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Har ry  H.  R o b e r t s  - 

A b s t r a c t  

S ide-scan  s o n a r ,  h i g h - r e s o l u t i o n  s e i s m i c ,  and echo-sounder d a t a ,  
coup led  w i t h  t h e  r e s u l t s  of  o t h e r  r e e f - r e l a t e d  s t u d i e s  on  Grand Cayman 
I s l a n d ,  show t h a t  abundant  s ed imen t s  have accumula ted  on t h e  deep  f o r e -  
r e e f  s h e l f .  The most i m p o r t a n t  a c c u m u l a t i o n  s i t e s  a r e  on t h e  d o w n d r i f t  
n o r t h w e s t  and sou thwes t  f l a n k s  of  t h e  i s l a n d ,  where g r a d i e n t s  from h igh  
t o  low ene rgy  a r e  maximized.  

She l f -marg in  r e e f  morphology a l o n g  t h e  l e e  o r  w e s t e r n  s i d e  changes  
from a  con t inuous  s i l l - l i k e  s t r u c t u r e  t h a t  impounds s ed imen t  a l o n g  most  
o f  t h i s  s e c t o r  t o  a  d i s c o n t i n u o u s  r e e f  a l o n g  t h e  s o u t h w e s t e r n  f l a n k ,  
I s o l a t e d  r e e f  b u t t r e s s e s ,  s e p a r a t e d  by wide s e d i m e n t - f l o o r e d  c h a n n e l s ,  
c h a r a c t e r i z e  t h i s  a r e a ,  where abundant  s e d i m e n t s  a r e  s t o r e d  on t h e  lower  
f o r e r e e f  s h e l f .  The wide c h a n n e l s  between r e e f  b u t t r e s s e s  p rov ide  ave-  
nues  through which sed imen t s  produced i n  s h a l  low-water env i ronmen t s  can  
be t r a n s p o r t e d  t o  deep  o f f - s h e l f  s i t e s  of d e p o s i t i o n .  Echo-sounder 
t r a c e s  o f f  t h e  s h e l f  a t  t h e  s o u t h w e s t e r n  c o r n e r  of  t h e  i s l a n d  d i s p l a y  
c h a r a c t e r i s t i c s  s u g g e s t i n g  d e p o s i t i o n a l  s l o p e s .  She l f -marg in  r e e f  mor- 
phology s t r o n g l y  i n d i c a t e s  t h a t  o f f - s h e l f  sed iment  t r a n s p o r t  i s  occu r -  
r i n g  a l o n g  t h e  s o u t h w e s t e r n  f l a n k  of t h e  i s l a n d .  S ide - scan  s o n a r  d a t a  
were  e x t r e m e l y  v a l u a b l e  f o r  r a p i d l y  e v a l u a t i n g  t h e  morpho log ica l  v a r i -  
a b i l i t y  of r e e f s  on t h e  f o r e r e e f  s h e l f .  

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

Recent  s t u d i e s  of  p h y s i c a l  p r o c e s s e s  i n t e r a c t i n g  w i t h  i s l a n d  r e e f  
sys t ems  i n  t rade-wind s e t t i n g s  s u g g e s t  t h a t  a r o u n d - t h e - i s l a n d  g r a d i e n t s  
i n  b o t h  wave ene rgy  and c u r r e n t  ene rgy  f a v o r  t r a n s  p o r t  and accumula t ion  
of s ed imen t  a l o n g  t h e  l e e  c o a s t  and a d j a c e n t  s h e l f  ( R o b e r t s  e t  a l . ,  1 9 7 5 ;  
Murray  e C  a l . ,  1977;  D a v i e s ,  1977; R o b e r t s ,  i n  p r e s s ) .  Both o b s e r v a t i o n s  
and t h e o r y  show t h a t  zones of i n t e n s e  c u r r e n t s  ( j e t s  o r  r i p s )  and zones 
of  weak c u r r e n t s  ( s t a g n a t i o n  z o n e s )  a r e  s y s t e m a t i c a l l y  d i s t r i b u t e d  
a round t h e  s h o r e s  of i s l a n d s  and t h a t  p r i sms  of s h e l f  s ed imen t  accumula t e  
i n  r e s p o n s e  t o  t h e  d e c e l e r a t i o n  o f  h igh-speed  c u r r e n t s  (Murray e t  a l . ,  
1 9 7 7 ) .  Wi th in  q u a s i - u n i d i r e c t i o n a l  wind and wave s y s t e m s ,  major  low 
e n e r g y  o r  s h e l t e r e d  zones a round i s l a n d s  g e n e r a l l y  c o r r e s p o n d  t o  r e g i o n s  
where  n e a r s h o r e  c u r r e n t  f i e l d s  d i s p l a y  minimal  v e l o c i t i e s .  I n  t h e  
n o r t h e a s t  t rade-wind s e t t i n g  of t h e  C a r i b b e a n ,  t h e s e  l o w e n e r g y  zones 
o c c u r  on t h e  w e s t e r n  s e c t o r s  of i s l a n d s .  
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Carbona te  r e s e a r c h  conducted  on t h e  r e e f s  and s e d i m e n t s  o f  Grand 
Cayman (West ~ n d i e s ) ,  a  t rade-wind i s l a n d  t h a t  f i t s  t h e  above obse r -  
v a t i o n s  c o n c e r n i n g  ene rgy  d i s t r i b u t i o n  ( F i g .  l ) ,  i n d i c a t e s  t h a t  s e d i -  
ments  have accumula t ed  i n  abundance on t h e  deep  f o r e r e e f  s h e l f  a l o n g  t h e  
w e s t e r n  ( l e e )  s i d e  of  t h e  i s l a n d  ( ~ i g b ~  and R o b e r t s ,  1976;  R o b e r t s ,  
1977) .  Al though s h a l l o w  f r i n g i n g  r e e f s ,  which a r e  abundant  s ed imen t  
s o u r c e s ,  a r e  n o t  e v i d e n t  a l o n g  t h e  l eeward  c o a s t ,  f l o u r i s h i n g  mid-she l f  
and she l f -marg in  r e e f s  a r e  p r e s e n t .  Higher  e n e r g y  s h e l v e s ,  compared t o  
low-energy s h e l v e s  of  Grand Cayman, t e n d  t o  s u p p o r t  more c o r a l  cove r  and 
l e s s  open a r e a s  of sed iment  accumula t ion  i n  bo th  s h a l l o w  and deep env i -  
ronments  ( ~ o b e r t s ,  1974) .  Sediments  produced by b o t h  p h y s i c a l  and b io -  
l o g i c a l  d e g r a d a t i o n  of t h e  r e e f  framework i n  t h e s e  h i g h e r  ene rgy  s h e l f  
a r e a s  appea r  t o  be l a r g e l y  t r a p p e d  i n  t h e  r e e f  m a t r i x  and t h e r e b y  d i -  
v e r t e d  from pr imary  r o u t e s  of o f f - s h e l f  s ed imen t  t r a n s p o r t .  Meaney 
( 1 9 7 3 ) ,  Moore e t  a l .  (19761,  Land and Moore (1977) ,  G i n s b u r g  and James 
( l 9 7 3 ) ,  and Hanna and  Moore (1979)  have  s t u d i e d  v a r i o u s  a s p e c t s  of s h e l f  
t o  b a s i n  s e d i m e n t a t i o n ,  i n c l u d i n g  sediment  b u d g e t s ,  f a c i e s  r e l a t i o n -  
s h i p s ,  and s t r a t i g r a p h i c  h i s t o r y  of o f f - s h e l f  d e p o s i t s .  The s t u d y  
r e p o r t e d  i n  t h i s  paper  p r o v i d e s  a d d i t i o n a l  d a t a  from s ide - scan  s o n a r ,  
subbo t tom,  and echo-sounder s u r v e y s  ( ~ i g .  1 )  c o n c e r n i n g  i d e n t i f i c a t i o n  
o f  o p t i m a l  s i t e s  f o r  s h e l f - t o - b a s i n  sed iment  t r a n s p o r t  a s s o c i a t e d  w i t h  a 
l o w r e l i e f  Ca r ibbean  i s l a n d ,  

