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ABSTRACT

A n analysis o f  a small-scale bathym etric m ap, S e a m a p  No. 13242-12B, p u ­
blished by the U.S. N ational Ocean Survey, is presented together w ith  in fo rm a­
tion on its genesis and form at and general com m ents on  the future o f m aps 
depicting deep ocean bathym etry.

*

M ost o f  the earth ’s surface w as m apped  in the gross sense in the past 
25 years. This refers, o f course, to the sea floor, and in particu lar to tha t portion  
lying deeper than  several hundred m etres. T he w aters shoaler than this average 
depth, overlying the continental shelf in m any  areas -  no t all -  have been 
charted to considerable accuracy. It m ay b e  tem pting, as a result, to  v iew  our 
contem porary know ledge o f the sea floor a n d  its shape as extensive, b u t this is 
true only  w hen com pared to an earlier tim e. All we can say is tha t an  accelera­
tion in accum ulating tha t know ledge has occurred. To understand  a spatial varia­
ble in all its ram ifications, one m ust first be  able to describe it analytically. By 
such standards the sea floor still lies relatively unm apped, and , therefore, relati­
vely unknow n.

Bathym etric m aps as m arine graphics m ay be distinguished from  their n au ­
tical o r hydrographic chart counterparts by a num ber o f  factors, and  it is suffi­
cient to note tha t the depiction o f relief is o n e  characteristic th a t can be com m on 
to both. H ydrography is a som ew hat am biguous form , fo r to  an oceanographer 
the hydrography o f an area actually consists traditionally  o f w ater co lum n and 
other physical oceanographic properties, w h ile  to the hydrographic  engineer it
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denotes sea floor shape. Recent applications o f  hydrographic data associated w ith 
offshore activities have broadened w hatever definitions w ere once applicable, bu t 
as a rule the term s nautical a n d /o r  hydrographic  are still retained, referring to 
the chart w ith  som e navigational end in m ind. Relief on the map m ay be said to 
be its raison d ’ê tre ; on the chart, relief can be o f  no little im portance, but it is a 
selective characteristic that can be displayed to varying degrees o f  intensity, and, 
thus, accuracy. M apped, as opposed to  charted, relief can be o f interest for m any 
diverse reasons, w hereas on the chart used for navigation it is m ostly som ething 
one w ants to avoid.

Requirem ents for greater quantitative inform ation on the configuration of 
the sea floor have increased dram atically  -  consider such events as the search 
for offshore energy, m arine m ining, and  earthquake prediction and o ther research
-  w ith program s o f  bathym etric m apping established by m any nations in res­
ponse to these needs. M aps at i:2 5 0  00u have Laken on unofficial status as the 
standard for continental shelf m apping ; som e m aps are produced at quite  large 
scale, such as in the United States, w here 1:24 000 production is beginning, and 
1:100 000 scale and other series are also prepared. W orld  coverage is achieved 
by the G e b c o  series o f  maps, now  recognized for the valuable p roduct it is. 
Finally, considerable bathym etric data are obtained from a variety o f geophysical 
investigations and published as m aps to  accom pany papers in the scientific litera­
ture. These are invariably at a sm all, often undefined, scale.

By far the m ajority o f this w ork  necessitates com pilation from  one o f  tw o 
sources : data obtained th rough  larger-scale charting, and those assem bled from 
random  soundings in deeper areas. This is n o t to  dim inish the w orth  o f  either -  
certainly n o t the charting source, and in m any instances not that o f random  data
-  yet the system atic collection o f  data at sea for the expressed purpose o f 
producing given bathym etric m aps has been rare. It can be seen th a t this defines 
a lim itation on  the depth range in w hich m aps can be prepared based on 
purposeful accum ulation o f data  to  cartographic standards. This can have im por­
tance because m arine graphics issued by governm ent agencies are often looked at 
by the general public as w o rthy  o f unquestioned  acceptance, a situation alw ays 
as em barrassing as it is flattering.

