

If it is assumed that the hydrocarbonates and mineral colloids, 
microelements and biogenous elements carried, out by riverdischarge .are 
precipitated, then CO~- 826, Ca'' - ~26, ~ "" - 3h.5 million tons, sink 
yearly to the bottom ~f the oceen, that is in all 1,359 million tons of 
hydrocarbonates, calcium and magnesium. Furthermore0 360 million tons of 
colloids (in the form of oxides), 36 million tons of micrO-elements and 
18 million tons of biogenous substances will pass to the bottom in oneway 
or another. Consequently the total quantity of precipitated matter is 
1,773 million tons. 

i.5 Well-rounded deposits on the deep-sea _floor _'___ pebbles_- nodules- 
l a v a  ~ombs -- or~an, ogene c o n c r e t i o n s  s p h e r u l e s .  

~he longer the  wsy of  t r a n s p o r t a t i o n  .of rock d e b r i s ,  once c a u s h t  up 
by the flowing water of a river, the more rounded will it become. It will 
be rounded on the beaches too if it is broken Off from a 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 slowly 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 morpholosy, quite different phenomena:rosy ~ be concealed 8 

- nodules  

- l a v a  bombs 

- organogene c o n c r e t i o n s  

- s p h e r u l e s  

I d e n t i f i c a t i o n  i s  f u r t h e r  h i n d e r e d  by the  f a c t  t h a t  the  abbve-ment ioned  
forms may be covered by an o r g a n i c  c r u s t  concea l i ng  t h e i r  r e a l  n a t u r e  and 
o r i g i n .  T h e r e f o r e - i - ~ t e r p r e t a $ i  n n ~ f b ~ o t t O m  photographs  (ou r  o n l y  p r e s e n t  
s o u r c e  of  knowledge b e s i d e s  dredged m a t e r i a l )  must be done wi th  c o n s i d e r a b l e  
c i r c u m s p e c t i o n .  

True pebbles  may a l s o  be found a t  g r e a t  d e p t h s ,  hav ing  e i t h e r  been b r o u g h t  
t h e r e  by t h e  above-mentioned method or  having  o r i g i n a t e d  i n  azeas which have 
become submerged. For example,  a n c i e n t  beaches have been d i s c o v e r e d  a t  depths  
o f  o v e r . a  hundred meters ( e . g ~ ,  o f f  C o r s i c a ) ,  p r o v i d i n g  t h a t  a f t e r  forma_.H_ti_on . . . . . . . .  
an i m p o r t a n t  t e c t o n i c  movement took p l a c e .  

Some t a b l e  mounts a r e  covered  wi th  a l a y e r  of  p e b b l e s ,  p r o v i n g  t h a t  t h e i r  
p l a t f o r m s  were formed by wave a b r a s i o n .  I f  we f i n d  t h e s e  p l a t f o r m s  a t  g r e a t  
dep ths  we can be sure  t h a t  t e c t o n i c  submergence took p l a c e .  However ,  c a u t i o n  
i s  n e c e s s a r y  t o  p reven t  con fus ion  o f  such pebbles  wi th  nodules . ,  which may be 
found  ~ a t  any depth and which give no i n d i c a t i o n s  about t e c t o n i c  movements. 

Nodules  are c o n c e n t r a t e s  of  c e r t a i n  metals  and o t h e r  chemica l  e lements  
and t h e i r  e x i s t e n c e  in  the  ocean i s  widespread .  They are  t he  most s t r i k i n g  
a u t h i g e n i c  depos i t s  o f  the  s e a  f l o o r .  Mero ( I965)  supposes ..that t h e y  
c o n s t i t u t e  the most common fo rm of  ha rd rock  found a t  t he  s u r f a c e  o f  the  Ear~hlS 
l i t h o s p h e r e .  While most o f  them are  no • l a r g e r  than  25 cm., some  wi th  a mass 
o f  850 kg .  are known. Nodules grow around s m a l l  rock f r agmen t s  and such 
o b j e c t s  a s ,  e . g . ,  shark  t e e t h .  The i r  c r o s s - s e c t i o n  shows c o n c e n t r i c  l a y e r s  
c o r r e s p o n d i n g  to  d i f f e r e n t  phases  o f  t h e i r  f o r m a t i 0 n .  
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Mangane.se ~md ferro~manganese nodules are the most common. 
(S~e '~Resources of the Sea" Part One: ~neral Resources of the Sea 
Beyond th~ Continental Shelf. Report of the Secretary-General, E/hhhg/Add.l~ 
19 February 1968J Sources of manganese in the ocean are the continentsl 
runo~off and submarine volcanoes. The respective shares of manganese supplied 
from these 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 m~u~anese reaches the bottom sediments~ both throu@h biologica%l 
try, sport and chemical precipitation. According to ~recent date~ manganese 
accumulates over the entire ocean floor at a uniform rate of 2 rag. per ca, 2 
per thousand years. Its majority goes into fine grain sediment, only a 
small part of it participating in the formation of nodules which require 
some five million years to develop fully. 

N~nen a volcano erupts molten lava is ejected into the air, falling 
to the ground in the form of lava bomb__s_. One may find such bombs on the 
sea-bed around existing volcani~c islands or in the vicinity of submerged 
volcanic islands. Pillow lava is the result of submarine outflows. 
Broken pillow lava may resemble pebbles or cobbles. 

~ n c r e t i o n s  are spread all over the sea bottom. They rosy 
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 ~loor 
are not built up by a course sediment, but are simply covered with a layer 
of broken ~ud rounded material. 

Spherules should also be mentioned, although %Jaey are ~ch smaller in 
size than nodules and concretions. They are of cosmic origin and are 
normally of highly magnetic nature, resulting from an inner metallic nucleus 
surrounded by iron oxides. Spherules seldom exceed 0.2 me. in diameter. 
It is supposed that the total accumulation of spherules over the Earth's 
surface is of an order of 2,500 %o 5,000-tons annually. 

1 6 Tectonic processes in the Earth's crust and in the Upper Mantle 

After passing through the sediments - unconsolidated near ,the bottom, 
then semioconsolidated and finally consolidated- the crystalline base is 

....... r e a c h e d ,  T h i s  b a s e  i s  p a r t  o f t h e - - E ~ N ' s  ...... C r U s t  a n d  i s  g e n e r a l l y  d i v i d e d  
into two larger layers called Sial (with an averagedensity of 2.67) and 
Sima (with an average density of 3.27). 

The Sial is a light ~ranite lay~er building up the continental blocks, 
l~s fragments "float" on the Sima, which consists of a basalt (or gabbro) 
layer (found under the ocean floor) and a still deeper peridotite layer. 
Both are separated by the so-called Mohorovi~i6 discontinuityt which is 
world-wide. Beneath the continents this "Moho" is bent down by the 
continents to a depth of 30 - 50 km; in ocean areas (where the Sial is lacking) 
it comes up to a depth of 5 km, or even less (0.5 km in some parts of the 
Pacific). 
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All types of intermediate crust (with sub-continental and sub~-ooceanic 
sub-types) are ~1o~n to exist between a typical "continental" ~.d a typical 
"oce~nic" crust. Study of ¢I1 these t~q~es is in progress p as w~ learned 
at the Inten~ational Oceanographic Congress in Moscow in 1966. 

In 1961 the U oS. "Mchole" project ~as started. Attempts 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 Earth's crust. 

By ~ mountain chains fold, an example from later geological 
times being the two immense belts girdling the world- the "alpine" belt 
beginning in Spain, continuing through the Alps, the Caucasus, the Himalayas, 
and ending in the Indonesian Islands; .and the "Pacific" belt encircling 
the Pacific Ocean from New Zealand to the Andes. 

~___lansion produces a network of fracture-lines spreading all over the 
world and cutting sislic continents, as well as simatic layers :of the ocean 
floor, into pieces. One of the most impressive land scars begins in 
Scandinavia, continues through the Rhine and Rhone valleys, turns east in 
the Mediterranean Sea, south again in the Red Sea, and ends in the East African 
graben system. There are some other features of the same kind in the oceans, 
the most characteristic being the mid-ocean ridges (e,g., the ~id-Atlantic, 
t he .Car l sbe rg  Ridge, etc.). 

Large amo~,ts~ of volcanic msterial rose along the fracture lines, forming 
volcanoes or covering large parts of the sea-bed with traps. Some of the 
most important island groups (H~aii, Canaries) are of volcanic origin. 
Sialic and simatic material evidently beComes mixed in the ridge areas, forming 
a 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 Carlsberg Ridge (Indian Ocean). 
These rocks clearly have a simatic composition. 

Another  i m p o r t a n t  s u b j e c t  r e c e n t ~ ~ s ~ . d e e p - s e a t ~ r e n c h g s  as t f o r  
e x a m p l e ,  ~ l o s e  f o l l o w i n g  t h e  i s l a n d  a r c s  o f  t h e  P a c i f i c .  Some f a c t s , s u c h  as  
t h e  do~mward b e n d i n g  o f  t h e  E a r t h ' s  c r u s t  and t h e  f r e q u e n c y  o f  e a r t h q u a k e s  
t h e r e ,  l e a d  us t o  suppose  t h a t  t h e s e  t r e n c h e s  a re  u n d e r g o i n g  l a t e r a l  
c o m p r e s s i o n :  t he  l ong  t e r m  r e s u l t  o f  t h i s  may be t h e  f o l d i n g  o f  t h e  s e d i m e n t s  
t h e y  c o n t a i n  in  l a r g e  q u a n t i t y .  

. .  

J~e discovery of three underwater pools of hot (more than hO°C), higj~- 
salinity (more than 240~ ) water in the Red Sea deeps was important. The 
largest brine pool is 12 x 5 km. Inside it, three distizlct elevations were 
found which are thought to be volcanic craters. Some of the seismic reflexion 
profiles across the brine pools indicate faulting. Isotope studies show that 
the source of the brine water is the Red Sea itself, while the numerous metals 
found in solution derive from the sub-bottom rocks. It is supposed that 
rifting has caused fissures for the ascending ore solutions and descending sea 
water. It was calculated*that an ore body of ~ 130 million tons is available 
there, including iron, manganese, cooper, zinc, silver, gold 9 etc. It is 
th0u~lt possible that similar hot brines may be found in the Gulfs of Aden, 
Akaba~ California~ etc., wherever recent end active rifts exist. 

, . , ~ b ~ , ~ , ~ * ~ n . ~ G , . ~ . ' - . , .  - - - . ~ - _ " - " -  . . . . .  " - ~ ' ~ z ~  • / @ @ 

Ref. GRICE~ C.F. 9 1968. The Red Sea~s brines 
m~d heavy metals, Ocean Industry~ !, 3. pp, 52~57. 
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Basic for every kind of practical and scientific work on the sea bottom 
is e. bathymetric map. Even those activities limited to the surface of the 
ocean, like navigation, cannot develop without knowledge of bottom topography. 
Safety of navigation and possibilities of determining a ship's position in the 
open sea depend very largely on the reliability of nautical charts. 

i~au t i ca l  c h a r t s  e x i s t  from the  e a r l y  deys o f  n a v i g a t i o n .  At p re sen~  
they cover, on a variety of scales, the whole of the World Ocean with its 
adjacent and mediterranean seas. i~autical charts, however, do not give a 
clear visual presentation of the bottom relief and are therefore of little 
use other than for navigation purposes. 

A nautical chart m~y be transformed into a bathymetric (topographic) 
map by drawing contour lines. In this w~y 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.) Scientists added to 
all previously collected soundings a considerable number made from research 
ships with greater precision an.d sometimes greater frequency in space for 
particularly interesting areas. Thus, scientists are able to draw contour 
lines nearer to reality by following scientific hypotheses on geomorpholo~y. 
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 ,  conse~luent~y, t he  most l i k e l y  shapes)  Of c e r t a i n  p rominen t  morpho log i ca l  
f e a t u r e s .  In  t h i s  wsy a number o f  e x c e l l e n t  s c i e n t i f i c  b a t h y m e t r i c  maps 
o f  a l l  over  the  w o r l d  were p r e pa re d  by d i f f e r e n t  s c i e n t i f i c  g roups .  Some 
r e f e r e n c e s  a re  g iven  a~ t h e  end of  the  S e l e c t e d  B i b l i o g r a p h y  t o  Chapter  I .  

I t  sEould be men t ioned  t h a t  an u p - t o - d a t e  g e o l o g i c a l / g e o p h y s i c a l  a t l a s  
o f  the  I n d i a n  Ocean i s  now be ing  p r epa red  th rough  i n t e r n a t i o n a l  c o o p e r a t i o n  
under  t he  a e g i s  o f  IOC/Unesco as a fo l low-up  of  t h e  I n t e r n a t i o n a l  I n d i a n  
Ocean E x p e d i t i o n  o f  1959-1965.  The b a t h y m e t r i c  maps o f  t h i s  a t l a s  promise  
t o  be t h e  most modern e v e r  made. 

I n f o r m a t i o n  c o n c e r n i n g  o t h e r  b a t h y m e t r i c  maps and,  p a r t i c u l a r l y ,  e x i s t i n g  
.... ~n~utical charts, ms, be derived from the "Intern~tional~drographic Bulletin" 
published monthly by the International Hydrographic Bureau, the principal 
international organism responsible for collection of ocean-bottom soundings 
(see Chapter IV) and for ensuring adequate coverage of the World Ocean by 
nautical and bathymetric charts (see also Resoluti-on V-8 of the IOC in Annex I). 

The q u e s t i o n  which now a r i s e s  i s  whe the r  t he  coverage  o f  the  World Ocean 
by existing bat,hYmetric maps is adequate. The answer is that_it is not. 
Scientific investigations of the ocean floor have reached the stage wh-~n hardly 
any better scientific use can be made of the soundings collected so far. One 
example is sufficient to demonstrate the situation: The Mediterranean Sea 
is the ancient centre of european culture. But as recently as ten years ago 
no morphological map of this sea was available. Even today, its general 
bathymetric map does not go beyond the scale of I : 750.000 and is still 
considered provisional (Ref. ICSEM charts, US Bathymetric Charts, etc.). 
More detailed and more Precise maps of some parts of the Mediterranean have 
recently been constructed by the Oceanographic Institute of Monaco. Their 
scale is 1 : 50.000: 16 sheets will cover the area between Monaco and the 
Corsican coast. But even these maps, although including only new soundings, 
cannot be considered as complete. The situation as regards the open ocean is 
considerably worse. 
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The whole problem is that, in order to construct bathymetric maps 
of better quality (i.e., greater accuracy ~id scientific meaaing) topogra:)nic 
surveying of the ocean floor should be started anew with the most modern 
instrumentation ~id methodology. Shortcomings of previous open ocean 
soundings have been : 

i. Unreliable and inaccurate position-fixing 
of a surveying ship. 

ii. Uncertainties in values of sound-velocity used 
for calculating precise depths of echo-sounding. 

iii. Use of wide-angle echo-sounders. 

iv. Insufficient space-frequency of soundings. 

(Some of these problems are treated in greater detail in Chapter II.) 

The above-mentioned lacks should be eliminated before new systematic 
surveys of bottom topography are organized on a Klobal scale. This task 
is very much one for international cooperation since uniform methodology an~ 
a universally available precision navigation system may be developed only 
throu~ the common efforts of all interested countries® 

1.8 Geophysical surveMs 

Geophysical surveys comprising collection of seismic, gravimetric, 
magnetic and heat flow data, Very often along selected profiles, are being 
conducted by all the major oceanographic countries of the world (USA, USSR, 
UK, Japan, France, Federal Republic of Germany~ etc.) as part of their 
national programmes. Many geophysical surveys were made within the framework 
of such international expeditions as the IIOE, when information Concerning 
the data obtained-a~e-data-themselves were exchanged. To~a-eomsiderable 
extent geophysical surveys are conducted by private industrial and mining 
Conrpanies of some countries, with very little information being made public 
about their results. Some international organizations,such as ECAFE of the 
UN for example, conduct geophysical surveys of shelf areas with a view to 
the eventual organizing of exploitation of available mineral resources° 

So far no complete international record exists of the geophysical surveying 
done at sea. In spite of the absence of such a record it is fairly well-known 
that the actual coverage of the ocean by geophysical measurements is very 
scanty. The first ocean-wide summaries are expected to be included in the 
Indian Ocean Geological/Geophysical Atlas of the flOE. The development of 
basic principles of international exchange of marine geophysical data is on the 
agenda of the IOC Working GrOup on Oceanographic Data Exchange. if an 
improvement of the general situation 9 with coverage of the World Ocean by geo- 
physical ~ measurements, is to be achieved, the first thing to do wouldbe to 
prepare a world inventory of marine geophysical data. 
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I. 9 Sediment s am~li~ 

Alt/~ough during the last few years a great many se&iment cores have 
been collected from all over the World Ocea.n, one cannot speak of a systematic 
coverage of the ocesns by sediment sampling. "" 

There sre certain limitations in present coring methods and practices 
which ren~er rather difficult Shy large-sc&~e gener~Z&t~@n~ or s.ystem~@ 
p~a~en~%ions ef the ~eographi@al distribution of sediments on sediment maps. 