O b j e c t i v e s  of  t h i s  i n v e s t i g a t i o n  were t w o f o l d ,  F i r s t l y ,  from pre-  
v i o u s  g e o l o g i c a l  and p h y s i c a l  p r o c e s s  s t u d i e s  of Grand Cayman, t h e  l o c a -  
t i o n  of  impor t an t  sed iment  s i n k s  and g e n e r a l  a r e a s  of  maximum sed imen t  
i n p u t  t o  t h e  s h e l f  were i d e n t i f i e d .  I t  t h e n  became i m p o r t a n t  t o  d e t e r -  
mine i f  t h e s e  a r e a s  o f  accumula t ion  a r e  a l s o  s i t e s  of  s i g n i f i c a n t  s e d i -  
ment t r a n s p o r t  and i f  r e e f  morphology i s  l i n k e d  t o  t h i s  p r o c e s s .  Sec- 
o n d l y ,  t h e  u s e f u l n e s s  of  s i d e - s c a n  s o n a r  f o r  r e e f - r e l a t e d  s t u d i e s  was 
t e s t e d .  

Three  i n s t r u m e n t s  were used i n  c o n j u n c t i o n  w i t h  a c c u r a t e  Loca t ion  
c o n t r o l ,  These i n s t r u m e n t s  i n c l u d e d  a  s i d e - s c a n  s o n a r  s y s t e m ,  a 3-5-kHz 
subbot tom p r o f i l e r ,  and a  l i n e a r  c h a r t  r e c o r d i n g  f a t h o m e t e r ,  A l l  in -  
s t r u m e n t s  were deployed  on an I l - m e t r e  b o a t ,  which s e r v e d  a s  a  r e s e a r c h  
v e s s e l .  I n s t r u m e n t a t i o n  was o p e r a t e d  sirnul t a n e o u s l  ji, and e v e n t  marks 
i n d i c a t i n g  p o s i t i o n  f i x e s  were a u t o m a t i c a l l y  r e c o r d e d  on a l l  r e c o r d s  a t  
I -minute  i n t e r v a l s ,  The p o s i t i o n  f i x  numbers and d i s t a n c e s  from known 
p o i n t s  were r e c o r d e d  on paper  t a p e  a s  a  permanent r e c o r d .  Each i n s t r u -  
ment i s  d i s c u s s e d  be low,  w i t h  more emphas is  b e i n g  g iven  t o  s i d e - s c a n  
s o n a r  because  of i t s  u s e f u l n e s s  i n  t h i s  s t u d y  and i t s  r e c e n t  impor t ance  
t o  mar ine  geology i n  g e n e r a l .  

S ide-Scan  Sonar  

The f i r s t  o p e r a b l e  s i d e - l o o k i n g  s o n a r s  were made by t h e  B r i t i s h  i n  
t h e  e a r l y  1960s .  S ide-scan  d i d  n o t  become a  v a l u a b l e  i n s t r u m e n t  f o r  
mar ine  s u r v e y s  u n t i l  t h e  l a t e  1960s .  I n  t h e  1970s i t  h a s  become i n c r e a s -  
i n g l y  i m p o r t a n t  a s  s t a n d a r d  i n s t r u m e n t a t i o n  i n  mar ine  s u r v e y  work. For  



t h e  mar ine  g e o s c i e n t i s t ,  t h e  development  of  s i d e - s c a n  s o n a r  must  b e  
c o n s i d e r e d  a  ma jo r  t e c h n o l o g i c a l  m i l e s t o n e .  Through t h e  u se  of t h i s  
i n s t r u m e n t a t i o n ,  which i s  now r e a d i l y  a c c e s s i b l e ,  i t  i s  p o s s i b l e  t o  map 
s e a - f l o o r  s u r f a c e  f e a t u r e s  w i t h  comple te  c o v e r a g e ,  a  t a s k  v e r y  s i m i l a r  
t o  mapping from a e r i a l  photography.  P r e v i o u s l y ,  o u r  u n d e r s t a n d i n g  of 
s e a - f l o o r  morphology was d e r i v e d  p r i m a r i l y  from p r o f i l e  d a t a  such  a s  i s  
g e n e r a t e d  by a  p r e c i s i o n  d e p t h  r e c o r d e r .  Between s u r v e y  l i n e s  e x t r a p o -  
l a t i o n s  must be made, whereas a d j a c e n t  s i d e - s c a n  s o n a r  l i n e s  may be  
spaced  s o  t h a t  r e c o r d s  o v e r l a p  f o r  c o n t i n u o u s  s e a - f l o o r  cove rage .  
Recen t  development  of sys t ems  t h a t  d i g i t a l l y  a c q u i r e  s ide - scan  d a t a  and  
p l a y  i t  back i n  a n  u n d i s t o r t e d  a n a l o g  form i s  y e t  a n o t h e r  major  improve- 
ment i n  t h i s  v a l u a b l e  i n s t r u m e n t a t i o n .  I n  an u n d i s t o r t e d  format  s p a t i a l  
d i s t r i b u t i o n s  of  bot tom f e a t u r e s ,  t e x t u r e s ,  and s h a p e s  c a n  b e  e a s i l y  
a s s e s s e d  i n  a  q u a n t i t a t i v e  way, much l i k e  mapping and form a n a l y s e s  u s i n g  
a i r  p h o t o s .  

The a r e a  o f  s e a  f l o o r  cove red  i s  a  s w a t h ,  commonly t o  1 ,000  m e t r e s  
( 5 0 0  m e t r e s  on each  s i d e  of t h e  s o u r c e ) ,  r a t h e r  t h a n  a  l i n e ,  a s  is  t h e  
c a s e  w i t h  p r o f i l i n g  t e c h n i q u e s ,  O b j e c t s  on t h e  s e a  f l o o r  r e f l e c t  t h e  
a c o u s t i c  e n e r g y ,  which is  r e c e i v e d  by t h e  towed s o n a r  s o u r c e .  R e t u r n e d  
s i g n a l s  a r e  t h e n  a m p l i f i e d  and p r i n t e d  a s  v a r i o u s  t o n e s  on e i t h e r  wet o r  
d ry  paper .  P r e c i s e  measurements  of d i s t a n c e s  between t h e  v e s s e l  and a  
r e f l e c t o r ,  a s  w e l l  a s  s h a p e s ,  h e i g h t s ,  and o t h e r  r e l a t i o n s h i p s ,  a r e  n o t  
p o s s i b l e  w i th  c o n v e n t i o n a l  s ide - scan  w i t h o u t  c o r r e c t i o n s   lemming, 
1 9 7 6 ) -  The new d i g i t a l  sys tem o f f e r s  a  method f o r  o b t a i n i n g  d i s t o r t i o n -  
f r e e  images and t h e r e f o r e  t h e  p o s s i b i l i t y  of e a s i l y  employing t h i s  
i n s t r u m e n t a t i o n  f o r  p r e c i s e  t o p o g r a p h i c  mapping ( p r i o r  e t  a l . ,  1 9 7 9 ) .  

A c o n v e n t i o n a l  s i d e - s c a n  s o n a r  sys t em c o n s i s t s  of t h r e e  b a s i c  
u n i t s :  (1)  a  t r a n s d u c e r  ( o r  " f i s h " ) ,  which i s  t h e  unde rwa te r  t r a n s -  
m i t t i n g  u n i t ,  ( 2 )  a s t e e l - r e i n f o r c e d  c a b l e ,  which i s  used  f o r  towing t h e  
f i s h  and t r a n s m i t t i n g  s i g n a l s  t o  t h e  t h i r d  component ,  ( 3 )  t h e  r e c o r d e r .  

