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THE PROBLEM
C o n d u c t e n v ir o n m e n ta l  s tu d ie s  a t  g r e a t  d e p th s  in  th e  

o c e a n  u s in g  th e  b a th y s c a p h  T R IE S T E  a s  a  r e s e a r c h  v e h ic le .  
A lso , m o d ify  an d  im p ro v e  th e  b a th y s c a p h  f o r  r e s e a r c h  
p u r p o s e s .

RESULTS
1. T h e  d iv e  s e r i e s  of P r o j e c t  N E K T O N  I p ro v e d  th e  

p r a c t i c a b i l i ty  of m a n n e d  v e h ic le  d e s c e n t s  f o r  r e s e a r c h  
p u r p o s e s  to  th e  d e e p e s t  know n d e p th s  in  th e  o c e a n . T he  
s a t i s f a c to r y  o p e ra t io n  o f th e  v a r io u s  v e h ic u l a r  c o m p o n e n ts  
and  th e  s c ie n t i f ic  in s t r u m e n ta t io n  u n d e r  c o n d it io n s  of d e e p  
s u b m e rg e n c e  and  e x p o s u r e  to  h ig h  h y d r o s ta t i c  p r e s s u r e  
d e m o n s tr a te d  th e  v a l id i ty  of th e  d e s ig n  p r in c ip l e s  th a t  h av e  
b e e n  in c o r p o r a te d  in  th e  T R IE S T E .

2. T h e  s c ie n t i f ic  o b s e r v a t io n s  an d  m e a s u r e m e n ts  
m a d e  d u r in g  P r o j e c t s  N E K T O N  I an d  II y ie ld e d  v a lu a b le  
new  d a ta  on so u n d  v e lo c i ty ;  t e m p e r a t u r e  and  s a l in i ty  s t r u c ­
tu r e ;  w a te r  c la r i ty ;  b io lu m in e s c e n c e ;  th e  d i s t r i b u t io n  of 
s u s p e n d e d  p a r t i c l e s  an d  p la n k to n ; w a te r  c u r r e n t  a t  g r e a t  
d e p th s ; s e a  f lo o r  f e a t u r e s ;  and  th e  g e n e r a l  e n v ir o n m e n ta l  
c o n d it io n s  in  th e  d e e p  M a r ia n a s  T r e n c h .  F o r  e x a m p le , 
b a th y s c a p h  s c i e n t i s t s  h av e :

a . F o u n d  th a t ,  in  g e n e ra l ,  m e a s u r e d  v a lu e s  of 
so u n d  v e lo c i ty  a t  g r e a t  d e p th s  w e re  l e s s  th a n  th o s e  c o m p u te d . 
Sound sp e e d  a t  a  d e p th  of 5760 m e t e r s  on D ive  76 so u th  of 
th e  M a r ia n a s  T r e n c h  w a s  a b o u t 1555 m e t e r s  p e r  se c o n d .

b . D e te rm in e d  th e  p r e s e n c e  of i n t e r m i t t e n t  c u r ­
r e n t s  on  th e  d e e p  s e a  f l o o r ,  a  p h e n o m e n o n  w h ic h  p r e s e n t  
p h y s ic a l  o c e a n o g ra p h ic  th e o r y  h a s  n o t e x p la in e d .

c . P r o v e d  th a t  p a r t i c u l a te  m a t t e r  e x i s t s  to  so m e  
d e g re e  to  a l l  d e p th s  in  th e  o c e a n s .

d . E s ta b l is h e d  th a t ,  w ith  p r o p e r  l ig h tin g , w a te r  
c o n d itio n s  in  th e  d e e p  o c e a n s  p e r m i t  v is u a l  o b s e r v a t io n s  
to  d is ta n c e s  of up to  60 f e e t .  (T h is  o p e n s  up  a  huge  and  
p o te n t ia l ly  m o s t  im p o r ta n t  new  f ie ld  f o r  in  s i tu  o b s e r v a ­
t i o n s - - v i s u a l  o c e a n o g r a p h y . )

e . D is c o v e r e d  su c h  p re v io u s ly  unknow n f a c t s  ab o u t 
th e  M a r ia n a s  T re n c h  a s  th a t  i t  h a s  a  w id e  f l a t  f lo o r ;  th a t  
c u r r e n t s  a r e  n o t a c t iv e  in  i t  (a t l e a s t  n o t c o n tin u o u s ly ); th a t
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i t  h a s  l i t t l e  b e n th ic  a n im a l  a c t iv i ty .  A lso , d e te r m in e d  th e  
n a tu r e  of s e d im e n ts  in  th e  t r e n c h .

f. P ro v e d  th e  a b i l i ty  of h ig h  f o r m s  of l i fe  to  
e x is t  a t  th e  g r e a t e s t  o c e a n  d e p th s .

g. O b ta in e d  d a ta  on th e  d i s t r ib u t io n  of b io lu m in e s ­
c e n c e  th ro u g h o u t th e  w a te r  c o lu m n . A t d e p th s  of o v e r  2100 
m e te r s ,  b io lu m in e s c e n c e  a p p e a r s  a s  s in g le  o r  s m a l l  g ro u p s  
of f l a s h e s ;  upon  a s c e n d in g  to  700 m e t e r s  th e  n u m b e r  of 
f l a s h e s  in c r e a s e s  r a p id ly  (a s  m u c h  a s  1000 t im e s ) ;  a t  
s h a l lo w e r  d e p th s  b io lu m in e s c e n c e  r e m a in s  h ig h  u n ti l  
" w a sh e d  o u t"  by  d a y lig h t p e n e tr a t io n .

h. D is c o v e re d  th a t  th e  s u b m a r in e  p a r t  of G u am  
i s  a  th in  c o r a l  cap  on a  m a s s iv e  v o lc a n ic  s t r u c tu r e  h av in g  
o n ly  a  s c a t t e r e d  v e n e e r  of s e d im e n ts ;  d is c o v e r e d  a ls o  th a t  
th e  is la n d  a r c - t r e n c h  s t r u c tu r e  of w h ic h  G u am  i s  a  p a r t  
h a s  n o t s u b s id e d  to  a n y  g r e a t  e x te n t .

i. F o u n d  th a t  th e  v a lu e  of a c c e l e r a t i o n  of g r a v i ty  g 
w a s  978. 9331 c m / s e c 2 on th e  b o tto m  a t  2286 m e t e r s  d e p th , 
in  c o m p a r is o n  w ith  978. 5376 c m / s e c 3 a t  th e  s u r f a c e .

RECOMMENDATIONS
P ro v id e  f o r  in c r e a s in g  th e  k n o w led g e  a v a i la b le  to  th e  

U. S. of th e  d e e p - s e a  e n v iro n m e n t .  S p e c if ic a l ly :

1. C o n tin u e  and  e x te n d  d e e p - s e a  r e s e a r c h  w ith  th e  
b a th y s c a p h  T R IE S T E  so  a s  to  ta k e  fu l l  a d v a n ta g e  of th e  
u n iq u e  and  p ro v e n  c a p a b i l i t ie s  of th i s  v e s s e l .  A lso , m o d ify  
th e  T R IE S T E  to  m a k e  i t  ev e n  m o r e  v a lu a b le  f o r  s c ie n t i f ic  
w o rk  th a n  a t  p r e s e n t .

2 . E s ta b l i s h  an  e n la r g e d  s c ie n t i f ic  p r o g r a m , in v o lv in g  
u n d e r w a te r  a c o u s t ic s  and  a l l  o c e a n o g ra p h ic  d is c ip l in e s ,  
f o r  m a k in g  o b s e r v a t io n s  an d  m e a s u r e m e n ts  v e r t i c a l l y  
th ro u g h  w a te r  c o lu m n s  an d  in  v e r y  d e e p  w a te r .

3. D ev e lo p  im p ro v e d  a c o u s t ic  and  o c e a n o g ra p h ic  
in s t r u m e n ta t io n  f o r  u s e  on th e  T R IE S T E  an d  on f u t u r e  d e e p  
s u b m e r s ib le s .

4. D ev e lo p  a  d e e p  s u b m e r s ib le  r e s e a r c h  c r a f t  m o r e  
v e r s a t i l e  th a n  th e  T R IE S T E .

5. E v a lu a te  th e  u s e f u ln e s s  of d e e p  s u b m e r s ib le s  a s
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p la t f o r m s  f o r  a c o u s t ic  d e te c t io n  e q u ip m e n t an d  n a v a l 
o rd n a n c e .
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INTRODUCTION
F ollow ing  th e  p u rc h a s e  of the b a th y scap h  T R IE ST E  by 

the O ffice of N aval R e s e a rc h  in the  sp r in g  of 1958, the 
v eh ic le  w as tr a n s p o r te d  to  the U. S. N avy E le c tro n ic s  
L a b o ra to ry , San D iego, C a lifo rn ia . R e a sse m b ly  of the  
c ra f t  w as a c co m p lish ed  a t the  N aval R e p a ir  F a c il ity , San 
Diego, by e a r ly  O c to b e r 1958.

T he f i r s t  d ive of th e  T R IE ST E  in the  P a c if ic  w as m ade 
on 2 0 D ec e m b e r 1958 off P o in t L om a, San D iego. The 
d iv ing schedu le  w as then  in te r ru p te d  by a m o d ifica tio n  
p ro g ra m  w hich  included  the  acq u is itio n  of a  new sp h e re  
desig n ed  to  p e rm it  sa fe  d iv e s  to  36, 000 fe e t . A ll d iv e s  
m ade in the  sp rin g  (Nos. 51-56) and fa l l  (Nos. 57-58) of 
1959 w e re  p e rfo rm e d  to  te s t  and ev a lu a te  the  m od ified  
floa t, h a rd w a re , and equ ipm en t to  be u tiliz ed  in  the 
M a ria n a s  T re n c h  d iv es .

P ro je c t  NEKTON I, a  s e r ie s  of d iv e s  in the  v ic in ity  of 
G uam , began  in 1959 and continued  in to  e a r ly  1960. T h is  
s e r ie s  y ie ld ed  th r e e  new dep th  r e c o r d s  fo r  a m anned  
v e h ic le - - a  te c h n o lo g ica l b re a k th ro u g h  of s ig n ific an t im ­
p o r ta n c e - -p lu s  th e  a c q u is it io n  of v a lu ab le  en v iro n m e n ta l 
d a ta .

P ro je c t  NEKTON II d iv e s , w h ich  w e re  a ls o  conducted  
in the G uam  a re a ,  took p la c e  d u rin g  June  and Ju ly  1960. 
T h ese  te s t s  w e re  co n ce rn ed  w ith:

1. P r e c i s e  d e te rm in a tio n  of the  v e lo c ity  of sound 
th roughou t the  m ax im u m  w a te r  colum n.

2. D e te rm in a tio n  of th e  te m p e ra tu re  and sa lin ity  
s t ru c tu r e  of the  w a te r  colum n.

3. W a te r - c u r r e n t  m e a s u re m e n ts .

4. L igh t p e n e tra tio n , w a te r  c la r ity , and b io lu m in e s-  
cent m e a s u re m e n ts .

5. O b se rv a tio n s  of th e  d is tr ib u tio n  of o rg a n ism s  in 
the  w a te r  colum n and on th e  se a  f lo o r .

6. M arin e  g eo lo g ica l s tudy  of the  tre n c h  e n v iro n m e n t.

7. E n g in ee rin g  te s t s  of equ ipm en t a t g re a t  d ep th s .

S ubsequen t to  the  d iv e s  of NEKTON II in Ju ly  1960, 
th e  T R IE ST E  underw en t an  ex ten s iv e  p e rio d  of m o d ifica tio n , 
re f itt in g , and reb u ild in g  in  p re p a ra tio n  fo r  fu r th e r  r e s e a r c h  
s tu d ie s .
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SEA FLOOR STUDIES

Water Currents on the Sea Floor
W a te r  c u r r e n t  m e a s u r e m e n ts  on th e  s e a  f lo o r  h av e  

b e e n  m a d e  by  d i r e c t  o b s e r v a t io n  f r o m  th e  b a th y s c a p h  
T R IE S T E . E le c t r o m e c h a n ic a l  d e v ic e s  w e re  n o t u s e d  to  
s e n s e  h o r iz o n ta l  c u r r e n t  an d  d i r e c t io n  d u r in g  th e  p e r io d  of 
th i s  r e p o r t .  H o w e v e r, r a t h e r  a c c u r a t e  m e a s u r e m e n ts  of 
low  v e lo c i t i e s  c a n  b e  e a s i ly  m a d e  u s in g  th e  b a th y s c a p h . 
S u sp en d ed  p a r t i c l e s  i l lu m in a te d  by  th e  s t r o n g  e x te r n a l  
l ig h t s o u r c e  of th e  b a th y s c a p h  can  b e  r e a d i ly  s e e n  by  th e  
s t ro n g  T y n d a ll e f fe c t .  W hen  th e  c r a f t  i s  o r ie n te d  a t  r i g h t  
a n g le s  to  th e  p r e v a i l in g  c u r r e n t ,  th e s e  s u s p e n d e d  p a r t i c l e s  
s e r v e  a s  r e f e r e n c e  p o in ts  th a t  d r i f t  a lo n g  w ith  th e  c u r r e n t .  
A s im p le  d e te r m in a t io n  of v e lo c i ty  is  m a d e  b y  m e a s u r in g  
th e  t im e  r e q u i r e d  f o r  th e  p a r t i c l e s  to  t r a v e r s e  a  1 0 - cm  
p a th , th e  in t e r n a l  d ia m e te r  of th e  w indow . C u r r e n t  v e l ­
o c i t ie s  b e lo w  10 cm  p e r  s e c o n d  a r e  e a s i ly  m e a s u r e d .

O b s e rv a t io n s  off San D ieg o  a t  d e p th s  of 700 to  1000 
f e e t  r e v e a l e d  c o n d itio n s  to  b e  h ig h ly  v a r i a b le  f r o m  d iv e  to  
d iv e . On D ive  N o. 52, c u r r e n t  v e lo c i ty  w a s  found  to  be 
b e tw e e n  3. 3 cm  p e r  se c o n d  and  5 cm  p e r  s e c o n d  (0. 06 and  
0. 1 k n o t r e s p e c t iv e ly ) .  O n D ive  N o. 56 a t  a p p ro x im a te ly  
th e  s a m e  lo c a t io n , th e  c u r r e n t  w a s  e s t im a te d  f r o m  m o tio n -  
p ic tu r e  r e c o r d s  to  be  a p p ro x im a te ly  0. 5 k n o t. T h is  r e l a ­
t iv e ly  h ig h - s p e e d  c u r r e n t  h ad  p ro d u c e d  6- to  8 - in c h  s c o u r  
h o le s  a ro u n d  s c r a p - i r o n  tu b in g  4 in c h e s  in  d ia m e te r  th a t  
w a s  r e s t i n g  on th e  s e a  f lo o r .  A t th i s  t im e ,  th e  b a th y s c a p h  
ro l le d  g e n tly  f r o m  s id e  to  s id e  w h ile  r e s t i n g  on th e  s e a  
f lo o r ,  a  c h a r a c t e r i s t i c  n e v e r  e x p e r ie n c e d  b e fo r e .  S ea  
p e n s , 8 to  10 in c h e s  lo n g , th a t  n o rm a l ly  s ta n d  e r e c t  w e re  
b e n t o v e r  to  w ith in  3 in c h e s  o f th e  b o tto m . T h e r e  w a s  
a ls o  a n  in d ic a tio n  of r i p p l e - m a r k  fo r m a t io n  an d  s u s p e n d e d  
p a r t i c l e s  w e re  flo w in g  r a p id ly  p a s t .  T h e  w a te r  m a s s  
ab o v e  th e  s e a  f lo o r  w a s  tu r b id  f r o m  th e  s u s p e n d e d  s e d i ­
m e n t, an d  v is ib i l i ty  w a s  l im i te d  to  2 5 to  30 f e e t .  H e r m i t  
c r a b s  in  s h e l l s  0. 5 to  0. 75 in c h  in  s iz e  w e r e  tu m b le d  
a lo n g  th e  b o tto m , u n a b le  to  g a in  fo o tin g  f o r  m o r e  th a n  an  
in s ta n t .  T he  sw im m in g  a c t io n s  of s a b le f is h  w e re  r e c o r d e d  
a s  th e  a n im a l  sw a m  " u p s t r e a m . " D u rin g  th i s  d iv e , th e  
o p e r a to r  to o k  a d v a n ta g e  of th e  w a te r  c u r r e n t s  to  c a r r y  th e  
b a th y s c a p h  a c r o s s  th e  s e a  f lo o r .

K. V. M a c k e n z ie  (p e r s o n a l  c o m m u n ic a tio n )  o b s e r v e d  
s i m i l a r  c u r r e n t  v e lo c i t i e s  in  th e  San D ieg o  T ro u g h  (D ive
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N o. 55) a t  42 00 f e e t  ( e s t im a te d  0. 5 k n o t) . H o w e v e r , n o te s  
by  L T  D on W a ls h  r e v e a l  v a r i a b i l i t y  in  c u r r e n t  v e lo c i ty  a t  
th i s  lo c a t io n  a ls o .  H e r e p o r te d  no  c u r r e n t  on D ive  N o. 53 
and  s t r e s s e d  th e  o b s e r v a t io n  by  s ta t in g  th a t  a  1 5 -m in u te  
w a it  w a s  r e q u i r e d  to  a llo w  th e  s e d im e n t  to  s e t t l e  fo l lo w in g  
th e  b a th y s c a p h  la n d in g .

