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E d i t o r ’s Xote .  —  T h is  a r t i c l e  w a s  p re sen te d  a t  the  S y m p o s iu m  on Ocean ic  C a r to 
g r a p h y  a t  th e  S ix th  I n t e r n a t i o n a l  C a r to g ra p h ic  C on fe ren ce  of the  I n t e r n a t i o n a l  
C a r to g ra p h ic  A sso c ia t io n  h e ld  in O t taw a ,  C a n a d a ,  in  A u g u s t  1972.

I t  w a s  w r i t t e n  p a r t l y  in  re sp o n se  to  a n  a r t i c l e  on  th e  n e ed s  f o r  W o r ld  B a th y m e t r i c  
C h a r ts ,  by  L.N. P a s g o e , p u b l i s h e d  in  th e  J a n u a r y  1972 n u m b e r  o f  th e  I n t e r n a t i o n a l  
H y d r o g r a p h i c  R e v i e w ,  a n d  f u r t h e r s  t h e  d i s c u s s io n  on t h i s  top ic .

T h e  T a b le s  l i s t i n g  d e ep -o cean  b a th y m e t r i c  c h a r t s  p ro v id e  a u se fu l  c a ta lo g u e  of  
k n o w n  m a te r i a l .

ABSTRACT

O ceanographers  requ ire  good b a th y m etr ic  charts .  T h e ir  specific needs 
and  the ex ten t to w hich  they  are  m et by existing  ch a r t  series a re  d iscussed, 
and  suggestions are m ade for the fu tu re .  The p rob lem s of con touring  
sparse  d a ta  in the  oceans are i l lu s tra ted  w ith  re ference to the b a th y m etr ic  
ch a r t  series of the  N ational In s t i tu te  of O ceanography, p a r t  of w h ich  has  
been pub lished  w ith  the  aid of au to m atic  ca r tography.

INTRODUCTION

The con tinually  increasing  scientific, com m ercial an d  m ili ta ry  aw are 
ness of the oceans and  the ir  resources em phasies  the need for good 
b a th y m etr ic  charts .  It is therefore  ap p ro p r ia te  to review  not only  the 
c u r ren t  s ta tu s  of b a th y m etr ic  charts ,  b u t  also the  ex ten t  to w h ich  the  needs 
of these groups are p resen tly  being fu lfilled and  w h a t  is req u ired  in the 
fu tu re .  The exact n a tu re  of these req u irem en ts  is not a lways recognised 
and it is the a im  of th is  paper to p re sen t  the v iew poin t of the oceanogra
pher, w h e th e r  a m ar in e  geologist or geophysicist, a physical oceanographer  
or a m arin e  biologist, w ho is in te rested  in an  accu ra te  descrip tion  of the



shape o f  the  sea floor in o rde r  to  fo rm ula te  his re search  p ro g ra m m e  and  
to in te rp re t  h is  observations.

F o r  the  ea r th  scientist on  land  exam in ing  some new  area , h is  f irs t  
a ssessm en t is visual. He will see the presence of m oun ta ins ,  valleys an d  
p lains by  viewing from  a d is tan ce  and  can  then  de term ine  the ch a rac te r  
of the  te r r a in  —  w h e th e r  it is rocky, m u ddy , vegetated, etc. —  by closer 
visual exam ina tion .  Only w hen  he  has m en ta l ly  digested w h a t  he  has  seen, 
will he s ta r t  to p lan  a m ore soph is tica ted  p ro g ram m e of surveying, p h o to 
graphy , sam pling  and  in s t ru m e n ta l  m easu rem en t.

U nder  the  sea, however, a to ta lly  different s i tua t ion  prevails.  Sound 
rep laces  light, an d  its g rea ter  w aveleng th  does not allow p ic tu res  o f  the 
to p o g rap h y  to be easily ob ta ined . T h e  oceanographer  m u s t  collect d a ta  
laboriously  an d  w ork  a t its co rre la tion  to p roduce b a th y m e tr ic  charts .  
A lthough he h as  the  advan tage  of a fixed reference level and  re la tive ease 
o f mobility , the  m echan ism s  th a t  operate  to shape the  deep sea floor are 
so different from  those on lan d  th a t  com parisons  can n o t  be m ad e  w ith  
to p o g rap h y  th a t  can  be seen.

THE NEED

T he need for good b a th y m e tr ic  cha rts  by  oceanographers  h a s  been 
recognised since P rince  A lbert o f  Monaco in itia ted  a w orld  series in 1903.

A n u m b er  of in te rna tiona l  a n d  na tional series have been p roduced  since 
then, som e of w h ich  are  w orld  w ide  and  o thers  are  limited to oceans and  
p a r ts  of oceans. T he  m ore  im p o r ta n t  series published  in the  las t two 
decades are listed in Tables I a n d  II. Some of these have been produced  
by o cean o g rap h ers  for their  o w n  requ irem en ts ,  b u t  o thers  have been 
p roduced  by  o rgan isa tions w ho  have no im m edia te  in terest  in  u s in g  the ir  
p roduc ts .  As a resu lt ,  the  q u a l i ty  of the  ch a r ts  varies trem endously .  
F u r th e rm o re  it is im possib le  in  all b u t  a very few of the series, to judge  
w h a t  the  qu a l i ty  is from  the  c h a r t  itself since no ind ication  is given of the 
coverage of sound ings on w h ich  the  con tou rs  are based.

T h e  con tinu ing  and  in c reas in g  need for good b a th y m etr ic  ch a r ts  has  
recen tly  been d iscussed by m a n y  in te rn a tio n a l  o rgan isa tions  of ea r th  
scientists. T he  In te rg o v e rn m en ta l  O ceanographic  Com mission of UNESCO 
set up  a g roup  of experts  on  long-term  scientific policy an d  p lan n in g  
(G E LTSPA P) w ho  reco m m en d ed  in their  re p o r t  of November 1970 :

“P ara .  63. Geo-science Exercise

4.1 (Out l ine  p r o j e c t  4.1). M orp h o lo g ica l  ch a r t in g  of  the  sea f loor .

“T h is  falls in the category of global activities. It  is of g reat general 
scientific  an d  p rac t ica l  im p o rtan ce  for detection an d  exploitation  of m inera l



an d  biological resources ,  m ar in e  engineering  an d  t ran sp o r t ,  etc. In te rn a 
tional co-operation  is essential for: —

(a) ra p id  eva lua tion  an d  editing of existing d a ta ;
(b) acq u ir in g  n ew  d a ta ;  using add it iona l  m eth o d s  such as seismic 

p rof il ing  and, if possible, side-scan, m agnetic  and  g ravim etr ic  
m e asu rem en ts  and  bottom  sam pling ;

(c) ex tend ing  surveys and  avoiding duplication , ensu r in g  m a x im u m  
u ti l isa tion  of ship cruises;

(d) encourag ing  active par tic ipa tion  by  both  advanced  an d  developing 
coun tr ies ;

(e) exchang ing  new  data.