For  optimum r e s u l t s  from a  s i d e - s c a n  s o n a r  s u r v e y ,  p r e c i s e  naviga-  
t i o n a l  c o n c r o l  i s  needed ,  and t r a c k  l i n e s  s h o u l d  be a r r a n g e d  s o  thaf: 
a d j a c e n t  r e c o r d s  o v e r l a p  on one c h a n n e l ,  Without  a c c u r a t e  n a v i g a t i o n a l  
c o n t r o l ,  b o t h  c o n v e n t i o n a l  and t h e  new d i g i t a l  s i d e - s c a n s  a r e  of  l i m i t e d  
use  a s  i n s t r u m e n t s  f o r  c o l l e c t i n g  q u a n t i f i a b l e  d a t a  from t h e  s e a  f l o o r ,  

For  r e s e a r c h  i n  c o r a l  r e e f  env i ronmen t s  s i d e - s c a n  s o n a r  may b e  
used  t o  c o l l e c t  d a t a  on r e e f  s h a p e ,  o r i e n t a t i o n ,  and g e n e r a l  con f igu -  
r a t i o n  which may then  be compared t o  p h y s i c a l  e x p r e s s i o n s  of  t h e  e n v i -  
ronment such a s  wave d i r e c t i o n  and wave power, D e n s i t y  changes  on t h e  
s i d e - s c a n  sonograph may a 1  s o  r e p r e s e n t  w e l l - d e f i n e d  f a c i e s  c h a n g e s ,  
e . g . ,  muds t o  s a n d s .  T h i s  method is  i n v a l u a b l e  f o r  t h e  s t u d y  of s h e l f  
r e e f s  t h a t  a r e  t o o  deep  t o  be r eco rded  by a e r i a l  photography.  Other  u s e s  
i n  c a r b o n a t e  env i ronmen t s  i n c l u d e  t h e  d e t e r m i n a t i o n  of sed iment  t r a n s -  
p o r t  r o u t e s  and sediment  s i n k s  i n  d e e p  s h e l f  a r e a s  where o t h e r  methods o f  
o b s e r v a t i o n  may be d i f f i c u l t  and t ime consuming. 

The K l e i n  s i d e - s c a n  sys tem used i n  t h i s  s t u d y  was coup led  t o  t h e  
3.5-kHz subbot tom p r o f i l e r ,  and r e c o r d s  from both s e n s o r s  were p r i n t e d  
on a  s i n g l e  wet-paper  r e c o r d e r ,  which h a s  t h r e e  c h a n n e l s .  The s i d e - s c a n  



h a s  a  f r e q u e n c y  o f  100 kHz w i t h  l o o k o u t  r a n g e s  from 25 t o  600 m e t r e s .  We 
found t h e  100-metre r ange  t o  be o p t i m a l  f o r  t h e  Grand Cayman s t u d y .  

Subbottom P r o f i l e r  

The subbot tom p r o f i l e r  i s  d e s i g n e d  s o  t h a t  i t  f i t s  on t h e  n o s e  o f  
t h e  s i d e - s c a n  s o n a r  f i s h  ( F i g .  2 ) .  T h i s  u n i t  o p e r a t e s  a t  a  f r e q u e n c y  of  
3 .5  kHz and i s  d e s i g n e d  t o  produce  d e t a i l s  of  r e f l e c t i o n  e v e n t s  i n  t h e  
uppe r  100-200 f e e t  of t h e  s t r a t i g r a p h i c  column, depending  on t h e  t y p e  of  
s e d i m e n t a r y  m a t e r i a l  . U n f o r t u n a t e l y ,  t h e  a c o u s t i c  ene rgy  i s  t r a n s m i t t e d  
a t  r e l a t i v e l y  low power. I n  r e e f  and r e e f - a s s o c i a t e d  a r e a s ,  t h e  s e a  
f l o o r  i s  g e n e r a l l y  v e r y  h a r d ,  which c a u s e s  much of  t h e  a c o u s t i c  ene rgy  t o  
be r e f l e c t e d  w i t h o u t  p e n e t r a t i n g  t h e  bot tom. Only a  few of o u r  r e c o r d s  
c o n t a i n e d  u s e f u l  subbot tom i n f o r m a t i o n .  These  r e c o r d s ,  however,  pro- 
v ided  a d d i t i o n a l  d a t a  conce rn ing  sed imen t  t h i c k n e s s  on t h e  f o r e r e e f  
s h e l f .  

Fa thome te r  D e ~ t h  Recorde r  

A Raytheon Model DE-731 d e p t h  r e c o r d e r  was used  i n  c o n j u n c t i o n  
w i t h  o t h e r  i n s t r u m e n t a t i o n .  T h i s  p a r t i c u l a r  i n s t r u m e n t  was s e l e c t e d  f o r  
u s e  b e c a u s e  of  i t s  l i n e a r  c h a r t ,  v e r s a t i l e  d e p t h  r a n g e s ,  and p o r t a -  
b i l i t y .  Although bo th  t h e  s i d e - s c a n  s o n a r  and t h e  3.5-kHz subbot tom 
p r o f i l e r  r e c o r d s  a  bot tom t r a c e ,  t h e  f a t h o m e t e r  i s  a  much more a c c u r a t e  
and conven ien t  met hod of g e n e r a t i n g  a  b a t h y m e t r i c  p r o f i l e  . The f  a t h m e -  
t e r  was run  on a l l  s u r v e y  l i n e s  d u r i n g  t h i s  s t u d y .  

Our u n i t  i s  equipped  w i t h  a  narrow-beam t r a n s d u c e r ,  which g i v e s  
t h e  b e s t  r e s o l u t i o n  of  t h e  s e a  f l o o r .  However, i n  rough s e a s  t h i s  
t r a n s d u c e r  does n o t  f u n c t i o n  w e l l .  The sys tem w i l l  r e c o r d  i n  b o t h  f e e t  
and fa thoms (0-410 f e e t  o r  fathoms i s  t h e  d e p t h  r e c o r d i n g  r a n g e ) .  The 
o p e r a t i n g  f r e q u e n c y  i s  41  kHz, and t h e  sounding  r a t e  i s  270 p u l s e s  p e r  
m i n u t e  i n  FEET mode and 45 p u l s e s  pe r  m i n u t e  i n  FATHOMS mode. 

Survey  P o s i t i o n  F i x i n g  I n s t r u m e n t a t i o n  

A Decca Del N o r t e  e l e c t r o n i c  range- range  l o c a t i n g  sys t em which em- 
p loys  advanced microwave and d i g i t a l  t e c h n i q u e s  was used  f o r  s u r v e y  con- 
t r o l ,  T h i s  sys tem has  a  " l i n e  of  s i g h t "  c a p a b i l i t y ,  w i t h  maximum r a n g e s  
i n  t h e  o r d e r  of 80 km when bo th  remotes  and t h e  m a s t e r  r e c e i v i n g  a n t e n n a  
a r e  e l e v a t e d ,  D i s a n c e  i s  o b t a i n e d  by measu r ing  t h e  r o u n d - t r i p  t r a v e l  
t ime of s i g n a l s  t r a n s m i t t e d  between t h e  m a s t e r  and t h e  r emote*  Then, 10 
o r  100 p a t h  l e n g t h s ,  s e l e c t e d  by d i g i t a l  f i l t e r i n g ,  a r e  ave raged  t o  
d e t e r m i n e  each  d i s t a n c e  d i s p l a y e d .  Ranges a r e  o b t a i n e d  i n  a  m a t t e r  of  
m i l l i s e c o n d s .  P o s i t i o n s  can be r e s o l v e d  w i t h  t h i s  equipment  t o  a n  accu-  
r a c y  of 1-3 m e t r e s .  The i n s t r u m e n t a t i o n  is v e r y  l i g h t w e i g h t ,  e a s y  t o  
i n s t a l l ,  and r e l i a b l e  under  a  f u l l  r ange  of  f i e l d  c o n d i t i o n s .  The sys t em 
used  i n  t h i s  s t u d y  c o n s i s t e d  of two remote  s t a t i o n s  ( l a n d  b a s e d ) ,  a  
m a s t e r  r e c e i v i n g  s t a t i o n  ( b o a t  b a s e d ) ,  and a  p r i n t e r .  A l l  u n i t s  a r e  
powered by two 12-vol t  c a r  b a t t e r i e s .  The remotes  a r e  deployed  a t  known 
s u r v e y  c o n t r o l  p o i n t s  a l o n g  t h e  c o a s t  ( F i g .  3 ) .  These s t a t i o n s  a r e  
i n t e r r o g a t e d  by t h e  m a s t e r  u n i t  on t h e  b o a t ,  and t h e  d i s t a n c e  i n  m e t r e s  
from each  remote  t o  t h e  m a s t e r  a n t e n n a  on t h e  b o a t  i s  p r i n t e d  o u t  on  