On th e  d e e p e r  d iv e s  in  th e  v ic in i ty  of G u am , w a te r  
c u r r e n t s  w e r e  found  to  b e  l e s s  th a n  1 cm  p e r  s e c o n d  (D ive 
N o s. 61, 70, 75, and  76). A t a p p ro x im a te ly  7000 fe e t ,  a t  
lo c a t io n s  w e s t  of G u am  (D iv e s  N o s. 76 an d  77) w a te r  
c u r r e n t  a p p e a re d  to  b e  v a r i a b le  in  d i r e c t i o n  and  v e lo c i ty .  
H o w e v e r, D ive  N o. 77 r e v e a l e d  th e  s e a  f lo o r  s e d im e n t  to  
be  fo r m e d  in to  d is t i n c t  r i p p l e s  w ith  a  c r e s t - t o - c r e s t  d i s ­
ta n c e  of 18 in c h e s  an d  a  v e r t i c a l  a m p l itu d e  of 0. 5 to  1. 5 
in c h e s .  I l lu m in a t io n  w a s  n o t a d e q u a te  d u r in g  th e s e  tw o  
d iv e s  to  a c q u i r e  a  good m e a s u r e  of w a te r  c u r r e n t  v e lo c i ty .

B elow  18, 000 f e e t ,  w a te r  c u r r e n t  v e lo c i t i e s  w e r e  
v i r tu a l ly  n il .  T h e  b a th y s c a p h  d id  n o t r e a c h  th e  s e a  f lo o r  
on D ive  N o. 69 w h en  i t  d e s c e n d e d  to  22 , 540 fe e t ,  so  th e r e  
w a s  no  c h a n c e  to  m a k e  a  c u r r e n t  o b s e r v a t io n .  A t 35, 800 
f e e t  on D ive  N o. 70, s e d im e n t  f o r c e d  in to  s u s p e n s io n  by 
th e  la n d in g  r e m a in e d  a s  a  d e n s e  c lo u d  f o r  th e  d u r a t io n  of 
th e  s ta y .

Geology and Biology o f  the Sea Floor
O c e a n  d iv e s  to  th e  s e a  f lo o r  in  th e  San D ieg o  a r e a  

w e re  a l l  m a d e  e i t h e r  in  th e  L o m a  S ea  V a lle y  o r  in  th e  San 
D ieg o  T ro u g h  (fig . 1). In  th e  i n t e r e s t  of s a f e ty ,  su c h  d iv e s  
w e re  l im i te d  to  th e  r e l a t i v e ly  le v e l  an d  o b s t r u c t io n - f r e e  
b a s in s  of th e s e  a r e a s .  T h e  m a jo r i ty  of d iv e s  w e r e  m a d e  
to  p e r m i t  U. S. p e r s o n n e l  to  b e c o m e  a c q u a in te d  w ith  th e  
o p e ra t io n a l  te c h n iq u e s  in v o lv e d  an d  to  s u r v e y  th e  e n v ir o n ­
m e n ta l  c o n d it io n s  p r e s e n t  in  th e s e  a r e a s ,  p a r t i c u l a r ly  
th o s e  th a t  co u ld  b e  e x p e c te d  to  in f lu e n c e  th e  s a fe  m o v e ­
m e n ts  of th e  T R IE S T E  w h ile  s u b m e rg e d .

In b o th  a r e a s ,  th e  s e d im e n ta r y  o v e rb u r d e n  i s  p r e d o m ­
in a n tly  o l i v e - g r e e n  c l a y - s i l t .  O b s e rv a t io n s  of th e  L o m a  
S ea  V a lle y , a s  r e c o r d e d  f o r  D ive  52, a r e  ty p ic a l  f o r  b o th  
th e  L o m a  S ea  V a lle y  an d  th e  San D ieg o  T ro u g h , e x c e p t f o r  
th e  b io lo g ic a l  c o n s t i tu e n ts  o ccu p y in g  e a c h  e c o lo g ic a l  e n ­
v ir o n m e n t .  T h e  so f t s e d im e n t  w a s  found  to  b e  h e a v ily
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N
3 c
4 5 '

S A N  DI E G O

DIVE 52  
1 20  FMS

40 '

DIVE 5 0  
143  FMS

DIVE 5 3  
6 8 3  FMS DIVE 5 6  

128 FMS

3 5 '

DIVE 5 8  
9  9  FMS

DIVE 5 5  - 
6 6 2  FMS

F ig u r e  1. L o c a tio n  of d iv e s  m a d e  off San D ieg o . D o ts  
in d ic a te  d e s c e n t s .  D e p th s  a r e  in d ic a te d  in  fa th o m s .

p o p u la te d  w ith  b u r ro w in g  w o rm s  of s e v e r a l  ty p e s .  S u r f a c e -  
d w e llin g  o r g a n i s m s  w e re  r e p r e s e n te d  by  s e v e r a l  i n v e r t e ­
b r a t e  p h y la  and  f i s h e s .  A ll of th e s e  in f lu e n c e  s e d im e n ta ­
t io n  p r o c e s s e s  th ro u g h  t h e i r  fe e d in g  and  b u r ro w in g  o r  
lo c o m o tio n . A m y r ia d  of in v e r te b r a te  f o r m s  w e re  a ls o  
o b s e rv e d  to  o ccu p y  th e  w a te r  m a s s  im m e d ia te ly  ab o v e  th e  
s e a  f lo o r .  C e r ta in  f i s h e s  a p p e a re d  to  b e  r e s t r i c t e d  to  an  
a r e a  a b o u t 15 to  2 5 f e e t  a b o v e  th e  b o tto m .

M ic ro to p o g ra p h ic  f e a t u r e s  su c h  a s  v o lc a n o - s h a p e d  
m o u n d s , fu n n e l- s h a p e d  d e p r e s s io n s  w ith  a  t e r m i n a l  h o le , 
b u r ro w  t r a i l s ,  m o ld  d e p r e s s io n s ,  and  s c u lp tu r in g  a t t e s t

1 2



to  th e  p r e s e n c e  o r  r e c e n t  p r e s e n c e  of a n im a ls .  S h e ll 
f r a g m e n ts  of d e c e a s e d  m o l lu s k s  w e re  found  s t r e w n  a b o u t 
th e  s e a  f lo o r .  A r t i f a c t s  of m a n , su c h  a s  d is c a r d e d  m e ta l ,  
p a p e r ,  g la s s  c o n ta in e r s ,  an d  o th e r  m a t e r i a l s  h a v e  a ls o  
b e e n  v ie w e d  on th e  s e a  f lo o r .

D IV E N O . 52

A p p ro a c h in g  th e  b o tto m  a t 72 0 f e e t ,  th e  s e a  f lo o r  w a s  
f i r s t  s e e n  a t  a  r a n g e  of a p p r o x im a te ly  2 5 f e e t .  H eav y  co n ­
c e n t r a t io n s  of su s p e n d e d  m a t e r i a l  an d  l iv in g  f o r m s  r e s ­
t r i c t e d  v i s ib i l i ty  to  a p p r o x im a te ly  th i s  r a n g e .  O n la n d in g , 
a  s m a l l  c lo u d  of s e d im e n t  w a s  f o r c e d  in to  s u s p e n s io n  by 
th e  w a te r  d is p la c e d  a ro u n d  th e  d e s c e n d in g  s p h e r e .  T h e  
c lo u d  w a s  q u ic k ly  d i s p e r s e d  an d  c a r r i e d  ou t of th e  v ie w in g  
a r e a  b y  th e  w a te r  c u r r e n t  p r e s e n t .  A  c h e c k  of th e  t im e  
r e q u i r e d  f o r  s u s p e n d e d  p a r t i c l e s  to  d r i f t  a c r o s s  th e  1 0 - cm  
d ia m e te r  of th e  in n e r  f r u s tu l e  in d ic a te d  a  w a te r  c u r r e n t  
flow  of 5 c m / s e c .  D u r in g  th e  t im e  th e  b a th y s c a p h  w a s  
f ix e d  on  th e  s e a  f lo o r ,  th e  su s p e n d e d  m a t t e r  w a s  s e e n  to  
in c lu d e  n o t o n ly  in a n im a te  p a r t i c l e s  b u t a  m y r ia d  of b io ­
lo g ic a l  f o r m s  th a t  in c lu d e d  m e d u s a e ,  a r r o w - w o r m s ,  
c te n o p h o re s  an d  m y s id s .

M ic ro to p o g r a p h ic  r e l i e f  su c h  a s  s c u lp tu r in g ,  f u r ro w  
t r a i l s ,  m o u n d s , an d  d e p r e s s io n s  a p p e a re d  a t  a  m in im u m  
d e s p i te  th e  w id e  v a r i e ty  of l iv in g  f o r m s  p r e s e n t .  H o w e v e r, 
a s  th e  b a th y s c a p h  m o v e d  a c r o s s  th e  s e a  f lo o r ,  a  c h a n g in g  
p a n o ra m a  of m i c r o r e l i e f  w a s  o b s e r v e d  th a t  in c lu d e d  su c h  
f e a t u r e s  in  v a ry in g  d e g r e e  and  q u a n ti ty .  T h e  l a r g e s t  
f e a tu r e  s e e n  w a s  a  d e p r e s s io n  6 f e e t  a c r o s s  an d  2 f e e t  d e e p . 
T h e  c h a n n e l ( ? )  e x te n d e d  b ey o n d  th e  v i s u a l  r a n g e  m a d e  
p o s s ib le  by  th e  e x te r n a l  i l lu m in a t io n .  It w a s  n o t b o r d e r e d  
b y  le v e e s  d e s p i te  th e  r a t h e r  s te e p  s lo p e  b o r d e r in g  e a c h  
s id e  of th e  lo n g  d e p r e s s io n .  S e d im e n t a p p e a re d  to  b e  a t 
a  m a x im u m  a n g le  of r e p o s e .  H o w e v e r , th e  c o n d it io n  of 
th e  s lo p e  in d ic a te d  a  p ro lo n g e d  p e r io d  of e x p o s u re  to  th e  
v e lo c i ty  o f c u r r e n t s  p r e s e n t  a n d  s e d im e n ta t io n  of p a r t i c l e s  
on th e  s e a  c h a n n e l s lo p e s .

A r t i f a c t s  of m a n  o b s e r v e d  in c lu d e d  tw o  t in  c a n s , an  
o ld  sh o e , an d  a  s h e e t  of n e w s p a p e r .  T h e s e  a r t i f a c t s  a l l  
r e s t e d  on th e  s u r f a c e  of th e  s e a  f lo o r .  S e tt lin g  in to  th e  
s e d im e n ts  a p p e a r e d  to  b e  a t  a  m in im u m . N o s c o u r in g  
a b o u t th e  a r t i f a c t s  h a d  b e e n  e ff e c te d  by  th e  w a te r  c u r r e n t  
flow  p r e s e n t .
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D IV E NO. 53

T h e  s e a  f lo o r  a t  4100  f e e t  (the  S an  D ieg o  T ro u g h )  
a p p e a r s  to  b e  a  g r e y - g r e e n  c l a y - s i l t .  M ic ro to p o g ra p h ic  
r e l i e f  f e a t u r e s  a r e  p r e d o m in a n t ly  th e  r e s u l t  of b io lo g ic a l  
b u r  ro w in g s  an d  d ig g in g  a c t i v i t i e s .  S m a ll h o le s ,  s m a l l  
c o n e s  of d is c h a r g e d  s e d im e n ts ,  b r i t t l e  s t a r s ,  f i s h  t r a i l s  
and  s c u lp tu r in g  of th e  u p p e r  0. 2 5 in c h  of s e d im e n ts  p r e ­
d o m in a te  th ro u g h o u t th e  a r e a  (fig . 2 an d  3).

U pon la n d in g , a  s m a l l  a m o u n t o f m a t e r i a l  w a s  b ro u g h t 
in to  s u s p e n s io n .  T h e  b e a r in g  s t r e n g th  of th e  s e a  f lo o r  w a s  
a d e q u a te  to  s u s ta in  th e  w e ig h t of th e  b a th y s c a p h . S u sp e n d e d  
s e d im e n t  w a s  c a r r i e d  r a p id ly  ou t of th e  v ie w in g  a r e a  b y  th e  
w a te r  c u r r e n t .  W a te r  c u r r e n t  v e lo c i ty  w a s  e s t im a te d  to  be  
l e s s  th a n  0. 75 k n o t. L iv in g  f o r m s  in  th e  w a te r  im m e d ia te ly  
ab o v e  th e  s e a  f lo o r  w e re  a b u n d a n t an d  a p p a re n t ly  in v o lv e d  
a  m y r ia d  of i n v e r te b r a te  f o r m s .  D u rin g  a  h o r iz o n ta l  
t r a v e r s e  o v e r  th e  b o tto m  u s in g  th e  b a th y s c a p h  p r o p u ls io n  
s y s te m , a  h a l f - p in t  m i lk  c a r to n ,  n u m e r o u s  b r i t t l e  s t a r f i s h ,  
an d  s e v e r a l  s e a  c u c u m b e r s  w e re  o b s e r v e d .

O c e a n  d iv e s  to  th e  s e a  f lo o r  in  th e  v ic in i ty  of G u am  
w e r e  m a d e  in  th e  b a s in  w e s t  of A p ra  H a rb o r  and  in  th e  
M a r ia n a s  T r e n c h  e a s t  an d  s o u th w e s t of G u am  (fig . 4). In  
c o n t r a s t  to  th e  M e d i te r r a n e a n  d iv e  lo c a t io n s  an d  th o s e  off 
San D ieg o , th e  s e a  f lo o r  off G u am  w a s  o b s e r v e d  to  b e  p r e ­
d o m in a n tly  e x p o se d  b e d ro c k  w ith  o n ly  a  th in  l a y e r  of s e d i­
m e n t .
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F ig u r e  2 . A c o m m o n  in h a b i ta n t  of th e  San  D ieg o  T ro u g h  
a t  4100 f e e t  i s  th e  b r i t t l e  s t a r f i s h ,  p ro b a b ly  O p h io m s iu m  
ly m a n i o r  O p h io tr ix  sp . M any  s u c h  s t a r f i s h  w e re  o b s e rv e d  
to  b e  b u r ie d  w ith  o n ly  th e  t ip s  of t h e i r  a r m s  p ro t r u d in g  
f r o m  th e  s e d im e n ts .  T h e s e  a r e  b e l ie v e d  to  b e  a  s p e c ie s  
o th e r  th a n  th o s e  o b s e r v e d  on th e  s u r f a c e .  A n u n id e n tif ie d  
la v e n d e r  s e a  c u c u m b e r  (H o lo th u r ia n )  w ith  w e l l- d e v e lo p e d  
p se u d o p o d s  m o v e s  s lo w ly  a c r o s s  th e  g r e e n  s e d im e n t .  
N u m e ro u s  w o rm  tu b e s  a r e  t e r m in a te d  b y  a  p a lm a te - f o r m  
e x p o se d  end  (p ro b a b ly  a c h a e to p te r a n ) .  T h e y  e x te n d  up 
f r o m  th e  s e d im e n ts  an d  a p p e a r  a s  d a rk  c lu m p s  th ro u g h o u t 
th e  f i g u r e .  A pu ff of s e d im e n t  i s  b e in g  e x tru d e d  f r o m  a 
m ound  in  th e  f a r  b a c k g ro u n d . N u m e ro u s  la v e n d e r  and  
w h ite  h e a d s  of n o n tu b e  d w e llin g  w o r m s  w e re  a ls o  o b s e r v e d  
b u t a r e  n o t r e c o r d e d  by th e  f i lm . T h e  l a r g e  s t a r f i s h ,  
u p p e r  r ig h t ,  i s  th e  on ly  one s e e n  a t  th i s  lo c a t io n .



