


Today, man must learn how to unders tand  an d  use the vast resources 
of the  oceans in all their d ep th  a n d  scope, through ways und ream ed  of 
by the  g r e a t  explorers of the past. To assist in this unders tanding  a n d  
to explain  something of the work of the W oods Hole O cean o g rap h ic  
Institution, we have p re p a re d  this booklet. In it, we tell a  little of our 
history, something a b o u t  our peop le  an d  methods of ocea n o g rap h y ,  as 
well as present a  brief resume of recent scientific work. O ur  g oa l  over 
the years  has been  to observe, describe, measure an d  unders tand  all 
the  ph enom ena  within the Earth's waters, as  well as  in the a tm osphere  
ab o v e  an d  the earth  b enea th .  Herein, we record a  little of the  progress 
tow ard  this goal.

¿r
PAUL M. FYE 
DIRECTOR
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T H E  i n s t i t u t i o n

O nly a little  m ore th an  a q u a r te r  of th e  surface of E arth , the 
W ate r P lan e t, em erges from  its b lan k e t of ocean. B ut w hile  the 
resources of th e  land  have been ex tensive ly  u tilized  — and, in  some 
cases, com pletely  exhausted  — those of th e  seas have b are ly  been 
tapped. T he oceans teem  w ith  p ro te in -rich  m an iré  life. B rom ine, 
m agnesium , and  o ther valuab le  chem icals can be ex trac ted  from  sea 
w ate r. A long th e  bottom , m inera ls  such as cobalt and  m anganese 
a re  strew n  in  prolific deposits, and b en eath  the sed im ents bac te ria l 
decay of age-old organism s is tho u g h t to have p roduced  huge pools 
of oil. Tides, rising  and  fa llin g  by  as m uch as fifty fee t in  some 
locations, suggest a sim ple source of hydroe lectric  pow er. If m an 
ever licks th e  problem  of fusing atom s in  th e  labo ra to ry , sea w a te r 
could supply  his an tic ip a ted  fue l req u irem en t for m illions of years.

Y et th e  study  of th e  oceans has alw ays been  a neg lected  science. 
I t  is a w ell-w orn  cliche these days th a t the  n ea r face of th e  M oon is 
fa r b e tte r  stud ied  th an  our own p la n t’s ocean bottom , and  indeed  it is. 
N early  60 p er cen t of. the  M oon’s c ra te red  surface has been  in tim ate ly  
view ed, pho tographed  and m apped u n d er vary in g  lig h t conditions, 
w hile  only som e 2 p e r cen t of the  E a r th ’s ocean bottom s has been 
ch a rted  in  satisfac to ry  detail.

THE C OR NER ST ONE  A lthough  the  curiosity  of a few  early  scientists
ex tended  to  a- s tudy  of th e  sea (am ong others, A risto tle  m ade an 
a ttem p t to describe the  physical forces of th e  ocean and  Isaac N ew ton 
to exp lain  w aves and tides in  m ath em atica l te rm s), i t  w as no t u n til 
th e  19th C en tu ry  th a t basic research  rea lly  began, and only  in  1927 
th e  N ational A cadem y of Sciences form ed its  first com m ittee on 
oceanography.

In  w ritin g  up an advisory  rep o rt for th e  com m ittee, H enry  
B ry an t Bigelow, a H a rv a rd  Zoologist, m ade note of th e  w ork  of one 
of his g rad u a te  studen ts, C olum bus O ’D onnell Iselin , w ho had  gone 
to  sea on a sm all schooner w ith  som e of his fellow  stu d en ts  and 
re tu rn e d  w ith  v a luab le  oceanographic data, and  of th e  w ork  of the  
sm all N orw egian  re search  vessel A RM AUER HANSEN. The 
A cadem y com m ittee w as deligh ted  to h ea r th a t  huge ships — and 
huge sum s of m oney — w ere  no t necessarily  req u ired  for ocean- 
g raph ic  research . As one of its recom m endations it suggested  to the  
R ockefeller F oundation  th a t an  independen t oceanographic in stitu tio n  
be estab lished  on th e  E ast Coast. T he F oundation  g ran ted  $3,000,000 
to endow  and outfit such an in s titu tio n  and p rovide it w ith  a research  
vessel.

In  1930, th e  ch a rte r  of the  W oods H ole O ceanographic In stitu tio n  
w as d raw n  up “to p rosecu te  th e  s tudy  of oceanography in  all its  
branches. . . ” and  B igelow  becam e its first D irector. In  th e  th ree  
decades since, th e  In s titu tio n  has grow n tenfold , large ly  due to the  
m arriag e  of convenience b etw een  oceanographers and  th e  m ilita ry  
d u rin g  W orld W ar II, w hen th e  N avy realized  its dependency  on 
oceanographers and  basic oceanographic d a ta  for ce rta in  phases of 
its  operations.
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T he Woods Hole O ceanographic In s titu tio n  began as a sum m er 
lab o ra to ry  w ith  one ship and a handfu l of fu ll-tim e scientific staff 
m em bers. I t is now a year-ro u n d  labo ra to ry  of tw o build ings w ith  a 
pe rm an en t staff of 325, five sea-going vessels, and an annual budget 
som ew hat la rg e r th an  its orig inal endow m ent.

M oreover, a N ational A cadem y C om m ittee is once again  u rg ing  
expansion  if oceanography is to keep up  w ith  o ther b ranches of 
science. A p rogram  recen tly  announced by the  A cadem y’s com m ittee 
(w hich includes Dr. Iselin) urges a ten  year ex p en d itu re  of 651 
m illion dollars to b rin g  ships, facilities, and scientific staff up to an  
ad eq u ate  level.

E X P A N S I O N  INFLATION  E xpansion has b ro u g h t its problem s, and 
th ey  are  liable to in tensify  in the  n ex t decade. T he In s titu tio n  was 
founded on the  prem ise th a t oceanography should  be large ly  funded 
by p riv a te  m eans, b u t th e re  have been no su b stan tia l g ifts to  endow ­
m en t since 1930. As a resu lt, som e 90 p e r cen t of the  an n u a l b udget 
is paid  for by th e  governm ent, m ost of it by the  N avy. T he rem ain ing  
10 per cent is incom e from  endow m ent and con tribu tions by m em bers 
of the  Associates. A dditional m em bersh ips are availab le  to both  
ind iv iduals and  corporations, and th is ty p e  of association has grow n 
d ram atica lly  in  recen t years. H ow ever, the  incom e from  th is source 
rem ains a sm all fraction  of w ha t is ob tained  from  governm ent 
contracts.

Inflation has m ade m a tte rs  worse. I t  now  m ay cost as m uch to 
rep a ir  A TLA N TIS (launched  in  1930 at a cost of $218,000) as it did 
to  bu ild  her. E x p en d itu res  to keep h e r a t sea for an  operating  year 
ru n  to $250,000. O ceanographers sim ply could no t go fa r out to sea 
w ith o u t governm ent support. T he re su lt is th a t m uch of the  w ork 
done a t th e  In s titu tio n  is on a con tract basis and is devoted to applied  
research  problem s. Basic research , th e  collection of data , and  the  
“gam bles” in  all the  o ther b ranches of oceanography m ust operate  
on a re la tiv e ly  sm all budget despite the  considerable foresigh t 
show n by the  Office of N aval R esearch in  fund ing  research  for its  
own sake.

“O nly a few  g rea t expeditions have been  p rom pted  by  sim ple 
inqu isitiveness” w ro te  D r. W illiam  S. von A rx, a physical ocean­
ographer a t the  In stitu tion . “M ost of our endeavors, especially  for 
reasons of m ilita ry  necessity, have been approached  in  such a single- 
m inded  fash ion  th a t th e  y ield  beyond the  questions in itia lly  asked 
has been sm all.”

T here  is a general aw areness of th is problem , how ever, and 
increasing  p ressures a re  being  applied  from  various d irections to 
in su re  adequate  funds to support less re s tr ic ted  research  activ ity . 
T he IG Y  oceanography p rog ram  is one exam ple. A lthough  such 
ac tiv ity  a t a governm ent level w ill undou b ted ly  be beneficial to th e  
In stitu tio n , it has becom e increasing ly  ap p a ren t th a t funds from  
outside sources are necessary  to m ain ta in  the  freedom  of in q u iry  so 
essen tial to an academ ic in stitu tion .
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t h e  s h i p s
D raw ing  from  his experiences on several oceanographic cruises, Dr. 