T a b l e  I
List of World Series of Bathymetric Charts

Series
title

Organisation 
responsible 
and country

Date o f 
publication

No. o f 
sheets

Projection Scale
C ontour
interval

A uthor, 
reference, 

o r chart No.

General 
Bathym etric 
Chart o f  the 
Oceans

IHB Monaco 1923-1969 24
M ercator 
and Polar

1/10 000 000 1000  m T houlef (1904) 
I H O Spec. Pub.

The World
U.S. Navy
Oceanographic
Office

1961 12 M ercator 1/12 000 000 500 fm H.O. Misc. 
15,254

Bottom  C ontour 
Charts U.S.N.O.O. 1951-1971

190
(partial
world
cover)

M ercator 4 "  =  1 deg. 
long.

100 fm B 0107 B 3612

Ocean Charts

N ational
Geological
Com m ittee
U.S.S.R.

1963-1965 6 Various
1/15 000 000 

to
1/25 000 000

500 m 
and 

1 000 m

World Map

D epartm ent 
Geod. and 
Cartography ; 
German Dem. 
Rep.

1965
onwards 244 Conic

Equidistant 1/2 500 000 1 000 m Rado (1 9 6 6 )

Deutsche
Meereskarte

Germany 1968 3
Minimum
Error 1/25 000 000 1 000 m Dietrich  and  

Ulrich  (1968)

We p r o p o s e  t h a t  th e  seventh session of th e  C om m ission  consider the  
o rgan isa tiona l aspec ts  of im p lem en ta t ion  tak in g  in to  accoun t the  experience 
of the  IHB as well as th a t  gained in ed it ing  the  Geological Map of the 
W o r ld ”.

An In te rn a t io n a l  W o rk sh o p  on M arine  Geoscience p rom oted  b y  the  
Scientific C om m ittee  on Oceanic R esearch  (SCOR) a n d  held  in H onolulu  
in  Septem ber 1971, considered th is  proposa l,  toge ther w ith  the  m ar in e  
aspects of th e  G eodynam ics P ro jec t  (jo in tly  sponsored  by the In te rn a t io n a l  
Union of Geodesy an d  Geophysics and  the  In te rn a t io n a l  Union of Geolo
gical Sciences) an d  recom m ended  to SCOR th a t  a  w ork ing  group  should  
be set up. As a resu lt ,  in  F eb ru a ry  1972, SCOR estab lished  W o rk in g  G roup
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41 on M orphological M apping  of th e  O cean  F loor u n d e r  th e  C h a irm an sh ip  
of D r  J .  U l r i c h  of the  In s t i tu t  f ü r  M eereskunde, Kiel, w i th  the following 
te rm s  of re ference :

“To d e te rm in e  a ra tio n a l  schem e for reduction  an d  p re sen ta t io n  of 
sound ing  d a ta  th a t  w ould  consti tu te  a f ram ew o rk  in  w h ich  th e  in te rn a 
tional geological m ap p in g  of the sea floor could p roceed ;  to p re sen t  
reco m m en d atio n s  to the  In te rn a t io n a l  C ar tograph ic  A ssocia tion  m eetings in  
O ttaw a in Septem ber 1972; to reco m m en d  fu r th e r  ac tion  to be tak en  by 
SCOR".

EXISTING INTERNATIONAL ORGANISATION  
FOR PRODUCTION OF BATHYMETRIC CHARTS

T he above reco m m en d a t io n s  reflect the  c u r re n t  d issa t is fac t io n  am ongs t  
scientis ts  w ith  the  ex is ting  in te rn a t io n a l  o rgan iza tion  fo r  th e  p ro d u c tio n  
of b a th y m e tr ic  ch a r ts  on  a w orld  scale. T h e  P e rm a n e n t  Specialised Centre 
for the exchange of b a th y m e tr ic  data ,  designated  by th e  In te rg o v ern m en ta l  
O ceanographic  Com m ission  (M anual on  In te rn a t io n a l  O ceanograph ic  D ata  
Exchange  —  UNESCO 1967), is the In te rn a t io n a l  H y d ro g rap h ic  O rg an iza 
tion, Monaco, who organize GEBCO (General B a th y m etr ic  C hart  of the 
Oceans) b o th  as a d a ta  cen tre  to compile sound ings  a t  1/1 000 000 an d  to 
p rep are  an d  pub lish  a series  of 1 /10  000 000 con tou red  c h a r ts  (table I). T he  
organization  is ou tl ined  in  th e ir  pub lica t ion  “R egu lations fo r  th e  General 
B a thym etr ic  C hart  of th e  Oceans, GEBCO 1970”. T h e  in p u t  to th e  IHO is 
th ro u g h  n a t iona l  H y d ro g rap h ic  Offices accord ing  to  a lloca ted  oceanic areas.

An ap p ra isa l  of the  GEBCO series f ro m  a h y d ro g ra p h e r ’s p o in t  of view 
has recen tly  been p u b l ish ed  by N e w s o n  (1971). T h e  o ce an o g ra p h e r’s view 
is th a t  it does no t  fo rm  a w orld  series of u n ifo rm  qua li ty ,  m an y  of the  
cha rts  a re  out of da te  (som e have not been revised since 1923), th e re  is no t  
an aggressive policy of com piling  all available sound ings ,  it does no t 
incorpora te  the  re su lts  of m o d ern  surveys, it fails to m a k e  use of m o dern  
in te rp re ta t io n  of sea floor m orphology, an d  the ch a r ts  do no t  ind ica te  in 
any  w ay  the  re liab il i ty  of the con tours  shown.