F ig u r e  3. A  s a b le f is h ,  A n o p l o p o m a  f i m b r i a ,  r e s t s  on 
th e  s e a  f lo o r  (4100 fe e t)  w ith in  th e  a r e a  i l lu m in a te d  by  th e  
m e r c u r y - v a p o r  la m p . B r i t t l e  s t a r f i s h  and  c h a e to p te r a n  
w o rm  tu b e s  a r e  a b u n d a n t. A n u n id e n tif ie d  s h r im p ,  lo w e r  
le f t ,  m o v ed  s lo w ly  ou t of th e  i l lu m in a te d  a r e a  w h ile  th e  
b a th y s c a p h  r e m a in e d  in  a  f ix e d  p o s i t io n . T h e  c a r c a s s  of 
th e  p e la g ic  c ra b , P I e u r o n c o d e s  p l a n i p e s ,  a p p e a r s  o n ly  
a s  a  d if fu se  w h it is h  m a s s  a b o v e  th e  tw o s m a l l  b r i t t l e  s t a r ­
f is h , lo w e r  r ig h t .  A t one t im e  f iv e  s a b le f is h  a p p e a re d  in  
th e  i l lu m in a te d  a r e a s .
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F ig u r e  4 . L o c a tio n  of d iv e  d e s c e n t s  off G u am  and  in  th e  
M a r ia n a s  T re n c h  b e tw e e n  th e  N e ro  D eep  an d  th e  C h a lle n g e r  
D eep . D o ts  in d ic a te  d e s c e n t .  D ep th  i s  in d ic a te d  in  f a th o m s .
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D IV E NO. 60

T h e  s e a  f l o o r  a t  4900  f e e t  on th e  s te e p  s lo p e  j u s t  w e s t  
of A p ra  H a rb o r ,  G u am , w a s  a  u n iq u e  a r e a  f o r  b a th y s c a p h  
o p e ra t io n s  b e c a u s e  of w a te r  c u r r e n t s  and  th e  m a g n itu d e  of 
th e  ru g g e d  o u tc r o p s .  O u tc ro p s  w e re  id e n t if ie d  a s  th e  p r e ­
d o m in a n tly  e x p o se d  b e d ro c k  of a  r e g u l a r  s i z e  an d  f o r m .  
I n t e r s p e r s e d  am o n g  th e  o u tc r o p s  w a s  an  o ff -w h ite  s e d im e n t .

A c o n s p ic u o u s  f e a t u r e  w a s  th e  u b iq u ito u s  d is t r i b u t io n  
of u n id e n tif ie d  " b la c k  p e b b le s "  th a t  w e r e  s t r e w n  a b o u t th e  
s e a  f lo o r  (fig . 5): T h e  m a n t le  of s e d im e n t  o v e rb u r d e n
a p p e a re d  to  be th in  an d  su b j e c t  to  t r a n s f e r  b y  w a te r  c u r ­
r e n t .  A lth o u g h  n o t c l e a r ly  d e fin e d , th e  s e d im e n t  a p p e a re d  
to  be  b a n k e d  a g a in s t  th e  n o r th  ( ? )  s lo p e  of th e  ro c k  p i l e s  
(fig . 6). T h e  e x p o se d  b e d ro c k  v a r i e d  f r o m  e ro d e d  and  
p a r t i a l ly  d is s o lv e d  m a s s e s  of b e d ro c k  (fig . 7) to  r e l a t i v e ly  
u n a l te r e d  m a t e r i a l s ,  p o s s ib ly  of ig n e o u s  o r ig in . A lth o u g h  
th e  s e d im e n t  y ie ld e d  a l l  a p p e a r a n c e s  of b e in g  s k e l e ta l  
r e m a in s  of d e c e a s e d  a n im a ls ,  i t  i s  p o s s ib le  th a t  a  p o r t io n  
of i t  w a s  f r o m  t e r r ig e n o u s  s o u r c e s ,  p a r t i c u l a r ly  th e  c o r a l  
f r in g in g  r e e f  of G u am .

A lth o u g h  la n d in g  c o n d it io n s  w e re  o b v io u s ly  h a z a rd o u s ,  
a  b o tto m in g  w a s  a c c o m p lis h e d  am o n g  s ig n if ic a n t  r o c k  o u t­
c ro p s  (fig . 6). S e d im e n t b ro u g h t  in to  s u s p e n s io n  by  th e  
la n d in g  r a p id ly  s e t t l e d  to  th e  s e a  f lo o r  o r  w a s  c a r r i e d  out 
of th e  v ie w in g  a r e a .  T h e  b e a r in g  s t r e n g th  of th e  s e a  f lo o r  
w a s  a d e q u a te  to  s u s ta in  th e  w e ig h t of th e  b a th y s c a p h  w e ll  
ab o v e  th e  b o tto m . T h e  p e n e tr a t io n  of th e  s p h e r e  w a s  e s t i ­
m a te d  to  b e  no  m o r e  th a n  3 in c h e s . A ro c k  o u tc r o p  4 o r  5 
f e e t  h ig h  of v a r i e d  fo r m  w a s  s e e n  th ro u g h  th e  o b s e r v a t io n  
w indow  (fig . 6). T he  o u tc ro p  m a t e r i a l  a p p e a re d  to  be  
p illo w  la v a  c o v e re d  w ith  a  th in  l a y e r  of r e c e n t ly  d e p o s i te d  
s e d im e n ts .  T h e  c r u s ta lb e d r o c k  (of ig n e o u s  o r ig in ? )  h ad  
u n d e rg o n e  so m e  c h e m ic a l  an d  p h y s ic a l  e r o s io n  (fig . 7).
A s th e  b a th y s c a p h  d r i f te d  a c r o s s  th e  s e a  f lo o r ,  p h o to g ra p h s  
w e re  ta k e n  u s in g  th e  e x te r n a l  3 5 -m m  c a m e r a  an d  e le c t r o n ic  
s t r o b e  l ig h t.

B io lo g ic a l  a c t iv i ty  w a s  a t  a  m in im u m . H o w e v e r, 
t h r e e  e e ls  a b o u t 3 f e e t  lo n g  w e re  o b s e rv e d  sw im m in g  4 o r  
5 f e e t  ab o v e  th e  ro c k y  o u tc r o p s .  T h ey  show ed  l i t t l e  
r e s p o n s e  to  th e  h ig h - in te n s i ty  la m p  i l lu m in a t in g  th e  a r e a .  
D u rin g  th e  b a th y s c a p h  c r u i s e  a c r o s s  th e  s e a  f lo o r ,  s c o u r ­
in g  w a s  n o te d  to  b e  m in im a l .  A few  d e p r e s s io n s  an d  th e  
p e r i m e t e r  of 0. 5 - in c h  h o le s  w e re  o b v io u s ly  of b io lo g ic a l  
o r ig in , b u t t h e i r  o c c u p a n ts  w e re  n o t o b s e r v e d .  A s in g le , 
l iv in g  "w h ip  c o r a l "  w a s  n o te d  to  b e  a t ta c h e d  to  a n  e x p o se d  
s h e e t  of b e d ro c k  (fig . 8).



F ig u r e  5. T h e  s c a t t e r e d  d is t r i b u t io n  of " b la c k  p e b b le s "  
w a s  co m m o n  a t  4900  f e e t .  T h e  p e b b le s  a r e  n o t b a l l a s t  
f r o m  th e  T R IE S T E . D ia m e te r  of th e  p a r t i c l e s  r a n g e d  
b e tw e e n  \  in c h  and  f  in c h . D ive  N o. 60.



F ig u r e  6. A p p ro x im a te ly  50 p e r  c e n t of th e  b e d ro c k  a t 
4900 f e e t  w a s  e x p o se d . P il lo w  la v a  a p p e a r s  to  be  c o v e re d  
w ith  a  th in  m a n t le  of o ff -w h ite  s e d im e n t  th a t  in c lu d e s  a 
u b iq u ito u s  d is t r ib u t io n  of b la c k  p e b b le s .  C r u s t a l  b e d ro c k  
th a t  h a s  u n d e rg o n e  e r o s io n  a p p e a r s  in  th e  r i g h t  b a c k ­
g ro u n d . M a x im u m  m i c r o r e l i e f  of ro c k  p ile  in  b a c k g ro u n d  
w a s  a b o u t 4 f e e t .  W a te r  c u r r e n t  w a s  o b s e rv e d  to  be  
to w a rd  th e  b a c k g ro u n d . H o w e v e r, no  r ip p le  m a r k s  o r  
s c o u r in g  a r e  e v id e n t. T h e  tw o  w h ite  c r e s c e n t s  to  th e  
le f t  an d  r ig h t  of p h o to g ra p h  c e n te r  a r e  p h o to p r o c e s s in g  
f a u l ts .  D ive N o. 60.
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F ig u r e  7. T h e  s e a  f lo o r  a t  4900 f e e t  on  th e  w e s t  s lo p e  of 
G u am  w a s  a p p r o x im a te ly  50 p e r  c e n t e x p o se d  b a s e m e n t  
ro c k  w ith  a  th in  m a n t le  of s e d im e n t .  T h e  b e d ro c k  w a s  
f in e ly  s c u lp tu r e d  b y  e r o s io n  an d  d is s o lu t io n  of th e  s o f te r  
p o r t io n s .  A p a r t i a l l y  d i s in t e g r a te d  p a lm  f ro n d  ( ? )  a p p e a r s  
in  th e  lo w e r  th i r d  of th e  f ig u r e .  D ive  N o. 60 . ( 3 5 -m m  
e le c t r o n i c  f l a s h  p h o to g ra p h )



F ig u r e  8. A liv in g  s in g le  sh ip  c o r a l  i s  found  a tta c h e d  to  
an  u n id e n tif ie d  s u b s t r a t e  th a t  i s  e i t h e r  an  e ro d e d  p ie c e  of 
s h e e t  s t e e l  o r  e x p o se d  c r u s t a l  b e d ro c k . S p r in k le d  ab o u t 
on th e  s u r f a c e  of th e  o ff -w h ite  s e d im e n t  a r e  s m a l l  b la c k  
p e b b le s .  A t th e  lo w e r  c e n te r  a  h e a v y  c o n c e n t r a t io n  of th e  
p e b b le s  s u r r o u n d s  a  d e p r e s s io n  of b io lo g ic a l  o r ig in .  D ive 
N o. 60.



DIVE NO. 61

M a n 's  f i r s t  d i r e c t  v ie w in g  of th e  s e a  f lo o r  a t  18, 150 
f e e t  w a s  a c h ie v e d  on th i s  d iv e , w h ic h  b ro u g h t th e  m a n n e d  
d e e p -d iv in g  r e c o r d  b a c k  to  th e  U. S. U pon la n d in g , th e  
b o tto m  w a s  n o te d  to  b e  u n if o rm ly  le v e l ,  b u t p o c k - m a r k e d  
w ith  n u m e r o u s  w h ite  c i r c u l a r  a r e a s  on a  ta w n y  s u b s t r a t e  
(fig . 9). C lo s e r  e x a m in a t io n  r e v e a le d  th a t  b io lo g ic a l  
a c t iv i ty  w a s  r e s p o n s ib le  f o r  th e s e  m a r k s .  T h e  l i g h te r  su b ­
s u r f a c e  s e d im e n t  had  o b v io u s ly  b e e n  b ro u g h t to  th e  s u r f a c e  
by b u r ro w in g  a n im a ls .  T h e  s e d im e n t  h ad  s u b s e q u e n tly  
s p r e a d  c i r c u m f e r e n t i a l l y  a b o u t th e  p e n e t r a t io n  w ith o u t 
c r e a t in g  a  m o u n d . T h e  b e a r in g  s t r e n g th  of th e  s e a  f lo o r  
w a s  a d e q u a te  to  s u s ta in  th e  w e ig h t of th e  b a th y s c a p h  s a t i s ­
f a c to r i ly .  M a x im u m  p e n e t r a t io n  w a s  e s t im a te d  to  b e  no 
m o r e  th a n  3 in c h e s .

F ig u r e  9 i l l u s t r a t e s  th e  n u m e r o u s  p a r t i c l e s  t h a t  w e r e  
p r e s e n t  in  th e  w a te r  im m e d ia te ly  ab o v e  th e  b o tto m . B io ­
lo g ic a l  e n t i t i e s  an d  s u s p e n d e d  p a r t i c l e s  ab o v e  th e  s e a  f lo o r  
w e re  c o n s p ic u o u s  an d  a  d e f in i te  tu r b id  c o n d itio n  e x is te d .
T h e  b ro w n is h  tin g e  of th e  s e a  f lo o r  w a s  th o u g h t to  b e  c a u se d  
b y  th e  s e t t l in g  of th e  in a n im a te  m a t e r i a l s  an d  o rg a n ic  s u b ­
s ta n c e s  p r e s e n t  in  th e  w a te r  m a s s  d i r e c t l y  a b o v e  th e  b o tto m .

T he  s e a  f lo o r  d o w n g ra d e  s lo p e  w a s  e v id e n t an d  e s t i ­
m a te d  to  b e  a b o u t 1 d e g r e e .  U pon  le a v in g  th e  s e a  f lo o r ,  
th e  o b s e r v e r s  n o te d  a  v e r t i c a l  d ro p  of 4 to  5 f e e t  th a t  i n t e r ­
ru p te d  th e  g e n tle  s lo p e  to  f o r m  a  " b e r m "  ru n n in g  p e r p e n ­
d ic u l a r  to  th e  d o w n slo p e  g r a d ie n t .  B eyond  th i s  d ro p , th e  
s e a  f lo o r  a p p e a re d  to  h a v e  a p p ro x im a te ly  th e  s a m e  d e p r e s ­
s io n  a n g le . T h e  u p p e r  d is c o n tin u i ty  of th e  b r e a k  in  th e  
s lo p e  c le a r ly  r e v e a le d  a n  e x p o se d  ro c k  o u tc ro p . M a x im u m  
e x p o s u re  of r o c k  w a s  6 in c h e s .

E v id e n c e  of r ip p le  m a r k s  o r  s c o u r in g  fo r m a t io n s  w a s  
a b s e n t .  T h e  fu n n e l - s h a p e d  d e p r e s s io n s  a n d /o r  v o lc a n o ­
sh a p e d  m o u n d s  fo u n d  a t  s h a l lo w e r  d e p th s  an d  a t  a l l  lo c a ­
t io n s  w h e re  b a th y s c a p h  o p e r a t io n s  h a d  b e e n  p r e v io u s ly  
co n d u c te d  w e r e  a b s e n t .  W a te r  c u r r e n t  w a s  n e g lig ib le  and  
a p p a re n t ly  h ad  b e e n  in  r e c e n t  t im e  in s u f f ic ie n t  to  p ro d u c e  
r ip p le  m a r k s  o r  c o n tr ib u te  s ig n if ic a n t ly  to  th e  a l t e r a t i o n  
of th e  m i c r o r e l i e f .  A few  p e b b le s ,  a b o u t 0. 5 in c h  in  
d ia m e te r ,  s i m i l a r  to  th o s e  s e e n  a t  4900 fe e t ,  w e re  s c a t t e r e d  
i r r e g u l a r l y  th ro u g h o u t th e  a r e a .

U pon le a v in g  th e  b o tto m , i t  w a s  p o s s ib le  to  s e e  th a t  th e  
s p h e r e  h ad  b e e n  s u p p o r te d  d u r in g  th e  b o tto m in g  by  a  r id g e  
of e x p o se d  ro c k  8 to  10 f e e t  lo n g .
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F ig u r e  9. T h e  s e a  f lo o r  a t  18, 150 f e e t  r e v e a l s  e v id e n c e  
of b io lo g ic a l  a c t iv i ty ,  su c h  a s  th e  w h it is h  s e d im e n t  
b ro u g h t to  th e  s u r f a c e  b y  b u r ro w in g  a n im a ls .  T h e  " p o c k ­
m a r k e d "  l ig h t- b ro w n  s e a  f lo o r  w a s  n o ted  to  s lo p e  dow n­
w a rd  s l ig h t ly  to  th e  le f t .  T h e  h e a v y  c o n c e n t r a t io n  of 
s u s p e n d e d  m a t t e r  n e a r  th e  b o tto m  c a n  b e  n o te d  in  th e  
f ig u r e .  D ive  N o. 61.
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DIVE NO. 69

U pon a p p ro a c h in g  th e  b o tto m , th e  f a th o m e te r  r e a d in g s  
w e re  q u e s t io n a b le  an d , in  a n  a t t e m p t  to  m a k e  a  " s o f t  l a n d ­
ing , " to o  m u c h  sh o t w a s  d u m p ed . C o n se q u e n tly  th e  s e a  
f lo o r  a t  22, 540 f e e t  w a s  s ig h te d  on ly  b r i e f ly .  T h e  d iv e  
y ie ld e d  a  new  d e p th  r e c o r d  an d  a  t e s t  of th e  c r a f t  an d  i t s  
c o m p o n e n ts .

D IV E N O . 70

T h e  u l t im a te  in  d e p th s - - t h e  C h a lle n g e r  D e e p - - w a s  
found  by  e x p lo s iv e  e c h o - r a n g in g  to  h a v e  a  f l a t - s u r f a c e d  
f u l l  p la n e  a p p ro x im a te ly  0. 5 m i le  w id e  and  3 m i le s  lo n g .
T he lo n g  a x is  of th e  p la n e  w a s  p a r a l l e l  to  th e  M a r ia n a s  
T r e n c h  a x is .  T h e  g e o g ra p h ic a l  lo c a t io n  of i t s  c e n te r  w a s  
d e te r m in e d  b y  L o r a n  s e a  f ix e s  to  be  11° 18. 5 ’N la t i tu d e ,  
an d  1 4 2 °1 5 . 5 'E  lo n g itu d e .