Iselin  helped  Dr. B igelow  p lan  th e  A TLA N TIS, a 142-foot steel hulled  
ketch, th en  sk ippered  h e r back from  C openhagen w here  she was built. For 
th ir ty  years A TLA N TIS w as one of the  very  few  ships designed and  b u ilt 
from  the  keel up for oceanographic research.

S ince 1930, A TLA N TIS has cruised som e 1,200,000 m iles over the 
E a r th ’s oceans, n ea rly  four tim es th e  d istance to th e  Moon. D uring  the  
average y ea r she is a t sea for som e 250 days, and  often  covers m ore th an  
20,000 m iles in  a single cruise.

The re s t of th e  In s titu tio n ’s fleet has been  rec ru ited  over th e  years 
from  converted  yach ts  and m ilita ry  vessels. T hey  a re  no su b s titu te  for 
ships especially  ta ilo red  to th e  exacting  dem ands of oceanography, though 
the  w ork  th ey  are  capable of perfo rm ing  is essential. C u rren tly , th e  fleet 
to ta ls fou r add itional deep sea vessels: BEAR is a 110-ton converted  A rm y 
tran sp o rt. The tiny  ship recen tly  m ade an im p o rtan t co n tribu tion  to the  
search  for a likely  M ohole site n ea r the  deep tren ch  off P u e rto  Rico; 
CRAW FORD, a converted  C.G. cu tte r, com pleted seven tran sv e rse  sections 
of th e  N orth  and  S outh  A tlan tic  Oceans d u rin g  the  In te rn a tio n a l Geo­
physical Y ear; A RIES, a 93-ton ketch , recen tly  acqu ired  by th e  In stititio n  
th ro u g h  th e  generosity  of A ssociate R. J. R eynolds, is now  sta tioned  a t 
B erm uda w h ere  she is ch a rtin g  deep circu lation  p a tte rn s.

T he la rg est of the  In s titu tio n  vessels is th e  213-foot CHAIN, a 1,800-ton 
rescue and  salvage ship tak en  out of m othballs by the  N avy and  converted  
for oceanographic research  u n d er the  d irection  of th e  In s titu tio n ’s staff a t 
a cost of $700,000.

C H A IN  carries a com plem ent of 27 scientists, com pared to 9 on 
A TLA N TIS, and h e r lab o ra to ry  space is a vast im provem en t on the

R V ATLANTIS

4





PROPOSED RESEARCH SHIP

cram ped scientific q u a rte rs  of the  o th er ships. She has proved  ex trem ely  
useful, no t only in  acoustics and geophysical w ork, b u t in  physical ocean- 
o rg rap h y  as well.

T he N avy also has p lans for a series of vessels designed from  scratch  
for oceanographic duties. In  1961 th e  first of these 1,100-ton SCB-185s m ay 
be ready . If th e  recom m endations of th e  N ational A cadem y of Scientists 
a re  ca rried  out, the  fu tu re  looks even b rig h te r. T he A cadem y has recom ­
m ended th a t no less th an  70 add itional oceanographic vessels be b u ilt in 
th e  period  of 1960-1970 a t a cost of $213,000,000, and  th a t funds be provided  
to keep th em  a t sea.

AT LANTIS  RETIREMENT W hile these ships look good on paper, th ey  have 
a w ay of no t m ateria liz ing , and  th e  In s titu tio n  w ill soon be losing 
A TLA N TIS (engineers feei th a t  h e r usefu l life is alm ost at an  end). “She 
m ust be rep laced ,” in  Dr. F y e ’s w ords, “by a vessel w hose excellence w ill 
be recognized th e  w orld  over.” T he D irecto r feels th a t  th e  new  vessel 
should  be p riv a te ly  financed, “so th a t  in  th e  fu tu re  our fleet w ill no t be 
w holly  ow ned or contro lled  by the  governm en t.” D esign w ork  has now  
begun on a rep lacem en t u n d er the  d irection  of Mr. F ranc is  M inot, who also 
w orked  on th e  design of th e  ATLA NTIS.

As p resen tly  conceived, th e  new  vessel w ill be 195 feet long and 
equ ipped  w ith  com forts and  devices th a t  have been  the  d ream  of ocean­
ographers fo r years: s tab iliza tion  to keep the ship on an  even keel w hile 
on station ; an  observation  cham ber for sub-surface sea gazing; a cen te r 
w ell to low er in s tru m en ts  from  the  inside of th e  ship; bow  propulsion  
u n its  to keep the  ship steady  w hile hove to; new ly  designed hoisting  equ ip ­
m en t to h and le  th e  deck gear. H er cost is estim ated  a t $3,750,000, and 
it is hoped th a t these funds can be ra ised  before th e  A TLA N TIS is 
decom m issioned.

R V CRAWFORD
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T H E  M E N
B efore W orld  W ar II, it  w as estim ated  th a t  th e re  w ere  few er 

th an  50 oceanographers in  th e  U. S., and  du rin g  the  w ar th is  nu m b er 
increased  to abou t 100. Today th e re  a re  rough ly  500.

W ith  an o th er period  of rap id  — if no t explosive — expansion 
ahead, one critica l question  still rem ains: W here w ill m ore ocean­
ographers be found? The question  has no easy answ er. F o r one thing, 
i t  is s till being argued  w h e th e r th e  g rea test hope lies w ith  m en 
tra in e d  in  “O ceanography” as such, or w ith  those w ho b rin g  a 
tho rough  know ledge of a single discipline such as physics, chem istry , 
geology or biology to b ea r upon  th e  problem s of the  sea. S k irtin g  this,

the  A cadem y com m ittee recom ­
m ends expanding  ex isting  u n i­
v ers ity  facilities, p rov id ing  m ore 
fellow ships, and  actively  re c ru it­
ing scien tists to th e  oceanographic
cause.

FELLOWSHIPS A t th e  In stitu tion , 
an  expansion of th e  a lread y  v ig­
orous fellow ship  p rog ram  (under 
th e  d irec tion  of a new ly  form ed 
E ducational Policy  C om m ittee) 
is tho u g h t to  be the  best w ay to 
a ttra c t new  ta len t to th e  ocean­
ographic field. Each sum m er 
since th e  In s titu tio n ’s founding, 
5 to 10 fellow ships w ith  a sm all 
s tipend  a ttach ed  hav e  been 
aw arded  from  endow m ent. Re­
cently , th ree  year-ro u n d  pre- 
doctoral fellow ships (supported  
by  the  Associates) w ere  added. 
T hey  are  designed to sup p o rt the  
en tire  g rad u a te  tra in in g  of p rom ­
ising studen ts. These fellow ships 
a re  in  tu rn  supp lem en ted  by 
g ran ts  w hich enab le  staff m em ­
bers to re tu rn  period ically  to 
academ ic life, g ran ts  w hich  en­
able oceanographers f ro m  abroad 
to v isit W oods Hole, and  by  the  
Rossby M em orial Fellow ship, 
w hich  finances a y ea r of post­
doctoral research  and s tudy  by 
a m eteorologist or oceanographer. 
T he first Rossby Fellow , D r. P. 
M. S aunders of th e  Im peria l 
College of Science and  T echnol­
ogy, was recen tly  appointed. He 
w ill spend a y ea r in  W oods H ole 
w ork ing  w ith  Dr. Jo an n e  S. 
M alkus.



In  1959, the  stipends for sum m er fellow ships w ere  su b stan tia lly  
increased, and th e  availab ility  of th e  positions w idely  publicized. T he 
response was en thusiastic  — m ore th an  100 stu d en ts  for ten  availab le  
positions. S um m er jobs w ere  found for fifteen m ore applicants. W ith 
funds now  in  hand, fifteen such fellow ships are  p lanned  for 1960.

B ut th is is no t enough, and additional g rad u a te  and  post-doctoral 
fellow ships are  u rg en tly  needed. T he cost of expand ing  th e  p rogram  
to fill a ll th e  needs and  capacity  of the  p re sen t staff req u ires  ann u a lly  
$100,000 from  outside sources, $35,000 from  the In s titu tio n ’s ow n funds.