THE NATURE OF THE SOUNDING DATA IN THE DEEP OCEAN

U ntil the 1930’s deep ocean sound ings  w ere m ade  by the  w ire  an d  
w eight m ethod, w hich  w as  sub jec t  to e r ro rs  caused  by non-vert ica l  w ires 
and  the  fa ilu re  to iden tify  bo ttom  contact. E ar ly  echo-sounding  w a s  crude  
and  the t im ing  o ften  in acc u ra te ;  even to d ay  there  a re  echo-sounders  w here  
the basic t im ing  m ech an ism  is governor-contro lled  re q u ir in g  s topw atch  
ca libration . Such sound ings  can easily  have er ro rs  of 100 m etre s  or more 
unless g rea t care  is taken .  Precision echo-sounders  u s in g  a tu n in g -fo rk



or c rys ta l-con tro l led  t im e  base  b ecam e com m on  by the ea rly  1960’s a llow ing 
an  accu racy  of abou t 5  m etre s  to be achieved ( C r e a s e , L a u g h t o n  a n d  
S w a l l o w , 1964), an d  th e  ex istence of abyssa l  p lains to be recognized. O th er  
e r ro rs  in soundings, how ever,  a r ise  fro m  a m is in te rp re ta t io n  of th e  p h ase  
of a n  echo-sounder  (e rro rs  of say  1 000 m), from  confusion  be tw een  the  
b o t to m  an d  deep sca tte r in g  layer echoes (often responsib le  for non-ex is ten t 
“sh o a ls" )  an d  fro m  confu s io n  in k n o w in g  the velocity of sound  in  sea  w a te r  
used  w h en  converting  fro m  a t im e  m e a su re m e n t  to a d ep th  m e a s u re m e n t  
(e rro rs  up  to 200 m).

T h e  o th e r  aspect of th e  q u a l i ty  of the  d a ta  is the  accu racy  of position . 
A lthough  a nav iga tional a c cu ra cy  of b e t te r  th an  3 n.m. is re q u ired  by 
GEBCO before so und ings  a re  su b m itted  to d a ta  centres, th e re  a rc  m a n y  
so und ings  w h ich  are  d em o n s t rab ly  20 n .m . o r  m ore  in  e rro r .  T oday , m an y  
sh ips  a re  equ ipped  w ith  ac c u ra te  nav igational aids (satellite, L oran ,  etc.) 
a l th o u g h  th e re  a re  still m a n y  w h ich  to ta l ly  re ly  on in te rm i t te n t  celestial 
observations.

U p to 1950 there  w ere so few oceanic sound ings th a t  th e  H y d ro g rap h ic  
D e p a r tm e n t  w as still able to p u b l ish  lists of oceanic soundings, b u t  th is  
m e th o d  w as  c learly  im p rac tica l  fo r  co n t in u o u s  echo-sounding. As p a r t  of 
the com pila t ion  for the  3 rd  ed it ion  of GEBCO, sound ings  w ere  t ra n s fe r re d  
to a series of 1/1 m illion M erca to r  p lo t ting  sheets an d  th e  responsib i l i ty  
sh a red  betw een  var ious  m e m b e r  n a t io n s  of the  IHB. T h is  sy s tem  is still in 
use for com pila tion  of th e  4 th  ed ition , now  being p rep a red  sh ee t  by  sheet. 
Co llaboration  betw een  n a t io n a l  H y d ro g rap h ic  D e p ar tm en ts  h as  led to the  
ex trem ely  usefu l com pila t ions  of ocean sound ings  a t  th e  1/1 m ill ion  scale 
w h ich  fo rm  the  basis of m a n y  oceanic b a th y m etr ic  charts .

A lth o u g h  h igh  s ta n d a r d s  of q u a l i ty  control of the d a ta  a re  laid dow n  
by GEBCO, nevertheless  m a n y  of the  com pila tion  sheets co n ta in  sound ings  
w h ich  in co rp o ra te  e r ro rs  of the type discussed  above an d  it is im p o r ta n t  
to id en t i fy  these  w hen  in te rp re t in g  th e  sound ings in te rm s  of con tours .  
B ecause  of the  m ixed  q u a l i ty  on these  sheets, new  high  q u a l i ty  d a ta  a re  
o ften  no t  su b m it ted  by  those  w ho collect them  an d  never ap p e a r  on the  
collected so u n d in g  sheets. O th e r  d a ta  a re  often  not su b m itted  because of 
a lack of in te re s t  in in te rn a t io n a l  d a ta  exchange. In a  re cen t  u p d a t in g  of 
c o n to u r  ch a r ts  in the  N o r th  A tlan tic  ab o u t  30% add itional d a ta  w ere  
o b ta in ed  d irec t  f ro m  o rg an iza t io n s  k n o w n  to have ob ta ined  sound ings  
w hich  h ad  not been fo u n d  on the collected sound ing  shee ts  of the  Hydro- 
g ra p h ic  D e p a r tm en t  responsib le .  U ltim ate ly  the  com pleteness  of the  
collected so u n d in g  sheets will d ep en d  on  the  goodwill of o cean o g rap h ers  
to su b m it  th e ir  data .

T h e  d ens i ty  of sound ing  d a ta  a t  the 1/1 million scale varies  fro m  nea r  
s a tu ra t io n  (i.e. w hen  th e re  is in a d e q u a te  space to w ri te  any  m o re  soundings, 
or w h en  th e  t ra c k  spac ing  ap p ro ach e s  the  positional accuracy) to ex trem ely  
sp arse  w h en  th e re  a re  no  d a ta  a t  all fo r  several h u n d re d  miles. O nly  
20 shee ts  ou t  of a to tal of 575 have a so und ing  density  of g rea te r  th a n  50% 
as d e f ined  by the U.K. H y d ro g rap h ic  D e p a r tm en t  (H ydrographer ,  1971). 
T he  p ro d u c tio n  of a w orld  series of con tou red  ch a r ts  from  th is  da ta  
the re fo re  req u ire s  considerab le  in te rp re ta t io n  and  in te rpo la t ion  th a t  can 
only be p ro p e r ly  based on a  know ledge  of sea floor m orpho logy  and  the



geological processes  opera ting ,  an d  a de ta iled  in d ica t ion  of th e  sound ing  
control u sed  is necessa ry  to  show  w here  in te rp o la t io n  h a s  been  m ade.

In ad d i t io n  to the  ra n d o m  t ra c k  d a ta  on  th e  GEBCO co m p ila t io n  sheets, 
large  areas  of ocean  floor have  been su rveyed  sy s tem atica l ly  fo r  m il i ta ry  
pu rp o ses  u s in g  precision echo-sounders  an d  ac cu ra te  nav iga t ion .  V ery  few 
of these  su rveys  are  p re sen t ly  available to  o cean o g rap h e rs  in  th e  fo rm  of 
ra w  data ,  b u t  co n to u red  c h a r t s  a t  a red u ced  scale are som etim es  pub lished  
(e.g. H y d ro g rap h ic  Dept., U.K., C hart  C6101) a n d  doub tless  m o re  will become 
available in  the  fu tu re .  A n y  w o rld  series of b a th y m e tr ic  c h a r t s  m u s t  
include the re su lts  of these  surveys and  accep t th em  in a co n to u re d  fo rm  
since they  re p re se n t  by  fa r  th e  m ost  ac cu ra te  a n d  co n s is ten t  d a ta  on the 
sea floor yet available. T hey  m u s t  rep lace  all o th e r  ra n d o m  t r a c k  d a ta  in  
the area.