p a p e r  t a p e ,  a l o n g  w i t h  p o s i t i o n  f i x  number and t ime .  A 1-minute r a t e  f o r  
t h e s e  p o s i t i o n  checks  was used  i n  t h e  Grand Cayman s t u d y .  A s  p o s i t i o n  
f i x e s  a r e  t a k e n  e v e r y  1 m i n u t e ,  a n  e v e n t  mark i s  s i m u l t a n e o u s l y  t r i g g e r e d  
on t h e  s i d e - s c a n  s o n a r ,  subbo t tom,  and b a t h y m e t r i c  r e c o r d s .  

S h e l f  Morphology 

The s h e l f  s u r r o u n d i n g  Grand Cayman i s  na r row,  r a n g i n g  i n  w i d t h  
from a p p r o x i m a t e l y  0.5 km t o  2.0 km. Geomorph ica l ly ,  t h e  most d i s t i n c -  
t i v e  f e a t u r e s  o f  any  g i v e n  s h e l f  p r o f i l e  a r e  two p e r s i s t e n t  submar ine  
t e r r a c e s  which can  be t r a c e d  around t h e  e n t i r e  i s l a n d  ( F i g .  4 ) .  Al though 
d i f f e r e n t i a l  r e e f  growth  and o t h e r  g e n e r a l l y  s lower  forms of  s h e l f  
a c c r e t i o n  accoun t  f o r  a  modera te  d e g r e e  o f  v a r i a b i l i t y  i n  t e r r a c e  topog- 
r a p h y ,  t h e  seaward b r e a k  i n  s l o p e  of  t h e  s h a l l o w  t e r r a c e  g e n e r a l l y  o c c u r s  
a t  a  d e p t h  of 8-10 m e t r e s .  The base  of t h i s  s h a l l o w  t e r r a c e  a v e r a g e s  1 5  
m e t r e s  where t h e  d e e p  t e r r a c e  i s  e n c o u n t e r e d .  Except  f o r  t h e  seaward  
m a r g i n ,  most  of t h e  s h a l l o w  t e r r a c e  i s  a  hardground s u r f a c e  w i t h  v e r y  
l i t t l e ,  i f  any ,  sed iment  c o v e r .  I t  i s  s p a r s e l y  c o l o n i z e d  by r e e f -  
b u i l d i n g  o rgan i sms ,  and i s  commonly d i s s e c t e d  by s h a l l o w  grooves  ( F i g .  
5 ) ,  On t h e  l e e  s i d e ,  however,  l o c a l i z e d  a r e a s  of  sed iment  accumula t ion  
a r e  a s s o c i a t e d  wi th  a d j a c e n t  ha rdg rounds ,  Spurs  and grooves  a r e  n o t  
c h a r a c t e r i s t i c  of  t h e  s h a l l o w  t e r r a c e  of t h e  c e n t r a l  l e e  s h e l f  ( F i g .  6), 

The seaward margin  of t h e  s h a l l o w  s h e l f  b r e a k  i n  s l o p e  s u p p o r e s  a  
p r o l i f i c  growth  of  c o r a l  superimposed on a  d i s t i n c t  s p u r  and groove  s t r u c -  
t u r e .  Wel l -def ined  r i d g e s  o r  s p u r s  of l i v i n g  c o r a l  a r e  p r o g r a d i n g  sea -  
ward and b u i l d i n g  toward t h e  s u r f a c e ,  The l i n e a r  d e p r e s s i o n s  i n  t h e  
s h a l l o w  t e r r a c e  s u r f a c e  a r e  some t imes  d i s c o n t i n u o u s  and t h e r e f o r e  
do n o t  a lways  ex t end  t o  t h e  s e a w a r d m a r g i n  o f  t h e  t e r r a c e .  Most w e l l - d e f i n e d  
g rooves  e i t h e r  r e a c h  t h e  lower t e r r a c e  o r  i n t e r s e c t  o t h e r  grooves  u n t i l  
t h e  ne twork  e x t e n d s  a c r o s s  t h e  upper  s h e l f .  I t  i s  c l e a r ,  however ,  t h a t  
w h e t h e r  t h e s e  grooves  t e r m i n a t e  u p s l o p e  i n  a c t i v e l y  growing f r i n g i n g  
r e e f s ,  a s  i s  g e n e r a l l y  t h e  c a s e ,  o r  i n  a  l i m e s t o n e  s e a  c l i f f ,  common on 
l e e  s i d e ,  t h e y  f u n c t i o n  a s  pathways f o r  sed iment  t r a n s p o r t  t o  t h e  lower  
s h e l f ,  

Spur and groove s t r u c t u r e  i s  a l s o  t y p i c a l  of t h e  d e e p  s h e l f  t e r -  
r a c e .  However, t h e  landward p o r t i o n  of t h i s  t e r r a c e  is  f r e q u e n t l y  a n  
a r e a  o f  sed iment  accumula t ion  ( F i g ,  7 ) .  Extreme1 y  c o a r s e  c a r b o n a t e  
m a t e r i a l  ( cobb le -  t o  coa r se - sand - s i zed  s e d i m e n t )  i s  c o n c e n t r a t e d  a t  t h e  
b a s e  of  co ra l - cove red  s p u r s  of t h e  s h a l l o w  t e r r a c e .  P a r t i c l e  s i z e  gener -  
a l l y  d e c r e a s e s  t o  a  bimodal sed iment  of c o a r s e  s and - s i zed  c o n s t i t u e n t s  
i n  a  s i l t -  t o  c l a y - s i z e d  m a t r i x  n e a r  t h e  s h e l f  marg in .  Spurs  of  l i v i n g  
c o r a l  t h a t  e x t e n d  landward from t h e  a c t i v e l y  growing s h e l f  edge r e e f  t e n d  
t o  b r e a k  t h e  c o n t i n u i t y  of t h e  lower s h e l f  sed iment  b e l t .  C o n s i d e r a b l e  
v a r i a b i l i t y  i s  d i s p l a y e d  i n  sed iment  p l a i n  c h a r a c t e r i s t i c s ,  i n  te rms  of  
b o t h  geometry  and sediment  p r o p e r t i e s .  High-energy s e c t o r s  of t h e  s h e l f  
t e n d  t o  have  c o a r s e  sed iment  p l a i n s  t h a t  a r e  h i g h l y  segmented by s p u r  
g rowth .  C o n t r a s t i n g  low ene rgy  s h e l v e s  t end  t o  have b r o a d e r  unbroken 
a r e a s  of sed iment  a c c u m u l a t i o n .  Most of t h e s e  s i t e s  o c c u r  on t h e  l e e  
( w e s t e r n )  s i d e  of t h e  i s l a n d ,  where s e d i m e n t s  can be q u i t e  f i n e  g r a i n e d  
i n  l o c a l i z e d  a r e a s .  Depending on r e l a t i o n s h i p  t o  dominant wave d i r e c -  
t i o n ,  s p u r s  t h a t  e x t e n d  i n t o  t h e  s ed imen t  p l a i n  may n o t  be o r i e n t e d  



normal  t o  t h e  s h e l f  edge .  R o b e r t s  (1974)  h a s  shown t h a t  d i f f e r e n c e s  i n  
o r i e n t a t i o n  between s p u r s  and g rooves  on  t h e  s h a l l o w  and deep t e r r a c e s  
a r e  r e l a t e d  t o  p r o g r e s s i v e  changes  i n  d i r e c t i o n  of dominant  waves a s  t h e y  
i n t e r s e c t  t h e  s h e l f  and r e f r a c t  a c r o s s  i t .  