In  m any  o th er w ays, th e  In s titu tio n  assists in  d issem inating  
in form ation  abou t our env ironm ent. Sem inars a re  held, bo th  w in te r  
and sum m er, on the  problem s of oceanography. A  tu to ria l p rogram  
for th e  benefit of sum m er s tuden ts  is being installed . S taff m em bers 
hold positions and teach  a t half-a-dozen colleges and  universities. 
A t M IT alone, 5 now  have professorships; also in  association w ith  
th a t  U niversity , th e  In s titu tio n  publishes a scientific jo u rn a l called 
“P ap ers in  P hysical O ceanography and  M eteorology.” In  addition, 
m ore th an  1,060 scientific con tribu tions from  In s titu tio n  staff m em ­
bers have been  pub lished  in  various o th er scientific journals.

Tim e, m oney, and  facilities a re  g ran ted  to v isiting  colleagues 
from  abroad , and  w h erev er the  In s titu tio n ’s fleet trav e ls  an  a ttem p t 
is m ade to estab lish  contact w ith  foreign laboratories, w ith  a re su lt­
ing benefit to all concerned.
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t h e  T O O L S  a n d  t e c h n i q u e s
T he oceanographer is faced w ith  m any  u n ique and  difficult problem s 

w hen he goes to sea to m ake his observations. The vastness of the  sea in 
itse lf m akes it costly and tim e consum ing to ob tain  adequate  coverage in 
any  observational program . Sea w a te r has been called “th e  m ost corrosive 
liqu id  know n to m an ” and th is  annoying  p ro p e rty  causes a continuous 
series of headaches in  th e  m ain tenance of scientific in strum en ts. For w ork  
in th e  ocean dep ths in stru m en ts  m ust be designed for v ery  high h y d ro ­
sta tic  p ressu res and  low  tem p era tu res . W ate r a tten u a te s  ligh t rap id ly  and 
ex p erim en ts  in  m apping, w hich on lan d  can be done q u ite  sim ply  w ith  
pho tog raphy  and  optical trian g u la tio n , m ust be done in  the  ocean w ith  
acoustic echo sounding.

Because of th e  h igh  cost of ship tim e and th e  difficulty of w ork ing  at 
sea, th e  oceanographer p u t a very  high p rem ium  on sim plicity , ruggedness 
and re liab ility  in  his in stru m en ts . For th is reason  m any  of the  stan d ard  
tools of his trad e  d ate  back  m any  years  and  have undergone only a very  
g rad u al and  m ethodical m etam orphosis. F or instance th e  d rif t bo ttle , 
d esp ite  th e  lim ited  in fo rm ation  it provides, has its place in  the  m easu re­
m en t of ocean cu rren ts , and  the  s tan d ard  m ethod for m easu rem en t of 
deep ocean tem p era tu res  and  th e  collection of deep w a te r sam ples, the  
N ansen bottle , dates back to th e  ea rly  1900’s.

T he supp lem en t observations m ade by these older, accepted tech ­
niques, th e  In s titu tio n  supports  a la rg e  p rog ram  in in s tru m en ta tio n  in  an 
effort to  im prove th e  m easu rem en ts cu rren tly  being m ade and  to  develop 
m ethods for m ak ing  observations w hich have not before been  possible. 
Two instrum en ts, designed at the  In stitu tio n , w hich  have gained general 
acceptance du rin g  the  last few  years, are  th e  precision echo sounder 
developed by Dr. J. B. H ersey  and  his associates and th e  e lec trical conduc­
tiv ity  sa linom eter due to Mr. K. Schleicher. Of course, th e  use of the  
best ava ilab le  nav igational m ethods is an  in teg ra l p a r t of any  observa­
tional program .
D AT A  CO N T IN U IT Y  W ith  th e  exception  of the  echo d ep th  sounder, 
observations and  collections a t sea a re  m ade p rim arily  on a spot basis. 
M any prob lem s w ith  w hich  oceanographers a re  now  concerned req u ire  
continuous d a ta  e ith e r in  th e  v ertica l or in  th e  horizon ta l (or bo th ). 
In s titu tio n  scien tists have helped  to  design and  are  now  using a system
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of tow ed in s tru m en ta tio n  fo r continuous tem p e ra tu re  m easu rem en ts to 
dep ths of about 500 feet. T his consists of a s tream lined  chain on w hich  
m any  tem p era tu re  sensors can be placed and  w hich  contains a channel 
for th e  m any  elec trical leads requ ired . C ontinuous tem p e ra tu re  d a ta  a re  
th en  ob tained  from  each sensor and a com puting m achine in  th e  sh ip ’s 
lab o ra to ry  converts th is d a ta  to a p lo t of d ep th  vs d istance trav e led  on 
w hich  th e  lines of constan t tem p e ra tu re  a re  contoured. I t  should  be 
possible to  m easu re  o ther variab les of in te re s t in  a s im ilar w ay  in  th e  
n ea r fu tu re .

R ecent advances in the  construction  of s trong  e lec trical cables have 
been  exploited  to p rovide equ ipm en t w hich genera tes a continuous trace  
of tem p e ra tu re  vs depth , and In s titu tio n  scien tists a re  now  w ork ing  on 
electrode system s to be used in  a s im ilar w ay  for p lo ttin g  sa lin ity  and  
oxygen vs depth . In  addition  to  th e  cable m easurem ents, p re lim in ary  
testin g  is un d erw ay  on free  in s tru m en t vehicles w hich  offer th e  possib ility  
of even fa s te r sam pling in the  vertical. T hese a re  s tream lin ed  torpedo-like 
bodies w hich  are  sunk  to th e  bottom  of th e  ocean by  heavy  ballast. A t the  
bottom , th e  b a llast is re leased  and th ey  re tu rn  to  th e  su rface  by th e ir  own 
buoyancy. C ontinuous records of tem p e ra tu re  (and o th er variab les) can 
be ob ta ined  by  in stru m en ts  contained in  th e  vehicle. Such system s 
prom ise to  be as m uch as five tim es as fast as cable low erings bu t, of 
course, req u ire  th e  ship to recover the  buoy w hen  it re tu rn s  to th e  surface.
NEW MEASUREMENTS  M r. J. S. R eitzel is ac tive in  developing techn iques 
fo r th e  m easu rem en t of th e  flow of h ea t th ro u g h  th e  ocean floor. A th in  
p robe is dropped  in to  th e  bo ttom  and  a reco rd e r a ttach ed  to it  records th e  
tem p e ra tu re  a t several po in ts along the  probe. A lte rn a tiv e ly , th e  probe 
m ay be connected to th e  ship by  conducting cables of the  type m entioned  
above and  th e  records read  on deck. Such m easu rem en ts a re  giving us 
new  insigh t in to  th e  s tru c tu re  of th e  ocean floor and  th e  h ea t balance 
n ea r th e  bottom .

A new  in s tru m en t fo r m easu rem en t of the  velocity  of sound in  w a te r 
has been  developed by scien tists a t the  N ational B ureau  of S tan d ard s and 
is now  being used ex tensive ly  by th e  u n d e rw a te r acoustics g roup a t th e  
In stitu tio n . This in s tru m en t has proved  v ery  re liab le  and for the  first tim e 
accu ra te  m easu rem en ts of th is  im p o rtan t q u an tity  as a function  of dep th  
are possible.

New, high in ten sity  sound sources, derived  from  u n d erw a te r sparks, 
a re  now  being  used to obtain  echos from  geological s tru c tu re s  b eneath  
th e  ocean floor and  a m echanical sound source developed by Mr. H. E. 
S aw yer prom ises even  deeper p en e tra tio n  of th e  bottom .

T he ab ility  of an a irp lane  to trav e rse  large areas of the  ocean rap id ly  
has been explo ited  in  th e  a irbo rne  rad ia tio n  therm om eter. This in s tru m en t 
can m easu re  th e  surface tem p era tu re  of the  sea over w hich it is flown 
and  has been  used for track in g  the  boundaries of various cu rren ts , p a r­
ticu la rly  th e  G ulf S tream , on a m ore synoptic basis th an  is possible 
w ith  ships.