THE REQUIREMENTS OF OCEANOGRAPHERS

In th is  context, the te rm  “o c e a n o g ra p h e rs” is considered  to inc lude  all 
sc ien tis ts  w ho  are  concerned  w i th  describ ing  an d  u n d e r s ta n d in g  the  ocean, 
an d  the processes th a t  o p e ra te  in  it an d  below  it. T he needs of o cean o g ra 
p h e rs  a re  th e re fo re  ex trem ely  varied  d ep end ing  on the  p a r t ic u la r  aspec t 
w h ich  they  are  s tudying . In  some cases an  overall v iew  of th e  w o r ld ’s 
oceans is needed  to co m p are  d ifferent a reas  o r  to ev a lu a te  w orld -w ide 
d is t r ib u tio n s  of some p a ra m e te r .  In o th e r  cases, th e  g re a te s t  de ta il  possib le  
is req u ired  for a very  l im ited  area , w here  a sm all  fe a tu re  is be ing  s tud ied . 
However th e re  are ce r ta in  co m m o n  ch a rac te r is t ic s  w h ich  o ce an o g ra p h e rs  
desire  on  b a th y m e tr ic  ch a r ts ,  w h ich  are w o r th  d iscu ss in g  sepa ra te ly .

(1) T he  closest a p p ro x im a tio n  to th e  t r u th  th a t  can  be  m ad e  f ro m  
available d a ta  an d  ex is ting  know ledge ab o u t  the  sea floor is req u ired .  As 
m ore  a n d  m o re  d a ta  becom e available, so th e  rea l  shape  of th e  sea bo tto m  
will be progressively  revealed , an d  the need, there fo re ,  is fo r ch a r ts  w h ich  
are  as up -to -da te  as possib le  an d  w h ich  in c lu d e  all th e  la te s t  da ta .

(2) Recognizing th a t  an y  co n to u red  c h a r t  co n ta in s  a g re a te r  or less 
degree of in te rp re ta t io n ,  th e  o cean o g rap h e r  req u ire s  to  k n o w  th e  basis  an d  
hence re liab il i ty  of th e  con tou rs ,  w i th o u t  h av in g  to t u r n  to  th e  orig inal 
com pila tion  sheets. M ethods of in d ica t ing  the  sou n d in g  co n tro l  to  m eet th is  
need will be d iscussed  later.

(3) To m eet the  w idely  vary in g  d em an d s  of o cean o g rap h ers ,  ch a r ts  
need to be a t va ry ing  scales an d  w ith  vary in g  co n to u r  in te rv a ls .  F o r  a 
w orld  series, a scale of 1 /10  000 000 p rov ides  a  u se fu l  w a ll  c h a r t  th a t  can  
be viewed as a whole. F o r  expedition  p la n n in g  a n d  passage  w ork ,  a scale 
of 1/1 000 000 is very co m m o n ly  used  an d  fo u n d  to be convenien t.  F o r  
special s tudies,  scales of 1 /250  000 or 1 /100  000 a llow  full ad v a n ta g e  to be 
tak en  of c u r re n t ly  ava ilab le  m eth o d s  of ac cu ra te  nav ig a t io n  in  the ocean.

(4) V arious  p ro jec t io n s  a re  re q u ired  to m eet v a r io u s  needs, such  as 
p re se rva tion  of equal area , p re se rv a tio n  of a n g u la r  re la t io n sh ip s ,  ease of 
corre la tion  w ith  ch a r ts  con ta in in g  o th e r  da ta ,  a n d  specia l p rob lem s such



as ob lique M ercator p ro jec t io n s  a b o u t  th e  poles of ro ta t io n  of l i thospheric  
p lates.

(5) F o r  some ocean o g rap h ic  purposes ,  e.g. th e  effect of topography  
on eddies a n d  w ave-like m o tions  in  the w a te r  m ass,  th e  b a th y m e try  needs 
to be f i l te red  so t h a t  i r re g u la r i t ie s  w ith  w aveleng ths  sh o r te r  than  some 
chosen  value are rem oved . A lth o u g h  th ere  a re  some co m p u te r  p ro g ram m es  
th a t  w ill do th is  on sp a rse  da ta ,  in te lligen t m a n u a l  co n to u r in g  can also be 
used.

(6) E ase  of v isu a l isa t io n  of the  th ree -d im ensiona l  re lie f  w h ich  is 
p re sen ted  in tw o-d im ensiona l  fo rm . Conventional co n to u r  cha rts  are not 
a lw ays  the m ost effective w a y  to co m m u n ica te  th e  sea bed  m orphology , and  
p h y s io g rap h ic  d iag ra m s  ( H e e z e n , T h a r p  an d  E w i n g , 1959) ( see table 111) 
an d  o th e r  m ethods  hav e  been  successfu lly  used.

T a b l e  I I I  

Physiographic Diagrams of the Oceans

Series
Title

O rganisation 
responsible 

and coun try

D ate o f 
P ublication

Scale R eferences

Physiographic Diagram 
o f  N orth  A tlantic

G eological Society 
o f  A m erica

1968 (2nd edn) 1 /4  000 000 
(approx)

H e e z e n , T h a rp  & Ewing (1959)

Physiographic Diagram 
o f  S ou th  A tlantic

G eological Society 
o f  A m erica

1962 1 /1 0 0 0 0  000 
(approx)

Heezen & T harp (1961)

Physiographic Diagram 
o f  Indian  O cean

G eological Society 
o f  A m erica

1964 1 /1 0000  000 
(approx)

H e e z e n  & T h a rp  (1965)

A tlan tic  O cean F loor N ational G eographic 
Society

1968 1/30 000  000 N at. Geog. Mag. 1 3 3 (4) 
794  (1968 )

Pacific O cean  F loor N ational G eographic 
Society

1969 1/36 500 000 N at. Geog. Mag. 136 (4 ) 
496 (1969)

Indian O cean F loor N ational G eographic 
Society

1967 t /2 3  000 000 N at. Geog. Mag. 132  (4 j 
594 (1967)

A rctic O cean F loor N ational G eographic 
Society

1971 1 /1 0 0 0 0  000 N at. Geog. Mag. 140  (4) 
518 (1971 )

M editerranean H eezen & T harp 1970 1/42 000 000 Fig. 1 in R yan, Stanley, Hersey, 
Fah lq uist& Allan (1970)

N orth  West Pacific In s titu te  o f  
O ceanology, M oscow, 
U .S.S.R .