T he term  S e a m a p  is an acronym  for Scientific Exploration and M apping, 
and  the series is w orth  exam ining because it represents one o f  the first attem pts 
to m ap the properties o f  deep ocean areas on  a systematic basis. In genesis and 
form , it w as a product unique to its time. The particular graphic selected for 
closer scrutiny is S e a m a p  N o. 13242-12B, o f an area in the north  eastern Pacific 
off O regon and W ashington (figure 1), at 1:1 000 000 w ith  variable 20 and  100- 
m etre con tou r interval, published by the U .S . N ational Ocean Survey in 1973.

T he S e a m a p  program  had its orig in  in the early 1960’s and w as carried out 
under the  aegis o f the predecessor agency to the N ational Ocean Survey, the 
venerable and once-preem inent C oast and G eodetic Survey. This w as a tim e of 
w orldw ide expansion in the m arine sciences, the climate being conducive to 
m any new  thrusts for gaining oceanographic know ledge. S e a m a p  w as to be a 
program  o f ocean w ide surveys, a descriptive characterization o f the deep oceans 
stressing underw ay m easurem ents o f  bathym etry , geomagnetics, gravity , and seis­
micity. Careful g roundw ork  w as prepared by notable A m erican scientists, and
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argum en ts assem bled and  p u t fo rth  o n  th e  value o f  pu rsu ing  th is m eans for 
learning m o re  ab o u t basic oceanic processes. The advan tage  o f  intensive descrip­
tive endeavors had in fact been dem onstra ted  in the prev ious decade by discovery 
o f  the M endocino , P ioneer, and  M u rray  fracture zones and  their m agnetic linea- 
tions. H ow ever, the conceptual approach  envisioned for S e a m a p  w as never to  be 
fully realized. T his w as due to the low  prio rity  accorded it, m ade w orse  by a 
con troversy  then raging over the  p ro p o rtio n  o f  Federal funds to be applied to 
p ro g ram s o f  research o r to surveys. E ven ts w en t so far as to separate research 
and surveys in the form al p lanning  and budgetary  schem es then in use, and even 
ships w ere constructed , dedicated to one o r ano ther o f  these a rb itra ry  classifica­
tions.

It is, perhaps, o f  som e consolation  to  recognize th a t p roponen ts o f  the 
S e a m a p  concept w ere ahead o f  their tim e, p rophets  w h o  foretold con tem porary  
concerns in the oceans w ith  relative precision. A s an im m ediate consequence, 
how ever, S e a m a p  investigations w ere conducted  sporad ically , beginning in an 
irregular region from  H aw aii to the A leutians, bu t never com pleted. The large 
am o u n t o f  d a ta  am assed by even this lim ited effort w as no t fully processed until 
years later, and  the latter p a rt o f  the decade found  interest in the  program  
w aning.

A fter som e tw o  o r th ree years had elapsed, o u r particu lar S e a m a p  was 
conceived in 1970 as part o f  the In ternational D ecade o f  Ocean E xploration , a 
p rogram  adm inistered  in the  U nited  States by  the  N ational Science F oundation . 
W o rk  w as to include p repara tion  o f  coord inated  m ap sets o f  ocean bathym etry , 
geom agnetics, and gravity  (the m agnetic m ap in the set in w hich  N o. 13242-12B 
is found is N o. 13242-1 2M , the gravity  m ap N o. 13242-12G). A dditional end 
p roducts in the form  o f  seism ic plots, profiles, com puterized  data  lists, and
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num bers o f  special analyses w ere also to result. G eodetic control for the opera­
tion w as to be L o r a n -C and satellite navigation, and w ork w as planned in the 
area show n  in figure 1. All bathym etric and geophysical data w ere to be obtained 
sim ultaneously by the NOAA Ship Surveyor,  em ploying directional echo soun­
ders, at 18 000-m etre prim ary  trackline spacing. A n integral task w as to com plete 
processing o f  the data obtained several years earlier in the area north  o f  H awaii.