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

- On the whole, sediment samples are taken without a general plan- 
at best they are taken along profiles. 

- The distances between the closest sediment cores are still too 
gre~t, which m~kes 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 
a local exception. 

- The a n a l y s e s  of  sed iment  cores  in  l a b o r a t o r i e s  are  o f t e n  d e l a y e d  
for year~. 

- Sediment  core~ t aken  by i n d u s t r i a l  companies or  i n f o r m a t i o n  c o n c e r n i n g  
these cores a~e not generally available. 

- There exists no international register of information concerning 
sediment cores. 

Nevertheless, attempts are being made in the world' s most advanced 
oceanographic laboratories to prepare, as far as the above situation permits, 
sediment maps covering various parts of the World Ocean. Some of these maps 
were shown at the recent Second International Oceanographic Congress.in 
Moscow (1966). 

• I. lO Underwater~~tog ~ 

Photograpl, i c surveys of the ocean floor allow us to complete visually 
our more or less abstract impressions received from echo-soundings and 
sediment or rock samplings. Underwater photographs disclose the bottom 
microstructure and ms~ provide valuable information on dynamic processes near 
the sea-bed. • 

As with sediment sampling, there is no systematic coverage of the ocean 
floor by photographs. 

There is no limitation at present on the technical side for more general 
and systematic use of underwater photography. What is needed is international 
coordination sad international exchsmge of information on all the photographs 
presently avail~ble. 

Underwater television may help to improve coverage in shallow areas° 
Also, such ~hnic~l innovations as photo-sledges (now in use by the Oceanographic 
institute of Monaco) can provide for greater contimdty, which is particularly 
important when mapping is involved. 
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I.ii Concludin ~ remarks concerning international scientific cooo~2r~tion 

From the General  I n t r o d u c t i o n  andS%he s h o r t  summaries g iven in  Chapte r  
I, it is evident that oceanographic research, even when restricted to 
specific problems of the ocean floor, is necessarily multi-~disciplinary. 
It is logical, therefore, that the complex natural interactions in the ocean 
require for their study the close collaboration of scientists of different 
specializations. This is one of the reasons why there are so many inter- 
n a t i o n & l  am~en~£i~ ort;&nig&t~on~ daemon6 wi~h %he oOe,~n f rom so mar~ 
different angles. The whole field .... of marine science may be divided• into a 
number of systematic sections, either according to the fundamental disciplines 
of science involved (physics, chemistry, biology, etc.), or according to the 
objects of study (dynamics of the ocean circulation, ocean-atmosphere 
interaction, sedimentology, coastal processes, fishery research, etc.). 
Historically, the formation of internation~ scientific bodies did not follow 
strictly any of these~twO lines of classification. The result is that we 
have some: international bodies whose functionS ~- are all-embracing (e.g., SCOR, 
IOC), 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 particular geographical region was chosen as a basis for 
international cooperation (ICES, ICSEM, PSA, etc...). 

• Returning to the problems of  immediate., relevance to the s t u d y  of  peaceful 
uses of the ocean floor, one may say that the international scientific 

. 

cooperatio n to be involved should comprise not only the disciplines pertaining 
strictly to the ocean but also those relevant to the atmosphere. 

The p h y s i c a l  c o n d i t i o n s  of  the  marine envi ronment  in  which marine 
sedi*~entary material is formed and transported ~ s~id the run-off of terrestrial 
sed imen t s  a r e . t o  a v a r y i n g  degree  i n f l u e n c e d  b y  a tmospher ic  c o n d i t i o n s  
p r e v a i l i n g  both over  l and  and oceaus,  ReleVant m e t e o r o l o g i c a l  r e s e a r c h  i s  
m o s t l y  concerned wi th  s t u d i e s  of  the  genera l  c i r c u l a t i o n  o f  t he  atmosphere 
and o f  c l i m a t i c  v a r i a t i o n s  o f  the  marine envi romnent .  In  both  f i e l d s  the  
i n t e r a c t i o n  between ocean and atmosph~e-re i s  one o f  the-~predominant agents  
to be considered. 

Research into ocean-a tmosphere  i n t e r a c t i o n  p r o c e s s e s  can t h e r e f o r e  p r o v i d e  
an i m p o r t a n t  i n p u t  to  marine geophys ica l  s t u d i e s  o f - a  more g e n e r a l  n a t u r e ,  
i n c l u d i n g  bottom geology .  The meteOrolOgical  , ~ d  oceanographic  r e s e a r c h  
i n v o l v e d ,  and the c o l l a b o r a t i o n  between WMop ~ IUGG and UNESCO/IOC in  t h i s  
r e s p e c t ,  a re  mentioned in  the  r e p o r t  p repared  under  General  Assembly R e s o l u t i o n  

m 
2172 (XXI) (Part lj. Chapter IV D .appendices). _ . 

* The last two paragraphs of this Section 
are contributed by WMO~ 
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C}L~PTER II. SO~E I~THODOLOGICAL PROBLEMS RELATED TO SCIENTIFIC 
EXPLORATION OF TiLE OCEAN AND ITS RESOURCES 

Introduction ] 

Methodological 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 appliaable. Scientists 
themselves are permitted doubts in the data they obtain; they are aware of 
the limitations of their methods and the degrees of variability in the 
natural phenomena they observe. Engineers and technologists, seafarers and 
f i s h e r m e n ,  i f  t h e y  use  s c i e n t i f i c  i n f o r m a t i o n  which t h e y  do n o t  t h e m s e l v e s  
c o l l e c t ,  have no a l t e r n a t i v e  b u t  t o  t r u s t  i t  c o m p l e t e l y .  T h e r e f o r e  t h e  
fundamen ta l  d a t a  f o r  such a v a s t  env i ronment  as t h e  ocean s h o u l d  have  a un i fo rm 
degree  o f  r e l i a b i l i t y  which can be ensu red  on ly  t h r o u g h  a u n i f o r m  degree  o f  
a c c u r a c y  and c o m p a r a b i l i t y .  

There a re  two groups  o f  s c i e n t i s t s :  one h o l d i n g  t h e  o p i n i o n  t h a t  a l r e a d y  
f a r  t o o  many measurements  have been made i n  t he  ocean and t h a t  t h e  amount o f  
d a t a  b e i n g  added r e g u l a r l y  t o  t h o s e  a l r e a d y  accumula ted  i s  much t oo  g r e a t  tO 
cope  w i t h ;  and a n o t h e r  m a i n t a i n i n g  t h a t  t h e  ocean i s  s t i l l  i n s u f f i c i e n t l y  
c o v e r e d  by measurements  and s t u d i e d  on ly  v e r y  s u p e r f i c i a l l y .  

Both groups  ~re  r i g h t  and t h e i r  views a r e  no t  in  c o n t r a d i c t i o n .  The 
amount o f  d a t a  c o n c e r n i n g  t h e  ocean a v a i l a b l e  a t  p r e s e n t  i s  i n d e e d  v e r y  g r e a t .  
The s c i e n t i f i c  and p r a c t i c a l  use o f  t h e s e  d a t a  i s ,  however ,  v e r y  l i m i t e d ,  due 
t o  t h e  u n s y s t e m a t i c  way i n  which the  d a t a  have been c o l l e c t e d  i n  t h e  p a s t ,  
b e c a u s e  of  t h e  c o n f l i c t i n g  m e t h o d o l o g i e s  employed and,  i n  some c a s e s ,  because  
o f  an i n a d e q u a t e  degree  o f  a c c u r a c y  g iven  by  t h e  p r i m i t i v e  i n s t r u m e n t a t i o n  
o f  t he  p a s t .  

I n  many f i e l d s ,  more p r e c i s e ,  more a c c u r a t e  and more s y s t e m a t i c  new d a t a  
a r e  now r e q u i r e d .  The t ime  has  come t o  pass  from t h e  r e c o n n a i s s a n c e  t y p e  
Of d a t a  c o l I e c  t i o n  t o  s y s t e m a t i c  and d e t a i l e d  s t u d i e s .  

I I . 1  p r e c i s i o n  n a v i g a t i o n  on t h e  h i g h  s ea s  

One o f  t h e  key p rob lems  o f  mar ine  r e s e a r c h  and o f  any o t h e r  human a c t i v i t y  
on t h e  h igh  seas  i s  t h a t  o f  f i n d i n g  one ts e x a c t  g e o g r a p h i c a l  p o s i t i o n .  

.+Originall7 +~this was the primary task of all na~gators as soon as their, ships 
left the area from which the familiar coaSt was visible. Thus the history of 
development of navigational means and. methods is the history of n~vigation 
itself. 

The p r o b l e m  a c q u i r e d  even g r e a t e r  impor t ance  w i th  t h e  deve lopment  o f  
n a v a l  and r e s e a r c h  f l e e t s ,  which r e q u i r e d  f a r  more a c c u r a t e  p o s i t i o n - f i x i n g  
t h a n  merchant  S h i p s .  

Even w i t h i n  the  r e s e a r c h  community t h e  r e q u i r e m e n t s  f o r  a c c u r a t e  p o s i t i o n -  
f i x i n g  were no t  t he  same t h r o u g h o u t .  P h y s i c a l  o c e a n o g r a p h e r s  and marine 
b i o l o g i s t s  have n e v e r  r e a l l y  been  concerned  wi th  t h e  p rob l em as t he  o b j e c t s  
o f  t h e i r  s t udy  are  e i t h e r  h i g h l y  v a r i a b l e  i n  space  and i n  t ime  o r  mob i l e .  
Only r e c e n t l y  d i d  s t u d / e s  o f  m i c r o s t r u c t u r e  o f  w a t e r  s t r a t i f i c a t i o n  and 
t u r b u l e n c e  impress  on p h y s i c a l  oceanog raphe r s  the  u r g e n t  need  t o  make n a v i g a t i o n  
more a c c u r a t e .  
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From the beginning~ the dem~,:nd~ of hvdrograohers ~ marine geomozu~hologis't.~ 
.~. ,_ .~ . e, nd geophysicis~ts were vei~- high. It may be said t/qat, al..~:~ough wel~ au~.~are of 

the " ~ ~' "~ ~ . . . .  " • mp~...f,.ct~ons of convention~[ m~:'thods of ns;~,i, gation (d.e~![ ~eekonln~ 
astronomical posl""*':,lon~.e~xing.) explorers of the oce.~u floor ~ =...'.~ ~-s .... s:bead wx r.,n~ ' ' 
their sou~ading~ s~ild ~:ith ~"~-=,..,..,,. ~...on~..t~ ~ 4 ~- .. ru.cr.,,..on of naatical ~d b~thymetric ch~.~:rts 
(see Ch%pter I~ pp. 16-3..7), imr;e].ied both by scientiflc cu.riosity sadpractical 
needs, ~]e res ~ ' 4 U.,.~, is that ..t is stil.~, i.-'~i.~ssible for a ship in the open ocean 
to yetu-~ to exactly the sar.,~e positio~, it occupied pre%~[o~mly, Once d.iscovered~ 
n~..%rc~ prominent features of the ocean's bottom reli:~f ao~&id .~ot be co~'~.firmed 
by other ships fbr that v~r?i re~.~.on~ ~uis m~9" expl.~.<.n in par't the frequent 
disagreements between scientists concel~.ing the ex;.;.ct depth ,~ o~.. a seamount or 
a dee~-se~ trench. 

W~en the exploitation of the ocean's ~d.neral resources is stszted on the 
high seas, the problem of accurate position-fixing will become still more 
importsnt. Precision m'~d accuracy of detailed exploratory surveys will depend 
totally on the precision and accuracy of navigation. Finding a marker buoy in 
the open ocean could become a .formidable problem in the absence of accurate 
navigation means° This is the reason for the prominence given to the particular 
methodologic~l problem of ships' position-fixing in the open ocean. 

It is perhaps ~se_~l to give at the beginning some basic information 
concerning routine methods of navigation currentl~ empl~jed by the vast 
majority of merchant, naval and research vessels. ~ 

On the high seas~ two methods are available to the navigator for position- 
fixing purposes~ thm~e are: 

i) Astronomical observations whereby the navigator observes a 
celestial body or* bodies among those whose data are included 
in Nautical Almanacs and other related rables. Each 
observation provides a position line, T~o or more observations, 
taken simultaneously or within a time inter~al~ provide a 
corresponding n%~ber ofposition lines which, transferred for 
the intermediate distance run, if this is the case, determine 
at the intersection the ship's position. 

9.) Radio p2s, ition-.fs~emsms which, =faking u s e  of electro- 
ma~gn.eti-6 waves, provide position lines used in the same wa~v as 
the astronomical positJ.on lines. As this text refers to 
navigation on the high s easp radar is not.included in the radio 
position-fixing sys~,e~', although it may often be used for such 
purposes by providing range and bearing Of terrestrial marks or 
features_, 

Astronomical 0bs ezv~,tions 

The methods available are numerous ~d have a varying degree of accuracy. 
Their common limitation is favourable weather conditions, i.e., mainly good 
visibility, clear sky at least partly, to alloy for the observation, clear 
horizon and normal ~fraction. A].l methods uA~der such conditions provide 
%.he degree of accuracy which is required for safety in the open s ea~ i.e., 

* The follcving infoz~ation was kindly prepay., -j~ed 
and ~uppJ.i.ed for this document by the Interg0v¢*::n~mental 

#... • ,. 

Ma~:.~.t~.me Consu!tativ.~. 0x~g.r.~n-i'z-ation 
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" "" ". ~he ,~-"" ~o~e~ .~a~on depends on a nur.,ber about ~ one nauti ca2, m~.,~e acc.~x au~ of the .~] ~ . . . . .  ~ 4 , 
of factors such as the qua3.it¥ of the instrlnments~ the weather con.~[tions9 
om~d the skill of the observer, A good observation and det~;.led calculation 
s.nd interpolation can give a ver~ accurate (belo~ the one tulle lindt) result 
s,t the expense of time~ Simplified methods m.%d tables exist for the purpose 
of de cre~aing the time required for %/~e calcaiation~ at-the ex-pense of accuracy, 

The erro1~ which m~r b e  introduced into astronomical position lines, 
thus resultin~ in inaccurate fix, c o ~ u l ~  be summarize~ as follo~s, ~ 

(a) Error of observation in the altitude~ This could be a 
~ ~ " ~  to the lnclividus/[ obsez~ver, comulnatlon of errors due ~-~'~-"~-'~='~" 
to the instr~ment, to incorrect values of dip~ refraction 
and other dat~ concerning the observed celestial body. The 
cumulative error would result in the "position line being 
plotted incorrectly. The most important contributing 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 
rel i able. 

(b) Error due to inaccurate or incorx~ct deck watch readin So 
Such an error will result in incorrect hour angle which, 
in turn, will introduce an error in the calculated altitude; 
the position line will subsequently be displaced. 

(c) Errar inherent in the method used for the calcttlations. 
~is is the cumulative result of errors in the forraatlon 
of data taken from the Nautical Almanac and in the method 
by which the astronomical triau@le is solved, Methods 
ai'ming mainly at simple and quick calculations by workinE 
only to a few figures, as well as the simplification of 
interpolations, are understandably less accurate, 

(d) Error in dead reckonin~ between observations. This" is 
introduced when a pos~txon llne Is tran ferr d aad 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 distmlce. The effects of wind and waves, 
the existence of unsuspe.c~ed current and compass faults 
are contributing factors., .q~e final error in the plotting 
of the position lines ~-~d the resultant fix could be 
considerable. Individual contributing factors could either 
combine and increase -~ne fi:~L error, or cancel each other 
partially or to~;~lly, 

Radio Aids tO Nav~[.;~o=~ 

Radio aids to navigat:[on are, in principle, considered free from hum~L 
error of observation, However, they aa~e- liable to aa erx~or in trsmsmitting 
or receiving, due to eonditions which may be t~/'avourable to the propagation 
of electromagnetic waves. Such error is inherent to almost all methods at 
varying degrees. Accurate calibration is generally required to minimize 
the adverse effects of extraneo,,~ sources of interference. As an example~ 
the follo~i~g methods in common use a~, ~entioned: 
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(a) MF direction=findi~. This could be either a shipborne oz: 
a shore-based DF. ~le. latter has a much greater r~uge, 
although errors of up to 4 ° have been experienced at the 
greater ranges by night. Aerials in Ships are not immu~le 
from sky wave effects; for this reason bearings could be 
inaccurate if both ground and sky waves are present. 
Ground waves from a distant transmitter could be deflected 
~8 ~h~y pM. frQm l~n~ ~ ae~ o~ Via~-ve~&L %h~ r~'~e,Q~ion 
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 accurate position, with normal methods the 
range should not exceed approximately I00 miles. 

(b) Consol. The system provides long-range facilities for 
position lines and required automatic transmitting ground 
beacons. In order to dete~ne a position, it is necessary 
to obtain position lines from two independently operated 
stations~ the lines obtained are shallow hyperbolae. 
Special charts or special tables are required, and the 
corrected mercatorial bearing rosy have an accuracy of -+0.2 °. 
The useful coverage is limited to about l~O ° on either side 
of the base line, although this could be extended by use of 
sky waves at night. The system should not be used within 
25 miles of the beacon, Errors are larger and variable by 
night, and at great ranges. 

