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A B S T R A C T

In 10 y ea rs  o f  opera tion ,  G L O R IA  h as  been used  on  26 cruises  a n d  has 
insonified m ore  th a n  1 % o f  the ocean  f loor. T h e  p a p e r  rev ie w s  the  scientific 
ach iev em en ts  o f  this n e w  tool and  assesses th e  c o n t r ib u t io n s  w h ic h  it has m a d e  to 
u n d e rs ta n d in g  th e  geological fea tures  and  the  processes  c rea t in g  them . A co m p le te  
b ib liography  o f  G L O R IA  pape rs  is included in the re ferences ,  a n d  the  bes t exam ples  
o f  so n o g ra p h s  o b ta in ed  o v e r  different te rra in  are illustrated.

IN T R O D U C T IO N

A fter  10 full y ea rs  o f  opera t ion  w i th  the  G eologica l L o n g  R a n g e  Inclined 
A sdic  (G LO R IA ) it is an  ap p rop r ia te  t im e to  s tand  back  a n d  rev ie w  w h a t  has  been  
ach ieved  scientifically by the  pro jec t  and  to  cons ider  w h a t  role in th e  fu tu re  such  
long-range  s ide-scan sona rs  m ight have. T h e  Bullard S e m in a r  is a particu la rly  
ap p ro p r ia te  fo ru m  in w h ich  to  do  this since Sir E d w a r d ’s p ioneer ing  w o rk  in the  
s tudy  o f  oceanic  geo logy  and  geophysics  s t im ula ted  the  late M a u r ic e  H i l l  to  m a k e  
the  D e p a r tm e n t  o f  G e o d e sy  a n d  G eophys ics  a t  C a m b rid g e  a ce n te r  o f  excellence for 
the  n ew  techno logy  o f  m a rin e  geophys ics  a n d  for gene ra ting  n e w  ideas a b o u t  the  
evo lu tion  o f  the  ocean ic  crust.  H ill  realized the  im p o r ta n ce  o f  k n o w in g  the  sh a p e  
o f  the  seafloor, a n d  I w a s  fo r tuna te  e n o u g h  to  w o rk  closely  w i th  h im  o v e r  m a n y  
years  a n d  to  fu r th e r  these  pa r t icu la r  studies.

(*) Director, Institute  o f  O ceanographic  Sciences, Brook R o ad ,  W o rm ley ,  G odalm ing, 
Surrey GU8 5UB, L .K .



It b ec am e  a p p a re n t  in the early  1960's tha t co n ven tiona l  echo  s o u n d in g  from  
surface  sh ips  cou ld  n ev e r  give th e  detail o f  m o rp h o lo g y  o n  the  deep  seabed  th a t  is 
available to  geologists  w o rk in g  o n  land and  w h ic h  is the  sta rt ing  p o in t  o f  so m u c h  
geological u n d e rs ta n d in g .  T h e  need  for n e w  m e th o d s  o f  s tudy ing  seafloor 
m o rp h o lo g y  w ith  a h ig h e r  reso lu t ion  w a s  em phasized  by th e  IOC re p o r t  in 1969 on  
a lo n g - te rm  e x p a n d e d  p r o g r a m  o f  ‘g loba l  ocean  r e se a rc h ’ w h ic h  gave  it the  h ighest 
p r io ri ty  (A d v iso ry  C o m m it te e  o n  M a r in e  R esou rces  R esea rch  et al., 1969).