U pon la n d in g , s e d im e n t  w a s  b ro u g h t in to  s u s p e n s io n  
w h e re  i t  r e m a in e d  f o r  th e  d u r a t io n  of th e  2 0 - m in u te  s ta y . 
T he  s e a  f lo o r  w a s  r e m a r k a b ly  w h ite  an d  of e x t r e m e ly  fin e  
m a t e r i a l .  It w a s  u n ifo rm ly  f l a t  an d  th e r e  w a s  no e v id e n c e  
of b u r ro w in g  a n im a ls .  W a te r  c u r r e n t  w a s  v i r tu a l ly  n il .  
M ic r o r e l i e f  w a s  o b s e r v e d  to  b e  m in im a l .  H o w e v e r , on ly  
th e  a r e a  im m e d ia te ly  a d ja c e n t  to  th e  to u c h -d o w n  p o in t w a s  
o b s e r v e d .

N e a r  th e  b o tto m , a  je l ly f i s h  a p p ro x im a te ly  3 in c h e s  
in  d ia m e te r  w a s  o b s e r v e d  p u ls a t in g  6 to  8 f e e t  f r o m  th e  
s e a  f lo o r .  J u s t  p r i o r  to  la n d in g  on th e  b o tto m  a  r e d  s h r im p  
sw a m  th ro u g h  th e  eone  of l ig h t.

A t th e  b o tto m , P ic c a r d  r e p o r te d  o b s e r v in g  a  f l a t  f i s h  
" lo o k in g  lik e  a  s o le .  " S in c e  f l a t  f i s h  a r e  v e r t e b r a t e s  and  
t e l e o s t s ,  th i s  d e m o n s t r a t e s  th e  c a p a b i l i ty  of h ig h  f o r m s  
of l i f e  to  e x is t  a t  th e  g r e a t e s t  d e p th s .  A p p a re n tly  a  s a t i s ­
f a c to r y  a m o u n t of o x y g en  and  food  r e p le n is h m e n t  e x i s t s  
e v e n  th e r e .

T h e  p re v io u s  r e c o r d  d e p th s  f o r  f i s h  w e re  a b o u t 7000 
m e t e r s ,  w h e re  th e y  h a v e  b e e n  tr a w le d  by  b o th  th e  D a n ish  
G a la th e a  E x p e d it io n  an d  by  th e  S o v ie ts  f r o m  th e  V ity a z .
It i s  know n th a t  c e r t a in  p r o t e in s  c o a g u la te  a t  p r e s s u r e s  
c o n s id e ra b ly  l e s s  th a n  th o s e  of th e  d e e p  t r e n c h e s - - f o r  
e x a m p le , a  s e a  u r c h in  eg g  w il l  c o a g u la te .  H en ce  th e s e  
g r e a t  d e p th s  m ig h t h av e  b e e n  e n t i r e l y  w ith o u t h ig h e r  f o r m s  
of l i f e  f o r  s u c h  b a r o c h e m ic a l  r e a s o n s .
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T h e  T R IE S T E  d e p th  w a s  d e te r m in e d  to  b e  35, 800 f e e t  
fo llo w in g  c a l ib r a t io n  t e s t s  of th e  B o u rd o n  tu b e - ty p e  h y d ra u ­
l i c  p r e s s u r e  g a u g e s  b y  th e  E a s t e r n  S ta n d a rd s  L a b o r a to r i e s ,  
U. S. N av a l W eap o n s  P la n t ,  W a sh in g to n  25, D. C. A d d i­
t io n a l  c a lc u la t io n s  of th e  d e p th  a t ta in e d  w e re  m a d e  and  
o f fe re d  to  th e  a u th o r  by  D r . Jo h n  A . K n a u s s , S c r ip p s  I n s t i ­
tu t io n  of O c e a n o g ra p h y , D r . J o h n  L y m a n , N a tio n a l S c ie n c e  
F o u n d a tio n , and  D r . E r n e s t  R . A n d e rs o n  of th e  N avy  
E le c t r o n ic s  L a b o ra to ry .  T h e s e  c a lc u la te d  v a lu e s  v a r ie d  
f r o m  34, 931 to  35, 805 f e e t  d e p e n d in g  upon  th e  c a l ib r a t io n  
d a ta  u s e d . T h e  " b e s t  v a lu e "  f o r  th e  d e p th  m a y  be  a  few  
h u n d re d  f e e t  l e s s  th a n  th e  f ig u re  35, 800 u se d  th ro u g h o u t 
th i s  r e p o r t .  F u r t h e r  in v e s t ig a t io n  of th e  t e m p e r a t u r e  
c o r r e c t io n s  to  th e  p r e s s u r e  g a u g e s  m a y  r e s o lv e  th e  d i f f e r ­
en c e .

D IVE N O . 76

D ive  N o. 76 w a s  m a d e  p r i m a r i l y  to  a c q u i r e  so u n d - 
v e lo c i ty  m e a s u r e m e n ts .  T he  u l t im a te  d ep th  r e a c h e d  f o r  
th e s e  m e a s u r e m e n ts  w a s  18, 900 f e e t .  T h e  b o tto m  w a s  
o b v io u s ly  b e d ro c k  c o v e re d  by  on ly  a  th in  m a n t le  of w h it is h  
s e d im e n t  (fig . 10). T h e  g r e a t e r  p o r t io n  of th e  e x p o se d  
b la c k  b e d ro c k  w a s  c l e a r ly  ro u n d e d  an d  a p p e a re d  e n c ru s te d ,  
a s  if  b y  a c c r e t io n .  S om e in d iv id u a l s m a l l  ro c k s , a l s o  
ro u n d e d  an d  no m o r e  th a n  2 to  3 in c h e s  in  d ia m e te r  w e re  
s t r e w n  ab o u t th e  s e d im e n t  c o v e r .  T h e  s e a  f lo o r  b e n e a th  
th e  m a n t le  of s e d im e n ts  a p p e a re d  to  b e  a  s o l id i f ie d  m a t e r ­
i a l  w ith  lo n g  r i d g e s  of o u tc ro p p in g s . T h e  r i d g e s  f o r m e d  
a t  th e  b o u n d a ry  w h e re  a  m in o r  d ro p  in  th e  d o w n s lo p e  p r o ­
f i le  e x is te d .

T h e  b e d ro c k  w a s  e x p o se d  f o r  lo n g  s e c t io n s  a t  th i s  
n o m in a l b r e a k  in  th e  s lo p e . T h e  s lo p e  g r a d ie n t  w a s  e s t i ­
m a te d  to  b e  2 to  3 d e g r e e s .  F r o m  a  v ie w in g  v a n ta g e  p o in t 
60 f e e t  f r o m  th e  b o tto m , a  d i s t i n c t  r id g e  of e x p o se d  ro c k  
e x te n d e d  fo r  m o r e  th a n  100 fe e t ;  i t  a p p a r e n t ly  r a n  p a r a l l e l  
to  th e  a x is  of th e  t r e n c h .  I s o la te d  c lu m p s  of r o c k s  w e re  
f o r  th e  m o s t  p a r t  f la t ,  a b o u t 1 fo o t in  d ia m e te r .  T h e y  
p r o t ru d e d  o u t o f th e  b o tto m  a b o u t 3 in c h e s .  S m a l le r  f r a g ­
m e n ts ,  a b o u t 0. 25 in c h  th ic k  and  o n ly  2 to  3 in c h e s  in  
d ia m e te r  w e r e  a l s o  d is t r i b u te d  a t  r a n d o m  on th e  s e a  f lo o r .

A few  w o rm  tu b e s  p r o t r u d e d  ou t of th e  s e d im e n t .
T h e s e  tu b e s  w e re  a p p ro x im a te ly  0. 2 5 in ch  in  d ia m e te r  and  
2 in c h e s  h ig h . W ith in  th e  th in  s e d im e n t  m a n t le ,  s e v e r a l  
c o n ic a l h u m m o c k s  of s e d im e n t  w ith  a  d i s t i n c t  a p e r t u r e  in



F ig u r e  10. P h o to g ra p h  of th e  s e a  f lo o r .  D ive  N o. 76.
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th e  c e n te r  w e re  n o te d , b u t th e r e  w a s  no  e v id e n c e  of a  b io ­
lo g ic a l  in h a b ita n t .

U pon la n d in g , s e d im e n t  w a s  e le v a te d  in to  s u s p e n s io n  
by  th e  d is p la c e d  w a te r .  T h e  m a jo r i ty  of th e  h e a v y  m a t e r i a l  
r e m a in e d  in  a  s u s p e n d e d  s ta te  o n ly  a  m a t t e r  of s e c o n d s  and  
th e n  s e t t le d .  T h e  r e m a in in g  m a t e r i a l  o f f e re d  a n  in d e x  to  
th e  p r e v a i l in g  w a te r  c u r r e n t  v e lo c i ty .  T he  c u r r e n t  w a s  
m e a s u r e d  v is u a l ly  to  b e  l e s s  th a n  1 cm  p e r  se c o n d  m o v in g  
p a r a l l e l  to  th e  r i d g e s  of e x p o se d  b e d ro c k .  T h e  w a te r  
im m e d ia te ly  a b o v e  th e  s e a  f lo o r  w a s  c l e a r  an d  v i r tu a l ly  
d e v o id  of m a r in e  l i f e  a n d  s u s p e n d e d  p a r t i c l e s .

A c o il  of m a t e r i a l  th a t  h ad  fo r m e d  a  6 - fo o t d o u b le  S 
w a s  n o te d  on th e  b o tto m . It w a s  a p p a re n t ly  a  p ie c e  of 
c a b le .

V is u a l o b s e r v a t io n s  of th e  s e a  f lo o r  a t  th i s  lo c a t io n  
w e r e  c o m p a r a b le  to  th o s e  m a d e  a t  18, 150 f e e t  (D ive  N o.
61). A d e f in ite  s e a  f lo o r  s lo p e  of ab o u t 1 d e g re e  w ith  
d is c o n t in u i t ie s  in v o lv in g  a b ru p t  b r e a k s  in  th e  s lo p e  e x p o s ­
in g  b e d ro c k  w e re  p r e s e n t .  B e d ro c k  c o v e re d  w ith  a  th in  
m a n t le  of w h it is h  s e d im e n t  w a s  n o te d  in  b o th  d iv e s .  T he 
m a n t le  g a v e  a l l  a p p e a r a n c e s  of b e in g  r e l a t i v e ly  th in . 
B e a r in g  s t r e n g th ,  h o w e v e r , w a s  a g a in  a d e q u a te  to  s u s ta in  
th e  w e ig h t of th e  b a th y s c a p h  an d  o n ly  a  m o d e s t  p e n e t r a t io n  
of th e  s p h e r e  w a s  e x p e r ie n c e d .

D IV E N O . 75

T h e  s e a  f lo o r  a t  8530 f e e t  r e v e a le d  c o a r s e  s e d im e n t  
c o v e r  of a t  l e a s t  s e v e r a l  in c h e s .  H e re  w e ll- d e v e lo p e d  
r ip p le  m a r k s  w e re  o b s e r v e d .  T h e  a v e ra g e  c r e s t - t o -  
c r e s t  d is ta n c e  of a l l  th e  r ip p le  m a r k s  w a s  e s t im a te d  to  
b e  18 in c h e s  w ith  a n  a m p litu d e  of 0. 75 to  1 in c h  ( f ro m  
m o tio n  p ic tu r e  fo o ta g e  an d  f ig . 11). W a te r  c u r r e n t  a t  
th a t  t im e  w a s  0. 7 cm  p e r  s e c o n d . I t a p p e a re d  th a t  th e  
w a te r  c u r r e n t  flow  r a t e ,  w h ic h  w a s  n o t o s c i l l a to r y ,  w o u ld  
be to o  s low  to  fo r m  su c h  r ip p le  m a r k s ,  w h ic h  w e r e  co n ­
tin u o u s  and  p a r a l l e l .  T h e y  sh o w ed  no  s ig n s  of c r o s s -  
r ip p l in g  and  w e re  w e ll  f o r m e d , a s  th o u g h  of r e c e n t  o r ig in .  
No th in  l a y e r  of d a rk  m a t e r i a l  w a s  p r e s e n t  on th e  s u r f a c e .  
Som e d a rk  p e b b le - l ik e  p a r t i c l e s  on th e  b o tto m  w e re  
s c a t t e r e d  a t  ra n d o m  a b o u t 2 to  3 in c h e s  a p a r t .  T h e  p a r ­
t i c l e  s iz e  w a s  o n ly  s l ig h t ly  l a r g e r  th a n  th e  b a l l a s t  ( i. e . , 
e s t im a te d  to  b e  4 to  5 m m  in  m a x im u m  w id th ) .
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F ig u r e  11. P h o to g r a p h  of th e  s e a  f lo o r ,  sh o w in g  b o tto m  
r ip p le s .
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S e d im e n ts  b ro u g h t in to  s u s p e n s io n  w e re  o b s e r v e d  to  
d r i f t  r a p id ly  p a s t  th e  b a th y s c a p h  p o r t .  W a te r  p a r t i c l e  
m o v e m e n t th ro u g h  th e  i l lu m in a te d  a r e a  w a s  a t  th e  r a t e  of 
0. 7 c m / s e c .  W a te r  flow  w a s  p e r p e n d ic u la r  to  th e  lo n g  
a x is  of th e  r ip p le  m a r k s .  A n a t te m p t  to  o b ta in  s e d im e n t  
s a m p le s  fo r  c o r r e la t io n  of w a te r  c u r r e n t  v e lo c i ty  an d  th e  
p h y s ic a l  d im e n s io n s  of th e  r i p p le s  w a s  th w a r te d  by  th e  
a c c id e n ta l  lo s s  of th e  s a m p le r .  T h e r e  w a s  no  e v id e n c e  
of b u r ro w in g  o r  b e n th ic  o r g a n i s m s .  S om e p e la g ic  i n v e r te ­
b r a t e s  w e re  s e e n  in  th e  w a te r  im m e d ia te ly  a b o v e  th e  s e a  
f lo o r .  S u sp en d ed  in a n im a te  p a r t i c l e s  w e r e  a ls o  p r e s e n t ,  
b u t in  su c h  q u a n t i t ie s  th a t  v i s ib i l i ty  w a s  n o t s e r io u s ly  
a f fe c te d .

D IV E N O . 78

W h ile  th i s  d iv e  w a s  m a d e  a b o u t s ix ty  m i le s  f r o m  D ive 
N o. 75, th e  m a t e r i a l s  m a k in g  up th e  s e a  f lo o r  s e d im e n ts  a t  
th i s  lo c a t io n  a p p e a re d  to  be  th e  s a m e  a s  in  D ive  N o. 75. 
H o w ev e r, r ip p le  m a r k s  h e r e  w e re  d e f in i te ly  c r o s s e d  and 
d e te r io r a t in g .  A th in  m a n t le  of d a r k  s u b s ta n c e  h ad  s e t t l e d  
on th e  b o tto m , o c c lu d in g  th e  c le a n  w h ite  s e d im e n t  o b s e rv e d  
on D ive  N o. 75. T h e  b e a r in g  s t r e n g th  of th e  m a t e r i a l  w a s  
c o m p a r a b le  to  th a t  of th e  p r e v io u s  s e a - f lo o r  s e d im e n t  
e n c o u n te re d . B io lo g ic a l  l i fe  w a s  l im i te d  to  one s t a r f i s h  
an d  p o s s ib ly  a  few  tu b e - d w e l l in g  w o rm s .

An a r t i f a c t  of m a n  th a t  c a u s e d  g r e a t  c o n c e rn  w a s  an  
u n e x p lo d e d  5 - in c h  p r o j e c t i l e  th a t  w a s  lo c a te d  d i r e c t l y  in  
th e  c i r c le  of l ig h t p ro v id e d  b y  th e  bow  la m p . I r o n ic a l ly ,  
a  b e e r  c an  w a s  le a n in g  a g a in s t  th e  b a s e  of th e  p r o j e c t i l e .  
B o th  o b je c ts  w e re  s u p p o r te d  h ig h  on th e  s u r f a c e  of th e  s e a -  
f lo o r  s e d im e n t .  T h e r e  w a s  no  e v id e n c e  of s c o u r  o r  s e t t l in g  
of th e s e  tw o  a r t i f a c t s  (fig . 12). W a te r  c u r r e n t  flow  h e r e  
w a s  v e r y  slow  an d  s e e m e d  to  v a r y  in  d i r e c t io n .  P o o r  
i l lu m in a t io n  v i t ia te d  an y  a t te m p t  to  d e te r m in e  th e  p r e c i s e  
v e lo c i ty  of th e  c u r r e n t .
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F ig u r e  12. P h o to g ra p h  of th e  s e a  f lo o r ,  sh o w in g  b o tto m  
r ip p le s  and  a r t i f a c t s  ( p r o je c t i le  and  b e e r  can ). D ive  
N o. 78.
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ACOUSTIC MEASUREMENTS

Sound-Speed Measurements
T h e  p r i m a r y  p u rp o s e  of th e  s c ie n t i f ic  p r o g r a m  u s in g  

th e  T R IE S T E  d u r in g  P r o j e c t  N E K T O N  II w a s  to  o b ta in  
so u n d - s p e e d  m e a s u r e m e n ts  in  s i tu .  T a b le  1 g iv e s  so m e  
of th e  d a ta  o b ta in e d .