A t h r i v i n g  r e e f  community i s  p r e s e n t  a t  t h e  seaward  edge of t h e  
deep  s h e l f  t e r r a c e  where an  a b r u p t  b r e a k  i n  s l o p e  s e p a r a t e s  t h e  s h e l f  
from d e e p e r  o f f - s h e l f  env i ronmen t s .  M o r p h o l o g i c a l l y ,  t h e  s h e l f  marg in  
r e e f  can  v a r y  from an unbroken  r i d g e ,  t h r o u g h  r e g u l a r l y  spaced  m a s s i v e  
c o r a l  b u t t r e s s e s  s e p a r a t e d  by nar row s e d i m e n t - f l o o r e d  g r o o v e s ,  t o  ir- 
r e g u l a r l y  spaced  and w i d e l y  s e p a r a t e d  c o r a l  b u t t r e s s e s .  The d e g r e e  t o  
which t h e  deep  r e e f  morphology i s  e x a g g e r a t e d  o r  a m p l i f i e d  a p p e a r s  t o  
depend g r e a t l y  on t h e  wave ene rgy  c o n d i t i o n s  under  which i t  deve loped  
( ~ o b e r t s ,  1974) .  Along h igh-energy  s e c t o r s  of  t h e  s h e l f ,  mass ive  and 
r e g u l a r l y  spaced  l i v i n g  c o r a l  b u t t r e s s e s  p r o t r u d e  i n t o  deep w a t e r  ( ~ i g .  
8 ) .  These  huge c o r a l  s p u r s  o c c a s i o n a l l y  c o a l e s c e ,  fo rming  a  wide v a r i e t y  
o f  t u n n e l  and c a v e r n  s t r u c t u r e s .  The m a s s i v e  b u t t r e s s e s  g e n e r a l l y  have  a  
s t e e p  t o  ove rhang ing  seaward  p r o f i l e ,  w i t h  a s  much a s  20-30 m e t r e s  of 
r e l i e f ,  Low--energy s h e l f - m a r g i n  r e e f s  s u p p o r t  t h r i v i n g  c o r a l  communi- 
t i e s  ( F i g ,  9 )  b u t  d i s p l a y  l e s s  e x a g g e r a t e d  b u t t r e s s  f o r m a t i o n  and l e s s  
s t e e p  o f f s h e l f  p r o f i l e s ,  Morpho log ica l  e l emen t s  of  t h e  r e e f  a t  t h e s e  
d e p t h s  have  c o a l e s c e d  t o  form a  s emicon t inuous  r i d g e  a t  t h e  s h e l f  edge 
which has  grown t o  a  h e i g h t  of 3-5 m e t r e s  above t h e  a d j a c e n t  deep  t e r r a c e  
s ed imen t  p l a i n ,  Inasmuch a s  t h i s  l i n e a r  t o p o g r a p h i c  f e a t u r e  i s  i n f r e -  
q u e n t l y  d i s s e c t e d  by nar row g r o o v e s ,  i t  e s s e n t i a l l y  forms a  s i l l  t h a t  
c a u s e s  sed iment  t o  be impounded behind  i t .  

Sediment  T r a n s p o r t  Rou te s  and V a r i a b i l i t y  
of D e e ~  Reef M o r ~ h o l o e v  

P r e v i o u s  r e s e a r c h  on Grand Cayman ( ~ o b e r t s ,  1974;  R o b e r t s  e t  a l . ,  
1975;  Murray e t  a l . ,  1977)  h a s  demons t r a t ed  t h a t  s t r o n g  w e s t e r l y  d i -  
r e c t e d  c u r r e n t s  e x i s t  a l o n g  b o t h  t h e  n o r t h e r n  and t h e  s o u t h e r n  f l a n k s  of 
t h e  i s l a n d  ( F i g ,  11, A t  Grand Cayman's s o u t h w e s t e r n  e x t r e m i t y ,  where 
much of  t h e  r e s e a r c h  r e p o r t e d  i n  t h i s  paper  was c o n c e n t r a t e d ,  t h e  com- 
b ined  e f f e c t s  of s h o a l i n g  waves ,  t i d a l  c u r r e n t s ,  and wes tward- f lowing  
b a c k r e e f  lagoon c u r r e n t s  from Sou th  Sound ( F i g ,  1) r e s u l t  i n  t h e  t r a n s -  
p o r t  of s e d i m e n t a r y  p a r t i c l e s  t o  t h e  l e e  s h e l f ,  where t h e y  accumula t e ,  

A s  d i s c u s s e d  i n  a r e c e n t  paper  by R o b e r t s  ( i n  p r e s s ) ,  c o n t i n u o u s  
r e e f s  s e p a r a t i n g  s h a l l o w  back ree f  l agoons  from t h e  open s h e l f  can be abun- 
d a n t  s o u r c e s  of s ed imen t  t o  d e e p e r  s h e l f  and o f f - s h e l f  env i ronmen t s ,  
R e e f s  o f  t h i s  d e s c r i p t i o n  f u n c t i o n  a s  c o n t i n u o u s  s o u r c e s  of  s e d i m e n t a r y  
p a r t i c l e s ,  f i r s t  t o  b a c k r e e f  env i ronmen t s  and s u b s e q u e n t l y  t o  d e e p e r  
d e p o s i t i o n a l  s e t t i n g s  o u t s i d e  t h e  l agoon .  Coa r se  s ed imen t  b o d i e s  t e n d  
t o  accumula t e  beh ind  t h e  r e e f  a s  a  r e s u l t  of wave overwash p r o c e s s e s  and 
a t  t h e  a d j a c e n t  b a c k r e e f  s h o r e l i n e  by swash a c t i o n .  S t r o n g  c u r r e n t s  
d e v e l o p  i n  t h e  downdrif  t ends  of  t h e s e  s y s  terns, t r a n s p o r t i n g  sed iment  
o u t s i d e  t h e  c o n f i n e s  of t h e  lagoon.  Such f low i s  d r i v e n  by bo th  wind 
s t r e s s  on t h e  l agoon  and c o n s t a n t  i n p u t  of w a t e r  t o  t h e  back ree f  by 
b r e a k i n g  waves t h a t  g e n e r a t e  s t r o n g  shore-normal  s u r g e  c u r r e n t s  a t  t h e  
r e e f  c r e s t  ( R o b e r t s  and Suhayda , 1977;  Suhayda and R o b e r t s ,  1977) .  These  



p r o c e s s e s  p r o v i d e  t h e  d r i v i n g  f o r c e s  f o r  c r e a t i n g  a  s i g n i f i c a n t  f l ow  o u t  
of t h e  l agoon .  The combined r e s u l t  i s  t o  e x p o r t  r e e f - d e r i v e d  and l a -  
goona l  s ed imen t  t o  t h e  a d j a c e n t  f o r e r e e f  s h e l f .  Al though mean condi -  
t i o n s  p roduce  f l ows  s u f f i c i e n t  t o  move s a n d - s i z e d  s e d i m e n t s ,  s t o r m  
e v e n t s  c r e a t e  p r o p o r t i o n a t e l y  h i g h e r  v e l o c i t i e s  and t h e r e b y  become i m -  
p o r t a n t  s ed imen t  t r a n s p o r t  e v e n t s .  