1966 1/4 800  000 Marova (1967 )

N orth  East Pacific Scripps In s titu tio n  
o f  O ceanography

1964 1/5 000  000 M e n a r d  (1964 )

(7) E ase  of conversion  from  one scale, one p ro jec t ion ,  o r  one set of 
u n i t s  to a n o th e r  will enab le  o ce an o g ra p h e rs  to use  th e  d a ta  m o s t  effectively 
fo r  co m p ar iso n  w i th  o th e r  p a ram e te rs .

By con tra s t ,  the  n av ig a to r  re q u ire s  d ifferent ch a rac te r is t ic s .  E m p h as is  
m u s t  be laid  on fe a tu res  th a t  a re  e i th e r  h aza rd s  to nav iga tion ,  such  as 
shoals  a n d  reefs, or a id s  to nav iga tion ,  such  as the  200 m  line. More detail  
a n d  h ig h e r  posit iona l accu ra cy  is req u ired  in  co n t in en ta l  shelf areas,  
especia lly  in  sh ipp ing  lanes, b u t  less m a y  be necessa ry  in  deep ocean  areas . 
A d o u b tfu l  shoal a re a  m u s t  be re ta in ed  unti l  it  is com ple te ly  disproved 
(w h ich  is often  very  difficult and  t im e-consum ing) in  case it is a hazard , 
a n d  th e  m in im u m  possib le  d ep th s  m u s t  be shown, r a th e r  th an  a s ta t is t ic 
a lly  ca lcu la ted  m ost p ro b ab le  value  for the  top of a  shoal. T he  design of



the ch a r ts  m u s t  be such  th a t  positions and tracks  can be easily  plotted 
(usually  M ercator projection) and  easily seen, and  readily  t ran s fe r re d  from  
c h a r t  to chart.

CONTOURING COLLECTED OCEANIC SOUNDING SHEETS

Realistic con touring  of widely spaced ran d o m  sounding d a ta  can only 
be m ade w ith  experience of the types of sea floor topography  th a t  are  
found in different physiograph ic  regions. M any small areas  of the  oceans 
representa tive  of such regions as abyssal plains, su b m arin e  canyons, mid-

I'kj. 1. —  B a th y m e t r y  on  t h e  m id -A t la n t ic  R idge  sh o w in g  su rv ey  by  B ed fo rd  In s t i tu t e ,  
C a n ad a ,  in  b o x  (A iim ento ,  L o n c a r e v i c  a n d  Ross, 1971) a n d  a d ja c e n t  a r e a s  c o n to u re d  
Ironi  ra n d o m  t r a c k s  (d a sh ed  l in e s) .  (F rom  N.I.O. w o rk in g  sh e e t— a re a  41. D e p th s  in 

co rrec ted  f a th o m s ,  c o n to u r  in te rv a l  100 f a th o m s . )



F i g . 2 .  —  P a r t  o f  th e  G u l f  o f  A d en  b a t h y m e t r i c  c h a r t  ( L a u g h t o n , W h i t m a r s h  a n d  J o n e s , 
1970) s h o w in g  th e  j u n c t i o n  b e tw e e n  t h e  S h e b a  R id g e  a n d  th e  O w en  F r a c tu r e  Zone. 
T h e  l i n e w o r k  w a s  s c r ib ed  b y  t h e  a u to m a t i c  c a r t o g r a p h y  p ro c e s s  o f  t h e  E x p e r i m e n t a l  
C a r to g r a p h y  U n i t ,  U.K. ( B i c k m o r e ,  1969). E a c h  so u n d in g  u sed  in  th e  c o m p i l a t i o n  is 

sh o w n  by  a  do t .  (D e p th s  in c o r re c te d  f a th o m s ,  c o n to u r  i n te r v a l  100 fa th o m s . )

ocean  ridges, f r a c tu re  zones an d  so on have been su rveyed  in  sufficient 
deta il  to de te rm in e  th e  tex tu re  of th e  top o g rap h y  —  i.e. the  scale of 
ro u g h n ess  or sm oothness ,  the  degree of slope con tinu ity  of such  featu res  as 
canyons, the  t ren d s  of r idges  an d  valleys, an d  the ir  l ikely ra t io  of leng th  
to b re ad th .  In s im ilar  p h y s io g rap h ic  regions w here  on ly  w idely  sepa ra ted  
s ingle p ro f iles  a re  available , sound ings  can  be con tou red  using  the likely 
to p o g rap h ic  tex tu re  as a guide. In  fig. 1, a very deta iled  survey  by the  
B edford  Ins ti tu te ,  C anada  ( A u m e n t o , L o n c a r e v i c  an d  R oss ,  1971), w ith in  
the  box, show s the  m ed ian  valley an d  e longated  m o u n ta in s  of the m id- 
A tlan tic  Ridge. T h is  tex tu re  h as  been used to con tou r  th e  ne ighbouring  
p a r ts  o f  the  Ridge w h e re  ra n d o m  trac k s  are m ore w idely  spaced.



F ig . 3. —  P a r t  o f  GEBCO co llec ted  s o u n d in g  sh e e t  (43) f o r  th e  Bay of B iscay  p u b l i s h e d  
b y  th e  D e u tsc h es  H y d r o g r a p h i s c h e s  I n s t i t u t ,  1964. (D ep ths  in co r re c te d  m e t re s ,  c o n to u r

i n t e r v a l  500 m.)

An u n d e rs ta n d in g  of the  geological processes m ou ld ing  th e  to p o g rap h y  
can assist in  contouring. F o r  instance ,  abyssa l p la ins  re su lt  f ro m  tu rb id i ty  
cu r ren ts  w hich  are  grav ity  controlled. A co n tinuous  g rad ien t  of f la t  sea 
bed seen e ither side of a sea m o u n t  in  a single profile  ind ica tes  th a t  the 
p la in  is con tinuous  a ro u n d  the seam ount,  w h e reas  lack of con tinu ity  
p robab ly  ind icates two isolated  basins . S im ilarly  deep sea ch a n n e ls  a re  
know n  to have a  co n tin u o u s  dow nhill  g rad ien t,  so t h a t  if  two crossings of 
a channel can  be recognized, they  m u s t  be jo ined  in such  a w ay  as to give