(c) Loran. ~It provides facilities for position-fixing at long 
~c~s, 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 observers at the same time, and the 
accuracy, which could be within 0.5% of the range from the 
mid-point of the base line, decreases as the observer moves 
away from the base line which joins a pair of stations. 

(d) Decca. The system in~~her_offixed transmitting 
stati--ons whose transmissions are received by special 
shipborne receiver. The position lines are also hyperbolae. 
In addition to certain fixed errors, variable error at the 
receiver could be caused by the presence, of a sky wave 
component. The normally reliable limit of coverage is 
considered to be approximately 250 miles from the centre of 
a chain of stations. However, this safe maximum could be 
cons iderab ly  i n c r e a s e d  in-ds~--time%-,-~The use o f  continuous 
wave transmissions could theoretically provide an accuracy 
of _+I0 yards near the base line between a pair of stations D 
although this is not always practicable due to constant and 
vari able errors. 

Other Systems, 

It is known that at present certain other systems have been developed 
or are under development (satellite navigation, inertial navigation, Omega 
system)~ these are expected to provide world-wide D all weather, highly 
automated iud very accurate position-fixing. ~hese systems, however, have 
not yet been in common use for civilian purposes. 

End of IMC0's contribution. 
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~e most promising system for the future is satellite navi ate. 
It was tried with success on the r/v "Chain" of Wo~ R6ieO~anographic 
Institution. Using once satellite, the ship's track was continuously 
recorded with slightly more accuracy than was attained with the astronomical 
method (_+i nautical mile). More recent tests with three satellites ensured 
an accuracy of _+0.I nautical mile, which is very satisfactory. 

Another substantial aid to future accurate position-fixing would be 
the installation of an ocean-wide network of manned or unmanned anchored 
buoys with wel l -de tern~ned coo rd ina t e s .  Buoys equipped with r a d a r  are 
already used for relative poaltlon-flxln~ in a number of small-scale open 
ocean studies. By this method the relative precision can be high enough 
(_*1% of the distance between the ship and the buoy), but the general accuracy 
remains the same, i.e., the accuracy of the astronomically-determined position 
of the buoy (-+I nautical mile at best). 

It is worth mentioning here some advantages offered by the very low 
frequency (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 aboard the US r/v "Argo" in the Indian Ocean in 196~ 
during the International Indian Ocean Expedition. The advantage 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 i0,OO0 nautical miles. The deviations of the 
VLF positions so obtained from the visual, radar or celestial fixes were of 
the order of several nautical miles. The system may be computer-operated. 
~ile not sufficiently accurate, it may provide an independent control of 
the dead reckonin~ in the areas where celestial fixes are impossible because 
of constant cloudiness. 

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 matter for international cooperation and 
international agreement. The Intergovernmental Oceanographic Commission 
has already undertaken steps in this direction by adopting in 1961 Resolution 
1-5 "Aids to Navigation!' (see Annex I to this document). 

11.2 Precision echo, sounding and sound ve!ocity 

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 the details of the bottom .relief is important, not 
only for geological studies, but also for present and future technical 
installs.~ns on the sea floor, e.g., pipelines, cables,_stations, etco. 

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 ° to 60 ° and an average velocity of 1,500 m/sac. The wide angle of the 
sound beam produces an undesirable effect, i.e.p 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-echos are recorded at once on the same echogram, making a correct reading 
impossible. To avoid such inconveniences, i°e.,tQ 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 t no more than 
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~o wide~ is evitted from a sta:oilized , ~. ',~ ~ ,an~e~a.~,:.l platform beneath the :.~hip ~ s 
hull.. Thus the beam axis rem~'.,.ins vertical even %,b.en the ship ~"' rOJ..£S ~.~d 
pitches he avi .'iV ,. Auother problem is that sound v~'locity changes ~.~ith w sD~er 
density which, in t~"n, depends upon temperatu~oe ~:.-.~d sa!inity~ .q~neir v~.ues 
therefore have to be knO~n all ~.~long the "~.r'tic~ water c olu~. and introduced 
in. the formula fox" caiculating the correct d epth~ S~j!inity and temperature 
me..~aurements being ve_~y time~,consuming~ most echo-sounding,~ aye n oz~.~:lly 
corrected through the use of tables gi'.~ing avere, ge souud velocity values for 
certain geographical ar~so There is no doubt that a ~ertain percentage 
of error is involved in thls operation since local va.riations of temperature 
and salinity may be considerable It is sul.so ~ " ,~ -- ° ab~o.lu~,el3, necessa~3"- for 
precision echo-sounding_ to have a l~wer source ~4ith a strict frequency 
control. Slight variations in power frequency cause drops .'and rises on the 
echogr~m. It is important to be aware of "the fs.ct that most of the soundings - 

done before 1950 ~ere obtained ~ L n ~  con~olo 

Maps wish ~ncorrected soundings can be of some use to navigation. A 
ship's navigator can try to locate the position by co~xparing his own 
uncorrected echo-sounduings with those on the map. If the published depths 
had been corrected the navigator "would be in ~%%fficulty to find the position° 
Shepard (1963) gives an example .showing ,.h~t the corrected depths across 
the San Diego Trou@h are almost a mile Off the uncorrected ones. 

II:3 Calibration i n t e r c a l i b ~ ' i s o  n ~ad standardization 
of instrtu~e~ts and methods. 

To describe the ocean pm~perSj all me~sureme.nts t~ken in it should be 
accurate and comparable. .Two accurate measurements of "the ssme element 
are not necessarilE comparable. One instrument may measure accurate.Ij' 
instant ~aracteristics of a current, sUch asspeed ~-~d direct.ion, and 
~Aother measure equally accurately integrated speeds and average direction 
over a certain period of time. These measuz~ments ~re both accurate but 
n ~ a  ab~. In such "~ ' ~ ....... e~_~ . cases m.n~~a~son tests may provide sc',-ent~sts 
wroth some conclusmons as to the real co rr. e l ~t~ on between the x~ata measured. 

Many instruments do not measure directly the elements of interest. 
Most currentmeters, for example, measure the number of revol~%i~n~ of their 
rotor per time unit, instead of measuring the real c'arre~t velocity. - ............. 
Electric salinom~.~ters measure conductivity or relative conductivity instead 
of salinity. Such instruments need to be calibrate~ against certain standa.~ds, 
For calibration,currentmeters are towed at a fixed speed in special tanks. 
Standard sea water with known salinity and conductivity ~s used as a reference 
point for salinometers. 

It may happen~sometimes that different systems of calibrationhave-been 
used for instruments of the same type. Also, some instr~ent~ may ha~ had 
more recent calibration certificates than others of the same kind. In order 
to check on old or doUbtful c~libration values, intercalibratiOi~! tests may 
be conducted by carrying Out ~ "~"---" measurements of the same elements~ elther 
simultaneously (~en needed) or in Other equal conditions by both r~liable 
and "unreliable" instruments. 

Finally, for roll kinds of routine ser'~ice or surv~.y.--tyT~, operations 
(as, for example, IGOSS or WWW see following Chapter)~here regular ~d 
numerous measurements of the same elements are involved, the instruments 
to be employea and the methods to be ±~llowed m~t be s~z~d~rdized, ~lis 
means that the ins t~niments: should be of the same design, have thms~me 
sensitivity~ and ensure the same degree of 'precision ~d accuracy,' The 
methods of measurements and dat~ reporting s houl~: be prewcribe~ in advance 



,:~a~ o.,.,~.~..~..~ followe-~ri by all concerne~l~ The stm~.d~rdization t h ' ~  ~.~,~,i~.ved 
..... u, ~'-~ ~ - , .  w., ~ - ~ ~ "  "-" ~ . . . . . .  

As e~,rly a~s i96i, the l~rt~rgovernm~ntal Oce "~-, 
.... J z the world oceanographic co~mmm~ity t o  the necessity zor 
~oo,.a~.~,.~.~t,=d ~u~rn~,,xonal efforts in making m~.,~,.~me.nts in the oce~n accurate 
~.~0. comp~r~ale (ae~ IOC Resolution I~.Ii ~'St~.da, rdization ~d interc,~libration 
of oce~,~.ogr~:phic :~thods ~d equi.p,m~,nt ~ ~ ~nex I. to thi~ document). UNES "~'~,0, 
o~,.,n.~ ~APSO 8nd ICES responded favourably .%0 this ap.pesl ~ d  s~n..ce .~961 
~re~.t n~.~ex' of inten~ational intercompazison and-in.tercalib.ration tests ha%~, 
b~en cond~Ictedo The,>" co~ered such ~r.ee;~ ~ chemical snelyse~, p 3 . a a k t o n  
Sampling, current meos~rements~ optical t~asu.~ment~, etc, A standard p l~,tou 
net 9"e,s desi~,~d f o r  the Intem~ational Indian Oce~ Expedition a~(~ the ~me of 
this net m~de possible the eatablishm~,nt of the Inte1~ational Pl~nkton Coilec%ion 
of the In~is~ Ocean° ~%e work ~xA~rt~en by th~ orgeni~a.t.ions mentioa~d 
~.bove is just starting® It is extremely i~rtaat and ver~ promising. ~%e.re 
csn be ~:Io do~,ib% %ha%~ ~br %/~e.benefit of f~ture ~et~'Aled b~th~n~t~ic ~d 
geophysic~l su~'e~, i~terco~parison tests will have to be conducted 
inten~mtionmll¥ fox' ~ number of rel~-v~nt kinds of measurements including, ~Dr 
~.x~ple, tests ~¢i'th dif~eren~ "typ~s of ech~-~o~de~ sad different correctio~ 
t e chni que:~., 

It is equ~lly i~portant for any large-scale inteT.vnational exploratory 
~cti~itiu~ to st~a~dize procedures involved in d~ta. reportingo T~e a~unt 
of scientific a~.d other relevant data which will be exchengecl internation~11y 
in connection ~ri~h~ v~,ious peaceful ~we~ of %~he ocean floor promises to b~ 
~xtremely ~eato In or~e~ + to ~e~it efficient handling of tl~ese clat~ through 
co~puterizeO, syst¢:ms~ it, i~ ~solutely necessaa~ ,~i~t of ~J.l to ~.t~uda1-~ze 
inte~na~ion~liy the form Of presentation of ~Ii %h~ oz~nal ~ata for computer 
inpat. With tb~e yen:{, ~ r~pi~ @sv~lopment.of automatic d~.%,s processing system~ 
on the nav, io9~l lev.~l~ %h~ importance ~ud urgency of the inter~&ti*ual aspect 
of ~is work~eco~ ful~ e ~ . ~ e n t ~  (See ~e ~%~pter IV.) 
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T0 SAn T  
~PLOITATION ACTiVITI~-:N AT S~ 

introduction 

keep reminding contemporary society that la~ge~scale intrusion of Man into 
N~ture~ partic~larly for purposes of exploiting its numerous resources~ may 
have far-reaching conseque~ces both for Man and hi~ natural environment. 
Through" a complicated chain of interactions these consequences m~.y appear in 
a completely different sphere than that of the original intervention. Sometimes 
mankind itself m~V become the ~/Actim and ~ P~7 dearly in hum~u lives for 
precipitate and careless interference. 

These general remarks are fully api~licable to the ocean and human ac%ivit-ies 
there. We know already numerous examples when deliberate or accidental 
5ransplantations of living species from one sea to another upset profoundly the 
precarious ecological balance there ca%ruing, inter alia, drastic changes in local 
fisheries. Local overfishing may sometimes ~ = ~  " brlng about %he same effect. Use 
of explosives for seismic work~ besides killing directly a part of the e~%imal 
population, r~is~s m~d from the bottom in sc~ae e~re~ an~ increase~'tul-bidity to 
such an extent that i% m~7 • cause mass mortality of c~mmercial fish species and 
other marine ~nimals. What is generally called "m~-ine pollution ~ is a complicated 
phenomenon with such numerous repercussions that it ~ow calls for specie/, research 
into its effects. Tk~is research is essential if marine pollution, with all its 
effects, were to be stopped and prevented for all future time. 'l~e recent traged~f 
of the "Torrey C~nyon" 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 a°few D tropical 
cyclones, storms and gales, storm surges~ icebergs, tsunamis, may threaten 
activities conelucta ~d_fr~__th~_e_sL~face of the ocean and from the shores, 
Tarbidi~7 currents and sand movements produced on the sea-bed by tidal and other 
currents, may constitute a real danger for drilling rigs and other underwater 
installations as well as for submersibles° 

The aim of this chapter is %o demonstrate what ways and means exist to 
ensure the safest and wisest course of peaceful hu~ activities at sea. The 
authors have selected only the most important aspects of the problem and, 
wherever possibl-eD--requested competent international bodies to suppl~L~e-necessaz7 
information. 

IIioi F o r e c a s t i n g .  o f  s e ~ s ~ r f a c e  c o n d i t i o n s  (w ind~  w a v e s ,  c u r r e n t s ~  

 r_va_t ons :on o 

The rov~s~on of m e t e o r o l o ~  

Meteorolo~ a n d  hence WMO is involved in the provision of services in support 
of the safety and efficiency of a variety of types of operations at seao In 
particular such services .are being given in sups, oft of present-day exploitation 
of mineral resources at sea, with respect ~ activities which are carried out at 

o/°. 

Thi~ section was kindly contributed ~y WMOo 
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or near the sea surface° It is assume.-/ that development of the exploration 
~d. exp!oitation of the oceau floor .e~d subsoil ~ill require similar service 
to an incree-sing extent. Tn~ nature of these services is explained in the 
followin~ ~ara~:c~hs o 

.As in the c~e of other operations ~t sea it is .likely that meteorological 
information will be r~uuired with regard to the design and construction of 
technical equipment which is exposed to surface conditions (ships or special 
marine structures). Factors involved include forces exerted by prevailing 
winds a~d by e~reme gusts~ shearing force~ due to stron~ vertical wind shesm~ 
ice accretion~ wave action, and temperature variations, This information 
~erves mainly in support of the s~fety of operations. 

The safety and efficiency of  the operations depend to a vaz~jin~ degree 
on atmospheric conditions and their effects on the conditions of the sea 
surface, S~:ree different types of meteorological information are relevaat 

,. 

in this respect. 

(a) Accurate and detailed short-term forecasts of weather 
and wave conditions in support of the safe and. efficient 
conduct of  daily o p e r a t i o n s ;  

(b)  Medium and I o n s - r a n g e  f o r e c a s t s  o f  the  t r e n d  o f  w e a t h e r  and 
s e a  cond i t i ons  and the  p r o b a b i l i t y  of  the  occu r r ence  o f  
extreme conditions in support of  logistic planning o f  opera~ions, 
such ~ the provision of a regular supply of material and 
personn~l to ocean stations! 

(c) Climatolo~ical data in support of lon~-ran~e plannin~ of 
explor~tion and exploitation activities. 

~e services rendered by National Meteorol0g/cal Centres in this 
respect~ the scientific research involved~ the rSle of ~M0 and of the World 
Weather  Watch in  i t s  o p e r a t i o n s  ~nd s c i e n t i f i c  aspe@ts have been surveyed  in  
the report prepared under General Assembly Resolution 2172 (XX~) (Part l, 
Chapter IV, appendices) o 

Th e _~xx?,vision O f oce~uo r a  i c  s e r v i c e s  

While national meteorological services have existed for a long time 
a l r e a d y  and a re  wel l .  o rgan ized  i n t e r n a t i o n a J ~  through  WMO, n a t i o n a l  
oceanograph ic  se rv ices~  as d i s t i n c t  from r e s e a r c h  e s t a b l i s h m e n t s ,  r e p r e s e n t  
a considerably more recent dev~lopment. They exist so f&r in the most 
aAvsnced countries only, and their origin is closely, related to the real 
practical needs %0 ~a~ve reliable forecasts of oceanog~-aphic conditions. 

A forecsst of ice conditions in the Arctic seas for the purposes of 
navigation cannot be based solely on meteorological information. A thorough 
knowledge of  c u r r e n t s  i s  needed,  This imp l i e s  s t u d i e s  o f  w a t e r  ba lance  of  
the whole Arctic basin and its marginal seas and requires an appropriate 
observational network. . . . . . . . . . . .  

A forecut  of the i~erm.~ structure of the main the~ocline m~ be of 
i n t e r e s t  aud importance f o r b o t h  f i s h e r ~ n  and. t hose  who o p e r a t ~  submer s ib l e s ,  
~.~e t e c h u i q u e  of  such a forec~t  i s  now be ing  develope~ and i t s  a p p l i c a t i o n  
wi~. certainly req~re ~he cooper&tion, of m~orolo~icai and oeean(~r~.ic 
net~or~s c~n.~ 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 warnings requires appropriate observational and communication networks. 