Even though t h e  movement of sed iment  t o  d e e p  s h e l f  env i ronmen t s  i s  
r e a s o n a b l y  w e l l  u n d e r s t o o d ,  p r o c e s s e s  r e s p o n s i b l e  f o r  t r a n s p o r t i n g  s e d i -  
ments  o f f  t h e  s h e l f  t o  d e e p e r  d e p o s i t i o n a l  s i t e s  have  n o t  been s t u d i e d  i n  
d e t a i l .  I n v e s t i g a t i o n s  of  o f f - s h e l f  s ed imen t  t r a n s p o r t  by Meaney 
(19731,  Moore e t  a l .  (19761,  Land and Moore (19771,  G i n s b u r g  and James 
( l 9 7 3 ) ,  and Hanna and  Moore (19791 ,  among o t h e r s ,  have  f o c u s e d  p r i m a r i l y  
on t h e  p r o d u c t s  of t h e  t r a n s p o r t  p r o c e s s .  They d e m o n s t r a t e  t h a t  s e d i -  
ments  g e n e r a t e d  i n  s h a l l o w  r e e f  and r e e f - a s s o c i a t e d  env i ronmen t s  a r e  
moved o f f  t h e  s h e l f  and i n t o  deepwa te r  s e d i m e n t a r y  e n v i r o n m e n t s .  The 
c o n d i t i o n s  r e s p o n s i b l e  f o r  d i s p l a c i n g  s e d i m e n t a r y  p a r t i c l e s  from a  s h e l f  
domain t o  a  b a s i n a l  envi ronment  a r e  n o t  w e l l  u n d e r s t o o d .  Most r e c e n t l y ,  
Hine and  Newrnann ( 1 9 7 7 ) ,  Hine  e t  a l .  ( i n  p r e s s ) ,  and M u l l i n s  e t  a l e  ( i n  
p r e s s )  have  shown, from r e s e a r c h  on t h e  marg in s  of t h e  Bahama Bank, t h a t  
l a r g e  volumes of sha l low-water  s e d i m e n t s  have  e n g u l f e d  Holocene  s h e l f -  
ma rg in  r e e f s  and now r e s i d e  on t h e  deep  f l a n k s  of t h e  Bahamian p l a t f o r m ,  
They have  a t t r i b u t e d  much of t h i s  o f f -bank  t r a n s p o r t  t o  s t o r m - r e l a t e d  
p r o c e s s e s ,  I s l a n d s  such  a s  Grand Cayman a r e  somewhat more l i m i t e d  i n  
a r e a s  a v a i l a b l e  f o r  s e d i m e n t  g e n e r a t i o n  a s  compared t o  v a s t  sha l l ow-  
w a t e r  p l a t f o r m s  such  a s  t h e  Bahama Banks,  The re  a r e ,  however ,  f a v o r e d  
s i t e s  where  s ed imen t  a c c u m u l a t i o n  a round  i s l a n d s  i s  f o c u s e d  by t h e  
p h y s i c a l  dynamics of t h e  i s l a n d  sys t em (Murray e t  a l . ,  1977;  R o b e r t s ,  i n  
p r e s s ) ,  

S ide - scan  s o n a r  d a t a  i n d i c a t e  t h a t  t h e  morphology of Grand Cay- 
man ' s  s h e l f - m a r g i n  r e e f s  p r o v i d e s  i m p o r t a n t  c l u e s  t o  i n t e r p r e t i n g  t h e  
l o c a t i o n  of s i g n i f i c a n t  o f f - s h e l f  s ed imen t  t r a n s p o r t  r o u t e s .  On t h e  l e e  
o r  w e s t e r n  s h e l f ,  where  s e d i m e n t s  c o l l e c t  more a b u n d a n t l y  t h a n  on h i g h e r  
e n e r g y  f l a n k s  of t h e  i s l a n d ,  t h e r e  a r e  l o n g  s e c t i o n s  of s h e l f - m a r g i n  r e e f  
which have c o a l e s c e d  t o  E o m  a  r e l a t i v e l y  c o h e r e n t  r i d g e ,  Sed imen t s  a r e  
impounded i n  t h e  l e e  of t h i s  s L r u c t u r e  and can  be c r a n s p o r t e d  ove r  t h o  
s h e l f  edge o n l y  t h r o u g h  narrow grooves  ( F i g ,  1 0 ) .  

Grooves a r e  a c t i v e  r r a n s p o r t  r o u t e s  (Meaney, 1973)  e s p e c i a l  ly on 
h igh -ene rgy  f l a n k s  of t h e  i s l a n d ,  where t h e y  a r e  kep t  opcn by t i d a l  ex -  
change  a t  t h e  s h e l f  edge and w a v e - r e l a t e d  f o r c e s  ( R o b e r t s  e t  a l e ,  1975, 
1 9 7 7 ) .  However, o n l y  l i m i t e d  amounts of s ed imen t  can  be f l u x e d  t h r o u g h  
t h e s e  nar row passageways t o  deepe r  s e d i m e n t a r y  env i ronmen t s  . Higher  
e n e r g y  s h e l v e s  seem t o  m a i n t a i n  t h e  i n t e g r i t y  of a  b a s i c  s p u r  and g roove  
s t r u c t u r e  ( F i g ,  61, and s i l l - l i k e  s t r u c t u r e s  do n o t  g e n e r a l l y  d e v e l o p .  
The s o u t h w e s t e r n  e x t r e m i t y  of Grand Cayman i s  a  s i t e  where maximum e n e r g y  
g r a d i e n t s  f a v o r  s ed imen t  d e p o s i t i o n ,  F i g u r e s  I l  and 1 2  i l l u s t r a t e  t h e  
l a r g e  a r e a  of s ed imen t  d e p o s i t i o n  on t h e  deep  s h e l f ,  a s  w e l l  a s  t h e  d i s -  
c o n t i n u o u s  n a t u r e  of t h e  a d j a c e n t  s h e l f - m a r g i n  r e e f ,  R a t h e r  t h a n  a  
c o a l e s c e n c e  of  r e e f  e l e m e n t s  t o  form a  s i l l  a t  t h e  s h e l f  e d g e ,  which i s  
t y p i c a l  of t h e  Grand Cayman l e e  s i d e ,  a l o n g  t h e  d o w n d r i f t  s o u t h w e s t e r n  
f l a n k  of  t h e  i s l a n d  t h e  s h e l f - m a r g i n  r e e f  b r e a k s  i n t o  i r r e g u l a r l y  s p a c e d  



r e e f  masses  o r  b u t t r e s s e s  s e p a r a t e d  by  wide  c h a n n e l s .  These  wide chan- 
n e l s  p rov ide  f r e e  a c c e s s  f o r  s h e l f  s e d i m e n t s  t o  d e e p e r  o f f - s h e l f  env i -  
ronment  s . Such s h e 1  f-mar g i n  r e e f  morphology h a s  p r o b a b l y  deve loped  i n  
r e s p o n s e  t o  a  c o n s t a n t  i n p u t  of s ed imen t  t o  t h i s  a c c u m u l a t i o n  s i t e  s i n c e  
s e a  l e v e l  r o s e  above t h e  l e v e l  of t h e  s h e l f  edge ( a p p r o x i m a t e l y  20-24 
m e t r e s ) .  Assuming t h a t  Grand Cayman h a s  been s u b j e c t  t o  t h e  same g e n e r a l  
u n i d i r e c t i o n a l  wind and wave sys t em s i n c e  s e a  l e v e l  was a t  t h e  l e v e l  o f  
t h e  s h e l f  e d g e ,  t h e  i s l a n d ' s  s o u t h w e s t e r n  f l a n k  h a s  been  a  f a v o r e d  s i t e  
o f  s ed imen t  d e p o s i t i o n .  An abundant  s u p p l y  of s e d i m e n t s  h a s  p r o b a b l y  
i n u n d a t e d  o n c e - l i v i n g  s h e l f - e d g e  r e e f s  and produced  a  m o b i l e  s ed imen t  
s u b s t r a t e  t h a t  r e s t r i c t s  c o r a l  a t t a c h m e n t  and growth .  A p p a r e n t l y  o n l y  
t h e  h i g h e s t  t o p o g r a p h i c  p o i n t s  have  been a b l e  t o  p e r p e t u a t e  t h e m s e l v e s  
by c o n t i n u e d  r e e f  g rowth .  