T A B L E  1. M E A SU R E M E N T S  O F  SOUND S P E E D , 
T E M P E R A T U R E , AND SA L IN IT Y  F R O M  T R IE S T E .

D ive
N u m b e r

D ep th
( m e te r s )

L a ti tu d e
(°N )

T  e m p e r a tu r e  
(°C )

S a lin ity
(°/oo)

Sound Sp« 
N o. 1 

( m /s e c )

sed M e te r  
No. 2 

( m /s e c )

77 105 13. 5 26 . 92 34. 79 1540. 78 1 5 4 0 .7 8
77 140 13. 5 25 . 83 35. 01 1 5 3 8 .8 6 1 5 3 8 .8 7
54 191 32. 5 9. 06 34. 08 1488. 7 -----
77 330 13. 5 13. 77 34. 47 J 5 0 7 . 79 1 5 0 7 .7 5
76 1180 12. 7 4 . 15 34. 67 1485. 60 1490. 23
55 1209 32. 5 3. 38 34. 53 1480. 40 -----
75 1302 13. 4 3. 54 34. 50 1 4 8 5 .0 0 1 4 8 4 .8 6
75 2504 13. 4 1. 77 34. 69 1 4 9 8 .0 0 1 4 9 4 .2 0
75 2598 1 3 .4 1. 75 34. 66 1 4 9 9 .6 7 1 4 9 5 .9 3
75 2 598* 13. 4 1. 72* 34. 66 1 4 9 9 .4 2 1 4 9 5 .6 4
76 5120 12. 7 1. 46 34. 67 1 5 4 2 .4 3 -----
76 5760 12. 7 1. 44 34. 66 1 5 5 4 .6 8 -----

*30 m in u te s  l a t e r .
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In  g e n e r a l ,  th e  m e a s u r e d  v a lu e s  of so u n d  s p e e d  a t  
g r e a t  d e p th s  w e re  found  to  b e  l e s s  th a n  th o s e  c o m p u te d . 
M e a s u r e m e n ts  f o r  d e p th s  g r e a t e r  th a n  8000 m e t e r s  w o u ld  
b e  v e r y  v a lu a b le  to  o b ta in  o r  v e r i f y  th e  d e p th  d e p e n d e n c e  
of so u n d  sp e e d .

R e f e r e n c e  1 (s e e  l i s t  of r e f e r e n c e s  a t  end  of r e p o r t )  
p r e s e n t s  a  d e ta i le d  d is c u s s io n  of s o u n d - s p e e d  m e a s u r e ­
m e n ts  m a d e  f r o m  th e  T R IE S T E  d u r in g  N E K T O N  II. E a r l i e r  
e x p e r im e n ts  u s in g  th e  b a th y s c a p h  in  a  s i m i l a r  m a n n e r  a r e  
r e p o r te d  in  r e f e r e n c e  2.

Sonar Tests
D iv e s  N o s . 61 an d  69 fu r n is h e d  o p p o r tu n it ie s  to  t e s t  

th e  e f f e c t iv e n e s s  of th e  A N /S Q S -4  an d  th e  A N /S Q R -8  
M od 4 s o n a r s  in  d e te c t in g  an d  fo llo w in g  th e  b a th y s c a p h  on 
i t s  d e s c e n t  an d  a s c e n t ,  w h ile  m a in ta in in g  v o ic e  c o m m u n i­
c a t io n s  th r o u g h  th e  b a th y s c a p h  a c o u s t ic  te le p h o n e  a n d  tw o 
A N /U Q C - lB 's .  R e s u l t s  a r e  o m itte d  b e c a u s e  of c l a s s i f i c a ­
tio n .

GRAVITY MEASUREMENTS
T o  t e s t  th e  u s e f u ln e s s  of th e  b a th y s c a p h  a s  a  p la t f o r m  

f o r  o b ta in in g  g r a v i ty  m e a s u r e m e n ts  a t  g r e a t  o c e a n  d e p th s ,
K . V . M a c k e n z ie  o b ta in e d  a  L a C o s te - R o m b e r g  C o m p an y  
g e o d e tic  g r a v i m e t e r ,  m o d e l G , to  m e a s u r e  th e  v a lu e  
in  s i tu  . T h is  in s t r u m e n t  h a s  a  r a n g e  of 6. 000 c m / s e c 2 
w ith  a  s e n s i t iv i ty  of 1 x IO-5 c m / s e c 2 .

D u rin g  D ive  N o. 78, g r a v i ty  m e a s u r e m e n ts  a t  m id ­
w a te r  w e r e  a t te m p te d .  H o w e v e r , th e  v e r t i c a l  s t a b i l i t y  
and  c o n tr o l  w e re  in s u f f ic ie n t  to  p e r m i t  a  s a t i s f a c to r y  
r e a d in g .

S u c c e s s  w a s  a c h ie v e d  on th e  s e a  f lo o r  a t  a  d e p th  of 
2286 m e t e r s .  T h e  v a lu e  of g  w a s  found2 to  b e  978. 9331 
c m / s e c 2 . T h is  c o m p a r e s  w ith  a  r e f e r e n c e  v a lu e  of g 
a t  th e  Ship  R e p a i r  F a c i l i t y ,  A p ra  H a rb o r ,  of 978. 5376 
c m / s e c 2 . A lth o u g h  th i s  i s o la te d  m e a s u r e m e n t  d o e s  n o t 
c o n tr ib u te  s ig n if ic a n t ly  to  k n o w led g e  of th e  v a r i a t i o n s  of 
g w ith  d e p th , i t  d o e s  show  th e  s u i ta b i l i ty  of a  m a n n e d  
d e e p  s u b m e r s ib le  to  s e r v e  a s  a  s ta b le  p la t f o r m  f o r  su c h  
d e l i c a te  in s t r u m e n ts .
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VISUAL OBSERVATIONS IN MIDWATERS

Bioluminescence
B e e b e 3 (1934) u s in g  th e  b a th y s c a p h  an d  M onod4 u s in g  

th e  F r e n c h  b a th y s c a p h  F N R S - 3 o b s e rv e d  b io lu m in e s c e n c e  
dow n to  th e  g r e a t e s t  d e p th s  r e a c h e d  (1400 m e te r s ) .  M onod 
found  th a t  th e  b io lu m in e s c e n c e  w a s  m u c h  l e s s  n e a r  th e  
b o tto m .

In P r o j e c t  N E K T O N  I , th e  b a th y s c a p h  d e s c e n d e d  to  
th e  m a x im u m  know n d e p th  in  th e  o c e a n  (35, 800 f e e t  in  th e  
C h a lle n g e r  D eep ). D u rin g  th i s  d e s c e n t  and  o th e r s  m a d e  to  
th e  b o tto m  a t  s h a l lo w e r  d e p th s , b io lu rn in e s c e n c e  w a s  found  
to  b e  p r e s e n t  a t  a l l  d e p th s , b u t w a s  n o t n e c e s s a r i l y  c o n tin ­
u o u s  f r o m  s u r f a c e  to  b o tto m . H o w e v e r, th e  g r e a t e s t  a b u n ­
d a n c e  of b io lu m in e s c e n c e  w a s  o b s e r v e d  b e tw e e n  th e  b a s e  of 
th e  s u n l i t  zo n e  (the d e p th  n e a r  th e  s u r f a c e  w h e re  th e  in te n ­
s i ty  of d a y lig h t m a s k s  ou t th e  w e a k  l ig h t g e n e ra te d  b y  
m a r in e  o r g a n i s m s )  an d  10, 000 f e e t .

T h e  c o m m o n  p e la g ic  an d  b a th y p e la g ic  s o u r c e s  of b io ­
lu m in e s c e n c e  a r e  found  a m o n g  th e  p ro to z o a n s ,  c o e le n te r -  
a te s ,  c te n o p h o re s ,  e u p h a u s i id s ,  d e c a p o d  c r u s ta c e a n s ,  
s a lp s ,  and  f i s h e s .  B o th  in t e r m i t t e n t  and  s te a d y  lu m in e s ­
c e n c e  can  b e  found  a m o n g  th e s e  a n im a l  g ro u p s .

O b s e rv a t io n s  m a d e  by  lo w e r in g  b a th y p h o to m e te r s 5 and  
b y  d i r e c t  v i s u a l  o b s e r v a t io n s  r e v e a l  th a t  d e e p - s e a  fa u n a s  
p re d o m in a n t ly  d is p la y  in t e r m i t t e n t  f la s h in g .  U n til th e  w o rk  
of C la rk e  and  B a c k u s 6 v e r y  l i t t l e  w a s  know n ab o u t th e  
a b s o lu te  m a g n itu d e  of th e  lu m in e s c e n t  f l a s h e s  of o c e a n ic  
a n im a ls  u n d e r  n a tu r a l  c o n d it io n s . R e la t iv e ly  few  la b o r a to r y  
s tu d ie s  h av e  b e e n  c o n d u c te d  on th e  s u b je c t  o th e r  th a n  th o s e  
b y  N ic h o ls 7 (1924) an d  by  C la rk e  and  B a c k u s 6 (1956). In 
b o th  l a b o r a to r y  an d  s e a  c o n d it io n s , th e  in te n s i ty  of a  lu m ­
in e s c e n t  f l a s h  a t  50 c e n t im e te r s  w a s  found  to  b e  a p p ro x i­
m a te ly  0. 00005 to  0. 000075 m ic ro w a t t  p e r  cm 3 .

A n in h e r e n t  d if f ic u l ty  in  th e  s y s te m  e m p lo y e d  b y  C la rk e  
and  B a c k u s , o r  in  a n y  c a b le - lo w e r e d  p h o to m e te r ,  i s  th a t  i t  
is  d if f ic u l t  to  d e te r m in e  th e  d is ta n c e  of th e  lu m in o u s  s o u r c e  
f r o m  th e  p h o to m e te r .  T h is  p ro b le m  c a n  b e  p a r t i a l ly  r e ­
so lv e d  by  h a v in g  b a th y s c a p h  o b s e r v e r s  c o n d u c t d i r e c t  v is u a l  
o b s e r v a t io n s  a lo n g  w ith  e s t im a te s  of th e  in te n s i ty .  In te n s i ty  
of a  lu m in e s c e n t  f l a s h  c a n  b e  q u a l i ta t iv e ly  e s t im a te d  u s in g  
th e  s c a le  e m p lo y e d  b y  a s t r o n o m e r s  in  d e s c r ib in g  s t a r
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b r ig h tn e s s ,  a  te c h n iq u e  r e a d i ly  a d a p ta b le  to  a  s c i e n t i s t  
u s in g  th e  b a th y s c a p h . D is ta n c e  to  th e  e m a n a tin g  s o u r c e  
c a n  a ls o  b e  a p p ro x im a te d .

C la r k e 8 h a s , in  v iew  of th e  a b o v e  p ro b le m , c o n s id e re d  
th e  l ig h t in te n s i ty  of a  g iv e n  f l a s h  of p o in t s o u r c e  in  r e l a t i o n  
to  i t s  p o s s ib le  d is ta n c e  f r o m  a  s e n s in g  in s t r u m e n t .  H is  
e x p e r im e n ts  an d  d e d u c tio n s  r e v e a l ,  a s  a  b e s t  e s t im a te ,  
th a t  th e  m a x im u m  p o s s ib le  s e n s in g  r a n g e  of a  p h o to m e te r  
i s  a b o u t 10 m e t e r s .  H is  c a lc u la t io n s  and  c o n c lu s io n s  s e e m  
c o r r e c t ,  a s  10 m e t e r s  r e p r e s e n t s  th e  m a x im u m  e s t im a te d  
d is ta n c e  th a t  su c h  s o u r c e s  c an  b e  s e e n  by  th e  h u m a n  eye  
f r o m  w ith in  th e  b a th y s c a p h . T h is  a s s u m e s  e q u a l s e n s i t iv i ty  
b e tw e e n  in s t r u m e n ta l  s e n s o r s  an d  th e  h u m a n  e y e .

V ir tu a l ly  c o n tin u o u s  o b s e r v a t io n s  to  d e te r m in e  th e  
p r e s e n c e  of b io lu m in e s c e n c e  th ro u g h o u t th e  l a r g e  w a te r  
c o lu m n  h a v e  b e e n  m a d e  d u r in g  a s c e n t s  of th e  T R IE S T E  
(D iv es  N o s . 61, 76, 77, 78 ). R e s u l t s  a r e  show n  in  ta b le  2.
It a p p e a r s  th a t  b io lu m in e s c e n t  f l a s h e s  a r e  n o r m a l  a t  g r e a t  
d e p th s  an d  do  n o t n e c e s s a r i l y  r e q u i r e  t a c t i l e  s t im u la t io n  
by  a  s o u r c e  su c h  a s  th e  m o v in g  b a th y s c a p h . A lth o u g h  D ie tz 9 
r e p o r t s  th a t  i 4, i s  a n  a d v a n ta g e  to  h a v e  th e  ed d y  c u r r e n t  
b e h in d  th e  b a th y s c a p h , a s  d u r in g  th e  a s c e n t ,  b e c a u s e  th is  
s t im u la t e s  o r g a n i s m s  to  lu m in e s c e ;  su b s e q u e n t o b s e r v a t io n s  
h av e  r e v e a le d  th a t  th i s  c o n tr ib u te s  o n ly  m o d e s t ly  to  th e  
f la s h in g  r a t e .  A b u rb le  o r  k n u c k le  of w a te r  d o e s  fo llo w  
b e h in d  th e  b a th y s c a p h  on th e  a s c e n t  an d  th i s  u s u a l ly  d o e s  
e l i c i t  a  s m a l l  in c r e a s e  in  th e  th e  a m o u n t of b io lu m in e s ­
c e n c e . A s th e  m a x im u m  a s c e n t  r a t e  of th e  T R IE S T E  is  
n e v e r  m o r e  th a n  2 m e t e r s  p e r  s e c o n d , th e  w a te r  c u r r e n t  
a c t iv i ty  b e h in d  th e  b a th y s c a p h  i s  r e l a t i v e ly  s l ig h t .

T h e  q u a n ti ty  of b io lu m in e s c e n c e  r e m a in e d  s u b s ta n t i a l ly  
th e  s a m e  f o r  c o n d it io n s  of d e s c e n t  and  a s c e n t .  E x c e p tio n s  
n o te d  w e re  th e  b re a k u p  of s t r in g s  of p o in t f l a s h e s  an d  e n ­
ta n g le m e n t  of m e d u s a e  in  th e  e x te r n a l  r ig g in g  of th e  
T R IE S T E  d u r in g  a s c e n t .  I t i s  w e ll  know n th a t  ta c t i l e  
s t im u la t io n  w i l l  e l i c i t  s ig n if ic a n t  i n c r e a s e s  of b io lu m in e s ­
c e n c e  in  s u r f a c e  " b u rn in g  w a te r .  " (H o w ev e r, d ro p p in g  of 
b a l l a s t ,  w h ic h  sh o u ld  b e  a  p o te n t t a c t i l e  s t im u lu s  in  a  
l im i te d  a r e a ,  r e s u l t e d  in  l i t t l e  b io lu m in e s c e n c e .  )

B y  a n a lo g y , th e  c o n c e n t r a t io n  of b io lu m in e s c e n c e  a t  
an y  one t im e  r a r e l y  e x c e e d s  th e  n u m b e r  of s t a r s  th a t  can  
b e  s e e n  in  th e  h e a v e n s  on a  c le a r ,  d a rk  n ig h t. E v id e n c e  
of v i r tu a l ly  in c e s s a n t  f la s h in g  in  th e  v ie w in g  a r e a  w a s  
o b s e rv e d  by  P ic c a r d  (p e r s o n a l  c o m m u n ic a t io n )  in  1956.
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T A B L E  2. B IO L U M IN E S C E N C E  O B SE R V A T IO N S.

D IVE N O .

D ep th  (fee t) 
(U n c o r re c te d  

g au g e  re a d in g s )

42 00

4800 &
5400

6000

6900 to  
10, 500

1 2 ,3 0 0  

13, 800

17, 400

17, 700

18, 000  

18, 450

(D ESC EN D IN G  AND A SC EN D IN G )

A p p ro x im a te ly  1 f la s h  p e r  1 /2  m e t e r 3 . 
U su a lly  s in g le  p o in ts .  O ne f a i r l y  l a r g e  
d i s c - s h a p e d  o b je c t  w ith  n u m e r o u s  
p o in ts  of l ig h t.

A m o u n t of b io lu m in e s c e n c e  r e m a in s  
a p p ro x im a te ly  u n ifo rm .

B io lu m in e s c e n c e  m u c h  re d u c e d ; o n ly  
i s o la te d  p o in ts  o b s e rv e d .

V ir tu a l ly  no  b io lu m in e s c e n c e  p r e s e n t .

S in g le  p o in t, w a te r  v i r tu a l ly  c l e a r  of 
s u s p e n d e d  m a t e r i a l .

N o b io lu m in e s c e n c e  o b s e r v e d  s in c e  
12, 300 fe e t .  R e le a s e  of b a l l a s t  in c i te s  
no b io lu m in e s c e n c e .