These few examples simply demonstrate the need for service-type 
oceanographic activities. The Intergovernmental Oceanographic Commission, 
being cognizant of this need, inaugurated in 1965 the International Tsunami 
Warning System in the Pacific (IOC Resolution IV-6, see Annex I), and adopted 
in 1967 the decision to establish an Integrated Global Ocean Station System 
(IGOSS) which should be the oceanographic counterpart of the World Weather 
Watch. (IOC Resolution V-20, see Annex I.) 

The purpose of IGOSS xs to provide more extensive and timely information 
on, and prediction of, the state of the oceans, and 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 a global oceanic system and should consist of national 
facilities and services provided largely by the participating countries 
themselves with coordination and support fromUnesco, WMO, and other international 
organizations. 

IGOSS is contemplated as a coordinated system responsive to the operational 
and research requirements agreed upon among the participating nations and 
utilizing the most modern observing, communication, ahd processing technology 
available. IGOSS should be a dynamic system, flexible enough to be adapted 
to scientific and technical advances. 

IGOSS will be plqnned and operated closely with the WNW, including GARP. 
Information collected by IGOSS should be available to all countries and be 
presented in a form convenient for use. 

IGOSS will be used only for peaceful purposes, due account being taken 
of the national soVereignty and security Of States, in accordance with the 
p r o v i s i o n s  of the Char te r  of  t he  United Nat ions .  

IGOSS, which will be planned and coordinated by the IGOSS Working 
Connaittee of the IOC, should include the following components: 

(a) The observational network comprising all types of ocean 
data stations and observational means, inter ali~ 

- automatic  autonomous t e l e m e t e r i n g  buo~ s t a t i o n s  

- coastal stations and research vessels 

- fixed ocean stations and-mobile-ships .... 

- fixed off-shore platforms 

- observational satellites 

- other new means of observations which may be 
developed eventually. 

(b) A communication service for timely transmission of data from 
the observational network to Ships, land-based stations, or 
through communication satellites, and for further d/ssemination 
of these data and products among user nations. 

(c) Designated cen t r e s  fo r  c o l l e c t i o n ,  p r o c e s s i n g ,  r e t r i e v a l  and 
dissemination of data. 
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111.2 Deterioration of materials in the marine environment and their 
2~otection a~ainst corrosl~o~~In~~ ~d boring. 

Marine Corrosion 

Marine corrosion is the destruction of a metal or alloy by chemical 
or electrocher~ical reaction with its environment~ 

In the normal marine environment~ this reaction is electrochemical° 
~he corroding met~l forms a product which, in the marine environment~ is more 
stable than the metal itself. Sea water contains ions~ particularly CL- 9 
which are ini~Ical tO the formation of protective oxide film. Sea water is 
also a good electrical conductor~ allowing substantial corrosive electrical 
currents to flow from one place to another as a 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 characteristics is complicated by a number of 
other natural processes (circulation, biological oxygen consumption, etc..), 
there seems to be no consistency betweenthe 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. e n g i n e e r  knows the  dangers  t o  va r i ous  underwa te r  m e t a l l i c  
c o n s t r u c t i o n s  and s t r u c t u r e s  o c c u r r i n g  from c o r r o s i o n  and c o r r o s i o n - f a t i g u e .  
Research  i n t o  c o r r o s i o n  p r o c e s s e s  and p r o t e c t i v e  measures a g a i n s t  c o r r o s i o n  
are  under taken  Widel~ on the  n a t i o n a l  l e v e l  by i n d u s t r i a l  e n t e r p r i s e s ,  
shipbuilding companies, etc. 

E s s e n t i a l l y ~  t h e r e  are t h r e e  methods of  p r o t e c t i o n  a g a i n s t  c o r r o s i o n  : 

(i) Coating by auti-corrosive paint~, epoxy resins 
and plastics; 

(~i-)---Cath-odi c p r o t e c t i o n ;  

(iii) Use of corrosion-resisting metals and alloys. 

There e x i s t e x t e n s i v e  t e c h n i c a l  l i t e r a t u r e  and b i b l i o g r a p h i c  sources  
conce rn ing  marine c o r r o s i o n  end p r o t e c t i v e  measures a g a i n s t  i t  ( see  S e l e c t e d  
Bibliograplly to Chapter III). 

There is no doubt that further useful experience in this field will be 
accumulated through the expansion of engineering activities in the ocean° 
One particular aspect of corrosion protection regarding the design and use 
of in-situ type and laboratory instruments for marine research is, however, 
often overlooked in a number of countries. With Nansen bottles which are 
no~ coated reliable values of the oxygen content in the sea water they collect 
can never be obtained~ Nevertheless the use of non-coated bottles still 
continues on a large scale° Hydro-optical equipment for both in-situ and. 
laboratory use should be so designed as to prevent c~emical reactions within 
the volume of water with which the measurements are carried out. Designs 
of electrical contacts D and even Of single screws attaching different metallic 
parts of marine research instruments, should alw~Ts be made, taking precautions 

* Definition from "A C~lossary of Ocean Science and 
Undersea Tee~.~ology Te~". Compass ~blications Inc. 
Virginia, USA~ 1965~ 

o/®. 



-- I~0.- 

~g,~.~nst ~L! possibilities of =or.ro~ion, M.~ny~pr~cio~ marine in~tru~.~ent~, 
have been rende~.~d ~musable by quick corrosion in the sea w~ter or in th~e 
,hu~i.d atmos:#her~, of e, ~ h i p  ~'h~.~>~, ~ ~;~.&l,t ~ a , t e r  dropI~+..~..,,, . . . .  a'r~ -~ e,n ~,ve;¢?-(l~.~y,, f e a t . u r n , ,  

intenm, tions, l cooperation in marine corrosion ~stu&~e.s-~n~ "~-~"~.~-~ ...... 
was till recent~v pro~ot~.~d "by ~:he O~CD which,~ ~pproxi~±,ely one y~v e~,,'..~ 
decided to establish m.~ i~,~.ependent Pemn~'~en% ):nterns.tional uc.~'~° ' "  "'"~',~ ~.~e :~k~,~,: 
Research on th~ PreserTa:tion of M~teri~$.s in the Me,fine Fnviron~en%. Tb.is 
Coarse.tree i~.~ now f~.uctioning ~nd is open for ~mb~.rship to res@~:r<~h iustitut~,~;~ 

marine fouling and boring. 

Marine Fo~lin~ .and BorinK 

The gr~y~th of m~.rine organism~ on pilings, ships ~ hulls and si.,.rJ.la:r 
sul',faee8 introduced by Man into the m~ine or estusrJ, ne envizon~.~nt ~md the 
dsm~e cau~ed by ,this gr~th to ~mderwater st~.letures haw al~.ys eau~.~:i% the 
,~ttention of mmrine ~cientiSts ~nd enginemrs, Most re,e~reh work is oriels.ted 
towards p reventims attacks b~v th.e~e org~ni@ms~ large~ beeau~e of the seriov~ 
eeomomie conseque~.~ces, 

.~oul~.ng i s  usually defined as an assemblage of living organisms on 
submerged or Semi~submerged surfaces~ In 1952 a monograph on m~rine fouleirs 
~as publ~sh~d for '~e Btureau of Ships by Wood~, Hole Oceanographic ~ns-titution~ 
%%is h~dbook~ entitled "Marine Fouling stud its Prevention~'~ gives se~e~al 
important facts ~ 

(1} Fouling is the r,~sult of the attachment of li'v~ng organism~ 
~hich rt.~produ,ce by producing free-s~i~ng la~v~ ~ . .~hich 
beco.~ ~ide].j" disper.sed in the marine an~ estuarine 
environment and a, t ta :~h to~ emd ~r~,~ on sur.f~ees~ 

-(~-)--l.~e~.e,eon o ...... ~%acn~ei~t i~ l~ngest ~a~, the_ l-_,~te of ~ro~th 
-of these organ, is.ms ~,~ost r~pid in the tropics. 

(3) The.~ appe~.~,~ to be, no place in the oceans or ~stu~ri,~s wh,$;re 
fou.ling ~ill not occur at some time or-other exeep~ for 
plaee8 in e~tuaries 'where the sea ~ater becomes to,., diluted 
or ~here abiotic (toxi.e) eonditicns occur, 

(#)  .......... T h e - - l ~ ~ - - ~ - f - - o r g ~ n i s ~  that atta~ and the sequent ,  e - -of  
a t t a c h m e n t  v a r i e s  f rom p l a c e  t o  p l a ~ e  ~Ad t i m e  t o  t ime~ , 
s ad  t h t ~  has  no # r ~ c t i c a l  b e a r i n g ~ a a  Che fo~.ing prcbl..em,, 

(5) Surface texture~ colour, i n c l i n a t i o n -  .and degree o:£ ill.~J.n~.~tion 
may fs;~our or retard 'the development of the fouling communit7 
b~t no~le of these factoz~ can be modified so ~ to be a- ....... 
pr&ctic~l~ effective fouling ~preven~s%ive. 

These facts le~d to Ij.he ~oncl1~qion that %he onlM satisfacto~ i s)~tem 
~ .~,. ". ". for the .p:ceven%ion of fo'~].ing is. one %thigh ~ov.ld ,~o),~k fol ° all organisms 

~,'12where e~,d at all times of 'hl, e y e a r .  ~%~,~ .b~,'~ic aim is %0 ~r~ven., the 
K'hta, el~ment of la~~-~,, Ex'key~ive resear~.~ has ~ho~n gh~t the mo~~ pzaat:].~;~,~.i 
me%hods a.~e eithez' :~) .~.~.e the: s%~vface toxi~ %)°ith '-~ '~':--'~" • 
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Liter~.ture on fouling also gives valuable inform~ation on environmental 
.~ ..~, -~ _~ _.a~to.~.~ which m~y influence control measures on fouling organisms. The 
"Li:~.e history of ,~r~d in fo~ation on ecologic~D,, factors of fouling organisms 
~re a v,Ailabl~ 'throu~ the extensive literature on sedentary groups such as 

A c~:siderable amo~m.t of' ~ork  ha~ ~Iso been :devoted to the study of 
m~rine borin~ animal~o C~mpr~h~n~ive L~.terat~e ~n their t~on~~ di~t~ibu%i@A 
an~ .~coi~.J'~ ~ v~11 ~ ~ ~c~nomle aapect~ o f  ~J~ir actlvi%y~ As availableo 
Iz~port~mt marine borers ~re known from eight different phyla of the animal 
kingdom: Porifera~ Bm~tozoa, ~oronida, Mollumca, Sipunculoidea, Annelida, 
Ar~;hropoda~ Echinode.~-me, ta~. as we.l~ as from algae and fungi. 

'l~e damage canaled by ms~ine bore~ in a given locality has defi0nite 
relation to the general oceanogra.~hic conditions. The limiting effects of 
temperature and s~linity o~ the-attach of severe~ species of marine borers 
h~ve been shown in several localities. The same applies to tl~e fouling 
or~anis,~ transported with ships and their subsequent introduction into the 
ecosystem.of their new habitat° 

In spite of all the work on marine foulers and borers, many questions 
still re~ain to be solved. There have been few attempts to study the biolo~ 
~.d interrelations of all the important species of marine borers and marine 
foulers sharing the same habit~% and acting as "mutually restrict~n~ or reducin~ 
s4~ent s .  S t e a d i l y  i n c r e a s i n g  s h i p p i n g  and. changing e n v i r o n m e n t a l  c o n d i t i o n s  
in coastal areas ~caused by marine pollution, construction o f  canals; dams, etc., 
m~" change considerably the distribution of marine foulers end borers. 

Stu~iy of these organisms, therefore, is not only of great economic 
importance for all activities relatin~ to the sea, but also concerns the 
stu~4v of m~rine fa~ma and flora as a whole. Also important is the examination 
and possi'ble control of the ~ide-effects from anti-fouling systems which 
involve the direct ~lease of toxic substances into bays and hathours. 

I I I . 3  Some ~ ~ ~ o  t h e  ~ D o s s i b i l _ _ _ .  i ~  o f  ......... Man's _- : - .  i r e  and w o r k  
~m. de ~.~'ate r. 

T i l l  ve,~y r e c e n t l y  t h e  h i s t o r y  o f  oceanography  has b e e n  t h e  h i s t o r y  o f  
o b s e r v i n g  an~ m e a s u r i n g  t h e  ocean ts  phenomena and p r o p e r t i e s  e x c l u s i v e l y  from 
t h e  s u r f a c e ,  ~ne modern concep t  oi" a s u r f a c e  r e s e a r c h  v e s s e l  i s  a t r u e  
r e f l e c t i o n  o f  t h i s  cen tu ry - - long  h i s t o r y .  I t  has  0 hmrever0 always been  i n  
ma~l's nature to wish to penetrate below the ocean surface and t o  obse rve  
the underwater world_ as directly as he observes his familiar terrestrial ....... 
environment, The realization of this wish began with the const~ction of 
bs.÷~ysphe~:s s~d continued with ad.apt.ation of military submarines to research 
purposes, A~ the same time t he  development of free-diving techniques 
~egan,  t hus  l i b e r a t i n g  m ~  from ~tl, e cumbersome d i v i n g  s u i t  w i t h  a / r  t ubes  
which linked him to the surface ves~el~ 

A formidable fleet of deep-sea submersibles has emerged recently from 
the first line of technical development. Bathyscaphes for attaining the 
deepest, p~rts of the ocean, diving saucers of Very. high manoeuvrability for 
the depth limits of the continental shelf and the slor~ ~ research submarines 
f o r  ~edium dep th  r anges  (.to ~ , 0 0 0 -  5 ,000  m.) o. a b o u t  30 d i f f e r e n t  t y p e s  
con~trac'te~ to date o ~t is not the purpose of this paper .to give technical 
d.ct~-il~ of deel~e.~ ~ub~r~ibles~ Re~lers ~re therefore re£erred to e~isting 
':.r, e c ~ i c ~ l  l i t e r a t u ¢ , e  (.~ee S e l e c t e d  B i b l i o g r a p h y  t o  Chap te r  ! ! i ) ~  " 
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Free-diving with an aqualung progressed very rapidly after the 
Second World War. It was accompanied by extensive physiological studies 
and brought man to the possibility of diving to considerable depths under 
saturation conditions. During the past two yeszs it has been proved that 
man can stay and work underwater at depths of !00- 150 m. for several weeks. 
At the moment we rosy say that it is possible for a man to ~ reach and stay at 

• depths as great as 300 m:, with attempts envisaged/down to 600 m. It would 
not be fantastic to predict man's penetration as deep as 1,000 m. and perhaps 
m o r ~  ° 

While, according/to published information, studies ~ and experiments in 
the field of deep-diving and diving under saturation conditions were proceeding 
in a number of countries (France, Monaco, USA, USSR, UK) some international 
efforts were made to define the advantages which these new techniques offer 
to marine research. A panel on the prolonged stay of man underwater was 
created by the International Co~ssion for the Scientific Exploration of the 
Mediterranean under the chairmanship of Commandant Cousteau. In i965 this 
panel advanced the idea of establishing an international underwater research 
laboratory, which idea was further pr0mulgated by the In tergovernmental 
Oceanographic Commission through its Resolution IV-16 (see Annex I). The 
panel was of the opinion that certain kinds of research in marine geology and 
also in experimenting with fine-scale turbulence, as well as some biological 
observations, may only be performed ~rom an underwater laboratory. An opinion 
was expressed that in order to be effective such a laboratory sheuld 
necess ari!~ be mobile. 

It is of interest to note that a large proportion of oceanographers 
holds very conservative attitude towards ~ the idea of an underwater research 
laboratory. They Still maintain that practically eve~/thing in terms of 
observations and measurements can be done from : surface research ships or, 
if needed, with the aid of deep submersibles, i It is also significant that, 
although many countries - responded to IOC Resolution IV-16 by expressing their 
interest, no countrF has yet offered its support to the enterprise. All this 
stresses the only absolutely certain fact, viz., that muc/1 more research should 
be done on v i t a l  aspec ts  of  man's pene t r a t ion  u n d e ~ a t e r  before publ ic  opinion 
i S  convinced in both t h e  s c i en t i l f i c  U t i l i t y  and sa fe ty~of  such an e n t e r p r i s e .  