W e now  com e to an exam ination  o f  the m ap itself. This reveals certain 
characteristics that w ere departures from  conventional practice, e.g., in the m argin 
is found citation o f  the individual geologists and cartographers w ho  com piled the 
data (figure 2 ) and the actual tracklines run  by the ship are seen superim posed on 
the published bathym etry  (figures 3, 4). T he m ap is further distinguished by 
representing one o f  the  largest areas surveyed on a continuous basis by a single 
ship.

Som e 37 new seam ounts w ere discovered in the course o f  the survey, 
confirm ed by careful verification o f  the echogram s w ith their precise plots. 
T w enty-five o f  these features w ere given nam es, in this case after p rom inen t 
living, as well as deceased, m arine scientists, including C anadian and Japanese 
scientists w h o  participated in phases o f  the operation : Chase, D ehlinger, G ordon , 
Iw abuchi, Kagam i, M cN ab, M cK ernan, M cM anus, M enard, N ichols, N ierenberg, 
Raff, Raitt, Revelle, R ichards, Schaffer, Shalow itz, Shor, Spilhaus, Srivastava, 
Stanley, T erry , and V aquier. T he nam es Em ilia and Iisuka w ere given to sea­
m ounts on the S e a m a p  to the east (12042-12B).

T he seam ount nam es w ere applied th rough  a p rocedure requiring the app ro ­
val o f  a com m ittee o f  the U.S. Board on G eographic N am es. N ot all the sea­
m ounts on the m ap w ere nam ed; this w as lim ited to those features w hich could 
be certified unequivocally  as new ly  discovered. It w as found that m any o f them
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now  appeared displaced from their previously mapped position, i.e., they were 
n o t new  ; rather, they had been defined in a new position due to the advanced 
geodetic control used. A nother consideration was that the older maps w ere based 
on m easurem ents taken with w ide-beam  echo sounding transducers, the recorded 
depths o f w hich possibly led to the position displacement of an anom aly o f up to 
a few kilom etres from its position as determined by using a highly directional 
transducer.

Com pilation o f the data onto contoured plots was aided by using existing 
supplem ental source material w here available. Typically, highly dense and som e­
times conflicting inform ation was seen adjacent to areas o f sparse, if any, data, a 
com m on occurrence in contouring deep ocean bathym etry at any but very small 
scale.

Depiction of the actual survey tracklines on the published map does show 
the geometric fram ew ork on w hich prim ary contouring was developed, but it 
also serves to bring to attention the m arginal adequacy o f  coverage given to the 
nature o f the topography and its average depth. Adequate coverage for mapm a- 
king purposes is a function o f m any param eters, the net aim being to obtain a 
sufficient density o f data for contours to be draw n unam biguously. All o f the 
factors, such as tranducer directivity, trackline spacing, depth, etc., are mutually 
dependant ; for example, conditions im prove when coverage is m aintained as a 
constant in the equation and scale is reduced, and w orsen w hen relief lies deep 
as well as being complex and as the  scale increases.

A lthough single-transducer directional sounding (2-5 degrees) has im portant 
application, it can reflect nothing m ore  than a modified leadline approach w hen 
used at w ide trackline spacing in complex topography that lies deep. At 
1:1 000  0 00  the accuracy o f given data  points can be considered subordinate to 
coverage. One always w ants to obtain as accurate a depth m easurem ent as 
possible -  anything else is heresy -  bu t concerns on a map o f this nature and 
dim ension, w here the w idth o f the published contour line is equivalent to  hun­
dreds o f  m etres on  the sea floor, are different than those o f a larger-scale map or 
virtually any large or medium-scale chart. Paradoxically, more precision is evi­
denced overall on the average inshore chart than on a deep sea m ap, but the 
practical effects o f directivity on charts are m ore apparent on their deeper po r­
tions -  w here safe navigation is affected by echo sounder characteristics only 
indirectly, if  at all.