A m o u n t of s u s p e n d e d  m a t e r i a l  h a s  
in c r e a s e d  to  a  h ig h  q u a n ti ty . P a r t i c l e s  
r e f l e c t  w h ite . M o s t a r e  in a n im a te .
S ize  a v e ra g e  1 /8  in c h , tw o a r e  3 /8  
in c h . O ne p te ro p o d  o b s e rv e d .

O ne m y s id . C o n s id e r a b le  a m o u n t of 
m a t e r i a l  in  w a te r .  Iso p o d  (? ) ,  w h ite , 
1 /2  in c h , s w im m in g  w h ile  in  v e r t i c a l  
p o s i t io n .

P e la g ic  a n n e lid , T o m o p t e r i s  s p . ,
2 1 /2  in c h e s , 1 in c h  w id e  in c lu d in g  
p a ra p o d ia ,  body  1 /2  in c h  o r  l e s s .
T w o p te ro p o d s .

O ne m y s id , 1 in c h  lo n g , r e s t i n g  q u ie t ly  
in  s u s p e n d e d  a n im a tio n , 1 1 / 8  in c h  
m e d u s a .
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18, 540 

18, 600

18, 600

18, 150 

15, 300

15, 060

13, 500 

1 2 ,6 0 0  

7200

A m o u n t of s u s p e n d e d  m a t t e r  h a s  
a p p ro x im a te ly  d o u b le d  o v e r  w h a t it 
w a s  e a r l i e r .  M an y  of th e  p a r t i c l e s  
a p p e a r  to  b e  a b o u t 1 /4  in c h  in  d ia m ­
e t e r  an d  v e r y  l ig h t  in  c o lo r .  N e a r ly  
w h ite . O ne m y s id , one T o m o p t e r i s .

S ea  f lo o r  c le a r ly  sh o w s th e  p r e s e n c e  
of b u r r o w in g  o r g a n i s m s .  W h ite  
p a tc h e s  m o t t le  th e  ta w n y  s e a  f lo o r ,  
an d  r e p r e s e n t  s e d im e n t  b ro u g h t  to  th e  
s u r f a c e  by  b u r r o w in g  a n im a ls .  O ne 
m o l lu s k  s h e l l ,  s i m i l a r  to  A s t r e a  of 
s h a l lo w e r  w a te r ;  2 in c h e s  in  d ia m e te r  
a t  th e  b a s e  a n d  a b o u t 1 1 /2  in c h e s  h ig h . 
W a te r  c u r r e n t  v i r tu a l ly  n il .

(On le a v in g  th e  b o tto m . ) O ne m y s id , 
one T o m o p t e r i s .

O ne T o m o p t e r i s .

S o m e b io lu m in e s c e n c e ;  f o u r  s u s ta in e d  
g r e e n i s h - w h i te  f l a s h e s .  O b s e rv a t io n  
fo llo w e d  by  a  p e r io d  of no  b io lu m in e s ­
c e n c e .

T w o b u r s t s  cf b io lu m in e s c e n c e  th a t  
r e m a in e d  e v id e n t u n t i l  th e  b a th y s c a p h  
p a s s e d  aw ay  f r o m  th e  o b je c t  (30 s e c ­
o n d s) .

T h r e e  g r e e n i s h - w h i te  f l a s h e s .

T w o f l a s h e s .

A n u m b e r  of p ie c e s  of b io lu m in e s c e n c e  
o b s e r v e d .  O ne u n it  a p p e a re d  a s  a 
c l u s t e r  u n t i l  i t  w a s  b ro k e n  in to  f in e  
p ie c e s  in  th e  tu r b u le n c e  of th e  b a th y ­
sc a p h . P e r h a p s  i t  w a s  a  s ip h o n o p h o re . 
S e v e r a l  o th e r  p o in ts  of l ig h t e v id e n t .



DIVE NO. 76 (ASCENDING ONLY)

D ep th  (fee t) 

18, 920

10, 840 

10, 350

10, 300 

9760

9270

9075
8830

8780

8185

7990

7841

7495

7346

7100

6900

E u p h a u s iid  o r  c r u s ta c e a n .  V is ib i l i ty  
70 to  80 f e e t .

T e n  s m a l l  w h ite  f l a s h e s .

O ne f l a s h  - no n e  b e tw e e n  10, 800 and  
10, 400 .

F o u r  f l a s h e s .

S ix  f l a s h e s .  O ne 1 5 - se c o n d  d u r a t io n  
f la s h .

F l a r e - u p  of f l a s h e s .  Q u a n tity  i n c r e a s ­
in g . F iv e  o r  s ix  of 3 0 - se c o n d  d u ra t io n .

2 0 0 - fo o t in t e r v a l ,  n one ; th e n  fo u r  to  
f iv e . O ne s u s ta in e d  b ig  m a s s  of lig h t. 
A d e q u a te  to  p e r m i t  v ie w in g  of g r a t in g  
in s id e  a n te c h a m b e r .

S tr in g s  of b io lu m in e s c e n c e  b e in g  b ro k e n  
up in  b u rb le .  T oo  m a n y  to  co u n t. F o u r -  
in c h  c h a in . B ig  p o in ts  of 3 0 - se c o n d  
d u ra t io n .  M uch  su s p e n d e d  m a t te r .

C o n tin u o u s  b io lu m in e s c e n t  f la s h in g .

S lig h t d e c r e a s e .  W a te r  t e m p e r a tu r e ,
3. 5 °C .

S h o r t  c h a in  th a t  a p p e a re d  to  b e  a  f i s h  
w ith  l ig h ts  on. M any  o th e r  s m a l l  p o in ts .

S tr in g  b ro k e n  up .

I n c r e a s e .  D oub le  of a m o u n t a t  8000 
f e e t .  F u l l  sk y  d e n s i ty .  Som e f i r s t  
m a g n itu d e .

A b o u t s a m e  d e n s i ty .  S e v e ra l  a p p e a r  
a s  th r e e  p o in ts  in  a  c lu s te r .

I n c r e a s in g .  N o v o id  p e r io d s .  F u l l  sky .
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6600

6180

5900

5500

5300

4800

4250

4100

3600

3000

2150

2000

1500

1150

1000

B ro k e n  a n im a l .  B io lu m in e s c e n c e  n o t 
a s  b r ig h t  a s  i s o la te d  f l a s h e s .  W e a k e r  
l ig h ts  a r e  a b o u t o n e - th i r d  in te n s i ty  of 
f i r s t  m a g n itu d e  s t a r .  M a jo r i ty  se c o n d  
m a g n itu d e .

No c h a n g e . S h o r t  p e r io d s  of no  f l a s h e s .  
M o re  b re a k u p . A s in g le  6 0 - se c o n d  
s u s ta in e d  g low .

B a l l a s t  r e l e a s e  c a u s e d  no e x c i ta t io n . 

I n c r e a s in g .

M a rk e d  in c r e a s e  s in c e  5500 f e e t .

T e n fo ld  in c r e a s e  o v e r  6600 fe e t .

1 00 -2  00 p o in ts  p r e s e n t  a t  a l l  t im e s .  
W a te r  t e m p e r a t u r e  5. 0 °C .

S am e  a s  a b o v e .

B r ig h t  p o in ts  in c r e a s in g  s l ig h t ly .

S am e  a s  a b o v e .

B r ig h t  p o in ts  in c r e a s in g  s l ig h t ly .

T w o fo ld  i n c r e a s e  o v e r  4000 .

D e te c t  c o n t r a s t  c o lo r  of h u ll  f i t t in g s .  
B r ig h t  b io lu m in e s c e n c e  s t i l l  v i s ib le .

B io lu m in e s c e n c e  d e te c ta b le  o v e r  
a m b ie n t  su n lig h t . M a g n e tic  v a lu e  
c le a r ly  w h ite  now . D a rk  r e d  p a in t  
a p p e a r s  b la c k .

No lo n g e r  p o s s ib le  to  s e e  b io lu m in e s ­
c e n c e  due  to  d a y lig h t.
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DIVE NO. 77 (DESCENDING ONLY)

Depth 
(in feet)

620

640

800

1070

1100

1125

1140

7000

5500

4800

4600 to 
4400

4000 to 
3500

3000

3000 to 
2800

2500

2150

2000

1400

Few  fa in t p o in ts .

O rg a n ism s t ra n s p a re n t  in  se a rc h lig h t.

S ev e ra l sm a ll b lack  fish  4 in ch es long; 
s i lv e r  blue, d a rk  c irc le  a round  eye.

N um erous an im a ls . O ccasio n a l flash . 
Je lly f ish  1 1 / 2  in ch es long, 3 /4  inch 
w ide.

Hint of day ligh t. V ery  li t t le  b io lu m in es­
cence. Long yellow  un iden tified  pe lag ic  
w orm .

B a lla s t  r e le a s e  e x c ite s  th re e  f la sh e s .

A ph y llaso m e la rv a .

DIVE NO. 78 (ASCENDING ONLY)

Few iso la te d  p o in ts second m agnitude.
0 to  4 po in ts in  to ta l view ing a re a .

M oderate  in c re a s e .  Long p e rio d  of 
b lack n ess .

In c rea sin g ; o n e-fo u rth  fu ll s t a r r y  sky.

P a tch y . O n e -th ird  fu ll s t a r r y  sky. 
C ontinuous s tre a m  of lig h t so u rc e s .

C ontinuous s tre a m . Second m agnitude 
b r illa n c e .

C ontinues about sam e.

In c re a s in g  p a tte rn s  of ligh t. Sm all 
c irc le s ,  1 inch in d ia m e te r . P e r ip h e ry  
dotted w ith sm a ll po in ts of ligh t.

F i r s t  m agnitude in c re a s in g  a s  is  second 
m agnitude.
Strong sw im m er.

Big f la sh e s . E xceed  f i r s t  m agnitude 
s ta r  b r ill ia n c e .

A rra y s  of off and on lig h ts .
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T h e  o b s e r v a t io n  w a s  p u b lis h e d  in  m o r e  su b d u ed  w o rk in g  
in  a  r e p o r t  b y  P ic c a r d  a n d  D ie tz 10 w h ic h  s t a te d  th a t ,  "w ith  
th e  l ig h ts  e x tin g u is h e d  in  d e e p  w a te r ,  a  s m a l l  ^ o in t  of 
b io lu m in e s c e n c e  w a s  s e e n  e v e r y  few  se c o n d s . ' A t th i s  
t im e ,  a  s i tu a t io n  c o m p a r a b le  to  " b u rn in g  w a te r "  w a s  a ls o  
s e e n  a t  th e  s u r f a c e .

A tte m p ts  to  id e n tify  th e  e m i t t in g  s o u r c e s  h a v e  b e e n  
m a d e . I l lu m in a t in g  th e  a r e a  w ith  th e  e x te r n a l  l ig h ts  h a s  
r e v e a le d  e i t h e r  no  d i s c e r n ib l e  s o u r c e  o r  o n ly  h e a v y  c o n ­
c e n t r a t i o n s  o f su s p e n d e d  m a t t e r .  T h e  m a jo r i ty  of l ig h t  
s o u r c e s  a r e  p r e s u m e d  to  b e  p ro to z o a n s  th a t  a r e  to o  s m a l l  
f o r  th e  h u m a n  ey e  to  r e s o lv e .

T h e  o n ly  c o lo r  of b io lu m in e s c e n c e  o b s e r v e d  d u r in g  th e  
d e s c e n t s  of th e  T R IE S T E  h a s  b e e n  g r e e n i s h - w h i te ,  a lth o u g h  
o th e r  lu m in e s c e n t  c o lo r s  a r e  know n to  be p r e s e n t  in  m a r in e  
o r g a n i s m s .

M o s t d e s c e n t s  w ith  th e  b a th y s c a p h  h a v e  b e e n  to  th e  s e a  
f lo o r .  I t  i s  of i n t e r e s t  to  n o te  th a t  a lth o u g h  b e n th ic  m e m ­
b e r s  of th e  s e v e r a l  p h y la  a r e  know n to  p o s s e s s  b io lu m in e s -  
c e n t s p e c ie s ,  no  b e n th ic  b io lu m in e s c e n c e  h a s  b e e n  o b s e r v e d .  
T h e s e  b e n th ic  f o r m s  in c lu d e  s e a  p e n s , n e m e r te a n  w o r m s ,  
c h a e to p te r a n  w o rm s ,  an d  c o e le n te r a t e s .

Water Clarity
O ne of th e  in t r ig u in g  p h e n o m e n a  r e v e a l e d  d u r in g  b a th y ­

sc a p h  d iv e s  h a s  b e e n  th e  p r e v a le n c e  of m a r in e  " sn o w . " 
P a r t i c l e s  in  th e  w a te r  a r e  e a s i ly  d e te c te d  if  e x p o se d  in  a 
b e a m  of l ig h t.  A s th e  s c a t t e r e r s  a r e  m a d e  a p p a r e n t  by  
s u c h  a  s o u r c e ,  a  T y n d a ll  e f f e c t  c a n  b e  c r e a te d .

B a th y s c a p h  o b s e r v e r s  h av e  o n ly  a  q u a l i ta t iv e  in d e x  of 
th e  a m o u n t of m a t e r i a l  p r e s e n t  in  th i s  "sn o w . " T h e  id e n ti ty  
of th e s e  s u s p e n d e d  m a t e r i a l s  i s  s t i l l  p o o r ly  u n d e rs to o d .  
H o w e v e r, th e y  a r e  b e l ie v e d  to  b e  la r g e ly  in a n im a te .  T h e y  
a r e  d i s t r i b u te d  th ro u g h o u t e v e n  th e  l a r g e s t  know n w a te r  
co lu m n  in  th e  o c e a n .

D u rin g  a  b a th y s c a p h  t r a v e r s e  of a  w a te r  c o lu m n  o r  a  
lo w e r in g  of p h o to m e tr ic  d e v ic e , su s p e n d e d  m a t e r i a l s  h av e  
b e e n  fo u n d  to  v a r y  in  q u a n ti ty . A n a ly s is  by  J e r lo v 11 of d a ta  
f r o m  s e v e r a l  d e e p  o c e a n ic  lo c a t io n s  in d ic a te s  th a t  th e r e  is  
d e f in ite  p a r t i c l e  s t r a t i f i c a t i o n  th a t  s u g g e s ts  a  m e a n s  of 
id e n tify in g  w a te r  m a s s  m o v e m e n t.  H is  d e te r m in a t io n  of
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v a r i a b i l i t y  h a s  b e e n  c o n f i rm e d  by  o b s e r v a t io n s  f r o m  th e  
T R IE S T E .

A lth o u g h  p a r t i c l e s  a r e  c o n s p ic u o u s  in  th e  " T y n d a l l  
b e a m "  of th e  e x te r n a l  la m p s ,  th e r e  h a s  b e e n  l i t t l e  e v id e n c e  
to  s u g g e s t  th a t  th e y  a r e  a l iv e .  It i s  h ig h ly  p ro b a b le ,  of 
c o u r s e ,  th a t  th e  p a r t i c l e s  a r e  of m ic r o s c o p ic  s iz e  and  
b ey o n d  th e  r e s o lu t io n  of th e  h u m a n  e y e . D e s p ite  th e  co n ­
s p ic u o u s n e s s  of th e s e  p a r t i c l e s  d u r in g  d e e p  w a te r  o b s e r v a ­
t io n s ,  th e  w a te r  w a s  s t i l l  r e l a t i v e ly  c le a r  c o m p a re d  w ith  
s u r f a c e  c o a s ta l  w a te r .

K a lle 12 and  o th e r s  h a v e  n o te d  th a t  in  s e a  w a te r  w a te r -  
s o lu b le  p ig m e n ts  of y e llo w  c o lo r  a r e  p r e s e n t .  T h is  y e llo w  
s u b s ta n c e  h a s  b e e n  found  in  th e  o c e a n  a s  w e ll  a s  in  c o a s ta l  
w a te r s .  H o w e v e r, i t  h a s  n o t b e e n  o b s e rv e d  on b a th y s c a p h  
d iv e s .

D eep  w a te r  h a s  n e a r ly  th e  c la r i t y  of c l e a r  o c e a n ic  
s u r f a c e  w a te r .  O n one o c c a s io n , th e  a u th o r  an d  a n o th e r  
o b s e r v e r  w e re  a b le  to  s e e  th e  s e a  f lo o r  a t  5678 m e t e r s  
c l e a r ly  a s  i t  w a s  i l lu m in a te d  by  th e  o u ts id e  l ig h ts  a t  a  
m a x im u m  ra n g e  of 60 fe e t .  T h e  o b s e r v a t io n s  w e r e  m a d e  
b o th  a p p ro a c h in g  th e  o ff -w h ite  b o tto m  and  l a t e r  a s  th e  
a s c e n t  c o m m e n c e d .