The ~ost important problems to  b e  reso lved  are :  

- Man' s prolonged s u r v i v a l  a t  g rea t  ocean d e p t h s ,  notably 
through his  phys io log ica l  adap ta t io  n by us ing  adequate b rea th ing  
mixtures o 

. . . . . . . . .  Provis ion of l o g i s t i c  s u p p o r t - t o ~ p e r m i t u s u f f i c i e n t  independence 
of ac t ion ,  mobil i ty  and maximum s e c u r i t y .  T h i s  l o g i s t i c  suppor t ,  
apar t  from the necessarF arrengements for  s a f e t y ,  r e s t  and 
supp l i e s ,  includes underwater l a b o r a t o r y  f a c i l i t i e s  for  o n - t h e - s p o t  
analyses and experiments,  

One d i f f i c u l t y  is  to  f ind s u i t a b l e  gas  mixtures t o  brea the  under var ious  
p r e s s u r e s ,  according to  the dura t ion  and depth Of d i v i n g .  'Ihe e f f e c t s  of  
p r e s s u r  e are of two genera l  types:  

- Those f o r  the most pa r t  mechanical,  and a s s o c i a t e d  with spaces 
ins ide  the body t h a t  ~ normal~F f i l l e d  with gas (midd le  ea r ,  
s inus ,  lungs) .  These e f f e c t s  can be c o n t r o l l e d  by appropr ia te  
t r a i n i n g .  
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- Those which affect the physiology of breathing and require 
the application of a decompression process. These effects 
vary according to the breathing gas or mixture of gases 
used. Normal air m~y be used safely down to 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 
e s s e n t i a l  t o  d i l u t e  the  oxygen wi th .  o t h e r  gases t o  keep i t s  
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 using breathing mixtures wi?~ 
hydrogen0 h e l i u m ,  neon,  e t c .  Of t h e s e ,  h e l i u m  i s  t h e  most 
commonly used .  It has D however,  c e r t a i n  d i s a d v a n t a g e s :  

- It is expensive° 

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

- ~he h i gh  t h e r m a l  c o n d u c t i v i t y  and s p e c i f i c  h e a t  o f  he l ium 
i s  such t h a t  d i v e r s  l o s e  f a r  more c a l o r i e s  t h r o u g h  t h e i r  
lungs  t h a n  t h e y  would by b r e a t h i n g  normal  a i r .  This e f f e c t ,  
added t o  t he  l o s s  o f  c a l o r i e s  t h rough  d i r e c t  c o n t a c t  of  
t he  humkn body wi th  the  unde rwa te r  e n v i r o n m e n t ,  i s  p robab ly  
the  most n o t a b l e  l i m i t a t i o n  t o  t h e  e f f e c t i v e n e s s  o f  unde r -  
w a t e r  w o r k e r s .  Exper iments  t o  overcome t h i s  d i f f i c u l t y  
a re  b e i n g  conduc ted  on t h e  development  o f  e l e c t r i c a l l y  and 
w a t e r - h e a t e d  i n s u l a t e d  s u i t s .  

Another major problem of deep diving is the compulsory release of 
accumu!ated gas from solution in the blood and other body f!uids which must 
be ach i eved  th rough  decompress ion .  This p r o c e d u r e  u s u a l l y  r e q u i r e s  a s e r i e s  
o f  s t o p s  on a s c e n t ,  t o  a l l o w  gases  t o  escape from t h e  body s lowly  enough t o  
p r e v e n t  t he  f o r m a t i o n  o f  bubb le s  i n  the  b l o o d .  S t a n d a r d  decompress ion  t a b l e s  
can be used  f o r  s h o r t  p e r i o d s  and a t  depths  n o t  g r e a t e r  t han  120 m. When 
the  r e q u i r e d  o p e r a t i n g  dep th  i s  in  excess  o f  120 m. t h e  decompress ion  t ime 
i s  so g r e a t  t h a t  d i v i n g  canno t  be c a r r i e d  ou t  s a f e l y  w i t h o u t  s p e c i a l  

d e c o m p r e s s i o n  equ ipment .  For example,  a dive t o  200 m. f o r  one hour  of  work 
w i l l - - r e q u i r e  about  24 hour s  o f  decompression~ . . . .  A--submersible  decompress ion  
chamber i s  one s t e p  towards  t h e  s o l u t i o n  t o  t h i s  p rob lem.  I t  would h e l p  d i v e r s  
t o  r e g a i n  the  s u r f a c e  i n  the  be~t  p o s s i b l e  decompress ion  c o n d i t i o n s .  But the  
f i n a l  s o l u t i o n  w i l l  p r o b a b l y  be a s s o c i a t e d  w i th  s a t u r a t i o n  d i v i n g ,  which may be 
the  key  t o  e x t e n s i v e  human e x p l o r a t i o n  and e x p l o i t a t i o n  o f  t he  s e a . b e d .  In  
the  l a t t e r  c a s e ,  once t h e  d i v e r ' s  body i s  s a t u r a t e d  w i t h  gas~ the  decompress ion  
t ime i s  f i x e d  and does n o t  i n c r e a s e  wi th  a l o n g e r  s t a y  unde r  h igh  p r e s s u r e .  
S a t u r a t i o n  d i v i n g  has a l r e a d y  enab led  man t o  make s u c c e s s f u l  e x p e r i m e n t s w i t h  
unde rwa t e r  houses  and l a b o r a t o r i e s .  

It is certain that very deep diving will raise additional problems. 
Experiments have shown, for example, that the greater the pressure, the more 
difficult is the mechanical action of breathing, with the complication that 
the release of CO 2 from the lungs is less complete. Special devices will have 
to be designed to overcome this problem. There maM also be a need for technology 
adap ted  t o  t he  u n d e r w a t e r  envi ro : ,ment ,  e s p e c i a l l y  c o n c e r n i n g  c o r r o s i o n .  S p e c i a l  
t o o l s  w i l l  have t o  be deve loped  t o  per form work in  c o n d i t i o n s  c lo se  t o  non-  
g r a v i t y .  A p p r o p r i a t e  s o u r c e s  o f  ene rgy  must be chosen 9 a c c o r d i n g  t o  power 
demands and d u r a t i o n  o f  t h e  unde rwa te r  a c t i v i t i e s .  These s o u r c e s  may range 
from b a t t e r i e s  t o  n u c l e a r  power° 



In conclusion~ we rosy sa;F ~ha~, once started, the pen~tration o~. 
n ~ n  in t o  t h e  .oeeem ~ . " ~ aep~,n,~ w i l l  c o n t i n u e  T h e r e  i s  n o  d o u b t  t h a t  i t s  
progress will be c!ose~V related to the progress of peaceful!, u.ses of "bh,~ 
sea-bed and .oce~ .floor° There is therefore evel~[ reason to attach 
• r~sZ impor't~ace to this part.icular field of htun~n activity auo. to accord g ~ . . . • . 

to it ~li-n.ecessa~7 hel~ av~i ~ " '~- . . . . .  ~.aD~.~: through international cooperatior~.. 

iIi~,l.~ M~rine Pollution a.s a result of bureau activities* 

In, , .u~str .~.aA~z~'c~on,  v . J . o p m e n u  o f  t r a n s p o r t  a n d  i n  g e n e r a l  an  e x p ~ n d . i n g  
t e c h n o l o ~ D ,  a r e  t h e  c a u s e  o f  i n c r e a s i n g  m a r i n e  p o l l u t i o n °  The i m p o r t a n t  f o r m s  
of marine " "~" " po.~±ut.%on in relation to their ~Limensions and international 
implications are l~ollution by oii~ radioactive substs~uces, chemicals°** 

Oii Pollution 

By far the most import.9~t type of marine pollution is that caused by oil 
and in partict~lar b~ persistent oils, i.e., crude oil~ fuel oil, heavy diesel 
oil and lubricating oil~ ~ese oils remain on the surface of the sea for 
long periods and are capable of being carried to considerable distances by 
win~s and c~u~rents~ 

Oil pollution originates from. various sources: 

- Ships, including wrecks; 
- Coms~tal -industrial establishments& 
- Und~.rw~ter oil drilling an@~ pipelines. 

It is generally believed that most of the oil pollution comes from ships° 
The marked increase in pollution in the years following the last world war 
was undoubtedly connected with %,he increased movement of oil., speci~l]~f crude 
oil from ~he oil fields to the refineries~ 

........ L~e-~~T.ies--of-persistent oi!s are re ~ularly-di'~~~i-~c~ -the ..... 
sea by tar~ers as 8. res~:j~t of ws~hing of their ~anks cad the disposal of their 
oi2~y ballast waters. Dry cargo ships which habitually use their fuel tanks 
for ballast water also discharge oily ballsst into the sea. 

Recently, %amker accidents have proved dramatical1~y the amount of 
pollution which can occur in connection with such accidents. 

The ...... ~D-un~~--~pollUti~: originating from wrec/~s, sources on 1-~,d--~id 
spillages from pipelines and during drilling operations has not yet been 
clearly assessed~ it is~ however, believed not to be of great si~ificance 
a t  present o 

Radioactive Pollution 
. . 

Radioactive marine l~llution is due to the release of waste products 
from nuclear establishme..nts D nuclear ships, weapons testing 8n~ accidents during 

* This s e.ctidn was kin&]#- Contributed by IMCOo 

./.. 

** More detailed information on v~rious categories of maxine .... 
pollu~a~ts~ compiled by the iOC Working Group on ~rine 
Pollution, is given in A~utex II to this 4.0cumen%, together 
with IOC Resolution V,-19 on the 8ubjeCto 



trsn~porto ~ .r~ng norms~l operations, the leva °~ ~ o,.~ of pollution ar~.~ not 
signific~.t~ the effects of ~.ccum~ul~tion throughly. ~ c e:~ot~in l~ngth of 
tim~ and possi'bl~ accid~nt~,, could ~i!% ~ bring pollution to ~ritic~! 
levels 

........ cn~mxcal~ Disc~as~r s of ~ 

This form of pollution is largely due to industrial establis).~A~nts 
discharging waste products in co~tal w~ters or-riv~~ Wast~ ch~mic.~..s 
~,z~ ~om~ti~e~ loaded on shi~ ~.c b~ ~i~ch..~m~. in th~ open s~a, 

Monitorin~ of Marine Pollution 

As far ~ discharge of oil from ships is conce~ed, Article IX of the 
Interns, tional Conventi~ for the Prevention of Pollution of the Sea by Oil 
z~ q~res th at 

"(i) Of the ships to which the present Convention applies, 
every ship which uses oil fael and evez~ tanker shall 
be provided with an oil record book,, whether as part 
of the ship's official log book or othe.rwise.~ in ths 
form specified in ~ex B to the Convention. 

(~) The oil record book shall be completed on each occasion, 
whenever any of the following operations takes place 
in the ship: 

(~) ballasting of and discharge of bsllast .from 
cargo tanks of taakers~ 

(b) cleaning of cargo t~s of tanker/s~ 

(c) settling in slop tanks ~d discharge of 
water from tankers~ 

(d) disposal from tankers of oily residue~ from 
slop tanks or o.ther sources~ 

(e) ballasting, or cleaning during voyage, of 
b~m,~ker f~Ael tanks of ships other than tanke~s~ 

(f) ~ispos~. from ships other than tankers of oily 
resld-lleS ~ fro[~ bum/~er ~el tanks or other sourc-es~ 

(g) accidental or other exceptional discharges or 
o~ oil from tankers or ships other es c~pes ~-~ 

In the event o~ such discharge or escape of oil or oily 
mixture ~s i~ r,~ferred to in sub-paragraph (c) of 
Article III or in Article IV~ a statem~nt shell be made 
in the oil record book of the circ~tm~ces of, and 
reason for, the discharge or escape, '~ 

This, ~othougJa limited to oil ~.d not yet s~itable for scientific 
use~ ~~ to be the only ca~e of international monitoring of marine 
pollution ~At it-s source. 

Monitoring of r~dio~ctive ~rine pollution is a problem currently 
under discussion 
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Control and Abatement of Marine Pollution 

The only set of international rules exclusively directed to the 
control and abatement of marine pollution is the "International Convention 
for the Prevention of Pollution of the Sea by Oil, 1954, as amended, in 
1962.". 

In connection with the studies initiated in IMCO following the 
"Torrey. Canyon" accident, other more elaborate patterns for the international 
control and ~b~tement of bo~h acciden~l and deliberate pollution,and 
including pollutants other ths~ oil, are being considered. Information 
concerning the current efforts in this direction undertaken by various 
organizations of the D~ family and on further prospects of interagency 
cooperation is given in the Report prepared under General Assembly Resolution 
alTa (xxl) o 
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CHAPTER IV. PROB[~!!S RELATEDTO THE ACCESSIBILITY ()F SCIENTIFIC DATA 

IV i ~gs of environmental information and related data facilities 

It is useful to specify from the very beginning certain progressive 
steps of data processing in their logical order: 

i. pr!ma/y 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 characteristics (on paper, 
paper-tape, film, punched cards, magnetic 
~ape, etc. ) 

3. Reduced data: 

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

~. Documentation: 

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

Corresponding tO these types of information there exist, differentl 
types of d a t a  facilities. 

Firstly, there are the true "data centres" which are primarily concerned 
with ~he machine manipulation of digital information as well as the conversion 
of analog records to their digital equivalent. 

Secondly, there are the "documentation centres" (information service 
centres) that feature computerized'sele~ctive d-issemination of information 
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 
acquisition, information dissemination through abstracting or the use of 
indexing techniques, information storage and retrieval, and information 
generation. 

This sort of function, on a much more modest scale, was advocated at a 
meeting of the CSAGI in Moscow in 1958, where it was resolved that World 
Data Centres should provide a "limited information service" ,, __ ,. ..... , specifically 

./.. 

* This chapter is based principally on material prepared 
by the IOC Working Group on Oceanographic Data Exchange 
and 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. Som~ time ago SCOR created its Working Group No.12 on 
Marine Science Abstracts and Bibliographies, and recently the IOC adopted 
a resolution concerning Storage and Retrieval of Scientific Information 
(IOC Res. IV-12 - see Annex I), both of which point to the urgent need for 
establishing international mechanisms to provide sele~ctive marine 
information services. 

Finally, there exist "d~ta repositories" which fulfil routine library 
tasks such as assembling information, then storing, cataloguing, copying, 
and distributing the material without any further modi fication. The latter 
type of function is exemplified in mdst of the current IGY World Data Centres. 
Although this type of service satisfies the needs of some laboratories, 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. Therefore, 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 capable 
of providing the data in a machine compatible form. 

IV.2 Automatization Of data acquisition and~processing 
- - -  m -  - 

• . 

Signals coming fromsensors placed in the sea can be recorded on digital 
magnetic tape. This procedure offers a number of advantages 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 computing facility, 

Recording of seismic signals directly on ma~etic tape is widely used 
in the oil industry and similar recording equipment is now being used for 
reflection surveying. New continuous recorders of salinity and temperature 
versus depth (STD) also allow record/rig on magnetic tape as well as analog 
type recording. 

• During recent years development of computing techniques also made it 
possible to replace various time-consuming operations of primary data 
processing by machine 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 data with the aid 
of computers. 

More and more research ships now have computers installea which, in 
addition to data recording and processing, may perform numerous other useful 
functions such as, for example, calculations necessary for satellite 
navigation. 

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

The research vessel "Chain" of Woods Hole Oceanographic Institution 
used a computer on board, not only for satellite navigation but also for 
gravimetricai and magnetic field measurements. The "Silas Bent" of the 
US Naval Oceanographic Office can record simultaneously wide-beam and 
stabilized narrow-beam bathy~etric soundings, magnetic intensity, gravity, 
sea surface temperature and sub-bottom profiles. On station, simultaneous 
measurements 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 USSR research vessel "Akademik Kurchatov" uses computers for 
navigation and data storage. 

I 

The use of computers in oceanogr%phy opens a new stage in marine research 
as it provides means whereby regular and frequent measurements from automatic 
station networks may be collected and processed. Such networks, in addition 
t o  au%oma%ic ree~rd~-n~ sFStems ,  ma~ have ~ n - ~ ~ %  e ~ ~ % ~ ~  ~&ei~i%ies ~ .~@ 
perform al~ ~he neeessary primary datla processing and may even transform the 
original data into more easily usable secondary products. This is particularly 
important for the forecasting of sea-surface conditions (see Chapter III). 
Planning of the Integratea Ocean Station System (IGOSS) by the Intergovernmental 
Oceanographic Commission will certainly be based on the most modern methods 
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 vith 
all the possibilities computers offer to oceanography. In this connection 
wide exchange of information should be organized internationally through 
symposia and technical conferences. 

IV.3 Development of the System for the International Exchange - 
..oF O ceano~raphi-c  Da ta  

Current activities of the World Data Centres for Oceanography 

Of all the World Data Centres operated till recently by the CIG 
(Corn!to" International de Ggophysique) of Icsu, those concerned with oceanography 
have been amongst 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 Exch ange, sponsored a provisional seheme whieh ..... considerably 
facilitated data 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 International 
Oceanographic Data Exchange. 

Tnke - c oll~t-i6n Of oceanographic material by the Wori-d--Data ~.. cen%res with 
respect to the programmes of IGY/IGC and IOC Declared National Programmes has 
been most encouraging. Accord/ng to the latest estimate, data from approximately 
150,000 oceanographic stations accumulated in the ~DC 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 commUnity. 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 National0ceanographic Data 
Centres. The latter are primarily responsible for serving national needs 
and, in doing so, are in most cases surpassing the World Data Centres in 
sophistication. This fact is related to their respective funding. Increasing 
volumes of data, partly as a result of/the rapid changes in oceanographic 
instrumentation, obliged these ~new centres/tol/abandon considering the: classic 
manual techniques and to use chiefly automatedl data-processing facilities. 
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In doing so they established themselves as true data centres, as opposed 
to the library function now being carried on by most World Data Centreso 

Basic ru!es~ and re u ~ i o n s  for international 
exchange of r e l e v a n t  scientific data 

The Intergovernmental Oceanographic Commission published in 1967 the 
second revised edition of the Manual on International Oceanographic Data 
Exchange (IOC Technical Series No.4, 1967). It contains as its major part 
the Provisional Guide for the ~xchan~e of Oaeanographie Data. The word 
"provisional" signifies that it is being kept under continuous review by the 
Commission with its Working Group on Oceanographic Data Exchange and its 
scientific advisory bodies SCOR and ACMRR. This Provisional Guide contains 
a number of rules concerning such items as soundings, bottom samples, bottom 
photographs, topographic profiles, interim bathymetric charts, gravity and 
geomagnetic field measurements, heat flow, seismic refraction and reflection 
observations, etc. The ~uide 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, French, 
Spanish and Russian. 