F i g u r e  13  surnmari z e s  t h e  g e n e r a l  s ed imen t  s i n k s  and t r a n s  p o r t  
r o u t e s  a s s o c i a t e d  w i t h  t h e  s o u t h w e s t e r n  f l a n k  of Grand Cayman I s l a n d .  
Sha l low-water  a c c u m u l a t i o n  zones a r e  found  i n  t h e  s h e l t e r e d  a r e a s  of  t h e  
b a c k r e e f  l agoon .  Over - the- reef  c u r r e n t s ,  modu la t ed  by t h e  t i d e  and wind 
s t r e s s ,  d r i v e  l a g o o n a l  w a t e r  from e a s t  t o  w e s t .  S t r o n g  a x i a l  c u r r e n t s  
c a p a b l e  of t r a n s p o r t i n g  s a n d - s i z e d  p a r t i c l e s  t o  t h e  a d j a c e n t  s h e l f  
d e v e l o p  a t  t h e  downwind end of t h e  sy s t em.  S i g n i f i c a n t  s h e l f  sed iment  
a c c u m u l a t i o n  t a k e s  p l a c e  o n l y  on t h e  deep  s h e l f  t e r r a c e ,  Our 3,5-kHz 
subbot tom p r o f i l e s  show t h a t  t h e s e  d e p o s i t s  a r e  a t  l e a s t  5 m e t r e s  t h i c k ,  
N i g h - r e s o l u t i o n  s e i s m i c  d a t a ,  showing more p e n e t r a t i o n  from n e i g h b o r i n g  
C a r i b b e a n  i s l a n d s  w i t h  s i m i l a r  s h e l f  morphology ,  s u g g e s t  t h a t  t h e s e  
d e p o s i t s  may be up t o  20 m e t r e s  t h i c k .  Recen t  s t u d i e s  from t h e  s h e l f  and  
s h e l f  marg in  of L i t t l e  Bahama Bank (Wine e t  a l . ,  i n  p r e s s )  i l l u s t r a t e  
Holocene  s ed imen t  t h i c k n e s s e s  i n  t h i s  r a n g e  a t  p r e f e r r e d  s i t e s .  

She1 f-margin r e e f  morphology s u g g e s t s  t h a t  a l o n g  h igh -ene rgy  
f l a n k s  of  t h e  i s l a n d  s e d i m e n t s  move o f f  t h e  s h e l f  t h r o u g h  na r row,  w e l l -  
d e f i n e d  groove s y s t e m s .  I n  c o n t r a s t ,  t h e  l e e  s h e l f - m a r g i n  r e e f  h a s  f u s e d  
t o  e s s e n t i a l l y  p r o h i b i t  o f f - s h e l f  t r a n s p o r t  o f  s i g n i f i c a n t  volumes o f  
s e d i m e n t ,  Very nar row (1-3 m e t r e s ) ,  i r r e g u l a r l y  s p a c e d  grooves  o f f e r  a  
few minor pathways t h r c u g h  which s e d i m e n t s  may be c a r r i e d  o f f  t h e  s h e l f  
( F i g *  1 0 ) .  O n l j  a t  t h e  n o r t h w e s t  a n d  sou thwes t  e x t r e m i t i e s  of rhe 
i s l a n d  where e n e r g y  g r a d i e n t s  a r e  maximi zed do s e d i m e n t s  accramulate i n  
such  a b u n d a n c ~  t h a t  r e e f  growth on t h e  s h e l f  edge i s  a f f e c t e d ,  A t  t h e s e  
l o c a t i o n s  eile she! f -margin r e e f  becomes d i s c o n t i n u o u s  ( ~ i g .  12) = L a r g e  
h reaks  i n  t h i s  s i l l - l i k e  s t r u c t u r e  a r e  i n t e r p r e t e d  a s  major  r o u t e s  f o r  
I 7  ~ n e  iiioverqent of shal.low->rater s e d i m e n t s  co deep  s e d i m e n t a r y  e n v i r o n -  
m e n t s ,  Echo-sounder p r o f i l e s  oE t h e  s o u t h w e s t e r n  i s l a n d  marg in  t e n d  t o  
s u p p o r t  t h e  d e p o s i t i o n a l  n a t u r e  of  t h i s  s i e e  o v e r  s t e e p e r  h i g h e r  e n e r g y  
f l a n k s  of t h e  i s l a n d  ( ~ i g ,  1 4 ) ,  A d d i t i o n a l  h i g h - r e s o l u t i o n  s e i s m i c  
work, coup led  w i t h  a  c o r i n g  program, needs  t o  be accompl i shed  i n  o r d e r  t o  
v e r i f y  t h e  e x t e n t  of o f f - s h e l f  d e p o s i t s  and t o  c a l c u l a t e  a  budget  f o r  
s e d i m e n t a t i o n  d u r i n g  Holocene t imes  a t  t h i s  p r e f e r r e d  s i t e .  

C o n c l u s i o n s  

S ide - scan  s o n a r ,  h i g h - r e s o l u t i o n  s e i s m i c ,  and echo-sounder  d a t a ,  
coup led  w i t h  r e s u l t s  from p r e v i o u s  s t u d i e s  on Grand Cayman, have  l e d  t o  



t h e  f o l l o w i n g  c o n c l u s i o n s  l i n k i n g  s h e l f - m a r g i n  r e e f  morphology and o f f -  
s h e l f  s ed imen t  t r a n s p o r t :  

1 .  Sediments  accumula t e  i n  abundance on t h e  down-d r i f t  sou th -  
w e s t e r n  f l a n k  o f  Grand Cayman, where g r a d i e n t s  i n  wave and  
c u r r e n t  ene rgy  a r e  maximized.  An abundant  s o u r c e  of  s e d i m e n t s  
t o  t h e  s o u t h w e s t e r n  s h e l f  i s  a s s o c i a t e d  w i t h  t h e  e a s t  t o  w e s t  
f l u s h i n g  of  S o u t h  Sound,  which i s  f o r c e d  p r i m a r i l y  by s t r o n g  
r e e f  overwash caused  by b r e a k i n g  waves. 

She1 f-margin r e e f  morphology a l o n g  t h e  i s l a n d '  s s o u t h w e s t e r n  
f l a n k  changes  from a  c o n t i n u o u s  s i l l - l i k e  s t r u c t u r e  which  i m -  
pounds s e d i m e n t s  t o  a  d i s c o n t i n u o u s  r e e f  c h a r a c t e r i z e d  by i s o -  
l a t e d  r e e f  b u t  t r e s s e s .  Wide avenues  e x i s t  between r e e f  bu t -  
t r e s s e s  through which s e d i m e n t s  produced i n  s h a l l o w w a t e r  
envi ronments  can  be t r a n s p o r t e d  t o  deep s i t e s  of d e p o s i t i o n  
o f f  t h e  s h e l f .  Echo sounde r  p r o f i l e s  of windward t o  l eeward  
i s l a n d  marg ins  s u g g e s t  t h a t  t h e  i s l a n d ' s  s o u t h w e s t e r n  f l a n k  i s  
a  zone of d e p o s i t i o n ,  a s  ev idenced  by l e s s  s t e e p  "depos i -  
t i o n a l "  s l o p e s  and s lump- l ike  t opography .  