T h e  cha llenge  has been  m e t  in v a r io u s  w a y s  since then . D eep  subm ers ib les ,  
d eep  to w e d  vehicles,  and  lo n g -ra n g e  b o t to m  p h o to g ra p h y  have  all p layed  the ir  part  
in s tudy ing  m o rp h o lo g y  at rela tively  sm all scales. H o w e v e r ,  the a rea  th a t  can  be 
co v e re d  is lim ited, a n d  r ig o ro u s ly  n av iga ted  su rv ey s  are  b o th  difficult an d  e x p e n 
sive. T w o  m a jo r  new  sy s tem s  e m e rg e d  that o p e ra te  f rom  nea r  the sea su rface  and  
can  be u se d  at n o rm a l  c ru is ing  sp e ed s  and w ith  the  nav igations!  con tro l  th a t  is 
n o rm al ly  available to  su rface  ships. O n e  o f  these sys tem s  is th e  m u lt ib ea m  sw a th  
so u n d in g  te ch n iq u e ,  first d e v e lo p e d  for  the U.S. N a v y  as the  H arr is  a r ray  (G l e n n , 
1970) a n d  n o w  available co m m e rc ia l ly  as S E A B E A M  an d  installed in the  F re n c h  
R e se a rc h  Vessel (RV )  J e a n  C h a r c o t  (A l l e n o u  et R e n a r d , 1978). A fan  o f  indivi
dual  n a r r o w  acoustica l b e a m s  o b ta in s  slant ranges  to the  seabed  in a sw a th  
ex ten d in g  ac ross  the  sh ip ’s t rack  o u t  to  ap p ro x im a te ly  30° f ro m  the  vertical.  T h e  
signals a re  p ro ce ssed  to  g ive a c o n t in u o u s  c o n to u re d  strip  o f  seaf loor  o f  w id th  
a b o u t  equa l  to  the  w a te r  d e p th  w i th  a resolution  o f  b e t te r  th a n  10 m . T h u s  in a 
w a te r  d e p th  o f  5 k m ,  s u rv e y s  ca n  be m osa icked  to g e th e r  f ro m  tracks  sp aced  a b o u t  
3 k m  a p a r t  to  g ive s a tu ra t io n  co ve rage .

T he  o th e r  d e v e lo p m e n t  w a s  the  trans la t ion  o f  the  side-scan so n a r  techn iques  
w h ic h  h ad  b e e n  so successfu l  o n  th e  con t inen ta l  she lves fo r  geological studies 
(Be l d e r s o n  e t a l . ,  1972) into th e  deep  ocean .  T h e  N a tio n a l  Ins t i tu te  o f  O c e a n o g ra 
p h y  e m b a r k e d  o n  this  p ro jec t  in 1965. B y  1969 it h ad  d eve loped  G L O R IA  
(Geological L o n g  R a n g e  Inc l ined  A sd ic )  M k I and  h ad  d e m o n s tr a te d  th a t  acoustic  
p ic tu res  o f  the  deep  o ce an  b ed  (Fig. 1) could  be o b ta ined  o u t  to  a ra n g e  o f  near ly  
30 k m  (St r i d e , 1970). T h e  techn ica l  p ro b le m s  faced  in the  design o f  M k  I (Fig. 2) 
h ave  b een  w e l l -d o c u m e n te d  (RUSBY et a t ., 1969; RUSBY, 1970; SOMERS, 1970, 1973; 
EDGE, 1974; RUSBY a n d  SOMERS, 1977) so all tha t  it is necessa ry  to  say here  is th a t  
M k  I g av e  g o o d  se rv ice  an d  w a s  ex tens ive ly  used  for 6 years  be fo re  being  paid  o ff  
in o rd e r  to  a l low  M k  II to  be  bu il t  (LAUGHTON a n d  RUSBY, 1970).

T h e  need  to  d ev e lo p  a M k  II a ro se  b o th  f ro m  the lessons learn t  a b o u t  the 
acoustic  p e r f o rm a n c e  o f  M k  I w h ic h  enabled  a m o re  effective sy s tem  to be 
d ev e lo p e d  a n d  f ro m  the  c o n s t ra in ts  im p o sed  on the  o p e ra t io n  o f  M k  I by  its size 
an d  inflexibility.

A coust ica lly  w e  fo u n d  th a t  it w a s  no t necessary  to use a b e a m  w h ic h  w as  
limited (to 10°) in the  vertical angle ,  and  hence the vertical d im e n s io n  o f  the 
t r a n s d u c e r  a r r a y  co u ld  be  re d u c e d  f ro m  1.5 m  to 0.5 m , enabling  it to  be  p u t  in a 
sm alle r  b o d y .  F u r th e rm o re ,  a n  in c reased  k n o w ledge  o f  th e  back scatter ing  coeffi
c ien ts  at low  inc idence  ang les  to g e th e r  w ith  im p ro v e d  s ignal-process ing  techn iques  
a l low ed  a  red u c t io n  in th e  t r a n s m i t te d  p o w e r  and  acquisi tion  o f  s o n o g r a p h s  f rom  
b o th  sides o f  the  ship  s im u ltaneous ly .