Fu;. 4. --  P a r t  o f  N.I.O. c o n to u r e d  w o r k in g  sh e e t  (43) in t h e  B ay  o f  B iscay  covering  
s a m e  a r e a  a s  fig .  3. E r r o n e o u s  d a t a  h a s  b e en  c o r re c te d  o r  re m o v e d .  T rac k s  a r c  show n  

a s  d a s h e d  l in e s .  (D ep th s  in c o r re c te d  f a th o m s ,  c o n to u r  i n t e r v a l  100 f a th o m s . )

such  a g rad ien t.  Again, the assoc ia tion  of a linear valley  w ith  ea r th q u a k e  
ep icen tres  an d  para lle l  m agne tic  anom alies  a t a m id-ocean  ridge axis, and  
the crossing  t re n d s  of f r a c tu re  zones, enables these l in ear  fea tu res  to be 
con tou red  rea l is t ica lly  (fig. 2).
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F ig. 5. —  P a r t s  o f  GEBCO s h e e ts  AI (4 th  e d i t io n ,  1958) a n d  BI (4 th  e d i t io n ,  1966) sh o w in g  
s p u r io u s  t r e n c h  c ro ss in g  th e  B ay  o f  B iscay .  (D e p th s  in c o r re c te d  m e t re s ,  c o n t o u r  i n t e r v a l

500 m e t re s . )

F re q u e n t ly  it  is necessary  to  id en tify  and  re ject,  o r m en ta l ly  to co rrec t,  
so und ing  lines th a t  a re  in  e r ro r  in d ep th  o r  position . Checks can  be m ad e  
a t  crossovers in  sm ooth  a reas  w i th  so u n d in g s  k n o w n  to be m o re  re liab le  
o r  w h ich  are m u tu a l ly  consis ten t.  If a line of soun d in g s  re su l t s  in  a  series 
of k in k s  d isp lacing  each co n to u r  it  c rosses consis ten tly  in  th e  sam e d irec
tion, th en  its position is p ro b ab ly  w rong. S im ilarly  k in k s  in  fe a tu re s  k n o w n  
to be u su a l ly  l inear  arise  f ro m  posit ion  errors .  If  all su ch  e r ro n eo u s  
so und ings  a re  r igorously  co n to u red  the re s u l ta n t  co n to u r  ch a r t  is v e ry  m u ch  
m ore com plex th a n  the  sea floor it  is su p p o sed  to rep resen t .  F o r  instance ,  
the  m ech an ism  w hereby  abyssa l  p la ins  w ere  fo rm ed  w as  well k n o w n  in the  
1950’s an d  the B iscay abyssa l  p la in  w as  described  in  1959 ( H e e z e n , T h a r p  
an d  E w i n g , 1959). E rro n eo u s  so u n d in g s  on th e  1964 an d  ea r l ie r  GEBCO 
com pila tion  shee ts  for th is  a rea  w ere co n to u red  to give a sp u r io u s  t ren c h



(co m p are  figs. 3 a n d  4) w h ich  h a s  pers is ted  in GEBCO sheet AI 4 th  ed ition  
(fig. 5) and  o th e r  w orld  series.

It  is im prac ticab le ,  there fo re ,  to be com pletely  objective in  contouring . 
In  places w here  th e  so und ing  lines a re  close in  re la t io n  to  th e  size o f  the  
fe a tu re s  being  con tou red ,  th e re  is visually little d ifficulty  in choosing how  
to re la te  h ighs  a n d  lows on a d ja c e n t  lines. In a  condition  of sa tu ra t io n  
su rv ey  w ith  no in accu ra te  d a ta ,  th is  con tou ring  cou ld  be done au to m a t ic 
ally  by co m p u te r ,  o r  by  a n  inexper ienced  ca r to g rap h e r .  How ever th is  
s i tu a t io n  seldom  ar ises  in  th e  deep  ocean a t  p resen t.  In  m an y  areas, such  
as the N. A tlantic ,  p a r ts  of the  N. Pacific , N.W. In d ia n  Ocean, reasonab le  
in te rp re ta t io n s  of th e  to p o g rap h y  h av e  been m ad e  by  jud ic ious  in te rp o la 
t ion  an d  co m p ar iso n  w ith  deta iled  surveys.

However, th e re  a re  m a n y  a re a s  w here  it is ex t ra o rd in a r i ly  difficult to 
re la te  one profile  to an o th e r  because  they  are too fa r  apart .  V arious 
conventions have been  used  on c o n to u r  cha rts  to in d ica te  som eth ing  of the 
ro u g h n e ss  of th e  to p o g rap h y  along  a single profile w hile  no t  re la t in g  it  to 
an o th e r .  Since th e re  a re  s ta t is t ica l ly  m ore iso lated  h ig h s  th a n  lows in the 
ocean  (the re su lt  of sed im en ta t io n  filling the  dep ress ions) ,  one conven tion  
is to d ra w  closed c i rc u la r  contovirs a ro u n d  the  p eaks  on th e  profile, re su lt ing  
in  s t r in g s  of iso la ted  con tours .  If the h ighs  a re  believed to  be ridges 
paralle l ,  say, to  a  m id-ocean  ridge, they  m ay  be d ra w n  out in to  ellipses 
w ith  the  correc t s trike.

THE N.I.O. BATHYMETRIC CHART SERIES

These  p r in c ip les  of co n to u r in g  have been app lied  at the  N ational 
In s t i tu te  of O cean o g rap h y  in  s tu d ies  of the  deep ocean  floor. F o r  a p p ro x 
im a te ly  f if teen  y ea rs  N.I.O. h a s  m a in ta in e d  a set of b a th y m e tr ic  ch a r ts  
b ased  on the  1/1 000 000 scale collected sounding  shee ts  an d  co n to u re d  at 
th a t  scale at 100 fa th o m  in terva ls .  T hese  have been  p r im ar i ly  for in te rn a l  
use b u t  have been  m a d e  ava ilab le  to o ther  ocean o g rap h e rs  in  U.K. and  
ab ro ad .  The ch a r ts ,  w h ich  cover two a reas  of geological an d  geophysical 
in te re s t  to the In s t i tu te ,  the N.E. A tlan t ic  an d  the N .W . In d ian  Ocean, are 
f r e q u e n t ly  revised accord ing  to a re a s  of c u r re n t  ac tiv ity  a n d  the ava ilability  
o f n ew  data .