T echniques of u n d e rw a te r  pho tog raphy  have been im proved  so th a t 
pho tographs of selected subjects can be obtained  by trig g ered  cam era by

"Pop u p " buoy a fte r return from  the 
ocean bottom w ith the rad io-hom ing  
antenna extending above the sea surface
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sound, bio lum inescence and p rox im ity . T he w ide angle lens, tim e lapse 
system s, developed by Dr. W. S. von A rx, a re  used as basic record ing  
system s for m eteorological and oceanographic observations a t sea and in 
th e  air.
B UO Y S  S h ipborne equ ipm en t is seldom  used fo r ex tended  periods of 
observation  at a fixed point in  the  ocean. To p rovide for such m easu re­
m ents a v a rie ty  of buoys have been  developed by In s titu tio n  scientists. 
A rad io  te lem ete rin g  buoy w ith  a ran g e  of abou t 100 m iles has been  con­
s tru c ted  by  M essrs. D. D. K etchum , R. G. W alden  and  D. H. F ran tz , J r . 
P rov ision  is m ade w ith in  the  buoy fo r s torage of a series of tem p era tu re  
(or o th er v ariab le) m easu rem en ts w hich  can th en  be tran sm itte d  at 
periodic in te rv a ls  as the  buoy m ay be in te rro g a ted  by rad io  to obtain  the  
in fo rm ation  on dem and. This buoy has also been used as a sophisticated  
d rif t bo ttle  fo r the  m easu rem en t of ocean cu rren ts . In  th is  case, the  buoy 
is in te rro g a ted  from  an a irp lane  and th e  answ ering  signal is used to locate 
the  buoy so its  position can be p lo tted  on a day-to-day  basis.

For longer tim e sequences, Mr. F ran tz  has developed a “pop-up” buoy. 
This m ay be anchored  in  very  deep w a te r w ithou t a Surface float and 
ca rries tem p e ra tu re  or cu rren t m easu ring  equipm ent. A fte r a period of 
up  to 400 days, th e  buoy and  its a ttach ed  in s tru m en ts  m ay  be recovered  
by  exploding a sm all charge in  its  vicin ity . W hen listen ing  equ ipm en t in 
th e  buoy hears th e  explosion i t  re leases from  its anchor and  floats to the  
su rface  w h ere  a self-contained  rad io  tran sm itte r  aids in  its  location.

M r. G. H. V olkm ann has been u tiliz ing  the  techn ique developed by 
Dr. J. C. S w allow  in th e  m easu rem en t of deep ocean cu rren ts . This consists 
of a d riftin g  buoy w hich floats a t a p reselected  m id dep th  and  em its pulses 
of sound by w hich  m eans it m ay be track ed  by a su rface  vessel. Mr. A. C. 
V ine has been involved in  sim ilar m easu rem en ts using a surface float 
connected by piano w ire  to a deep p a rach u te  drogue.

M easurem ents a t a fixed po in t a re  also being  m ade by  Mr. H. G. 
F arm er, J r., in  connection w ith  his w ave research  program . In  th is case, a 
tow er rig id ly  m ounted  on the  bo ttom  is used and  in sta lled  on it is in s tru ­
m en ta tio n  for th e  continuous m easu rem en t of w ave h e ig h t and  slope. 
In fo rm atio n  from  th e  tow er is tran sm itte d  to the  lab o ra to ry  by  m eans of 
a V H F rad io  link  and in  th e  lab o ra to ry  it is au tom atically  digitized and 
recorded  on punched  tape for m achine com puter analysis.
TRENDS IN  INS T R UM EN T A T IO N  As oceanographers ask  m ore and  m ore 

deta iled  questions abou t th e  d is trib u tio n  of variab les in  th e  ocean and 
abou t the  w a te r m ovem ents, m ore ex tensive  observations u tiliz ing  new  
and sophisticated  in s tru m en ta tio n  w ill be req u ired  to p rov ide  the  answ ers. 
B ecause v ery  sm all changes in  the  d is trib u tio n  of tem p e ra tu re  and  salin ity  
(and th e  density  field w hich th ey  determ ine) have fa r ran g in g  effects on 
th e  circu lation , very  high accuracy  is req u ired  in th e ir  m easu rem en t. S till 
h igher precision is req u ired  to e lucida te  the  slow  secu lar varia tions of 
these quan tities . T he problem  of estab lish ing  a fram e of re feren ce  w ith in  
w hich  the  slow m ovem ents of the  deep w a te r can be easily  m easured  is 
a v ery  challenging  one. M uch tim e and m oney and  the  efforts of m any 
people w ill be req u ired  to  reduce such observational req u irem en ts  to  a 
ro u tin e  basis.

Console fo r the "Precision G raph ic  
Recorder" used fo r the de ta iled  survey 
o f bottom  topography
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A coustica lly-triggered deep-sea cam era; 
the flash and shutter are opera ted by  
the echo from  a passing sea an im al

ATLANTIS d ropp ing  explosive charge  
fo r seismic re fraction  studies o f sub­
bottom  structures
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t h e  p r o b l e m
The ocean  is not a  homogeneous, uniform mass. 

O ce a n o g ra p h e rs  know it to be  a  highly stratified 
body, layered  like a deck of playing cards with 
w aters of differing tem pera tu re  an d  salinity. N ear  
the  Poles, cold w ater  sinks an d  moves sluggishly 
tow ards the  Equator. Above this slow d e e p  circula­
tion currents wind through the  sea , pulsed by un­
known combinations of forces, a n d  tides lift g re a t  
masses of w ater  onto the earth 's  shoreline, then 
pull them back ag a in .  On the surface, faster 
currents th read  their w ay  through the oceans, wind- 
flecked waves travel thousands of miles.

It is the  job of the o c e a n o g ra p h e r  to measure 
an d  estimate the  effect of these oceanic  movements 
on the Earth's w eather ,  climate, a n d  marine p o p u ­
lation, an d  to look benea th  them for clues to the 
Earth's history. It is a  job which d em an ds  exhaustive 
researches in the oceans themselves, in the air 
ab ove ,  a n d  in the  earth  benea th .
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W ith the  g rea t age of exp lo ra tion  du rin g  th e  16th C en tury , m any of 
th e  p rincipa l fèa tu res  of oceanic c ircu la tion  w ere  first discovered. N ot 
u n til th e  19th C en tury , how ever, w ere  deta iled  observations m ade of the  
oceans subsurface physical charac teristics  —- its density , salin ity , and 
tem p era tu re  — and even in  th e  first p a r t  of th e  20th C en tu ry  data  collec­
tion proceeded slowly.

W ith  th e  ad v en t of m odern  in stru m en ta tio n , how ever, it becam e 
possible to m ake oceanographic m easu rem en ts on a large  scale. To th e  
laym an  such m easurem ents m ay re su lt in  a m ystify ing  m ass of d ata  whose 
even tua l purpose m ay be only vaguely  understood. To the  physical ocean­
ographer, how ever, th e  da tum  poin ts p lo tted  on a ch a rt m ay provide the  
answ ers to th e  questions he asks: how  fast is th e  ocean tu rn in g  over — and 
bring ing  bottom  n u trien ts  to the  surface; w h a t drives the  g rea t cu rren t 
system s of the  w o rld ’s oceans; how fast does cooling surface w a te r sink 
to the  bottom ; w here  and how  fast do su bm arine  cu rren ts  flow?

D uring  the  eigh teen  m onths of the  In te rn a tio n a l G eophysical Year, 
da ta  p iled  up fa s te r th an  ever before. In  th e  A tlan tic , m ore th an  1,000 
stations w ere  tak en  by  W oods H ole O ceanographers u n d er the  leadersh ip  
of Mr. F red erick  C. F ug lister. In  addition  to a su rvey  of th e  N orth  
A tlan tic , a re su rv ey  of th e  south  A tlan tic  — th e  first since th e  classic 
M ETEOR expedition  of th e  n ineteen  tw en ties — w as m ade by  the 
A TLA NTIS, the  CRAW FORD, and  th e  B ritish  vessel DISCOVERY II 
from  th e  N ational In s titu te  of O ceanography.

The re su rv ey  of the  S outh  A tlan tic  has a lready  p rovided  considerable 
reassurance to oceanographers regard ing  the  persistence of p a tte rn s  of 
salin ity , tem p e ra tu re  and o ther p roperties  of the  w a te r m asses. I t gives 
research  w orkers m uch g rea te r confidence in  charts  and atlases w hich 
have been p rep ared  from  data  accum ulated  over longer, irre g u la r in te rv a ls  
of tim e. T he IG Y  data  for bo th  th e  N orth  and  S outh  A tlan tic  basins w ill 
provide an  oceanic a tlas of u n p ara lle led  com pleteness and  detail, stand ing  
as an  in v ita tio n  to o th er research  w orkers to exp lain  th e  p a tte rn s  and 
deepen our u n d ers tan d in g  of the  m ig ration  of ocean w aters.