3.  S ide-scan  s o n a r  d a t a  proved t o  be p a r t i c u l a r l y  u s e f u l  i n  t h i s  
s t u d y  f o r  d e t e r m i n i n g  d e t a i l s  of s h e l f  and s h e l f  marg in  r e e f  
morphology,  T h i s  method of  a c q u i r i n g  morpho log ica l  d e t a i l s  of 
bot tom f e a t u r e s  i s  r a p i d  and q u a n t i t a t i v e ,  and a l l o w s  t h e  geo- 
morphic  v a r i a b i l i t y  of l a r g e  a r e a s  of s e a  f l o o r  t o  be compared 
w i t h o u t  making d i r e c t  unde rwa te r  o b s e r v a t i o n s .  
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F i g u r e  1, L o c a t i o n  map of  Grand Cayman I s l a n d  showing t h e  s u r v e y  a r e a s .  

F i g u r e  2 .  The K l e i n  s i d e - s c a n  s o n a r  f i s h  p l u s  3.5-  
KHz subbo t tom p r o f i l e r  used  i n  t h i s  s t u d y .  



F i g u r e  3.  T r i s p o n d e r  s h o r e  l o c a -  
t i o n  b e i n g  i n s t a l l e d  i n  prepa-  
r a t i o n  f o r  an  o f f s h o r e  s u r v e y .  

A M E A N  SEA LEVEL 
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F i g u r e  4. Echo-sounder 
t r a c e s  a c r o s s  Grand Cay- 
man' s  nar row s o u t h e r n  
f o r e r e e f  s h e l f  ( p o f i l e  A- 

. A ' )  and somewhat w i d e r  

w e s t e r n  s h e l f  ( p r o f i l e  R- 
Sha l l ow  and d e e p  

t e r r a c e s  a r e  c h a r a c t e r -  
i s t i c  of e ach  p r o f i l e ,  
La rge  c o r a l  b u t t r e s s e s  

- I 5  Z w i t h  i n t e r v e n i n g  g rooves  
a a r e  common a l o n g  h igh -  

e n e r g y  f l a n k s  of t h e  
i s l a n d  ( A - A ' ) .  A r a t h e r  
c o n t i n u o u s  s h e l f  marg in  
r e e f  i s  t h e  norm on t h e  l e e  
o r  w e s t e r n  s i d e  of t h e  
i s l a n d  ( B - B ' ) .  



F i g u r e  5. S u r f a c e  of  s h a l l o w  t e r r a c e  ( d e p t h  - 3  
m e t r e s ) .  Note t h e  l a c k  of  s ed imen t  c o v e r ,  s p a r s e  
c o l o n i z a t i o n  of r e e f - b u i l d i n g  o r g a n i s m s ,  and s h a l l o w  
groove .  

F i g u r e  6. S ide-scan  sonograph of  t h e  s h a l l o w  s h e l f  t e r r a c e  on t h e  l e e  
s i d e  of  t h e  i s l a n d .  Note  t h e  l a c k  of s p u r  and groove  s t r u c t u r e ,  i s o l a t e d  
a r e a s  of sed iment  a c c u m u l a t i o n ,  and ha rdg rounds .  Water  d e p t h  i s  5-7 m ,  



F i g u r e  7. Deep s h e l f  t e r r a c e  sed iment  p l a i n  t h a t  i s  
d i s s e c t e d  i n  t h i s  l o c a l i t y  by a l i n e a r  s p u r  con- 
s t r u c t e d  by a  t h r i v i n g  r e e f  community. Note t h e  r i p -  
p l ed  s ed imen t .  These  s t r u c t u r e s  a r e  o s c i l l a t i o n  r i p -  
p l e s  from r e c e n t  s to rm waves ( w a t e r  d e p t h  24 m e t r e s ) .  
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F i g u r e  8: Echo-sounder t r a c e  a l o n g  t h e  s h e l f  edge of a h igh -ene rgy  s e c t o r  of 
t h e  s h e l f  showing t h e  r e g u l a r l y  spaced  c o r a l  b u t t r e s s e s  s e p a r a t e d  by na r row 
s e d i m e n t - f l o o r e d  g r o o v e s ,  



Figure 9. Diverse coral community typical of the 
shelf-margin reef (water depth 22 m). 



F i g u r e  10, S ide-scan  sonograph and subbot tom p r o f i l e  run  p a r a l l e l  t o  t h e  
r a t h e r  c o n t i n u o u s  s h e l f - m a r g i n  r e e f  ( w a t e r  d e p t h  - 22 m e t r e s )  a l o n g  t h e  
w e s t e r n  p a r t  o f  t h e  i s l a n d .  Note t h e  wel l -developed  s p u r s  and g rooves  and 
e x t e n s i o n  of t h e  s h e l f - m a r g i n  c o r a l  s p u r s  a c r o s s  t h e  a d j a c e n t  s ed imen t  
p l a i n ,  T h i s  c o n f i g u r a t i o n  of ex t ended  s p u r s  and a  compar tmen ta l i zed  
sed imen t  p l a i n  i s  t y p i c a l  of h i g h e r  ene rgy  s h e l v e s  a round t h e  i s l a n d .  The 
s h e l f  edge is  r e p r e s e n t e d  by t h e  a r e a  of  "no r e t u r n "  a t  t h e  t o p  of  t h e  
f i g u r e ,  



F i g u r e  11, Side-scan  sonograph and subbot tom p r o f i l e  r u n  a c r o s s  t h e  s h e l f  
n e a r  t h e  s e d i m e n t - r i c h  a r e a  o f  t h e  i s l a n d ' s  s o u t h w e s t e r n  f l a n k .  Much of 
t h i s  sed iment  was g e n e r a t e d  from s h a l l o w  r e e f s  a c t i n g  a s  t h e  seaward  
boundary  f o r  Sou th  Sound, Back-reef lagoon c u r r e n t s  c a r r y  t h i s  m a t e r i a l  
t o  t h e  w e s t ,  where it e v e n t u a l l y  r e a c h e s  t h e  lower  s h e l f ,  Note t h e  w i d e l y  
spaced  and w e l l - d e f i n e d  c o r a l  s p u r s  o r  b u t t r e s s e s  a t  t h e  s h e l f  edge .  



F i g u r e  12 .  S ide - scan  sonograph  ( o n l y  one c h a n n e l )  and subbot tom p r o f i l e  
of t h e  s h e l f  marg in  o p p o s i t e  Sou thwes t  P o i n t ,  where s h e l f  s e d i m e n t a t i o n  
r a t e s  a r e  r e l a t i v e l y  h i g h ,  The s h e l f  marg in  i n  t h i s  a r e a  c o n s i s t s  of a  
few l o c a l i z e d  c o r a l  b u t t r e s s e s  s e p a r a t e d  by wide p a t h s  f o r  o f f - s h e l f  
sed iment  t r a n s p o r t ,  c l e a r l y  d e l i n e a t e d .  The s i d e - s c a n  s o n a r  c h a n n e l  
o m i t t e d  was f a c i n g  deep  w a t e r  and t h e r e f o r e  no images were  r e c o r d e d .  
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F i g u r e  13. Sediment s i n k s  and t r a n s p o r t  r o u t e s  a s s o c i a t e d  w i t h  t h e  
s o u t h  v7estern f l a n k  of Grand Cayman I s l a n d  (South  Sound and a d j a c e n t  
s h e l f  a r e a s ) ,  Arrows i n d i c a t e  sediment t r a n s p o r t  d i r e c t i o n s ,  
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F i g u r e  14. Echo-sounder p r o f i l e s  showing t h e  v a r i a b i l i t y  i n  s h e l f  and 
she l f -marg in  s l o p e  morphology around t h e  wes te rn  end of t h e  i s l a n d ,  Note 
t h e  l e s s  s t e e p  and more " d e p o s i t i o n a l "  c o n f i g u r a t i o n  t o  t h e  l e e  s i d e  
p r o f i l e s .  