O n  these ch a r ts ,  the local re liab il i ty  is ind ica ted  by in co rp o ra t in g  as 
d a s h e d  lines all t r a c k s  used  in  th e  com pila tion  (fig. 4). F o r  the  co n tr ib u 
tion  of the  b a th y m e t ry  of th e  N .W . In d ian  O cean  to the  IIO E A tlas  of 
Geology an d  G eophysics of the  In d ia n  Ocean, cu r re n t ly  being  p re p a re d  in 
Moscow' by  UNESCO, a m ore p recise  sound ing  con tro l  system  w as  used 
w h e re  every so u n d in g  is in d ica ted  by  a single dot. In  th is  way, sca tte red  
single sound ings  a n d  th e  d ens i ty  o f  p lo tted  sound ings  a long  a t r a c k  can  be 
show n . T h is  sys tem  w as  successfu lly  used  (fig. 2) in  pub lished  ch a r ts  of 
th e  Gulf of  Aden ( L a u g h t o n , e t  al., 1970) and  the  Red Sea ( L a u g h t o n , 1970) 
a n d  h a s  been  s ta n d a rd  p rac t ice  a t  th e  Scripps In s t i tu t io n  of O ceanography  
(e.g. F i s h e r , E n g e l  an d  H i l d e , 1968).



F ig .  6. — Limits of areas of contoured charts to be published by the National Institu te  
of Oceanography, U.K., at a scale of 1/2 400 000 a t 41° N.



The N.l.O. b a th y m etr ic  ch a r ts  of the  N.E. A tlan tic  are  now being p re p a r
ed for publication  using au tom atic  ca r tog raphy  at a scale of 1/2 400 000 at 
41° N in a series of 4 sheets from  approx im ate ly  12°- 64° N, and  0°-35° W  
(fig. 6). The con tour in terval will be 100 fa thom s (corrected) and soundings 
will be shown by the dot m ethod.

THE ROLE OF AUTOMATIC CARTOGRAPHY

N.l.O. has  cooperated w ith  the E xper im enta l  C artography  Unit of the 
Royal College o f  Art in the developm ent of au tom atic  m ethods for handling  
ocean con tour ch a r ts  ( B i c k m o r e , 1968, 1969, R o b e r t s  and  E v a n s , 1969). 
The N.l.O. contribu tion  to the  IIOE Atlas of the  Geology and  Geophysics 
of the  In d ian  Ocean, an d  later the  ba thym etr ic  ch a r t  of the  Gulf of Aden 
at 1 /2  000 000 (fig. 2) w ere  d rau g h ted  u n d er  com pute r  control. All con tour
ing was done m anua lly  a t  1/1 000 000 on the original w orksheets ;  au tom atic  
con touring  w as not possible due to the low density  and  variable quali ty  of 
the data . T he  con tours  w ere  labelled and  digitised at 1/1 000 000, and 
stored in  d a ta  b an k  form  in the com puter.  L inew ork  was scribed and layer 
m asks  cu t on a h igh precision flat bed plotter, u s ing  the stored  data. At 
this time, all le ttering  and  dot sounding control w as p repared  m anually , 
a l though  the  system  now  allows this to be done au tom atically . This pro
duction  of a conventional layer coloured ch a r t  took advantage of the fair 
d raw ing  and  scale chang ing  capability  of au to m atic  cartography.

Alternative o u tpu ts  are possible once the con tour d a ta  is in digital 
form. An anag lyph  chart  of the  Gulf of Aden w as  easily p roduced  from 
the  d a ta  b an k  ( A d a m s , 1969, L a u g h t o n , et al., 1970), and  experim ents  were 
m ade  w ith  projection changes, generalizations, oblique viewing and hill 
shading.

Although m a n y  advances in  the  p ro g ram m in g  an d  h and ling  of such 
da ta  have been m ade  in the last few years, the  in itia l d ig itisation procedure 
from  w ork  sheet copy has  still to be done m anually .  Considerable time 
saving m ay  be m ade by the  use of “groovy” digitising w here  the w ork  sheet 
lines are deep e tched by a photo-m echanical process to form  grooves which 
can be followed at g rea ter  speed.

PROBLEMS OF INCORPORATING NEW TYPES 
OF MORPHOLOGICAL DATA

The developm ent of n ew  in s tru m en ts  an d  techniques for s tudying sea 
floor m orphology  raises p roblem s of how  these d a ta  can be incorporated  
sa t is fac to r ily  in b a th y m etr ic  charts .  T he  vast m a jo r i ty  of soundings used 
to p re p a re  ch a r ts  have been  obta ined  w ith  relatively  broad  beam  (±  15")



echo-sounders ,  and  the  d ep th  quo ted  is th e  m in im u m  s lan t ra n g e  w ith in  
th e  b eam  angle, so th a t  erroneous  va lues  of slope an d  shapes  of ta rge ts  
a re  ob ta ined  ( K r a u s e , 1 9 6 2 ) .  N arro w  b ea m  echo-sounders  a re  now  occa
s ionally  u sed  w hich  give shapes  m ore  n e a r ly  correct ( K r a u s e  a n d  K a n a e v , 
1 9 7 0 ) .  F o r  h igher  re so lu t ion  of the  topography , n ea r  b o t to m  echo-sounders  
a re  n ecessa ry  th u s  avoiding th e  long w a te r  p a th  and  consequen t  geom etrical 
p rob lem s ( S p i e s s  and  M u d i e , 1 9 7 0 ) .  Scann ing  n a r ro w  b eam  sounders  
o p e ra t in g  in a  near-vertical mode allow a  con toured  s tr ip  of ocean floor 
e i th e r  side of the sh ip’s t r a c k  to be gene ra ted  con tinuously  ( G l e n n , 1 9 7 0 ) .

By con tra s t ,  side-scan sonars  do n o t  give quan ti ta t ive  d ep th  data , b u t  
delinea te  th e  shapes of fe a tu res  in p lan  v iew  as m u ch  as r a d a r  does. L ong  
ran g e  side-scan sonar  ( R u s b y , 1 9 7 0 )  can  now  operate  in  ocean d ep th s  giving 
son o g rap h  s tr ip s  22 k m  wide, so th a t  th e y  can  be bu il t  u p  in to  a  mosaic. 
T hese  ca n  best be used in con junc tion  w i th  b a th y m etr ic  surveys to a id  
contouring .

IDEAS FOR FUTURE PROGRESS IN PREPARING BATHYMETRIC CHARTS
FOR SCIENTIFIC PURPOSES

M any of the shortcom ings an d  p rob lem s of the  ex isting o rg an isa tio n  
for p re p a r in g  ch a r ts  of the  deep ocean floor for  scientific  pu rp o ses  have  
been d iscussed  an d  exam ples  cited o f  o cean o g rap h ers ’ a t tem p ts  to fill th e ir  
needs. T h e  w o rk  of the  SCOR W o rk in g  P a r ty  41 will be to review how  
im p ro v em en ts  m ig h t  be m ade.