Some aspects of future development Of international 
exchange of oceanographic data 

By IOC Resolution V-2OA (See Annex I) the IOC Working Group was charged 
with reviewing and reappraisal of the whole international oceanographic data 
exchange system and, in particular, the future rSle of the World Data Centres 
for Oceanography. The Commissinn requested the Group to continue the 
development of means whereby geological and geophysical data may be more 
effectively exchanged. 

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

x. ~ne development_of_instrumentation. It was noted th.t oceanography 
is presently undergoing a rapid instrumentation evolution which makes 
necessary an immediate re-ev&luation of the techniques' for handling data, 
from the points of view of National, Regional and World Centres. Oceanographic 
data acquisition had lon@ been considered a personal effort, i.e., the 
collection of data used to be exclusively the work of individuals carrying 
out oceanographic research, usually from a ship at sea. Today the rapidly 
evolving aspects of automated collection, using modern data-logging devices, 
has radically--chan~ed--this concept. .... 

ii. Adaptation by NODCs. The type of data which will in future be 
deposited in the National 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 
anticipated "information explosion". It is obvious that the modest data 
repositories described in Section IV.1 would find themselves very heavily taxed 
when suddenly faced with the need to adapt to such changes. 

iii Adaptation and future rale of WDCs for Oceanography. If the present 
trend continues, World Data Centres 'A' and 'B' for Oceanography msy soon 
contain most of the available oceanographic data on the World Ocean. This means 
that they would actually be storing far more data than any of the National or 
Regional Oceanographic Data Centres. Because of this they would have to 
establish a standard archivi~ to ensure rapid access to their data 
b = a s .  I t  ~-~ ~ w a ~  ~ ~  re#o~n'iT~ that  one o:~ ~ :  ma~or r~l~s oz the wDc, 
is to facilitate and expedite the exchange of oc:~anographic data between 



individuals and/or institutions. To readily cope with the effects of what 
is currently termed a "dataexPlosion", one can either up-grade and strengthen 
the centres or cease to deposit rima rec0rds or primary data. The Ad Hoc 
Group on the s--ubject, established by the IOC Working Group, considered : 
"... that primary records and primary data from hiFgh-density sampling devices 
are to be retained at the originating activity or National 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 functi0n of the ~ype 
a n d  v o l u m e  o f  t h e  m e a s u r e m e n t s  c o n c e r n e d .  As m o r e  a n d  m o r e  a u t o m a t e d  
measuring devices replace traditional sampling procedures, World Data Centres 
willgradually need to move towards becoming essentially automated documentation 
centres. Notwithstanding the above recommendations, primary_ data should ~ be 
available on request accord/ng to the principles to be specified-in., the " 
Provisional Guide". 

It is useful to note in this respect that more and more Data Centres 
have changedto " ~ "  the location of available data rather than "storing" 
the material 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.61, July 1962) adopted a practice sim/lar to 
that suggested in the paragraph above. 

iv. Standard Format for Exchange. In considering ways and means by 
which international exchange:could be accelerated, 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 esta.blished that national archiving 
systems and their associated formats would Of necessity ~ be closely linked to 
available data-pr0cessing facilities. Since these vary widely from countr~j 
to country, it would not be possible to recommend one universal archiving 
system for oceanographic data. Rather each nation would have to develop the 
format best suited to its own needs and the automatic data processing 
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 

............ mechanism Would then facilitate and expedite the two-way exchange between 
nations through the World Data Centre system° 

v. Standard Format for WDC Archives. The standard format constitutes 
the very foundatio-n on which the WDC archiving system must bebuilt. 
~nerefore One must first try to establishwhat the future rSles of the World 
Data Centres will be and how the anticipated user demands might affect the 
character of such archives. Only then can the proper format be selected and 
the necessary specifications drawn-up. This . . . . . .  iS: why consideration of the . . . . . .  

future r~le of the World Data Centres for Oceanography should precede all 
d/scussions on the formulation of standard exchange and archiving formats. 

IV. ~ ARCHIVING AND RETRIEVALOF METEOROLOGICAL DATA* . . . .  
m,  - _ " - - ~  " - - ~ . . . . .  ~ ~ - -  • . 

. . . . . . . . . . .  - . .  

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 k WMO. The data areused both for ~'research and 
operational purposes. An example of an international 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 
"Hi storical Sea Surface Temperature Data Project", in which four. marine 
meteorological centres are preparing monthly means of individual years. 
of several elements in a grid of small areas covering the world oceans 
and for a period-extending over the last hundred years. 

The advent of computer-based data .storage. and retrieval systems 
and the further development under the World Weather Watch of global systems 
o f  o b s e r v a t i o n  and d a t a  exchange  have opened new p o s s i b i l i t i e s  f o r  c e n t r a l i z e d  
modern a r c h i v i n g  and r e t r i e v a l  sys tems on an i n t e r n a t i o n a l  b a s i s .  This  has  
r e s u l t e d  in  the  development  o f  e x t e n s i v e  a r c h i v i n g  f u n c t i o n s  a t  World and 
Regional Meteorological Centres. 

./.. 



-56-- 

Selected B ib!io~raph.~y to C h a ~  

Automatisation of the mass processing of oceanographic data.(In ~ssian) 
1964, Trudy of the Institute of Oceanology, Ao~.ScLUSSR. Special 
±ssue, I~" 

BERNSTEIN' R. 1966. Data Processing at Sea, Geo-Marine Technology~ 
_2, ~o .5 .  

BRANHAM, D.N. 1965. Shipboar~ Oceanographic Survey System. Ocean 
Science and Ocean Engineering, I, Transactions of the Joint Conference 
and Exhibition, Marine Technology Soo., Amer. So0. Limnology and 
Oceanography, Washingt on D. C. 

I~%KHOLDER, E.K. 1965. A systematic approach to oceanographic data 
gathering. Ocean Science and Ocean Engineering~ i, Transactions of the 
Joint Conference and Exhibition, Marine Technology Soo.~ Amer. Soc. 
Limnology and Oceanography, W ashingt on D.C. 

DORMAN, J. 1967. Computing Methods in Seismology. US National Report 
1963-67, 14th General Assembly, IUGG, pp.425-426. 

% 

HENDERSON, G.C. 1965. Computer methods for ahalysing marine gravity 
and magnetic data .  Ocean Science and Ocean Engineering,  1,  Transac t ions  
of the Jo in t  Conference and Exhibi t ion,  Marine Technology Soo., Amer. Soo. 
Limnolo~ and Oceanography, Washin~on D.C. 

JACKSON, Ch. B . = i 9 6 7 .  Computers at  Sea. Oceanology I n t e r n a t i o n a l ,  
July/Aug. 

K E ~ H ,  E.P. & ~ITH, P.F. 1965. The importance of d i g i t a l  techniques 
for oceanographic instrumentation. Ocean Science and Ocean Engineering, 
i, Transactions of the Joint Conference and Exhibition, Marine Technology 
Soo~, Amer. Soo. Limnology and Oceanography, Washln~ton-D.C. ........ 

LEENHARDT, O. & LEVY-SOUSSAN, G. 1967. Suggestions for drawing up highly 
accurate bathymetrio charts. International Hydrographic Review, ~, No.l. 

MERRIAM, D.F. 1965. Geology and ~he Computer. New Scientist, 20 May. 

O'HAGAN, R.M. & SMITH, P.F. i965. The use of small oompu%er with real 
time technics for oceanographic data acquisition, immedia%e analysis and 
presentation. Ocean Science and Ocean Engineering, i, Transactions of 
She Joint Conference an~ Exhibition, Marine Technology Soo.p Amer. Soo. 
Limnology and Oceanography, Washin@-ton D.C. 

ROSS, D.I. 1967. Storage and retrieval of geophysical data. Bedford 
Institute of Oceanography. BIO Computer Note 67-S-C, Canada. 



;" ;~e".9 Manua.l on In% .~.~;'l,&~,J.ona].* Ooeenogra,phio ;)a%a E:~o.h~,ng~ .LOC Te.' " ' ~" 
Se~'ie.s No,,I~ iOC/Unosoo~ Ya~i~., 

1967 Ma.~m.a.l on In%ernational Ooeauog:~:~@hi.~ D~;~.~ E~:change~ 2nd Edi%ion, 

1967 f#amm~' Ropox-'~ of the A~-Hoc Group on Foxm&t gtend,.rc[izatlon~ 
IOC' Woxking Group on In%e~n~io~al Ooca:nogr~.phio Da%~ ~oh~ngeo 
Doco lOC/V-13.~, July 1967, lOC/Un~oo~ Pa~i~. 

~.orl~ '~e%eorolcgic~.l Org~,ization~ 

1967 Activit'ies and Plans of %hG Worl& Me%eorological Cen%r~.~o ~MO, 
Gene~ ® 

1968 Collec%ion, S%orage end Retriev~l of Obser~tional and Processed 
Me%eorologlcal Da%a. }[MO (in .prepara%ion)~ Geneva. 

1966 Ca%~lo&ue of Me%eorological Da%a fo.~ Re,earth. WMO No. i74.TP.86, 

Da%a P r o o e s s i n g  i n  Me% e o r u l o g y  -. P ~ o o e e ~ i n g s  o f  %he ~O/IUGG 
Symposium o Me~ozo, J ogical Dat~ ProcesBingo ~0 l~o. 180o~P.90~ 



Annex I - page 1 

-59- 

ANNEX I 

RESOLUTION I- 5 

AIDS TO NAVIGATION 

The C o m m i s s i o n  

Recogn i z ing  tha t  a c c u r a t e  naviga t ion  is  e s s e n t i a l  fo r  de ta i led  S y s t e m a t i c  oceanog raph i c  i n v e s t i g a -  
t ions ,  and f u r t h e r  

Recogn iz ing  that  s y s t e m s  of a ids  to nav iga t ion  p r e s e n t l y  ava i lab le  fo r  use  do not g e n e r a l l y  m e e t  
the r e q u i r e m e n t s  of de ta i led  o c e a n o g r a p h i c  inves t iga t ion  excep t  f o r  l i m i t e d  spec i f ic  a r e a s  and 
that  such  s y s t e m s ,  if p o s s e s s i n g  the r e q u i r e d  a c c u r a c y  should cont inue  to be e s t a b l i s h e d  in the 
i n t e r i m ,  

A w a r e  tha t  s e v e r a l  s y s t e m s  of ~ids to naviga t ion ,  a r e  p r e s e n t l y  u n d e r  deve lopmen t  which show 
p r o m i s e  of m e e t i n g  the l o n g - r a n g e  ocean -wide  r e q u i r e m e n t s  of de t a i l ed  s y s t e m a t i c  o c e a n o g r a p h i c  
i nves t i ga t i on .  

R e s o l v e s  tha t  the C o m m i s s i o n  th rough  i t s  m e m b e r  g o v e r n m e n t s  a c t i ve l y  encou rage  and suppor t  
the con t inued  deve lopmen t  and subsequen t  e s t a b l i s h m e n t  of a ground based  l o n g - r a n g e  rad io  
nav iga t ion  s y s t e m  capable  of m e e t i n g  the wor ld -wide  r e q u i r e m e n t s  fo r  de ta i led  s y s t e m a t i c  oceano-  
g r aph ic  i n v e s t i g a t i o n s ;  and 

R e c o m m e n d s  that  in the e s t a b l i s h m e n t  of the accep ted  wor ld -wide  ground based  s y s t e m  of long- 
r ange  r a d i o  nav iga t ion ,  p r i o r i t y  be given to those  a r e a s  for  which no a i d s  a r e  p r e s e n t l y  ava i lab le  
and fo r  which l a r g e - s c a l e  oceanograph ic  inves t iga t ions  a re  planned;  

F u r t h e r  r e c o m m e n d s  that  the In t e rna t iona l  Hydrograph ic  B u r e a u  at Monaco,  I n t e r g o v e r n m e n t a l  
M a r i t i m e  Consu l t a t i ve  Organ i za t i on  and the  In te rna t iona l  Civi l  Av ia t ion  Organ iza t ion  be r e q u e s t e d  
t h r o u g h  t h e i r  m e m b e r  g o v e r n m e n t s  to c o - o p e r a t e  with IOC in the exped i t ious  deve lopmeht ,  and 
s u b s e q u e n t  e s t a b l i s h m e n t  of a s ingle  nat ional  and i n t e r n a t i o n a L g r o u n d  b a s e d  l o n g - d i s t a n c e  r ad io  
nav iga t i on  aid capable  of m e e t i n g  the a c c u r a c y  r e q u i r e m e n t s  fo r  de ta i l ed  s y s t e m a t i c  oceanograph ic  
i r rves t iga t ion  ( r e p e a t a b i l i t y  + 50 m .  and pos i t i on  a c c u r a c y  + 0, 25 nau t i ca l  mi l e s ) ;  

F u r t h e r  r e c o m m e n d s ,  that  s t eps  be taken  by  M e m b e r  States  to a s s i s t  t hose  c oun t r i e s  having ships  
t ak ing  p a r t  in the i n t e rna t i ona l  c o - o p e r a t i v e  oceanograph ic  inves t iga t ions ,  to obtain and e f fec t ive ly  
use  the e q u i p m e n t  r e q u i r e d  fo r  t he se  naviga t iona l  s y s t e m s ;  

F u r t h e r  r e c o m m e n d s  that  the deve lopment  of o the r  p r o m i s i n g  and e c o n o m i c a l  s y s t e m s  of naviga-  
t ion  e v e n  of l e s s e r  a c c u r a c y  such  as  c e r t a i n  me thods  of sa te l l i t e  naviga t ion ,  be ac t ive ly  p u r s u e d .  
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RESOLUTI01~ I .- II 

STANDARDIZATION AND INTERCALIBRATION OF OCEANf~RAPHIC 
METHODS AND EQUIPMENT 

The C o m m i s s i o n  

~ ~  tha t  t h e r e  is  a p r e s s i n g  need  for  a c o - o r d i n a t e d  p r o g r a m m e  tha t  e n s u r e s  tha t  .oceano-  
g r a p h i c  o b s e r v a t i o n s  wil l  be m o r e  mean ingfu l  and use fu l  f o r  o c e a n o g r a p h i c  r e s e a r c h  in g e n e r a l ,  

~ n i z ! n g  f u r t h e r  tha t  t h i s  can  be a c c o m p l i s h e d  by a c a r e f u l l y  p l a n n e d  p r o g r a m m e  which  in-  
c l u d e s  to v a r y i n g  .deg rees  the  s t a n d a r d i z a t i o n ,  i n t e r c a l i b r a t i o n  and  a b s o l u t e  c a l i b r a t i o n  of 
o b s e r v a t i o n a l  m e t h o d s  and equ ipmen t ,  and tha t  the  f o r m u l a t i o n ' o f  such  a p r o g r a m m e  should  be 
c a r r i e d  out by  t h o s e  s c i e n t i s t s  m o s t  in t imate ly ,  i nvo lved  in  the  c o l l e c t i o n  and use  of such  da ta ,  

C o n v i n c e d  tha t  in o r d e r  to  have  c o m p a r a b l e  r e s u l t s  t h i s  wi l l  p r o b a b l y  involve  s o m e  s t a n d a r d i z a -  
t ion  of m e t h o d s a n d  e q u i p m e n t  but  e q u a l l y  conv inced  t h a t  w o r l d - w i d e  s t a n d a r d i z a t i o n  of aU o c e a n o -  
g r a p h i c  t e c h n i q u e s  i s  not now d e s i r a b l e ,  

A w a r e  t h a t  such  a p r o g r a r m n e  should  p r o c e e d  in an o r d e r l y  f a s h i o n  so tha t  the f i ,ml r e s u l t s  Will 
be the  a s s u r a n c e  tha t  a c c u r a t e  o c e a n o g r a p h i c  da ta  can  be  m u t u a l l y  e x c h a n g e d  a m o n g  o c e a n o g r a p h e r s ,  

F u r t h e r  a w a r e  of the  e x c e l l e n t  w o r k  in t h i s  f i e ld  b e i n g  c a r r i e d  ou% b y  IAPO.  ICES a n d i C S E M ,  and of the  
r e c e n t  i n t e r c a l i b r a t i o n s  at Honolulu  and a b o a r d  " V i t y a z "  and " G a s c o y n e "  s p o n s o r e d  j o i n t l y  by  
SCOR and Unesco .  ~ .................... 