T h e  size a n d  w e ig h t  o f  M k  I (10 by  1.75 m , 6 tonnes)  necessita ted  special 
lau n ch in g  te c h n iq u e s  th a t  w e r e  len g th y  (4 h o u r s  o r  more), h a z a rd o u s  in sea



Fig . I. -  Operational and recording configuration o f  GLORIA Mk I. M axim um  range is 
30 km in 5 km w ater depth. The lower part o f  the figure show s the slant range distortion on 

the record that arises from high incidence angles on the bottom.
MK II insonifies to port and s tarboard  simultaneously.

conditions more than a very gentle swell, required rubber dinghies and divers, and 
which could only be operated from RRS Discovery. The operating team could not 
be reduced below eight in number, thus limiting the num ber of  other scientists on 
board. In order to reduce undue strain on the cable due to sea conditions the 
vehicle was suspended at a top towing point below a submerged float that was 
towed astern of the ship. Operations had to be limited to areas where recovery 
could be made if necessary within the shelter of land, and multiple launchings 
during a single cruise were not encouraged.

By contrast. Mk II was designed to be neutrally buoyant and to be towed 
from the nose on a flat catenary cable without fairing. The slimmer diameter (0.7 m) 
and lower weight (2.0 tonnes) enormously simplified handling arrangements, so that 
no personnel are required over the side o f  the ship and so that launch and recovery 
can now be made in sea conditions up to force 5 or 6 in less than half an hour. The 
GLORIA support team is now reduced to two. The integral launching gantry



Fig 2. -  G LO RIA  Mk I in the launching davit on  RRS Discovery,  w ith  the nose and tail
sections removed.

(Fig. 3) and cable winch (13 tonnes in all including the vehicle) can be installed in 
m any ships and has in fact already been used in tw o  ships other than RRS 
Discovery. A detailed technical description o f  M k I! together with com m ents about 
its availability for use on o ther ships was published by S o m h r s  et al. (1978). Table I 
summarizes some o f the principal specifications.

O P E R A T I O N S

From 1969 to 1980. GLORIA has been used on 26 separate cruises, all but 
tw o o f  which have been on RRS Discovery (Table 2). The earlier cruises with Mk I 
were limited to the calmer waters o f  the M editerranean or w'ithin easy striking 
distance o f  a w indw ard  shore or an island. Initially, the objectives w'ere the larger 
targets o f  the continental margins, seamounts, and large fault scarps. However, 
since the recovery operation o f  Mk I was so difficult, the vehicle was left in the 
water between specific study areas, and data were obtained on passage across all 
types o f  sea floor terrain and a considerable range o f  features were seen. These 
tracks soon revealed that quite small and gently sloping sedimentary features could 
be seen and that bottoms o f different sediment roughness could be distinguished.



Table 1
P rinc ipa l specifications o f  M k  II G L O R IA

Specifications

V e h i c l e ........................................

T r a n s d u c e r .................................

O p e r a t i o n s .................................

Launching G a n t r y ...................

Additional Ins ta lla tions.........

P ow er Supplies R equ ired .  . .

7.75 by 0.66 m, nose tow ed 
2.04 tonnes in air
T w o  row s of 30 elements each side (ceramic stack to 

IOS design)
Operating frequency within range 6.2-6.8 kHz 
Pulse 100 Hz sw ep t frequency 
Active length. 5.33 m
Horizontal angular  beam w id th  2.5° (to half-power 

points)
Vertical angular  beam  width  30° at fixed inclination of 

20° below horizontal 
Peak electrical p o w er  per side, 12 kW  
Peak pow er  into w ate r  per side. 10.5 kW
Speed 6 to 10 knots
Range 7, 15, and  30 km, each side
Depth  o f  tow  : 50 m at 8 knots  w ith  400 m cable scope
Deck space 2.5 by 6.0 m
Overall weight (including cable and  vehicle). 1 3 tonnes 
Portable cabin, deck pow er  pack ; console and tape 

decks in laboratory  
For the launcher, 220 V d.c., 140 amps (for ships with  

three-phaàe 415 V 50/60  Hz a.c., a transfo rm er 
rectifier is available)