THE GULF STREAM  The study  of the  m eandering  G ulf S tream  has long 
in trigued  m any scien tists a t th e  In stitu tion , perh ap s because new  in fo rm a­
tion about it is constan tly  changing or m odifying pet theories. In  th e  
early  days of oceanography th e  stream  w as tho u g h t to be the  backw ash  
of the  E quato ria l cu rren t w hich flows W est across th e  A tlan tic , a huge 
riv e r of hot w a te r  flowing th ro u g h  the  oceans and  w arm ing  th e  shores 
it touched.

These sim ple s ta tem en ts  and assertions, how ever, give no insigh t in to  
th e  m echanism s w hich d rive the  s tream  or in to  the  forces w hich control 
its  w id th  and in tensity . Since 1948, u n d er th e  leadersh ip  of Mr. H enry  M. 
S tom m el, su b stan tia l p rogress has been  m ade in  developing an u n d e r­
stand ing  of the  w ay in w hich w ind, heating , fric tiona l forces, in e rtia  and  
th e  deflecting effects of the  e a r th ’s ro ta tio n  com bine to produce in tense  
stream s on the  w este rn  sides of oceans. T he G ulf S tream  is now b e tte r  
understood  as a kind of “b oundary  la y e r”, a very  genera l phenom enon 
a rising  in  m any  d ifferen t k inds of fluid flow and not re s tr ic ted  to th e  
ocean alone.
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W hen exam ined  in s till finer detail, the  G ulf S tream  tu rn s  out to be 
a m u ltip le  series of m ean d erin g  eddies and  filam ents. M uch still rem ains 
to be learn ed  abou t th e  n a tu re , origin and significance of these details.

T he G ulf S tream  separates th e  w arm  w a te rs  of th e  Sargasso Sea from  
the  cooler, denser w a te rs  to th e  no rth . I t  is conceivable th a t  N o rth e rn  
E urope m igh t ac tua lly  be w a rm er w ith o u t the  p resence of the  G ulf S tream . 
A decrease in  th e  in ten sity  of th e  S tream  m igh t allow  w arm  w a te rs  of the  
Sargasso to sp read  out over th e  colder, denser n o rth e rn  w a te rs  in  a sh a l­
low er layer, b ring ing  m ore w arm  w a te r in to  high la titu d es a round  E urope 
th an  is tran sp o rted  by th e  G ulf S tream  itself. W hile th is th eo ry  is h ighly  
specula tive , th e re  are a few  bits of evidence to p rovide support. O ver the  
last th ir ty  years, th e  surface tem p era tu res  of th e  N orw egian Sea have 
risen  by abou t tw o degrees C entigrade, th e  dep th  of w arm  w a te r  in  th e  
Sargasso Sea has decreased  som ew hat and th e  average tran sp o rt of w a te r 
by the  G ulf S tream  seem s to be dim inishing.

In  th e  last few  years im proved  u n d ers tan d in g  of m otions in  th e  u pper 
layers of th e  ocean, to g e th er w ith  g rea tly  advanced  observational tech ­
niques, have m ade it possible to begin  to ask m ean ingfu l questions about 
the  ch a rac te r of cu rren ts  and tran sp o rts  in  th e  ocean depths. B ring ing  to 
bear his accum ulated  experience and  u n d erstan d in g  of th e  physics of 
ocean cu rren ts , S tom m el, in  1956, p red ic ted  th a t in  th e  deep w a te rs  u n d e r­
n ea th  th e  G ulf S tream  th e re  should be flowing ano th er b oundary  cu rren t 
in the  com pletely  opposite direction.

In  th e  spring  of 1957, A TLA N TIS (w ith  th e  In s titu tio n ’s L. V alentifte 
W orth ing ton  aboard) and  DISCOVERY II m et in  the  G ulf S tream  to 
search  for th e  co u n tercu rren t. T he w hole effort w as m ade possible by the  
Sw allow  float (designed by Dr. Jo h n  Sw allow  of th e  N ational In s titu te  of 
O ceanography), w hich  contains a sonic track ing  source and can be set to 
reach  d ep th  equ ilib rium  a t any  chosen level. N ine thousand  fee t down, 
the  S w allow  “P in g e r” d rifted  to th e  sou thw est som e eigh t m iles per day, 
c learly  confirm ing S tom m el’s prediction.

E ncouraged  by  th is successful te s t of th e ir  basic concepts, S tom m el 
and his co-w orkers have construc ted  a m ore ex tensive th eo re tica l m odel 
of c ircu la tion  in  th e  dep ths of th e  w orld  ocean. This m odel has y ielded 
several new , s till un tested , p red ictions. A m ong these are  the  p red ic tion  of 
an  in tense  n o rth w ard  cu rren t deep in  the  T onga-K erm adec tren ch  off New 
Z ealand and tw o oppositely  d irec ted  cu rren ts  b en eath  the  g rea t K uroshio 
C u rren t off Japan .

N orth  and South Pole models 
o f the ocean c ircu lation as 
developed in a ro ta ting  tank
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One of the  m ost com plex physical processes p lay ing  an im p o rtan t 
role in th e  m otions of bo th  the  ocean and the  atm osphere is th a t  of 
tu rbu lence. T he d isorderly , sw irling  m otion of a tu rb u len t fluid in ­
tim ate ly  controls the  diffusion of heat, th e  tran sp o rt and d istribu tion  
of sa lt and oxygen, th e  in te rn a l forces w hich  we u ltim ate ly  describe 
u n d er th e  general heading  of “fric tio n ”. U ntil recen t years the  onset, 
grow th  and influence of tu rb u len ce  have been  stud ied  m ore or less 
em pirically  and  have been  incorporated  in to  theo re tica l analyses in 
a rb itra ry  and ra th e r  u nsa tisfac to ry  w ays. A m ore sophisticated  
a ttack  on th e  study  of tu rb u len ce  is now occupying physicists, applied  
m athem aticians, oceanographers and  m eteoro logists the  w orld  over. 
A t th e  In stitu tio n , Dr. W illem  M alkus and  his colleagues a re  a tta c k ­
ing th e  question  in a very  fu n d am en ta l w ay. T ry ing  first to refine 
our u n d ers tan d in g  of th e  developm ent and  influence of tu rb u len t 
flow in  th e  sim plest labo ra to ry  situations, in term s of th e  m ost fu n d a­
m en ta l physical law s and m athem atica l analysis, they  hope even tua lly  
to learn  how  to ask m ore p en e tra tin g  and m ean ingfu l questions about 
its effect and  ro le  in  oceanography and  m eteorology.

USEFUL ISOTOPES  If th e re  a re  beneficial aspects to  th e  rad ioactive 
fa ll-ou t w hich  sifts dow n a f te r  atom ic bom b tests, th e  chief is ce rta in ly  
its  usefu lness as tracers. D eposited on th e  ocean surface, th e  ho t iso­
topes begin  a g radual descent tow ards th e  ocean bottom . By co rre la t­
ing th e  d ate  of th e  A -blasts w ith  th e  age and d ep th  of the  rad io  
isotopes, Dr. V aughan T. Bowen, w ith  P rofessor T. T. S ug ihara  of 
C lark  U niversity , is ca lcu la ting  the  ra te  a t w hich su rface  ocean w a te r 
filters to the  bottom . T he A tom ic E nergy  Com m ission has a m ore 
p ragm atic  in te re st in  w here  and w hen  these isotopes fall, and the 
p rog ram  is supported  by AEC funds.

s o u t h  l a t i t u d e



atmosphere
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M an can ex ist as a con tinen ta l an im al only because vast q u an titie s  of 
w a te r a re  siphoned from  th e  oceans and poured  over th e  land. Of such 
im portance to hum ans, ra in  is m erely  an  “ex h u a s t” p roduct of the  huge 
atm ospheric  h ea t engine w hose m oving p a rts  a re  the  global w inds and je t 
stream s, and  in  w hich H 20  is a p rim ary  w orking  substance. A t every  
stage, th e  ocean p lays a crucial role in  th is  eng ine’s operation, from  fuel 
in p u t to final d issipation  of the  w inds in  d riv ing  w aves and curren ts. The 
u ltim ate  pow er supply  of th e  en tire  air-sea circu lation  is the  unequal 
h ea tin g  of the  ea rth  by the  sun, so th a t  equa to ria l regions receive m ore 
rad ia tio n  energy  th a n  th e  poles. In  the  tropics, the  excess h ea t is first 
absorbed  by th e  oceans; m ost is .used th e re  in  evaporating  v ast qu an titie s  
of sea w a te r in to  the  overly ing  air, the  first step  in  th e  com plex energy  cycle 
th a t la te r  bu ilds the  “p ressu re  h ead s” to d rive the  w inds. These w inds 
finally  ca rry  h ea t back  to th e  poles to  balance th e ir  rad ia tio n  losses, and 
in so doing condense the  w a te r vapor to ra in  or snow m any  thousands of 
m iles from  its  trop ica l b irthp lace .