A p ro p o sa l  has  been  m ad e  ( P a s c o e , 1972) th a t  th e  needs o f  oceano
g rap h ers  could  be m et by  th e  publication  of the b a th y m e tr ic  con tou rs  th a t  
have  a lready  been  d ra w n  fro m  1/1 000 000 collected sound ing  shee ts  d u r in g  
the  course  of p rep a ra t io n  of the  1 /3  500 000 In te rn a t io n a l  Series of N avi
gational Charts. W e  do n o t  believe th a t  th e  b a th y m etr ic  ch a r ts  p roposed  
will m eet  the  needs of oceanographers  since they  have  no t been  show n to 
be based  on the princip les  d iscussed in  th e  previous sections, o r to  i n 
corpora te  th e  best con tour cha rts  available. F o r  instance , th e  i l lu s tra tio n  
o f a n  a rea  a t  43°N, 2 0 “W , fails to take  in to  accoun t the  w o rk  of those  
o ceanographers  m ost concerned  w ith  th is  p a r t ic u la r  a rea  w h o  h a d  a lready  
pub lished  in  1969 ( M a t t h e w s  e t  al, 1969) a m u ch  m o re  de ta iled  b a th y 
m e tr ic  c h a r t  based on considerab ly  m o re  data .

T he  quali ty  of any  c h a r t  u l t im a te ly  depends on the  qua li ty  a n d  
q u a n t i ty  of the  in p u t  da ta .  T he  ra te  of acquis it ion  of new  h ig h  q u a li ty  
d a ta  is h ig h e r  now  th a n  ever before, a n d  i t  is essential th a t  all of th is  is 
u sed  in  an y  da ta  com pila tion  p r io r  to contouring . T he  responsib le  na t iona l  
H y d ro g rap h ic  D ep artm en ts  m u s t  be active in  seeking o u t  n ew  d a ta  acqu ired  
in  th e ir  a reas  of responsib il i ty  and  suffic ient funds m u s t  be found  to enable 
a  con tinua l  u p d a tin g  of th e  collected sou n d in g  sheets a n d  th e  progressive 
rem oval of older less re liable  data .  Too often the  m a in ten an ce  of the  
GEBCO sheets  has  had a low prio r i ty  in  re la t ion  to the  o th e r  com m itm en ts .  
High q u a li ty  surveys of ocean areas  a t  p re sen t  classified should  be m ade



available  as soon as possible  a f te r  the  m ili ta ry  requ irem en ts  for c lassifica
tion have  fin ished, o r  before th is  if possible in  some acceptable edited fo rm .

T h e  p re p a ra t io n  of co n tou red  ch a r ts  f rom  sounding  com pilations shou ld  
be m ad e  b y  experienced  geom orphologists  who have an  u n d ers tan d in g  of 
the  sea floor processes a n d  w ho  have s tud ied  detailed  surveys. All local 
surveys w h ich  have been  m ad e  in th e  a rea  w he the r  by  surveyors o r  
sc ien tis ts  shou ld  be in co rp o ra ted  into th e  f ina l  p roduc t  even at th e  r i s k  of 
p ro d u c in g  a n  unevenness  in  style. F o r  th e  scientist, accuracy  is m o re  
im p o r ta n t  th a n  elegance. Some progress  is being m ad e  in  this d irection 
w ith  GEBCO Sheet A IV p re sen t ly  being revised, w hich  will include con tours  
p re p a re d  fo r  th e  IIO E A tlas o f  th e  In d ian  Ocean. T h e  sounding  con tro l 
m u s t  be ind icated , p re fe rab ly  on  the  ch a r t  itself in  do t form. Inse ts  
show ing  densi ty  of coverage a t  a  very  m u c h  sm aller  scale do not allow the  
co n to u r  re liab il i ty  to be assessed. W e can  see no advan tage  in a sca tte ring  
of selected n u m er ic a l  sound ings  on  a co n to u r  ch a r t  un less  th ey  indicate th e  
m a x im u m  d ep th s  of bas ins  or m in im u m  d ep th s  of p eak s  (cf. fig. 5).

T h e  physica l processes of c h a r t  p re p a ra t io n  and  p roduc tion  in tro d u ce  
considerab le  delays in  u p d a t in g  co n to u r  charts ,  and  inh ib it  the freq u en t  
correc tion  of areas  w h e re  m ore  recen t  surveys have added  new  data .  T he  
s to rage o f  co n to u r  d a ta  on p r in t in g  p la tes  or on the p r in ted  sheet could 
u l t im a te ly  be superseded  by storage in  digita l fo rm  in  a d a ta  bank . 
S ound ing  positions can  also be s to red  for subsequen t dot ou tpu t.  C om puters  
an d  a u to m a t ic  g raph ica l  m ethods  are  now  sufficiently advanced  to store 
all th e  in fo rm a tio n  con ta ined  o n  a con tou red  b a th y m e tr ic  ch a r t  an d  to 
rep ro d u ce  it  on  d em an d  to ca r to g rap h ic  s tan d a rd s  in  w ha tever w ay the  
use r  req u ires .  W i th  th e  d a ta  s to red  in  th is  way, corrections can be in 
tro d u ced  in to  th e  b an k ,  rep lac ing  blocks of d a ta  w ith  new  data, and  in 
teg ra t ing  th e m  in to  the  whole.

A d a ta  b a n k  allows g rea t  flexibility  of ou tpu t.  Different limits, scales 
a n d  p ro jec t io n s  can  be dem anded , con tours  om itted  or generalised for 
sm all  scale charts ,  an d  conversions m ade  betw een  units .  B u t beyond this, 
q ues t ions  can  be  a sk ed  of the  da ta  b a n k  itself. H ypsograph ic  curves, 
vo lum es of w a te r  betw een  d ifferen t levels, sill dep ths  to  basins  and  m an y  
o th e r  p a r a m e te rs  can  be ca lcu la ted  f rom  the  s to red  data .

M uch of th e  so ftw are  an d  h a rd w a re  h as  a lready  been  developed for th is  
type of opera tion . To p u t  it in to  effect would, however, r e q u ire  considerable  
cap ita l  ex p en d itu re  (a lthough  sm all  com pared  w ith  the  expeditionary  fu n d s  
now  being  spent)  an d  the  e s tab lish m en t of a  team  of com puter-o rien ted  
specialists . B u t  above all  it w ould  req u ire  the  en thus ias t ic  cooperation of 
o cean o g rap h ers  and  su rveyors  th ro u g h o u t  th e  w orld  an d  the ir  active 
p a r t ic ip a t io n  in  supp ly ing  the  basic  soun d in g  data.
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