B y  c o n t r a s t ,  in  th e  h ig h ly  p ro d u c t iv e  w a te r s  off th e  
San D iego  c o a s t  v i s ib i l i ty  m a y  be  re d u c e d  to  l e s s  th a n  25 
fe e t .  H o w e v e r, th r e e  T R IE S T E  d iv e s  m a d e  in  v i r tu a l ly  
th e  s a m e  lo c a t io n  off San D ieg o  on d i f f e r e n t  d a te s  r e v e a le d  
th a t  th e r e  c a n  b e  s ig n if ic a n t  d i f f e r e n c e  in  th e  q u a n ti ty  of 
su s p e n d e d  m a t t e r  p r e s e n t  on  d i f f e r e n t  d a y s . T h e s e  v a r i a ­
t io n s  a r e  o b v io u s ly  due  to  th e  h o r iz o n ta l  t r a n s p o r t  of 
m a t e r i a l  and  o r g a n i s m s  in to  th e  a r e a  by  d e e p  w a te r  c u r r e n t s .  
On one o c c a s io n , th e  w a te r  w a s  a  p u re e  of s u s p e n d e d  p a r ­
t i c l e s  and  l iv in g  f o r m s ,  p r i m a r i l y  c h a e to g n a th s , c te n o -  
p h o re s ,  m e d u s a e  and  m y s id s .  A s th e  m a jo r i ty  of th e s e  
a n im a ls  a r e  c le a r  an d  r e l a t i v e ly  t r a n s p a r e n t ,  th e y  d id  no t 
r e d u c e  th e  m a x im u m  ra n g e  of v i s ib i l i ty  a s  m u c h  a s  m ig h t 
be  e x p e c te d .

O b s e rv a t io n s  m a d e  d u r in g  s e v e r a l  d iv e s  of th e  b a th y ­
sc a p h  F N R S -III  r e v e a le d  th e  p r e s e n c e  of a  c r y s ta l l in e  
c le a r  l a y e r  n e a r  th e  s e a  f lo o r .  In no  in s ta n c e  h a s  th i s  
o b s e r v a t io n  b e e n  d u p lic a te d  by  th e  T R IE S T E  d iv e s  e i t h e r  
in  th e  M e d i te r r a n e a n  o r  in  th e  P a c if ic .

W a te r  c l a r i t y  n e a r  th e  s e a  f lo o r  in  d e e p  w a te r  i s
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r e a s o n a b ly  a d e q u a te  to  p e r m i t  good  p h o to g ra p h y  an d  c le a r  
o b s e r v a t io n s .  O n D ive  56 (in  L o m a  S ea  V a lle y )  an  a p p r e ­
c ia b le  flow  of s e d im e n ts  im m e d ia te ly  a d ja c e n t  to  th e  
b o tto m  w a s  n o te d . A r e l a t i v e ly  s t ro n g  c u r r e n t  w a s  p r e s e n t  
of a p p ro x im a te ly  5 c e n t im e te r s  p e r  se c o n d . T h is  flow  w a s  
a d e q u a te  to  tu m b le  s h e l l s  in h a b ite d  by  h e r m i t  c r a b s  a lo n g  
th e  b o tto m ; f i s h e s  w e r e  n o te d  to  sw im  " u p s t r e a m " ;  s e a  
p e n s , n o r m a l ly  r ig id  an d  v e r t i c a l ,  w e r e  sw e p t o v e r  to  an  
an g le  of a p p ro x im a te ly  45 d e g r e e s .

In th e  M e d i te r r a n e a n ,  c lo u d s  of s u s p e n d e d  m a t t e r  
p a s s e d  th ro u g h  th e  i l lu m in a te d  a r e a  a s  th e  b a th y s c a p h  
re m a in e d  in  a  f ix e d  p o s i t io n . T h e s e  w e re  p ro b a b ly  g e n e r ­
a te d  by  f i s h e s  g ru b b in g  in  th e  s e a  f lo o r  s e d im e n ts .  O n tw o 
o c c a s io n s ,  f i s h e s  w e re  o b s e r v e d  to  s t i r  up  th e  s e d im e n t  
a p p a re n t ly  in  s e a r c h  of fo o d , su c h  su s p e n d e d  c lo u d s  w e re  
n o te d  to  d r i f t  in  a  f ix e d  d i r e c t i o n  a t  1 c e n t im e te r  p e r  s e c ­
ond.

Daylight Penetration

V is u a l  o b s e r v a t io n s  f r o m  th e  b a th y s c a p h  T R IE S T E  
in d ic a te  th a t  d a y lig h t p e n e t r a t io n  dow n to  600 m e t e r s  
(m a x im u m ) c a n  b e  e x p e c te d  in  c le a r  o c e a n  w a te r .
T a b le  3 c o m p a r e s  th e s e  r e s u l t s  w ith  th o s e  o b ta in e d  
by o th e r  in v e s t i g a to r s  e i t h e r  th ro u g h  d i r e c t  o b s e r v a t io n  
o r  by  th e  u s e  of c a b le - lo w e r e d  b a th y p h o to m e te r s .

R e a s o n s  f o r  th e  e x t in c t io n  of d a y lig h t a t  600 m e t e r s  o r  
l e s s  d u r in g  b a th y s c a p h  d iv e s  a r e  s u p p lie d  b y  C la rk e  and  
J a m e s 13 w ho  co n c lu d e  f r o m  th e i r  e x a m in a t io n s  th a t  o c e a n  
w a te r s  c o n ta in  s u s p e n s o id  and  f i l t e r - p a s s in g  m a t e r i a l s  
th a t  a r e  e f f e c tiv e  in  in c r e a s in g  a b s o r p t io n ,  so  th a t  s e a  
w a te r  i s  a lw a y s  l e s s  c l e a r  th a n  p u r e  d is t i l l e d  w a te r .  Such 
s u s p e n s o id s  h a v e  b e e n  a lm o s t  in v a r ia b ly  o b s e rv e d  ab o v e  
and  b e lo w  th e  d e p th  of d a y lig h t p e n e t r a t io n  on e a c h  b a th y ­
sc a p h  d iv e .

D u rin g  1957, J e r lo v  an d  P ic c a r d 14 d e s c e n d e d  600 
m e t e r s  in  th e  M e d i te r r a n e a n  w ith  th e  T R IE S T E  f o r  th e  
p u rp o s e  of m e a s u r in g  d a y lig h t p e n e tr a t io n .  U n fo r tu n a te ly , 
m a lfu n c t io n s  of th e  p h o to m e tr ic  e q u ip m e n t m a d e  it  im p o s ­
s ib le  to  o b ta in  l i g h t - le v e l  r e a d in g s  to  th e  m a x im u m  d e p th  
o b ta in e d . T h is  d iv e  r e p r e s e n te d  th e  on ly  s p e c i f ic  a t te m p t  
w ith  th e  b a th y s c a p h  to  o b ta in  p h o to m e tr ic  r e a d in g s  c o n ­
c u r r e n t ly  w ith  v is u a l  o b s e r v a t io n s  of d a y lig h t e x tin c tio n .
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S u p p le m e n ta l  d a ta  on  th i s  s u b je c t  f r o m  F r e n c h  b a th y ­
sc a p h  o p e ra t io n s  a r e  a l s o  la c k in g . T h is  i s  p ro b a b ly  b e ­
c a u s e  th e  F r e n c h  h a v e  h a d  u n u s u a l s u c c e s s  w ith  t h e i r  
u n d e rw a te r  i l lu m in a t io n  s y s te m .  In l ie u  of m e a s u r in g  
l ig h t p e n e tr a t io n ,  th e y  h a v e  c o n c e n t r a te d  on o b ta in in g  
in f o rm a t io n  ab o u t p la n k to n  d is t r ib u t io n  an d  th e  q u a n ti ty  
o f su s p e n d e d  p a r t i c l e s  in  th e  w a te r .

P r e p a r a t i o n  f o r  th e  d a y lig h t p e n e tr a t io n  o b s e r v a t io n s  
by  th e  a u th o r  in  th e  M e d i te r r a n e a n 1 7 (1957) in c lu d e d  a 
r e d u c t io n  of a m b ie n t  l ig h t  w ith in  th e  s p h e r e  an d  a  s h o r t  
d a r k  a d a p ta t io n  p e r io d .  O n ly  a  m in im u m  a m o u n t of l ig h t 
w a s  u s e d  w ith in  th e  s p h e r e  f o r  o p e ra t in g  th e  c r a f t .  T h is  
p r e c a u t io n  w a s  s u p p le m e n te d  by  th e  u s e  of a  t ig h t - f i t t in g  
r u b b e r  fa c e  m a s k  w ith  g la s s  re m o v e d , w h ic h  e x c lu d e d  
a l l  a m b ie n t  s p h e r e  l ig h t  w h en  th e  f r o n t  ed g e  of th e  m a s k  
w a s  h e ld  f i r m ly  a g a in s t  th e  h u l l  of th e  s p h e r e  a ro u n d  th e  
w indow . E x te r n a l  i l lu m in a t io n  w a s  n o t e m p lo y e d  d u r in g  
th e  d e s c e n t  u n t i l  a f t e r  th e  e x t in c t io n  of d a y lig h t w a s  ob­
s e r v e d .

D a r k - a d a p ta t io n  t im e  on th i s  d iv e  w a s  l im i te d  to  th a t  
r e q u i r e d  to  r e a c h  d e p th  a f t e r  th e  s t a r t  of th e  d iv e  (ab o u t 
30 m in u te s ) .  T o  e x te n d  c a p a b i l i ty  f o r  v i s u a l  d e te c t io n  of 
d a y lig h t p e n e tr a t io n ,  a n  in v e s t ig a to r  sh o u ld  h a v e  a  o n e - 
h o u r  d a r k - a d a p ta t io n  p e r io d .

Marine Biology

D u rin g  th e  1 9 5 8 -1 9 6 0  b a th y s c a p h  d iv in g  p r o g r a m , a 
v a r i e ty  of h a b i ta ts  w e re  e n c o u n te re d .  W ith in  th e  L o m a  
Sea V a lle y , a  fa u n a  of f i s h e s  an d  in v e r te b r a te s  w a s  
e n c o u n te re d  th a t  v a r i e d  w ith  t im e  and  sp a c e  b o th  on  th e  
s e a  f lo o r  an d  in  m id w a te r .  T e m p o r a l  c h a n g e s  w e re  
s t r ik in g .  I n v e r te b r a t e  p o p u la t io n s  in  p a r t i c u l a r  w e re  
n o te d  to  v a r y  t r e m e n d o u s ly  in  s p e c ie s ,  q u a n ti ty , an d  
d is t r ib u t io n .  T h e  e x t r e m e  v a r i a b i l i t y  in  th i s  a r e a  a p p e a r s  
to  b e  c a u s e d  by  v a r i a t i o n s  in  w a te r  m a s s  m o v e m e n t.

T h e r e  a r e  s ig n if ic a n t  d i f f e r e n c e s  in  s p e c ie s  o c c u p y ­
in g  th e  r e g io n  of th e  L o m a  S ea  V a lle y  (ab o u t 800 to  1000 
fe e t )  a s  c o m p a re d  to  th e  San D ieg o  T ro u g h  (ab o u t 3600 to  
42 00 f e e t ) .  T h e  San  D ieg o  T ro u g h  fa u n a  i s  d o m in a te d  by 
b r i t t l e  s t a r f i s h ,  tu b e  w o rm s ,  h o lo th u r ia n s ,  an d  s a b le f is h .

T h e  s e a  f lo o r  fa u n a  in  th e  G u am  a r e a  w a s  d e p a u p e r ­
a te d . L iv in g  o r g a n i s m s  w e r e  found  to  be a b u n d a n t dow n



to  10, 000 f e e t .  S u sp e n d e d  m a t t e r ,  y e t  u n a n a ly z e d  a s  to  
a n im a te  an d  in a n im a te  c o n s t i tu e n ts ,  m a y  c o n ta in  m a n y  
f o r m s  to o  s m a l l  to  b e  r e c o g n iz e d  w ith o u t o p t ic a l  m a g n if ic a ­
tio n .

S a m p lin g  h a s  b e e n  l im i te d  d u e  to  s a m p le r  f a i l u r e s .  
H o w e v e r , p ro to ty p e  s a m p lin g  d e v ic e s  a r e  u n d e r  d e v e lo p ­
m e n t an d  t e s t  (fig . 1 3 -1 6 ) .

B io lo g ic a l  e n t i t i e s  an d  t h e i r  r e m a in s  a p p e a r  to  c o n ­
s t i tu te  a n  im p o r ta n t  in t e r f e r e n c e  f a c t o r  in  th e  p ro p a g a t io n  
of sound  th ro u g h  lo n g  d e e p - w a te r  p a th s .  It i s  p la n n e d  to  
e x p lo re  th e  e f f e c ts  of th e s e  o r g a n i s m s  on so u n d  p ro p a g a t io n  
u s in g  e q u ip m e n t c a r r i e d  a b o a r d  th e  T R IE S T E .

F ig u r e  13. P ro to ty p e  m u l t ip le  p la n k to n  s a m p le r .  T w e n ty  
in d iv id u a l s a m p le s  a r e  s e le c te d  on c o m m a n d  by  r e m o te  
c o n tro l  a n d  h e ld  in  s to r a g e  u n d e r  s e a  w a te r  u n t i l  r e m o v e d  
f o r  a n a ly s is  o r  p r e s e r v a t i o n .  W a te r  i s  p u m p e d  th ro u g h  
s ta n d a rd  p la n k to n  n e t t in g  b y  a n  a m b ie n t - p r e s  s u r e - c o m p e n ­
s a te d  6- o r  1 2 -v o lt  d e  m o t o r - d r iv e n  p r o p e l l e r  lo c a te d  in  
a  s t a in l e s s  s t e e l  c o v e r  a t  th e  a p e x  of th e  c o n ic a l s h ro u d . 
B e n e a th  th e  c o n ic a l s h ro u d  i s  th e  p ro to ty p e  s y s te m  w h e re in  
a  s e t  of s ta n d a rd  l e a d - a c id  b a t t e r i e s  w e r e  c o m p e n s a te d  to  
a m b ie n t  p r e s s u r e .



F ig u r e  14. A n o th e r  p ro to ty p e  m u l tip le  p la n k ­
to n  s a m p le r .  T e n  in d iv id u a l s a m p le s  a r e  s e ­
l e c te d  on c o m m a n d  b y  r e m o te  c o n tr o l  an d  h e ld  
in  s to r a g e  u n d e r  s e a  w a te r  u n t i l  re m o v e d  fo r  
a n a ly s i s  o r  p r e s e r v a t i o n .  W a te r  i s  p u m p ed  
th ro u g h  s t a n d a r d  p la n k to n  n e t t in g  by  an  a m b i­
e n t - p r e s s u r e - c o m p e n s a t e d  2 4 -v o l t  de  m o to r -  
d r iv e n  p r o p e l l e r  lo c a te d  in  a  s t a in l e s s  s t e e l  
c o v e r  b e lo w  th e  a c r y l i c  p la s t i c  s a m p lin g  u n it .  
A n a m b ie n t p r e s s u r e  c o m p e n s a te d  s o le n o id , 
l o c a te d  u p p e r  le f t ,  i s  u s e d  to  r e l e a s e  s a m p lin g  
d is c s  in to  th e  s to r a g e  p o s i t io n . A d d itio n a l 
s a m p lin g  u n its  c an  be e a s i ly  a d d e d  to  th e  
" s ta c k ', ' o f te n  sh o w n .

m /4

F ig u r e  15. E n d -o n  v iew  of s a m p le r  of 
f ig u r e  14. P o ly e th y le n e  b o t t le s  s e r v e  a s  
r e s e r v o i r s  fo r  th e  e l e c t r i c a l l y  n o n -c o n d u c tin g  
f lu id s  u s e d  to  c o m p e n s a te  f o r  a m b ie n t s e a  p r e s ­
s u r e  a n d  to  p ro h ib i t  th e  e n t r y  o f s e a  w a te r  in to  
th e  e l e c t r i c a l  c i r c u i t s .  T h is  s a m p le r  w as 
s u c c e s s f u l ly  o p e r a te d  to  d e p th s  of 18, 900 f e e t .  
P o w e r  f o r  th e  m o to r  w a s  ta k e n  f r o m  th e  p r o ­
to ty p e  s y s te m  u s e d  f o r  o p e ra t in g  s t a n d a r d  
l e a d - a c id  b a t t e r i e s  a t  a m b ie n t h y d r o s ta t i c  
p r e s s u r e s .
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F ig u r e  16. P ro to ty p e  a m b ie n t  p r e s s u r e  w a te r  an d  p la n k to n  
s a m p le r .  T h is  u n it i s  a d a p ta b le  to  b a th y s c a p h  o r  c a b le -  
lo w e re d  u s e .  A s in g le  w a te r  an d  f i l t e r e d  p la n k to n  s a m p le  
c a n  b e  a c q u ir e d  by  r e m o te  c o n tr o l .  P r e s s u r e  w ith in  th e  
c h a m b e r  c an  b e  m a in ta in e d  up to  a  m a x im u m  p r e s s u r e  of 
1000 p s i .  C lo s u re  of th e  a p e r t u r e s  c an  b e  e f fe c te d  e i t h e r  
m e c h a n ic a l ly  b y  m e s s e n g e r  o r  b y  a n  e l e c t r i c a l  s o le n o id . 
T w o v ie w in g  p o r t s  an d  o p e n in g s  f o r  in t e r n a l  l ig h tin g  a r e  
a v a i la b le  f o r  v ie w in g  th e  c o n te n ts  w h ile  u n d e r  p r e s s u r e .  
E x c h a n g e  of w a te r  a f t e r  c lo s in g  c a n  b e  e f fe c te d  in  th e  
la b o r a to r y  th ro u g h  h ig h - p r e s s u r e  g a te s  lo c a te d  on e a c h  
end of th e  p r e s s u r e  v e s s e l .
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WATER TEMPERATURES IN THE MARIANAS  
TRENCH

A bove a  d e e p  t r e n c h ,  a  u n iq u e  c h a r a c t e r i s t i c  of th e  
w a te r  c o lu m n  is  th e  a d ia b a t ic  i n c r e a s e  of th e  t e m p e r a t u r e .  
W u rs t18 (1929) h a s  sh o w n  th a t  a  s l ig h t  i n c r e a s e  in  t e m p e r ­
a tu r e  c a n  b e  a n t ic ip a te d  b e lo w  a b o u t 3000 f a th o m s . A t th i s  
d e p th  a  m in im u m  te m p e r a t u r e  le v e l  o c c u r s  f o r  w a te r  
m a s s e s  of c o n s ta n t  s a l in i ty .