M arine m eteorology a ttem p ts  to u n d e rs tan d  these energy  exchange 
and conversion processes betw een  a ir and sea; it is th u s concerned w ith  
how  th e  v ery  h ea rt of th is engine w orks — how  in n a tu re  is h ea t energy  
converted  in to  a ir and  ocean m otions? A clue to how  th e  atm ospheric 
engine converts and  u tilizes its  vapor fue l can be gained  from  th e  irre g u ­
la rity  of its  o u tpu t; th e  m ost obvious fea tu re  of ra in fa ll is its  unequal 
d is trib u tio n  in  space and tim e. Som e areas a re  parched  deserts, o thers 
s team ing  d isease-ridden  jungle, w hile  m uch of the  e a r th ’s cu ltivated  
su rface  rides a precarious see-saw  b etw een  ex trem es. S ince th e  ocean is 
a v ast in e rt h ea t and  w a te r reservo ir, th is im plies th a t  those p a rts  of the  
a tm ospheric  m achine w hich p ick  up and com bust th e  fue l m ust be sm all­
sized (com pared, say, to continents) short-lived  and p robab ly  lim ited  bu t 
v ariab le  in  num ber. T he p u rsu it of th is deduction  lies a t th e  h ea rt of th e  
In s titu tio n ’s w ork  in  m arine  m eteorology.
TROPICAL CLOUDS A N D  HURRICANES  D raw ing  heav ily  from  o ther Woods 
H ole scientists, p a r ticu la rly  th e  th eo re tica l group w ho have p rov ided  a 
language of in q u iry  from  th e ir  p ro to type  studies of sim ple hea ted  fluids, 
and  from  th e  observationalists w ho have in stru m en ted  and  ca lib ra ted  an  
a irc ra f t to p en e tra te  the  rea l phenom enon and tes t our ideas in  th e  env iron ­
m en t itse lf, it is now  possible to iso late a h ie ra rch y  of d riv ing  elem ents and 
to describe significant facets of th e ir  operation  q u an tita tiv e ly . A m ong the  
m ost im p o rtan t of these “com busters” a re  th e  g ian t cum ulonim bus cloud 
tow ers of the  “equa to ria l tro u g h  zone” — th e  firebox of th e  a tm ospheric  
h ea t engine. O nly a few  thousand  of these  ten -m ile  h igh  thunderheads, 
ac tive ly  grow ing  a t once in  th is  eq u a to ria l belt, a re  enough to lift and 
convert a ll th e  w a te r vapor fuel needed to balance th e  global h ea t budget 
and  supp ly  th e  sm all excess w hich  is la te r  used to d rive  th e  w inds. A 
q u an tita tiv e  m odel of these energy  transfo rm ations w as recen tly  evolved 
by Dr. J. M alkus (in collaboration  w ith  P rof. H e rb e rt R iehl of the  U ni­
v ers ity  of C hicago). As an  exciting  by-product it also led to a b reak ­
th ro u g h  in  u n d erstan d in g  th e  vicious trop ica l hu rrican e , a ru n aw ay  v o rtex  
pow ered  by sp ira l bands of s im ilar g ian t clouds— w hose re lease  of to rren ts  
of ra in  delivers th e  h ea t energy  th a t drives th e  d estru c tiv e  w inds.

BURSTING BUBBLES A N D  TROPICAL R A I N  R ain fall from  trop ica l clouds is 
thus of m ore th an  ag ricu ltu ra l im portance to m an; it is th e  fuel th a t 
m akes his air-sea c ircu lation  engine go. W hat m akes a cloud ra in ?  M ore 
specifically, w hy, over th e  trop ica l seas, do sm all clouds ra in  on som e days 
— and  on o th er days, even large  ones perish  w ith o u t shedding  a single 
drop? A p p aren tly  a few  large partic les m ust be in troduced  to cause sm all 
cloud drops to grow  big enough to fall. Tossed by th e  w ind, w hitecapped  
w aves b reak  upon th e  sea in  foam  and  spum e. As th ey  do, bubbles burst, 
tossing up tin y  sa lt partic les in to  th e  air, w h ere  w arm  cu rren ts  sw eep 
th em  u p w ard  and in to  th e  grow ing cum ulus clouds. T h ere  th ey  m ay act as
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nuclei for d rop le t g row th. T he ro le  of these sa lt partic les in  form ing  
the  nucleus for ra ind rops has been u n d er in tense scru tin y  by Mr. 
A lfred  H. W oodcock ánd  his associates at the  In stitu tio n , and  progress 
is being  m ade in u n d ers tan d in g  th e  com plexities of n a tu ra l ra in - 
m aking.

A rtificial ra inm ak ing  takes on new  significance in  th is  back­
g round ; th e  discovery th a t the  atm ospheric firebox operates w ith  so 
few  and  ephem eral cloud tow ers as cylinders, th e  elucidation  of the  
ro le of ra in  re lease in  hu rrican es and even la rg e r w ind system s leads 
to exc iting  speculations th a t if th is ty p e  of basic u n re s tr ic ted  r e ­
search  is p a tien tly  continued, m an  m ay one day be able to m odify 
these vast energy  re leases by m an ip u la tin g  key links in  the  m ach in ­
ery. B u t first these m ust be iso lated  and  understood.

THE GREENHOUSE  T inkering  w ith  to m o rro w ’s w eather, how ever, is 
a risk y  business. W ithou t in tend ing  to, m an m ay even now  be p e r­
form ing  a w orld-w ide ex p erim en t th a t  could dangerously  increase 
th e  ra te  of w arm ing  of his p lanet. C arbon dioxide, th e  com m on gas 
th ro w n  out of au tom obile exhausts  and facto ry  stacks, is being 
pum ped  in to  the  atm osphere a t an  increasing  ra te . D is trib u te^  
th ro u g h o u t th e  atm osphere, it  acts in  the  sam e w ay as the  glass roof 
in  a greenhouse, a llow ing p en e tra tin g  rad ia tio n  from  the  sun to come 
th ro u g h  it, b u t trap p in g  p a r t of it on the  rebound. This phenom enon 
is, in  fact, called th e  G reenhouse Effect, and m any  scien tists feei th a t 
m an is in ad v erten tly  ra ising  his p la n e t’s h ea t level to th e  danger 
po in t by the  com bustion of fossil fuels.

A t the  In stitu tio n , phases of the  CO2 prob lem  are  cu rren tly  being 
stud ied  by Dr. Jo h n  W. K anw isher and o thers; questions being asked 
include how m uch CO2 the  ocean does absorb, how  CO2 is m ixed  
th ro u g h o u t the  low er atm osphere, and w h a t th e  ra te  of exchange 
of CO2 is betw een  the  atm osphere and  ocean. Basic to our u n d e r­
stand ing  of th e  physical chem istry  of th e  sea, these questions also 
a re  im p o rtan t to u n d erstan d in g  of the  d ire  p red ic tions of som e 
clim atologists.
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substrata

■

B eneath  the  u n d u la tin g  surface of the sea lies an area  m ore th an  
tw ice th e  size of all th e  E a r th ’s con tinen ts p u t together. Its  deeps 
sink m ore th an  36,000 feet below  sea level in trenches large enough 
to contain  th e  G rand  C anyon several tim es over. Som e of its m oun­
tains, w hich range over 30,000 feet in to ta l height, a re  the  largest 
topographic fea tu res  on th e  face of the ea rth  and have a surface 
expression  in  island  groups such as Haw aii, the  Azores and B erm uda.
S ed im ented  partic les  and decom posing organism s b lan k e t the  ocean 
floor.

This vast province has been increasingly  exp lo red  in recen t years 
by the  In s titu tio n ’s geologists and geochem ists, its dep ths plum bed, 
its  m ountains ch a rted  and its  sed im ents analyzed. P erched  on a float- 1
ing ice eake in  th e  A rctic  O cean du rin g  the  IGY, staff m em bers p a r­
tic ipated  in the  discovery of a range of m ountains w hich w as explored 
w hile  the  ice floe d rifted  back and fo rth  across th e  ridge.