Re_quests SCOR to u n d e r t a k e  the fo l lowing task :  

Appo in t  as  soon  as  p o s s i b l e  w o r k i n g g r o u p s  fo r  the p u r p o s e  of e x a m i n i n g ,  s u m m a r i z i n g ,  and 
c r i t i c i z i n g  the  p r e s e n t  o c e a n o g r a p h i c  m e t h o d s  a n d  e q u i p m e n t  in  c o m m o n  use  to  d e t e r m i n e  w h e r e  
t h e s e  m e t h o d s  o r  e q u i p m e n t  do not p rov ide  u n i v e r s a l l y  u s a b l e ,  a c c u r a t e  data ;  o r  w h e r e  such  da ta  
canno t  p r e s e n t l y  be u t i l i z e d t o t h e  u t m o s t ,  and to  r e c o m m e n d  by  r e p o r t  to the IOC a p p r o p r i a t e  

s t eps -wher -eby  t h e s e m e t h o d s  o r  e q u i p m e n t  should  be m a d e  u n i v e r s a t t y u s a b t e ,  ..... T h i s  m a y  in s o m e  
c a s e s  be  a c c o m p l i s h e d  by  s t a n d a r d i z a t i o n  o r  by  i n t e r c a l i b r a t i o n ,  o r  by such  m e t h o d s  ~s t h e s e  
e x p e r t s  m a y  de~e rmine .  



RESOLUTION IV-6 

INTERNATIONAL ASPECTS OF THE TSUNAMI 
W A R N I N G  SYSTEM IN T H E  P A C I F I C  

Annex I - pag 

The Intergovernmental Oceanographic Commission, 

Rec.ogni_zil ~ the importance of providing timely warnings of the approach of 
Tsunamis in the Pacific Oceau~ 

Not_i.u_~ the report of the Working Group Meeting on the International Aspects 
of the Tsunami Warning Oystem in the Pacific~ 

Commends the Working Group for its efforts and the co~prehenslve report of 
the Honolulu meeting submitted to this Commission~ 

Notes with appreciation the offer of tbe United States to undertake the 
expansion of its existing facilities in Honolulu to become the 

International Tsunami Information Centre~ 

A~cce_e~ the offer of the United States and recognizes the existing Tsunami 
Center at Honolulu as the International Tsunami Information Center 

of the Intergoverumental Oceanographic Commissionj 

Establishes an International Coordinating Group composed of interested 
member states in the Pacific to effect liaison among the 

participating Members, to promote exchange of iuformatfon on developments 
of observing methods and of techniques of tsunami forecasting, to effect 
liaison with other interested organizations, and to provide advice ou the 
operation of the International Tsunami Information Center s 

Encoura-~~-the me--r-s-tares to exchange scientific and technical personnel 
among the various national Tsunami warr, ing and research centers, 

and, 

Commends to the governments of member states the implementation df the 
various technical recommendations included in the Working Group 

Report, and 

Consideri_~ that the International Coordinating Committee on the Tsunsmll 
Warning System.should be a fun¢.tion of this Co~,ission rather 

than of Unesco, 

R_equ st s the IOC Bureau and Consultative Council at its next meeting to 
constitute the IOC International Coordinating Group on the 

Tsunami Warning System, meeti.ugs of which will be financed in a manner 
similar to other IOC subsidiary bodies, and further 

Re~sts the Director-General of Unesco to consider furnishing the financial 
support to individual scientists who might travel from other 

countries to the Inter~ntional Tsunami Information Center for purposes of 
cooperative tsunami research and traini.wg., in the operation of the 
International Tsunami Warning System ; The possibility of usingthe 
International Seismological Fund if established should also be considered. 



Annex I -page 4 

RESOLUTION IV - 12 

STORAGE AND RETRIEVAL OF SCIENTIFIC INFORMATION 

The Intergovernmental Ocesnographi~ Commission, 

Re_._co.~niz. ~n.~g the rapidly, expan~ling volume of i~fOrmation concerning 
the results of marine research ',~nd the urgen~ ne@d to ensure ~h~% %-he 
information ~e ~ea~iiy r~rievabl, by scientists 6.gn~rnea with every 
aspect of marine research in all parts of the world, and by all those 
concerned with these matters in both government and industz~r; 

N oti~ 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 ";nability of even the largest national organizations, or 
the World Data Centres, to accept these tasks at the present time; 

Notin_~.~ also the efforts already being made by the Fisheries Division of 
F-AK), ~ith the assistance of various international and national institutions*, 
to provide an intelligence o~nd information retrieval service 0 especially 
through their Current Bibliography on Aquatic Sciences snd Fisheries~ 
both .as concerns marine (and fresh water) research in general ~nd fisheries 
research in particular (Report of the 3rd Session of ACMRR a.nd ~ IOC/IV-I8), 
and the views expressed by SCOR Working Group 12 on Marine Science 
Abstracts and Bibliographies, concerning the need to ensure the 
maintenance and further improvement of these services as a minimum 
requirement, with the consequent need for maximum support by all co~tries 
concerned; 

Rec0gniz!n ~ further that these objects cannot be achieved by irregular 
supper%-( already one collaborating body having been forced to conclude 
its onerations for lack of-fuHds-)~~hat4-continuing and expanding 
support is required;- 

Recomnends that Member States. together with SCOR and ACMRR, urgently 
conslder 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 are made available for the provision 
of a retrieval service adequate to the needs of the international marine 
research community, and 

Reql~ests Unesco meanwhile to consider ways andmeans of developing a1.=.,.-A. 

increased collaboration with FAO with a view to enlarging coverage of 
various disciplines by the CBASF. 

* (ICES, CSIRO (Australia), VNIRO (USSR), UNESCO, 
and, untilrecently, ASIRC (University of Rhode 
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RESOLUTION IV-16 

INTERNATIONAL.UNDERWATER LABORATORY 

The In% orgove~mmon~al Ocom~ographic Commission, 

Recognizing %ha% the- establishment of an In~ ernational 
-Submarine Labora%ory~ for use as an appliod science 
con%re involving prolonged porio4s mlder water and open 

' %o all research workers, is of in%eres% to the Inter- 
governmental Oceanographic Commission, 

t h a t  member comltries, appreciating %he impor%anoe 
of the results %o be expected from such a l~bora~ory, 
~rill coopera~e in making i% a reality~ 

D o o i d o s  ~o o n m m m ~ i o a t o  %0 mombor o o u n ~ r i e s  a l l  s u c h  
informa~ion~as may be supplio4 to it on this Subjeo% by 
the responsible au%horities. 



r 
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~IES O[~TIOM V-20 

• A + n n e x  I .~ ps, ge 6 

INTEG~&TED GLOBAL- OCEAN STATION ~ SYSTEM 

The Intergovernmental Oceanographic Commission, 

C ~ ' ~  the growing need for oceanic data on a global scale, by a.~ide 
range of u ~ e r ~ ,  including ~orkers in research, engineering, navigation ~d 
coemerce~ fisl~eries and forecasting services and in order to further the 
scientific study of the ocean and atmosph:ere~ 

~ u ~  the activities of the World Meteorological Orgmnization m~d 
particularly the marine aspects of its World Weather Watch (W~#); 

N~ot'ir~ the advice of the Inten~ationa~ Telecommtmications Union that an initial 
plan s,ud progranm~, for an Integra'~ed Global Ocean Station System should be 
prepared by early 1969, 'this pl~n to include the geographical distribution of 
oceanographic stations, their system .of opera'Sion, the deployment of frequencies 
in the system and the manner .~n which oce&no~ra~ic information is to be 
transmitted' ; 

l~otin fur%her Resolution 9 (Cg-V) of the 5%h Session of the~World Meteorological 
Congress which stresses the .need for closer cooperation between WMO and other 
internation~l agencies concerned with marine, activities, such as IOC~ includin~ 
the establis~unent, as required~ of joint working groups (IOC/V-22A); 

Decides to establish within the Commission a permanent Working Committee for an 
Integr'~ted Global Ocean St~ti.on System~ with a membership of no more ~han twelve 
of those member states which are most ~ctive in this fie.ld, the .Cha~.nmen of the 
various subsidiary groups (e.x-officio), observers and representatives of other 
interested organizations ; 

Authorize_.. . ~the Working Committee: 

(i) to plan and coordinate an I OC programme of studies ~d services 
in oceanic s.reas~ both within the Commission and ~ointl)- with WMO 
and other organizationS; 

(ii) to act as the C~mmis~ion's authority, for the.discharge of its 
responsibility for the -IGOSS work of the IOC/WMO Panel of Experts 
on Coordination of Requirements and---thosegroups .... on 
Data Exchange s Telecommunications ~ and 0cean..A%mosphere 
Xnteraction® ~ detailed in Resolut-~ons V--2OA~ ROB, 
20C, 20D, 20E hereafter~ and 

. . 

(iii} to form additional p a n e l s  of experts, ~.considered 
r s e c e s s a r y ~  

Invites t h e  WMO and other or~mniz~tion~ to c~ider fmvo~mbl~ cooperation 
vi~h the above Working Cc~mi%tee, 

ms defined in the report of the Ist Meeting of the 
Oce~nograpn~-c Station~ Workin~ Group on F i x e d  ' : . " 

(An~ex V to UNESCO/NS/180) 
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RESOLUTION ?~20 A 

OCEANOGRAPHIC DATA EXCHANGE 
• : _ , ¢ . . ~ m m , ~ r ,  x z ~ m : ~  - : - - - 

'i'n~ in%ergoverr~en%a~L O c e a n o g r a p h i c  C~iasion, 

~ ' t ,  he report of the tl~ir~ meeting of t h e  Working Group on Oceanographic 
Data Ezchange (IOClV~I3), appreciates the recommendat/--,ns contained in. the 
repor~ o£ the Ad Hoc Group .on Fozmat St an dardi z at { on (Ioc/v-13A), and applauds 
%.he Working Group for its work on the Second Edition (Revised) of the Manual 
on International Oceanographic Data Exchange as approved by the 7th Meeting 
of the ~ureau and Consultative Council (IOC/B-30), and particularly thanks 
the Canadian Oceanographic Data Centre for its assistance on these matters. 

Amends t h e  t e r m s  o f  r e f e r e n c e  o f  th , i s  Working Group (Res .  I - 9 ) b y  a d d i n g  t h e  

a)  t o  r ev iew and r e a p p r a i s e  t h e  whole i n t e r n a t i o n a l  o c e a n o g r a p h i c  
d a t a  exchange~sys t em as recommended in  S e c t i o n  8 o f  t h e  r e p o r t  
"Internationa~ Ocean Affairs" (IOC/V-INF.III), and as reaffirmed 
in Recommendation (ix) of the summary of the recommendations of 
the Working Group meeting in 'l~e HaKue in September 1967 (IOC/V-~); 

b) to continue and encourage the present work leading t~)wards 
format standardization for use with automated techniques for 
data input, storage0 retrievai~d/ssemination 0 and exchange, 
but recognizing the considerable financial ~mplications inherent 
5.n such automati on; 

c) to continue the develo~aent of means whereby geological, geophys_!ga! , 
........ bi~u~~l~.,~ci-alair-sea interaction data, and data from 

"continuously recording" sensors are incorporated into the. 
international oceanographic data exchange,  system, 

Directs the Working Group to establish and maintain close collaboration with 
i~at~onal and Regional Data Centres and with those ~roups of the Working 
Committ.ee concerned with various aspects of the Integrated Global Ocean Station 

I n v i t e s  WMO 9 FAO and o t h e r  i n t e r e s t e d  o r g a n i z a t i o n s  t o  s end  o b s e r v e r s  t o  t h e  
meet . lng~ o f  t h e  Working Group.  
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ANNEX II 

RECOMMENDATIONS O F  T I t E  F I R S T  M E E T I N G  O F  
TIIE IOC WORKING GROUI'  .ON MARINE P O L L U T I O N  

( P a r i s ,  U n e s c o ,  14-17 Augus t  1967) 

Aune.x II ~ page 

As a r e s u l t  of the  e x c h a n g e  of v i ews  on v a r i o u s  a s p e c t s  of the  p r o b l e m  of the p r e s e n t  s t a t e  of 
po l l u t i on  of s e a  w a t e r ,  t h e  IOC. W o r k i n g  Group on M a r i n e  Pol lu t ion~ 

.B~i.Mg co.nce,~ne.d abou~ tl~e tact that pollution of the sea with domestic, 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 or- 
ganisms, cause detriment to the biotic resources of the sea, can be dangerous to human health and 
cause economic loss, diminish the aesthetic qualities of the sea and coasts and reduce the quality 
of the water for industrial uses, 

Having  the o b j e c t i v e  of o r g a n i z i n g  an e f f i c i en t  s tudy  of po l lu t ion ,  of the  p r o c e s s  of a u t o -  and a r t i f i -  
c i a l  p u r i f i c a t i o n  and of the  c o n t r o l  of w a t e r  po l lu t ion  with a v iew to i t s  even tua l  e l i m i n a t i o n ,  

B e l i e v e s  tha t  the  t i m e  has  c o m e  to t r e a t  all. k inds  of m a r i n e  po l lu t ion  as  l i s t e d  in the  R e p o r t  of  the  
W o r k i n g  Group as  f a c e t s  of a s i n g l e  p r o b l e m  r e q u i r i n g  c o n c e r t e d  ac t ion  by c h e m i s t s ,  r a d i o - c h e m i s t s ,  
m a r i n e  b i o l o g i s t s  and m i c r o - b i o l o g i s t s ,  p h y s i c a l  and c h e m i c a l  o c e a n o g r a p h e r s ,  e n g i n e e r s ,  l a w y e r s ,  
a d m i n i s t r a t o r s ,  e t c . ;  

B e l i e v e s  tha t  c o - o r d i n a t i o n  i s  1needed on both  na t iona l  and i n t e r n a t i o n a l  l e v e l s  of a l l  e n v i r o n m e n t a l  
po l l u t i on  s t u d i e s  and p r e v e n t i v e  m e a s u r e s ;  

And consequently recommends that the Fifth IOC Session: 

(a) draw the attention of the IOC members to the need for further research 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) t r a c i n g  and p r e d i c t i n g  t h e i r  f a t e s ;  

c o n s i d e r i n g  tha t  the  fo l lowing  spec i f i c  f i e ld s  of r e s e a r c h  m a y  be iden t i f i ed  as  the m o s t  i m -  
p o r t a n t  ones :  

d e v e l o p m e n t  of r e l e v a n t  p h y s i c a l ,  c h e m i c a l ,  p h y s i c o - c h e m i c a l  and r a d i o - c h e i n i c a l  
m e t h o d s  with s p e c i a l  c o n s i d e r a t i o n  to the  t r a n s i t i o n  e l e m e n t s  of  the  P e r i o d i c  Tab le  
and to the  off con t en t  of the  m a r i n e  e n v i r o n m e n t ;  

s t a n d a r d i z a t i o n  of m e t h o d s  of s a m p l i n g  and a n a l y s i s  in o c e a n o g r a p h y ,  i nc lud ing  s p e c -  
t r o g r a p h i c  and c h r o m a t o g r a p h i c  m e t h o d s ;  

_ 

the  e s t a b l i s h m e n t  of m o d e l s  of the  d i lu t ion  and d i s p e r s i o n  of po l lu t an t s  in the  o p e n s e a ,  
c o a s t a l  w a t e r s  and e s t u a r i e s ,  which  can  be  u s e d  f o r  the  p r e d i c t i o n  of the  c o n c e n t r a -  
t i ons  of po l lu t an t s  at  c h o s e n  d i s t a n c e s  and d i r e c t i o n s  f r o m  the polar  of d i scha l -ge ;  

the  u n d e r s t a n d i n g  of the  b i o - g e o c h e m i c a l  c i r c u l a t i o n  of po l lu t an t s ;  

the  m i c r o - b i o l o g i c a l  d e g r a d a t i o n  of m a r i n e  po l l u t an t s  inc lud ing  oil ;  

the  d e t e r m i n a t i o n  of the  e f f ec t s  of s u b - l e t h a l  d o s e s  of the  m o r e  i m p o r t a n t  po l l u t an t s  
on e c o s y s t e m s ;  

the  e s t a b l i s h m e n t  of the  m o s t  a p p r o p r i a t e  ways  of d e t e r m i n i n g  tl~e t o x i c i t y  of v a r i o u s  
po l l u t an t s  i n d e p e n d e n t l y  and in c o m b i n a t i o n  u n d e r  v a r i o u s  e n v i r o n m e n t a l  cond i t i ons ;  
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(b) request iOC members to m~<e such arrangements as necessary ir~ order to have such re--. 
search conducted on a continuing basis, ~o make accessible as ]nuch as possible of each 
country's experience and information on problems of marine pollution, including ii~: ocea~::J.-. 
ographic aspects~ to consider ~he possibilities of maintaining .~::eco~:'d~ of dischar~.~'es of 
pollutants into t, he high seas, and to promote red, earth on :hhese problems ~nd on measures 
for pollution con%roi. This Inigh% be achieved by designating° whe~cever practical, a cen- 
tral national governrnentai body which cou!d~ i.v.~.e.r ~-~].ia~ ac~: e s an agent %0 facilitate inter- 
nationai exchange of scien£if[c and tecb.uicai iz-~fo:crna~ioD,~ ..~esear.ch pl.~.ns and experience; 