F o r som e of the reasons stated, an inordinate num ber o f the seam ounts are 
seen contoured in conical form . T hey  also appear too isolated and too often 
centered on the tracklines. This is frequently encountered on maps at small scale 
w here too  close a contour interval has been chosen; the specified interval de­
m ands filling in by supplem ental contours, and there is simply insufficient basis 
for doing this properly when m inim um  depths alone are know n with any degree 
o f assurance. Fracture zones are som etim es seen contoured in patterns too rem i­
niscent o f  the trackline geom etry for similar reasons.

From  the conveniènt advantage o f  hindsight, it is therefore possible to be 
som ew hat critical o f  the map. Yet it m ust be remembered that compiling the 
bathym etric m ap w as bu t one objective, w ith the intensity o f survey coverage 
am ong several com prom ises reached in the interest o f  achieving technical balance



w ith in  available tim e and resources. (Today, the cost o f fuel in itself w ould  be a 
lim iting variable). T he critical nature o f  these com m ents no tw ithstand ing , the map 
and its accom panying data reflect excellent in terpretation, given the difficulties 
cited, contribu ting  valuable insight to th e  geophysical characteristics o f  this part 
o f  the Pacific O cean.

N o  unusual foresight is necessary to  predict tha t m ultiple-beam  echo so u n ­
ding should  revive interest in the system atic m apping o f the deep ocean. This 
idea o f  obtain ing m easurem ents at once directional yet o f  large areas on  the sea 
floor w as first conceived for m eeting naval requirem ents. Indeed, it is probable 
that the  expense o f  developing and testing m ultiple-beam  equipm ent could have 
been borne  initially only by a defense establishm ent. This being true, it is still to 
the credit o f  naval scientists and adm in istra to rs that there w as im m ediate grasp o f  
the new  concept and w h a t it could m ean  for m arine m apping. T he U .S. N avy 
had, in fact, led earlier in the developm ent o f  directivity from  stabilized tran sd u ­
cers, also pioneering in the sim ultaneous operation o f  directional and standard  
transducers.

T he  basis o f  m ultiple-beam  echo sound ing  rests on  em ploym ent o f  separate 
arrays o f  acoustic projectors and hydrophones. O ne system  in use today  (by 
France and the U nited  States) consists o f an array  o f  20 projectors m ounted  in 
line, and  a receiving a rray  o f  40 hydrophones. A path  on the sea floor is 
sounded w hose w id th  can be 50-70 percen t o f  the depth. The ability to have 
com puter-produced  contoured m aps generated  in real tim e is one o f  its m any 
innovative features, and there is a shallow -w ater system  for charting purposes. 
W hen the a u th o r suggested the term  “sw ath  sound ing” to  describe operation  o f a 
sim ilar system  o f m ultiple-beam  units som e years ago, he ventured  it had the 
potential to be as m uch  an advance over conventional sounding as this latter did 
over th e  leadline. It rem ains to be seen w hether this prediction com es to pass, 
b u t one thing seems certain : sea floor m aps prepared utilizing m ultiple-beam  
concepts alw ays m ake existing m aps at s im ilar scale obsolete. Years hence it m ay 
be possible to perceive a w atershed in th e  annals o f  echo sounding associated 
w ith  the  in troduction  o f  m ultiple-beam  system s, ju st as w e do for the echo 
sounder itself in the  period follow ing W o rld  W ar I.

R equirem ents for bathym etric m aps, o f  w hich  Se a m a p  and G ebco  are 
prim e exam ples, have historically been difficult to convey in term s readily u n ­
derstood  by p rog ram  adm inistrators and  budget analysts. It w as and is necessary 
to com pete for funds in an arena stipu lating  urgent and  identifiable needs for 
specific user constituencies. Such rules can n o t really be faulted, except th a t low er 
priorities can never be taken to mean non-essentiality. In  the last analysis, such 
m aps are tangible expressions o f  o u r re lationship  to  the m arine env ironm ent o f  
w hich w e are all p a rt and o f  our resolve to  m anage it w isely.

This discussion reflects the a u th o r’s personal view s.