Y et little  of the  topography of the  ocean floor has been su rveyed  
in detail. “As fa r as our u n d erstan d in g  of the deep sea floor is con­
cerned ,” one oceanographer estim ated , “w e are  ju s t about w here 
w e w ere  100 years ago on land, abou t w here we w ere  in  1850.” In 
addition  to ad m itted  inadequacies concern ing  our know ledge of the  
deep ocean bottom , the s tudy  of near shore geological processes has 
only recen tly  been tack led  on a large scale desp ite  obvious m ateria l 
benefits w hich can accrue from  such research .

C h artin g  bottom  topography  has, u n til recen tly , been  a laborious 
business. W ell into the  20th C en tury , it was still being done by low er­
ing a w eighted  w ire  in to  the  deeps, th en  tediously  hau ling  it back. i
In  the  recen t decades, how ever, the  sonic dep th  sounder has m ade 
bo ttom  ch a rtin g  a fa r sim pler business. By bouncing a sonic pulse off 
the  bo ttom  and  tim ing  its round  trip , oceanographers can now m ake 
a continuous record  of th e  bottom  profile. An ex tension  of echo sound­
ing techn iques developed at the  In s titu tio n  u n d er the  d irection  of Dr.
J. B. H ersey, now p erm it charting  s tru c tu re s  beneath  the  bottom  
sed im ent as well. T he seism ic profiler is such a continuously  reco rd ­
ing in s tru m en t and  is capable, of record ing  the  s tru c tu re  of the  
bottom  to dep ths of over 500 feet in to  the  bottom  sedim ent. Seism ic 
re frac tio n  is an o th er techn ique freq u en tly  em ployed, and  probing  
s till deeper, is p roducing  exceedingly  valuab le  in fo rm ation  concern­
ing  the  s tru c tu ra l re la tionsh ip  of the  con tinen ts to the  ocean basins.

D espite th e  developm ent of these in stru m en ts  capable of collec­
tin g  continuous data, essen tial in fo rm ation  and  m ate ria l s till m ust 
be ob tained  by th e  tim e honored geological sam pling techniques.
T hese ran g e  from  “hand specim en” collecting of tran s ito ry  beach 
deposits to th e  use of deep-sea coring equ ipm en t to obtain  an ocean 
bottom  sed im ent cross section rep resen tin g  thousands of years of 
th e  e a r th ’s h istory . R ecently  it has been proposed to d rill a hole 
th ro u g h  the  crust of the  e a rth  to obtain  rock sam ples from  the  m antle  
below  and from  th e  con troversial tran sitio n  zone, know n as the  
M ohorovicic D iscontinuity . T he collection of such exotic sam ples has 
becom e a concern of su bm arine  geologists since the logical place to 
d rill a “M ohole” is u nder th e  sea. The reason  the  ocean was selected 
as a possible d rilling  site, desp ite  the  obvious technical difficulties, is 
th a t th e  e a r th ’s crust m ay th in  to less th an  five m iles in  certain  
oceanic areas w hile a tw enty-five m ile th ickness is com m on u n d er 
the  continents. To find such a th in  spot, W oods H ole’s BEAR w ith
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ships from  th ree  o th er In stitu tio n s conducted a h ighly  successful 
m ulti-sh ip  seism ic operation  off th e  n o rth  coast of P u e rto  Rico during  
th e  first six m onths of 1959.

DEEP-SEA M A N G A N E S E  T he chem istry  of sed im ents has a ttra c ted  
increasing  a tten tio n  in  recen t years and several research  p ro jec ts at 
th e  In s titu tio n  are  d irec ted  along these lines. T he orig in  of th e  m an ­
ganese nodules w hich  litte r  the  ocean floor is one such p rob lem  u n d er 
study . These m anganese, rich  deposits, w hich  occur variously  as a 
sp rink ling  of m icroscopic partic les, in  fields of g rap e fru it size nodules 
and even as a continuous veneer over large areas of th e  bottom , a re  
tho u g h t by  D r. John  W. G raham  to be form ed as th e  re su lt of th e  
ac tiv ity  of m icroscopic m arin e  organism s. He has suggested  th a t 
these organism s are  able to ex tra c t from  sea w a te r ce rta in  heavy 
m etals w hich  are  p rec ip ita ted  by m etabolic processes as soluble 
hyroxides. If a su itab le  nucleus is availab le  — w h a le ’s ea r bones, 
sh a rk s’ tee th  or basaltic  fragm en ts a re  all com m on — th en  a deposit 
of these m etallic  ions m ay form . I t  has often been  suggested  th a t  
these accretions could becom e an im p o rtan t source of copper, cobalt 
and  nickel, as w ell as m anganese, b u t th e  problem s of m ining  the  
bottom  are still considerable.

O ther geochem ical p roblem s u n d er consideration  include the  
analyses of silica in  w a te r squeezed from  deep-sea cores, th e  s tudy  of 
h igh ly  organic sed im ents from  the  n o rth  coast of S outh  A m erica by 
Dr. F rancis A. R ichards and  Dr. John  M. Zeigler, and  th e  geochem ­
is try  of ce rta in  trace  elem ents in  bottom  sedim ents and  m arine  
organism s. This last p ro jec t is being stud ied  by a v arie ty  of people 
a t th e  In stitu tion , m any in  association w ith  Dr. Geoffrey D. Nichoils, 
of th e  U niversity  of M anchester, England.

T his increasing  in te re st in th e  chem ical p ro p e rtie s  of sed im ents 
and  of th e  p a rticu la te  con ten t of sea w a te r has in  som e p a r t  been  the  
re su lt of th e  increasing  availab ility  of refined in s tru m en ta tio n  w hich 
can be u tilized  for the  necessary  analyses. I t has, how ever, becom e 
ev iden t th a t m any of these problem s m ay have fa r reach ing  im plica­
tions, and th is  field is one of grow ing im portance to m arin e  geologists.
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sea life Sunlight, by  the  pho tosyn thetic  process supports the  life cycle 
in  th e  sea — as it does on th e  land. T iny  Zooplankton feed upon m ic­
roscopic diatom s and  phy top lank ton , sm all fish upon the  Zooplankton. 
T he cycle continues u n til it reaches th e  large fish and m am m als. W hen 
these organism s die and sink, th e ir  decom position re leases to  the  
w a te r soluble com pounds of phosphorus and  nitrogen , th e  fe rtilize rs  
of th e  ocean, and these n u trie n ts  are slow ly b ro u g h t back  to th e  
surface by oceanic upw elling. W ith  the  aid of the  sun, th e  ocean 
plow s and  fertilizes itself.

E ven  in the  clearest of w ater, how ever, sun ligh t filters dow n 
only som e 300 feet, and m ost of the  sea is so d ark  (except to ligh t 
sensitve pho tom eters) th a t  even the  free  floating alga-like p h y to ­
p lan k to n  cannot survive. B ut m arin e  biologists now  know  th a t fish 
and  o th er organism s som ehow  ex ist on the  ocean bottom  and  in  such 
u n like ly  env ironm en ts as th e  underside  of A rctic  ice cakes, w here  
th e  dense w a te r  is supercooled below  th e  freezing  point.

T he questions asked of m arin e  biologists are as v a ry in g  as th ey  
are  num erous. Som e have been  asked for c e n tu r ie s :— w h ere  is the  
best p lace to fish? W hat causes th e  sudden sh ifts in  fish populations, 
and  w hy  do cataclysm ic d isasters such as th e  R ed Tide suddenly  
s trik e  th em  dow n?

O thers fram e th e  an x ie ty  of m odern  m edical re search ers  or 
popu lation  experts: w h a t can I ex trac t from  a g round-up  jellyfish 
th a t  m igh t k ill cancer cells? W hat is th e  b u ilt-in  th e rm o sta t in  
w hales and porpoises th a t  enables them  to d issipate and  conserve 
hea t?  W hat is th e  popu lation  of th e  sea, and  can i t  be fa rm ed  to 
feed  th e  E a r th ’s burgeon ing  population?