(c) w~..~t i n t e r n a t i o n a l  s c i e n -  r e q u e s t  SC'OR, in  co-opera t i , :m,  w i t h  ACh4RR and iA.WPR,  to s t u d y  ~ ~- 
t i f i c  a c t i o n  on t he  n o n - g o v e r n m e n ~ a I  l e v e l  c a n  be t a k e n  in  o r d e r  to f a c i l i t a t e  r e s e a r c h  r e -  
f e r r e d  'to above; 

(d) request the interested organizations of the United Nations family to agree on the appropriate 
machinery to ensure joint action by these organizations in the field of marine pollution, 
which machinery, inter alia, should- 

(i) f o r m u l a t e  a sys~e.rn f o r  r e g u l a r  r e p o r t i n g  by n a t i o n a l  s o u r c e s  to  a p p r o p r i a t e  r e g i o n a l  
o r  i n t e r n a t i o n a l  b o d i e s ,  of  d i s c h a r g e s  of p o l l u t a n t s  ( in a d d i t i o n  t o  o i l y  s u b s t a n c e s  the  
d i s c h a r g e  of w h i c h  f r o m  s h i p s  i s  a l r e a d y  r e c o r d e d  u n d e r  t h e  I n t e r n a t i o n a l  C o n v e n t i o n  
f o r  t he  P r e v e n t i o n  of P o l l u t i o n  of the  Sea  by Oil )  d i r e c t l y  in to  t he  h igh  s e a s  by s h i p s  
o r  by o t h e r  m e a n s ,  and of  o t h e r  d e l i b e r a t e ,  a c c i d e n t a l ,  o r  o t h e r w i s e  u n a v o i d a b l e  d i s -  
c h a r g e s  w h i c h  m a y  h a v e  i u t e r n a t i o n a l  e f f e c t s ;  

(it) maintain international registers of discharges of the kinds defined under (i) above 
(dates or period of each discharge or dumping; the composi'tion and quantity of the 
materials discharged; the nature of ~he container, if any; the site (latitude and longi- 
tude); the method0f transport to it); 

(iii) improve the exchange of information internation,~lly concerning research relating to 
marine pollution and specifically through: 

maintaining a register of ir:stitutions arid workers in the field of marine pollution which 
sha]/be availab].e to member countr.~.es~ 

circulating to countries information on nadonal laws and regulations relating to pollu- 
tion control; 

c i r c u l a t i n g  to  c o u n t r i e s  r e p o r t s  on p r o g r e s s  on p o ~ a t i o n  c o n t r o l ;  

c i r c u l a t i n g  i n f o r m a t i o n  on r e s e a r c h  .in hand ;  

....... -(-[v)--p-r-o-vi-de f o r  t he  due inpu t  of t he  r e l e v a n t  oceanogra-p-h-i-c--dtt-ta a n - d - i n f o r m a t i o n  r e s u l t i n g  
f r o m  t h e  £ o - o r d i n a . t e d  r e s e a r c h  by IOC m e m b e r s ;  

(v) p r e p a r e  p r o p o s a l s  f o r  f u r t h e r  s t e p s  to be  t a k e n  i n t e r n a t i o n a l l y  t o w a r d s  t h e  c o n t r o l  of  
m a r i n e  p o l l u t i o n ;  

(e) authorize the IOC nominee to the United Natious Secretary--General's Group of Experts on 
the implementation of the United Nations resolution 2172 "Resources of the Sea" %0 draw 
the attention of that Group to the above recommendations and to the necessity to reflect 
them in those proposals which that Group will Ibrmu].ate, and to request this Group to con.-- 
sider the needs for bilateral and regional co-operation on pollution monitoring which ~ligh~ 
involve responsibility of regional organization~ such as ICES '.and ICSEIV[~ 
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TABLE O1-:' MAJOR CATEGORIES OF POL/.,DTION 

• F o r  e a c h  t y p e  of p o l l u t i o n ,  t he  g e n e r a l  c a t e g o r i e s  of  e f f e c t  m o s t  f r e q u e n t l y  a s s o c i a t e d  w i t h  t h a t  
poU.u~ion t y p e  a r e  i n d i c a t e d  by c r o s s e s  in the  a p p r o p r i a t e  c o l u m n .  W h e r e  j u d g e m e n t  w a s  poss ib le , . .  
t h e  m o s t  i m p o r t a n t  c a t e g o r b ,  of  e f f e c t  f o r  a p a r l i c v i a r  t y p e  of  poI iug .on  i s  i n d i c a t e d  by  a c i r c l e d  
c r o s s .  T h e  f i n a l  c o i u m  g i v e s  r e f e r e n c e  n u m b e r s  zo foo tno ' t e s  w h e r e  i l l u s t r a t i v e  e x a m p l e s  o f  t h e  
categories of  pollution are g~ven, 

G e n e r a l  c a t e g o r i e s  of e f fec t  

} Ia r rn  H a z a r d s  H i n d r a n c s  Recluc, t i on  R e f e r e n c e  
Major categories to to to of to iUus- 

of  p o l i u t f o n  l i v i n g  h u m a n  m a r i t i m e  a m e n i t i e s  t r a t i v e  
r e s o u r c e s  h e a l t h  activities e x a m p l e s  

D i r e c t  
D o m e s t i c  m i c r o b i a l  
sewage (in- 
eluding 
w a s t e  f r o m  
food pro- 
c e s s i n g )  

Indirect 
- fxJ x - 2 

microbial 

E u t r o p h i c a -  
t i o n  and 
r e l a t e d  
processes 

x x ( ~  3 

Hea~:y 
x ~ x - 4 

m e t a l s  
. _  _ . ~  

P e t r o -  
- x x - 5 

c h e m i c a l  

O i l s ,  e t c .  - - x Q 6 

Pulp and 
paper 

Indus_trial wastes 
waste 

. - - x 7 

- - - u  

pro ducts P estic ides x ® - 
0 

D e t e r g e n t s  x .- x 

R a d i o a c t i v e  
- G x materials 

9 

10 

H e a t  x 
_ _ . - - ~ - . . _  _ . _ _ .  ~ . o . . ~ . , , ~ , ~  . . . .  

Sol id  
o b j e c t s  . . . .  

x" - II 

x x 12 

Dredging x - x - 13 
...... s p o i l  ..... 

F o o t n o t e s  to T a b l e  

D i r e c t  c o n t a m i n a t i o n  of  b e a c h e s  n e a r  d i s c h a r g e s  of  i n a d e q a a t e l y  "~reated s e w a g e  can. l e a d  to  
b a c t e r i a l  and  v i r u s  i n f e c t i o n s  and non- -aes the~ic  c o n d i t i o n s  wi th  c o n s e q u e n t  a d v e r s e  e f f e c t s  on 
tourism. 

0 
B a c t e r { a l  o r  v i r u s  i ~ f e c t i o n  c a n  be  c a u s e d  by  eathng r a w  s h e l l f i s h  h a r v e s t e d  f r o m  a r e a s  c o n -  
tarainated by sewage and this ".also leads to adverse effec'ts on the fishing ir~dustry. 
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• D i s c h a r g e  of s e w a g  e o r  o t h e r  o r g a n i c  w a s t e s  l e a d s  to i n c r e a s e s  in n u t r i e n t  s a l t s  and c h a n g e s  
in  t h e i r  p r o p o r t i o n s  in t he  s e a  "and so to q u a n t i t a t i v e  and q u a l i t a t i v e  c h a n g e s  in  t he  p h y t o p l a n k -  
ton  which  m a y :  (a) h a v e  a d v e r s e  e f f e c t s  on s h e l l f i s h ;  (b) if  t h e y  i n v o l v e  i n c r e a s e s  in t ox ic  s p e -  
c i e s ,  l e a d  to p o i s o n i n g  by e a t i n g  c o n t a m i n a t e d  s h e l l f i s h ;  (c) l e a d  to n o n - a e s t h e t i c  c o n d i t i o n s  
r e s u l t i n g  f r o m  t h e  m a s s  p r o d u c t i o n ,  m a s s  m o r t a l i t y  and d e c o m p o s i t i o n  of m a r i n e  o r g a n i s m s .  

• 

Q 

F i l t e r - f e e d i n g  i n v e r t e b r a t e s  and a l s o  f i sh  l a r v a e ,  e t c . 0  which  a r e  s e n s i t i v e  to c h a n g e s  in the  
q u a n t i t i e s  of c e r t a i n  e l e m e n t s  n o r m a l l y  r a r e  in s e a  w a t e r ,  t ake  in m e t a l s  s u c h  a s  c o p p e r ,  z inc  
and  m e r c u r y  o r i g i n a t i n g  f r o m  i n d u s t r i a l  w a s t e s .  In v a r i o u s  c i r c u m s t a n c e s  t h i s  c a u s e s  t he  
d e a t n  of the  o r g a n i s m s ,  the  s p o i l i n g  of  t he  f l a v o u r  of s h e l l f i s h  and the  p o i s o n i n g  of  c o n s u m e r s  
of  t he  o r g a n i s m s .  

W a s t e s  f r o m  p e t r o - c h e m i c a l  i n d u s t r y  c a u s e  s p o i l i n g  of t he  f l a v o u r  of m a r i n e  p r o d u c t s  and d a n -  
g e r  to  m a n  t h r o u g h  the  c o n s u m p t i o n  of  o r g a n i s m s  in  w h i c h  c a r c b x o g e n s  h a v e  a c c u m u l a t e d .  

. O i l y  s u b s t a n c e s  m a y  c l o g  n e t s ,  s p o i l  t he  f l a v o u r  of  f i sh  and s h e l l f i s h ,  k i l l  s e a  b i r d s ,  c o n t a m i -  
n a t e  b e a c h e s .  S o m e  m e t h o d s  of t r e a t i n g  o i l  on b e a c h e s  and  on the  s e a  s u r f a c e  i n v o l v e  t h e  u s e  
of  m a t e r i a l s  tox ic  to m a r i n e  l i f e .  

7.  S u l p h i t e  e f f l u e n t s  wi th  h igh  b i o l o g i c a l  o x y g e n  d e m a n d  c a u s e  n o n - a e s t h e t i c  c o n d i t i o n s ,  d e s t r u c -  
t i o n  of  s h e l l f i s h  b e d s  and  h i n d r a n c e  to n ~ i g r a t i n g  f i s h e s .  

8 • 

. 

I n s e c t i c i d e s  and r e s i d u e s ,  s u c h  a s  c h l o r i n a t e d  h y d r o c a r b o n s  and o r g a n i c  p h o s p h o r o u s  c o m -  
p o u n d s ,  a r e  p e r s i s t e n t  and h i g h l y  t o x i c  to  m a r i n e  a n t h r o p o d s  and m a y  a c c u m u l a t e  in  o t h e r  o r -  
g a n i s m s  wi th  c o n s e q u e n t  h e a l t h  h a z a r d s  to p r e d a t o r s  i n c l u d i n g  b i r d s  and  m a n .  

T h e  S C O R / A C M R R  W o r ~ i n g  G r o u p  i s  not  a w a r e  of any  s p e c i f i c  e x a m p l e s  b u t ,  c o n s i d e r i n g  tha-~ 
d e t e r g e n t s  h a v e  a h igh  p h o s p h o r o u s  c o n t e n t ,  i s  of the  op in ion  tha t  the  b i o - d e g r a d a t i o n  of  t he  
s h o r t - c h a i n  d e t e r g e n t s  c o u l d  add  to the  e u t r o p h i c a t i o n  e f f e c t  of  d o m e s t i c  w a s t e .  

10.  B e c a u s e  of  t he  r i g i d  c o n t r o l  e x e r c i s e d  o v e r  t h e  a t o m i c  e n e r g y  i n d u s t r y  s i n c e  i t s  i n c e p t i o n ,  t h e  
W o r k i n g  Group  h a s  no e x a m p l e s  of a d v e r s e  e f f e c t s  b r o u g h t  abou t  by t he  d i s c h a r g e  in to  t he  s e a  
of  r a d i o a c t i v e  e f f l u e n t s .  T h e r e  do e x i s t ,  h o w e v e r ,  t he  p o t e n t i a l  d a n g e r s  of n u c l e a r  a c c i d e n t s  
a s  h a z a r d s  to h e a l t h .  Of p a r t i c u l a r  c o n c e r n  a r e  t h e  r a d i o a c t i v e  i s o t o p e s  of  t h o s e  e l e m e n t s  
w h i c h  a r e  n o r m a l l y  r a r e  in  s e a  w a t e r  and w h i c h  a r e  r e a d i l y  t a k e n  up by mar i rLe  o r g a n i s m s .  

11.  U n d e r  c e r t a i n  c o n d i t i o n s ,  w a r m  w a t e r  d i s c h a r g e s  f r o m  l a r g e  e l e c t r i c a l  p o w e r  p l a n t s  c a n  l e a d  
to :  (a) e x c e s s i v e  g r o w t h  of v e g e t a t i o n  which  i n t e r f e r e s  wi th  n a v i g a t i o n ;  (b) i n c r e a s e  in  f o u l i n g  
and  b o r i n g  o r g a n i s m s  on v e s s e l s  and  s t r u c t u r e s ;  (c) t h e r m a l  b l o c k s  wh ich  i n t e r f e r e  wi th  mig~-a-  
t i o n s  of f i sh ;  (d} when  a s s o c i a t e d  with o t h e r  t y p e s  of d i s c h a r g e ,  i n c r e a s e d  m i c r o b i o l o g i c a l  a c C -  
v i t y  and t h e r e b y  o x y g e n  d e p l e t i o n  wi th  c o n s e q u e n t  a d v e r s e  e f f ec t s  on l i v i n g  m a r i n e  r e s o u r c e s .  

12.  F l o a t i n g  and s u n k e n  s o l i d o b j e c t s ,  s u c h  a s  d r u m s ,  w i r e ,  b o t t l e s ,  t i m b e r ,  v e h i c l e s ,  p l a s t i c  a r -  
t i c l e s  and o t h e r  p e r s i s t e n t  m a t e r i a l s  can :  (a) i n t e r f e r e  wi th  n a v i g a t i o n  and f i s h i n g  0pe-r-aiib-h~,; 
(b) p r o v i d e  a h a b i t a t  f o r  b o r i n g  o r g a n i s m s ;  {c) when  w a s h e d  up on s h o r e s ,  r e d u c e  a m e n i t i e s ;  
(d) a d v e r s e l y  a f f ec t  t h e  b e n t h i c  h a b i t a t .  

13. D i s c h a r g e  of c l a y ,  s i l t ,  e t c . ,  f r o m  d r e d g i n g ,  and a l s o  p o s s i b l y  f r o m  m i n i n g  and d r i l l i n g  o p e r a -  
t i o n s ,  m a y :  (a) i n c r e a s e  the  t u r b i d i t y  of t he  w a t e r  wi th  a d v e r s e  c o n s e q u e n c e s  to  m a r i n e  l i f e l  
(b) c o v e r  h a r d  b o t t o m  wi th  sof t  l a y e r s  which  i m p e d e  s p a w n i n g  of f.ish and s e t t l i n g  of  s h e l l f i s h ;  
(c') b e c a u s e  of h igh  n u t r i e n t  c o n t e n t  of i n t e r s t i t i a l  w a t e r ,  add to the  n u t r i e n t  s a l t  c o n c e n t r a t i o n  
of t h e  s e a  and h e n c e  to the  p r o b l e m s  a s s o c i a t e d  with e u t r o p h i c a t i o n ;  (d) i n t e r f e r e  wi th  n a v i g a -  
t ion  and f i s h i n g  o p e r a t i o n s .  
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RESOLUTION V-I~ 

MARINE POLLUTION 
11 ~ ,1, 

The Intergovernmental Oceanographic Commission, 

Being concerned about the fact that pollution of the sea with domestic, 
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 
qualities of the sea and coasts and reduce the quality of the water for 
industrial uses, 

Being convinced that further improvement in the coordination of international 
aspects '0# ~' marine pollution is needed, 

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

Being informed of the FAO World Conference on Marine Pollution and its Effects 
, ~, J _ , 

on F i s h e r y  Resources  and F i s h i n g  Opera t ions  to  be h e l d  in  Rome i n  1 % 9 ,  

Recommends that the IOC inform the FAO of its desire to participate~ if called 
upon, in this Conference. 

Accepts the Report sm.d the Recommendations of the IOC Working Group on Marine 
Pollution with minor modifications. 

Recommends that the organizations of the UN family involved or interested in 
............ -pollution problems explore-the--possib$1i-ty of forming a Joint group ..... of--experts 

to ensure that necessary scientific information is available to those agencies 
responsible for conservation of resources, pollution control and abatement. 

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 reconsider .... the 
position of its working group on marine pollution. 
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