T h e  t e m p e r a t u r e  p r o f i le  o b ta in e d  d u r in g  b a th y s c a p h  
D ive  N o. 70 (fig . 17) sh o w s th i s  m in im u m  te m p e r a t u r e  
le v e l  fo llo w e d  by  a  g r a d u a l  in c r e a s e  a s  th e  b a th y s c a p h  
d e s c e n d e d .  T h e  r e c o r d e d  t e m p e r a t u r e  v a lu e s  w e r e  a c q u ir e d  
u s in g  a  r e s i s t a n c e  b r id g e .  T h e  a c c u r a c y  of th i s  b r id g e  and  
i t s  c a l i b r a t io n s  w e re  n o t a d e q u a te  to  p e r m i t  th e  v a lu e s  to  b e  
c o n s id e re d  a b s o lu te ly  p r e c i s e .

T h e  t e m p e r a t u r e  a t  3100 fa th o m s  on  D ive  N o. 76, a s  
d e te r m in e d  b y  a  r e v e r s in g  th e r m o m e te r ,  w a s  2. 12 ± 0. 08° C.
A c h a r t  r e a d in g  of 2 . 3° C a t  th e  s a m e  d e p th  in  th e  s a m e  d iv e  
w a s  r e c o r d e d .
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iF ig u re  17. S ea  w a te r  t e m p e r a t u r e s  o b ta in e d  b y  a  r e s i s t ­
a n c e  b r id g e ,  i l l u s t r a t i n g  a d ia b a t ic  c o o lin g  a t  m id -d e p th s .  
A b so lu te  a c c u r a c y  of r e c o r d e d  v a lu e s  i s  n o t in t im a te d  by  
th i s  c u rv e .
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BIOLOGICAL FOULING OF TRIESTE
F o u lin g  of th e  e x t e r io r  of th e  b a th y s c a p h  w ith in  S an  

D iego  B ay  h a s  b e e n  s p e c t a c u la r  an d  a  n u is a n c e  (fig . 18). 
P r o f u s e  g ro w th  of O b e l i a ,  T u b u l l a r i a ,  b a r n a c l e s ,  tu b e -  
fo r m in g  w o rm s  su c h  a s  S p i r o r b i s ,  and  e v e n  th e  y o u n g  of 
th e  g ia n t k e lp  Mac r o  c y s t  i s  h a v e  fo r m e d  d e n s e  fo u lin g  
c o v e r s  to  th e  e x te n t th a t  th e  p a in t  w a s  no  lo n g e r  v is ib le  a f t e r  
a  few  w e e k s . It i s  of i n t e r e s t  to  n o te  th e  p r e f e r e n t i a l  
s e t t l in g  of th e  o r g a n i s m s  on th e  w h ite  p a in te d  s u r f a c e  
r a t h e r  th a n  on th e  b lu e  b a n d .

T h e  f i r s t  a n tifo u l in g  w h ite  p a in t, A m e rc o a t  85 an d  33, 
w a s  a p p lie d  fo llo w in g  th e  M a r c h - A p r i l  1959 o v e rh a u l  of 
th e  T R IE S T E  (fig . 19). T h is  p a in t  w a s  a l s o  fo u le d  in  a  
s h o r t  t im e  (fig . 2 0). A s in d ic a te d  b y  th i s  p h o to g ra p h , th e  
e x p o s u re  to  h ig h  h y d r o s ta t i c  p r e s s u r e  an d  low  t e m p e r a t u r e  
d u r in g  th e  b a th y s c a p h  d iv e s  h ad  no a p p a r e n t  d e t r im e n ta l  
e f f e c t  on th e  l iv in g  o r g a n i s m s ;  D iv e s  53 (to  4100 fe e t )  and  
55 (to  4200 f e e t )  a p p lie d  p r e s s u r e s  of o v e r  1800 p s i  to  th e  
g ro w in g  o r g a n i s m s .

P r i o r  to  th e  in i t i a t io n  of N E K T O N  I, a  s t a n d a r d  s to c k  
a n tifo u l in g  p a in t , v in y l r e d  f o r m u la  121, w a s  s u b s t i tu te d  f o r  
th e  w h ite  p a in t  (fig . 21 ). G ood a n tifo u l in g  c h a r a c t e r i s t i c s  
w e re  n o te d . H o w e v e r, b io lo g ic a l  g ro w th  in  A p ra  H a r b o r  i s  
a lw a y s  n e g lig ib le .

C o n tro l le d  t e s t s  w ith  L a m in a r  X -5 0 0  c o n d u c te d  off 
th e  N E L  p i e r  in d ic a te d  th a t  th i s  p a in t  w o u ld  b e  a  good  
a n tifo u l in g  c o v e r in g  f o r  th e  c r a f t .  H o w e v e r, fo llo w in g  
tw o  m o n th s ' im m e r s io n  in  1961, th e  c r a f t  w a s  a g a in  h e a v ily  
fo u led  an d  now  r e q u i r e s  w e e k ly  c le a n in g  by  d iv e r s .
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F ig u r e  18. B io lo g ic a l  fo u lin g  on I ta l ia n  p a in t a f t e r  4 
m o n th s ' im m e r s io n ,  N o v e m b e r  1958 - M a rc h  1959.
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T R I E S T E  p a in t e d  w i th  A m e r c o a t  85 a nd  33.
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F ig u r e  20 . B io lo g ic a l  fo u lin g  on A m e rc o a t  85 an d  33 a f t e r  
2 m o n th s . T h e  fo u lin g  sh o w ed  no a p p a r e n t  c h a n g e s  fo llo w ­
ing  e x p o s u r e  to  r e d u c e d  t e m p e r a t u r e s  and  m a r k e d  p r e s ­
s u r e  in c r e a s e s  to  o v e r  1800 p s i .
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F ig u r e  21. T R IE S T E  p a in te d  w ith  v in y l r e d  f o r m u la  121.
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CONCLUSIONS
1. O c e a n ic  e n v ir o n m e n ta l  r e s e a r c h  h a s  b e e n  s u c c e s s ­

fu l ly  c o n d u c te d  to  th e  m a x im u m  know n d e p th  in  th e  o c e a n s  
u s in g  a  m a n n e d  v e h ic le ,  th e  b a th y s c a p h  T R IE S T E .

2. T h e  v a l id i ty  of th e  c o n c e p t of se n d in g  m a n  and  
m a c h in e  a s  a  te a m  in to  th e  d e p th s  f o r  o c e a n o g ra p h ic  r e ­
s e a r c h  h a s  b e e n  p ro v e d  b y  s u c c e s s f u l  s c ie n t i f ic  o b s e r v a ­
t io n s  a n d  m e a s u r e m e n ts  of w a te r  c la r i t y ,  b io lu m in e s c e n c e ,  
w a te r  c u r r e n t s  on  th e  s e a  f lo o r ,  g r a v i ty ,  so u n d  v e lo c i ty ,  
w a te r  t e m p e r a t u r e ,  s e a - f lo o r  s tu d ie s ,  an d  o th e r  f a c e t s  of 
m a r in e  b io lo g y , m a r in e  g e o lo g y , an d  p h y s ic a l  o c e a n o g ra p h y .

3. O b s e rv a t io n s  a t  th e  s e a  f lo o r  u s in g  th e  b a th y s c a p h  
le a d  to  s e v e r a l  im p o r ta n t  c o n c lu s io n s :

a . T h e  p r e s e n c e  of c u r r e n t s  a lo n g  th e  d e e p - s e a  
f lo o r  of s u f f ic ie n t  m a g n itu d e  to  c a u s e  th e  c o a r s e r  s e d im e n t  
to  fo r m  r ip p le  m a r k s  h ad  b e e n  p r e v io u s ly  n o te d  by  d e e p -  
s e a  c a m e r a  s tu d ie s .  In a s m u c h  a s  no  c u r r e n t  m e a s u r e m e n ts  
c a n  b e  m a d e  d u r in g  c a m e r a  s tu d ie s ,  i t  w a s  n o t know n 
w h e th e r  th e s e  w e re  i n t e r m i t t e n t  o r  c o n tin u o u s  c u r r e n t s .
T he  b a th y s c a p h  o b s e r v a t io n s  h a v e  c o n f i rm e d  th e  p r e s e n c e  
of th e s e  d e e p  r i p p le s ,  a n d  h a v e  f u r th e r  e s ta b l i s h e d  th a t
th e  c u r r e n t  p r e s e n t  in  th e  a r e a  a t  th e  t im e  w a s  n o t s t r o n g  
enough  to  c a u s e  th e  r ip p l in g .  T h e  c u r r e n t s  a r e  th e r e f o r e  
in t e r m i t t e n t .  T h e  p r e s e n c e  of su c h  d e e p  c u r r e n t s  h e r e t o ­
fo r e  unknow n (b e fo re  c a m e r a  and  b a th y s c a p h  s tu d ie s )  i s  
a n  im p o r ta n t  o c e a n o g ra p h ic  p h e n o m e n o n  w h ic h , a t  p r e s e n t ,  
p h y s ic a l  o c e a n o g ra p h ic  th e o r y  c a n n o t e x p la in .

b . T h e  T R IE S T E  h a s  found  a b u n d a n t e v id e n c e  of 
b io lo g ic a l  c h u rn in g  of th e  b o tto m . T he  m a r k e d  v a r ia n c e  
and  d i s p e r s io n  of th e s e  m in o r  f e a t u r e s  h a s  b e e n  e s p e c ia l ly  
a u g m e n te d  and  c o m p a re d  to  s e a  f lo o r  p h o to s .

c . A n im p o r ta n t  c o n tr ib u t io n  w a s  m a d e  to  k n o w l­
e d g e  of th e  to p o g ra p h y  an d  s t r u c tu r e  of th e  s e a  f l o o r  by  th e  
d iv e s  off G u am  w h ich  d e m o n s tr a te d  th a t  th e  s u b m a r in e  p a r t  
of th e  is la n d  is  a  th in  c o r a l  c ap  on a  m a s s iv e  v o lc a n ic  
s t r u c tu r e  hav ing , on ly  a  s c a t t e r e d  v e n e e r  of s e d im e n ts .
T h is  n o t o n ly  d e m o n s t r a te d  th e  a c tu a l  s t r u c tu r e ,  w h ic h  w a s  
p re v io u s ly  unknow n, b u t a l s o  sh o w ed  th a t  th e  is la n d  a r c -  
t r e n c h  s t r u c tu r e  of w h ic h  G u am  i s  a  p a r t  h a s  n o t su b s id e d  
to  an y  g r e a t  e x te n t .

d . Im p o r ta n t c o n tr ib u t io n s  w e re  m a d e  to  s tu d ie s  
of th e  to p o g ra p h y  and  s t r u c tu r e  of th e  g r e a t  t r e n c h e s  of th e
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P a c i f i c  in  th e  d iv in g  in to  th e  M a r ia n a s  T re n c h .  E c h o  
so u n d in g  d o e s  n o t show  th e  c o n f ig u ra t io n  of th e  f lo o r  a lo n g  
th e  a x is  of th e s e  t r e n c h e s  b e c a u s e  of th e  b r o a d - b e a m  of 
th e  s o u n d e r s ,  th e  d e p th  of w a te r ,  an d  s id e  e c h o e s . A s  a 
r e s u l t  of th e  T R IE S T E  p r o g r a m , i t  i s  now  know n th a t  th e  
t r e n c h  (and  p ro b a b ly  o th e r s )  h a s  a  w id e  f l a t  f lo o r ;  th a t  
c u r r e n t s  a r e  n o t a c t iv e  in  i t  (a t l e a s t  n o t c o n tin u o u s ly ) ; 
an d  th a t  i t  h a s  l i t t l e  b e n th ic  a n im a l  a c t iv i ty .  F u r t h e r m o r e ,  
th e  n a tu r e  of s e d im e n t  in  th e  t r e n c h  w a s  a s c e r ta i n e d .  T h e  
s e d im e n t  of th e  t r e n c h  p r e v io u s ly  w a s  know n f r o m  o n ly  one 
s m a l l  s a m p le  ta k e n  b y  th e  HMS C H A L L E N G E R  in  1952, 
an d  in  a n o th e r  p o r t io n  of th e  T re n c h .

4. O th e r  c o n c lu s io n s  a r e :

a . P a r t i c u l a t e  m a t t e r  e x i s t s  to  so m e  d e g r e e  to  
a l l  d e p th s  in  th e  o c e a n s .

b . W a te r  c l a r i t y  in  th e  d e e p  o c e a n s  g e n e r a l ly  
p e r m i t s  o b s e r v a t io n  f r o m  th e  b a th y s c a p h  to  d is t a n c e s  up 
to  60 fe e t ,  w h en  l ig h tin g  c o n d it io n s  a r e  s u i ta b le .  A new  
a r c  f o r  in  s i tu  o b s e r v a t io n s  on " v is u a l  o c e a n o g ra p h y "  is  
in d ic a te d .

c . F o r  th e  b a th y s c a p h  o b s e r v e r ,  e x t in c t io n  of 
d a y lig h t in  th e  o c e a n  g e n e r a l ly  o c c u r s  a t  a p p r o x im a te ly  
600 m e t e r s .

d. A t d e p th s  of o v e r  2100 m e t e r s ,  b io lu m in e s ­
c e n c e  w a s  o b s e r v e d  o n ly  a s  s in g le ,  o r  s m a l l  g ro u p s  of 
f l a s h e s .  U pon a s c e n d in g  to  700 m e t e r s ,  th e  n u m b e r  of 
f l a s h e s  i n c r e a s e d  r a p id ly  a s  m u c h  a s  1000 t i m e s .  A t 
s h a l lo w e r  d e p th s  b io lu m in e s c e n c e  r e m a in e d  h ig h  u n t i l  
" w a sh e d  o u t' b y  d a y lig h t.

57



RECOMMENDATIONS
P ro v id e  f o r  i n c r e a s in g  th e  k n o w led g e  a v a i la b le  to  th e

U. S. of th e  d e e p - s e a  e n v iro n m e n t .  S p e c if ic a l ly :

1. C o n tin u e  an d  e x te n d  d e e p - s e a  r e s e a r c h  w ith  th e  b a th y ­
sc a p h  T R IE S T E  so  a s  to  ta k e  fu l l  a d v a n ta g e  of th e  u n iq u e  
and  p ro v e n  c a p a b i l i t i e s  of th i s  v e s s e l .  A lso , m o d ify  
th e  T R IE S T E  to  m a k e  i t  e v e n  m o r e  v a lu a b le  f o r  s c ie n ­
t i f i c  w o rk  th a n  a t  p r e s e n t .

2. E s ta b l i s h  a n  e n la r g e d  s c ie n t i f ic  p r o g r a m , in v o lv in g  
u n d e r w a te r  a c o u s t ic s  an d  a l l  o c e a n o g ra p h ic  d is c ip l in e s ,  
f o r  m a k in g  o b s e r v a t io n s  and  m e a s u r e m e n ts  v e r t i c a l l y  
th ro u g h  w a te r  c o lu m n s  an d  in  v e r y  d e e p  w a te r .

3. D ev e lo p  im p ro v e d  a c o u s t ic  an d  o c e a n o g ra p h ic  i n s t r u ­
m e n ta t io n  f o r  u s e  on th e  T R IE S T E  an d  on fu tu re  d e e p  
s u b m e r s ib le s .

4. D ev e lo p  a  d e e p  s u b m e r s ib le  r e s e a r c h  c r a f t  m o r e  v e r s a ­
t i l e  th a n  th e  T R IE S T E .

5. E v a lu a te  th e  u s e f u ln e s s  of d e e p  s u b m e r s ib le s  a s  p la t ­
f o r m s  f o r  a c o u s t ic  d e te c t io n  e q u ip m e n t an d  n a v a l o r d ­
n a n c e .
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