T he answ ers to these questions, ju s t as th ey  do in o ther b ranches 
of oceanography, lie in  basic research . T he In s titu tio n ’s m arin e  biolo­
gists a re  cu rren tly  s tudy ing  organism s from  diatom s to w hales, from  
p h y to p lan k to n  to seaw eeds. P hosphorus is being used as a tra c e r to 
ch a rt the  course of th e  G ulf S tream . A study  of b io lum inescence in  
jellyfish  and  its  effect on the  ecology of th e  sea is underw ay . Snails, 
horseshoe crabs, clam  diets, clam  drills, oyster parasites, ch lorophyll 
(m ore usefu l in  th e  ocean th an  it is in to o th p aste), and  th e  m an y ­
legged, deep-sea red  crab (tou ted  as a p o ten tia l delicacy for m an ), 
all a re  u n d er carefu l scru tiny . To find out w here  th ey  m igrate , tu n a  
and  m arlin  a re  being tagged, and  th e  effect of surface w inds and  
w a te r  tem p e ra tu re  on haddock la rv ae  studied.

RAD IO A CT IV E  WASTES  Som e pro jects a re  m ore pressing. One such 
concerns th e  disposal of rad ioactive  w astes. T he peacefu l develop­
m en t of n u clea r energy  m ay p roduce an  am ount of rad io ac tiv ity  each 
y ea r equal to th e  explosion of m any  m egaton  w eapons. I t has o ften  
been  suggested  th a t  m uch of th is could be w rapped  up  and dum ped



in to  th e  ocean’s deep “teacups”, th e re  to decay u n til it  is no longer 
rad ioactive. O ceanographers a t W oods Hole are  no t so sure.

E ven though  the  ocean m ay tu rn  over only once every  300 years 
— perh ap s no t th a t quickly  — and isotopes dum ped to th e  bo ttom  are  
no t likely  to tu rn  up by them selves for a long tim e, th e  problem  is 
no t th is  sim ple. U n fo rtu n a te ly  p lan k to n  have an  affinity for ce rta in  
of the  isotopes, and  w hen  th ey  are consum ed by la rg e r organism s th e  
concen tration  bu ilds up. Shellfish and  o ther organism s w hich  pum p 
huge q u an titie s  of w a te r th ro u g h  th e ir  system  daily  filter ou t som e 
of th e  radioisotopes and  sto re  large  q u an titie s  in  th e ir  bodies.

T he organism s in  th e  sca tte rin g  layer, m oreover, m ake a daily  
m ig ration  to the  surface a t n ight. To reach  eq u ilib riu m  and  sink 
again  during  th e  day, th ey  m ust squeeze out th e ir  bodies. Thus, th e  
w aste  is n ea tly  tran sp o rted  from  low er layers to th e  surface. “W hen 
you consider th e  nu m b er of organism s, from  shrim p and  squid  to  
m icroscopic organism s, w hich  m ake the  trip , “rep o rts  Dr. B ostw ick 
H. K etchum , Senior O ceanographer, “the  am ount of p o ten tia l ra d ia ­
tion  being b ro u g h t up  could be considerable — m ore th an  th e  norm al 
c ircu la tion  of fluids w ould account for.”

A contro lled  dum ping ex p erim en t over a w ell-m onitored  C arib ­
bean  “teacu p ” m ay be one w ay  to te s t th e  feasib ility  of b u ry in g  
w astes in  th e  sea. In  som e w ay, a t least, th e  In s titu tio n ’s oceanogra­
phers w ould  like to assess th e  re su lts  of m arine  w aste  disposal before 
m an  begins to do it on a large scale.

S E A  F A R M I N G  A n even m ore pressing  p ro jec t over th e  n ex t decade 
m ay be th e  possib ility  of fa rm ing  th e  sea. W ith  a w orld  population  
of over 6.5 b illion  expected  by th e  y ea r 2000, th e  re la tiv e ly  un tap p ed  
p astu re s  of th e  sea appear enticing. “T he sea n ev er supports  th e  
dense populations found  in  forests or g rasslands,” D r. K etchum  has 
w ritten , “b u t th e  forests rep resen t an  accum ulation  of 50 years  of 
g row th , w hile  m ax im um  m arin e  populations can develop in  a few  
days.”

T he b iggest d raw back  to such fast fa rm ing  is lack of fe rtilize r. 
In  th e  w ell illu m in ated  and  popu la ted  zones of the  sea, phosphorous 
and  n itrogen  are  often  com pletely  exhausted . M arine biologists 
w onder, how ever, w h e th e r ocean bottom  n u trie n ts  could no t be 
p um ped  to th e  su rface  to tu rn  clear lifeless w a te r in to  rich  sea 
pastu res. They also w onder w h e th e r m arine  organism s could no t be 
tran sp lan ted  from  one reg ion  to another, as land  p lan ts  and  livestock 
are. Such seem ingly  fa r-fe tched  suggestions as these m ust be stud ied  
fu r th e r  if the  fu ll p o ten tia l of th e  sea as a food source is to  be 
developed. The In s titu tio n  biologists hope to co n trib u te  to a solution 
of th is  genera l problem .



T he successes in  recen t years of in te rn a tio n a l cooperation in  
oceanography p rovide hope th a t  in  the  fu tu re  m any  of th e  w o rld ­
w ide problem s in  oceanography can be a ttacked  by coord inating  th e  
efforts of the  research  ships of th e  m ajo r m aritim e nations. In  order 
to p e rp e tu a te  in te rn a tio n a l cooperation beyond th e  end of IGY, 
oceanographers have banded  to g eth er in  an organization  know n as 
SCOR (Special C om m ittee on O ceanographic R esearch). Its  p a ren t 
com m ittee is th e  In te rn a tio n a l C om m ittee of Scientific Unions.

One of the  first p ro jec ts being  p lanned  by SCOR is an  in te rn a ­
tional su rvey  of the  Ind ian  Ocean, includ ing  a jo in t a ttack  on some 
of th e  special p roblem s w hich can be m ost profitab ly  stud ied  there . 
F or exam ple, th e  In d ian  Ocean is th e  only ocean w here  the  large 
scale w ind  system  reverses itse lf seasonally. W hen the  m onsoons set 
in, how  long does it take  the  cu rren ts  to rev erse  them selves? How 
rap id ly  do th e  new  cu rren ts  deepen? One ship alone w ould  find it 
difficult to secure a c lear-cu t answ er to such questions, b u t a nu m b er 
of ships w ork ing  w ith in  a w ell th ough t-ou t p lan  m igh t be very  
successful.

The in s tru m en ta tio n  of oceanography can c learly  be m uch elab­
orated. N ot only w ill b e tte r  in s tru m en ta tio n  m ake the  ships m ore 
efficient in  te rm s of scientific ou tpu t, bu t, to  som e ex ten t in s tru m en ts  
can rep lace  ships. T he tren d  to various k inds of un m an n ed  buoys 
th a t can secure continuous in form ation  w ill c learly  be continued.

P ro b ab ly  th e  n ex t m ajo r developm ent in  oceanography w ill 
come abou t th ro u g h  th e  need  for m any  types of en v iro n m en ta l fo re­
casting. A lready  sea, swell, and  su rf forecasting  has found  p rac tica l 
application, b o th  in  th e  N avy and in  in d u stry . T he ro u tin g  of ships 
to tak e  advan tage  of favorab le cu rren ts  and  to avoid head  seas has 
begun to show p rac tica l resu lts. Ice forecasts have been  q u ite  suc­
cessful for a n u m b er of years. Specialized forecasts for com m ercial 
fishing have been  show n to be possible.

U nlike m eteorology, oceanography has been  spared  overem phasis 
on day-to-day pred ictions. N evertheless, the  proof of our u n d e rs ta n d ­
ing  of a system  is to be able to p red ic t w h a t w ill happen  nex t. T he 
ocean changes m uch  m ore slow ly th an  th e  atm osphere , so th a t a 
ra th e r  m odest da ta -g a th erin g  n e tw o rk  should suffice. T he synoptic 
oceanographer, w hen  he comes in to  being, w ill have a som ew hat 
m ore le isu rely  tim e th an  his m eteorological coun terpart.

T he b o ttleneck  at p re sen t in  m ost types of oceanographic fo re­
casts is th e  lim ited  tim e scale of th e  w ea th e r predictions. It m ay w ell 
be th a t  by includ ing  m ore day-to-day in fo rm ation  abou t th e  ocean, 
b e tte r  long-range w ea th e r forecasts w ill resu lt. Thus, closer coopera­
tion  betw een  m eteorology and  oceanography is likely  to  be th e  p a th  
lead ing  to usefu l p red ic tions abou t th e  g rad u ally  changing  m arine  
env ironm ent.
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