For operations, 230 V a.c., 50 /6 0  Hz, 35 am ps

W ith  M k l ,  d if fe ren t a long-track  reso lu t ions could  be chosen  by altering the  
pulse repetit ion  ra te  g iving ap p ro x im a te  ranges  o f  22 a n d  1 1 k m  to one side o f  the  
ship only. H o w e v e r ,  the  bea m  could  be ro ta ted  rem ote ly  to  give p o r t  o r  s ta rb o a rd  
insonification. A t  the  su rvey ing  speed o f  6 kno ts  (11 k m /h ) ,  the co v e rag e  w as  
the re fo re  240 or  1 2 0 k m 2/h .

W i th  M k  II, h o w e v e r ,  ranges o f  30, 15 and  7 k m  are  available to b o th  sides 
s im ultaneously ,  a n d  the  su rv ey in g  speed  can  n o w  be as h igh  as 10 kno ts  (18 k m /h )  
so th a t  th e  cove rage  can  be increased  to  1,100, 540, o r  270 k n r / h .  T h e  speeds  are  
no w  limited by the  se ism ic profiling system.

Since the  s u rv e y in g  speed  is n o w  too dif fe ren t  f ro m  th e  no rm a l  cruising speed 
o f  Discovery , it is c u s to m a ry  to  ob ta in  G L O R IA  s o n o g ra p h s  o n  passage w h e n e v e r  
the  e q u ip m e n t  is o n  b o a rd ,  th u s  building up  a b a n k  o f  d a ta  outside those  areas  
w h ich  are  being specifically studied. H o w e v e r ,  since rec o v e ry  tim e w ith  M k  II has 
been  reduced  to a b o u t  20 m in,  it is n o w  feasible to  c o m b in e  G L O R IA  studies  w ith  
so m e  sta tion  w o rk  d u r in g  w h ich  G L O R IA  is recovered .

T h e  total c o v e ra g e  to date is s h o w n  in figure 4. In  over  9,000 h o u rs  o f  
opera t ion ,  an  a re a  o f  6.5 million k m 2 has been  insonified, equ iva len t  to 1.8% o f  the  
a rea  o f  the w o r ld ’s oceans .  H o w e v e r ,  the ac tua l  a re a  e x a m in e d  is a b o u t  half  o f  this 
since m any  so n o g ra p h s  overlap .
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F i g . 3. -  GLORIA Mk II on its launching gantry on the stern o f  RRS Discovery
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F ig 4. -  The total coverage o f  sonographs from 1969 to 1980. The black areas accurately
represent the area insonified.

P R O B L E M S  O F  IN T E R P R E T A T IO N

O n reception, the  processed  signals are  reco rded  on m agne tic  tape, played ou t 
on  a p h o to g rap h ic  reco rde r ,  photograph ica l ly  a n a m o rp h o se d  (stretched) to take into 
ac co u n t  the actual speed  o f  the ship over  the g ro u n d ,  a n d  p r in ted  at app rop r ia te  
scales as sonographs .  This  p ro ce d u re  has a d y nam ic  range  cons iderab ly  less than  
that o f  the signal, a n d  hence  tw o  recording m e th o d s  are u se d ;  one  w ith  fixed gain 
chosen  in the cen te r  o f  the range an d  on e  w ith  a u to m a t ic  gain contro l .  T h e  tw o  
types o f  resulting so n o g ra p h s  give d ifferent in fo rm ation ,  a n d  in terp re ta t ion  requires  
bo th  to be exam ined .

A l th o u g h  so n o g rap h s  have  m any  o f  the a p p e a ran c es  o f  o rd inary  pictures, 
the re  a re  subtle fac tors  tha t  can  confuse  an d  mislead the  u n w a r y ,  and  it takes som e 
tim e to  get familiar w ith  in te rpre tat ion .  W h e re a s  an eye  reso lves d iffe rent objects  
by angu la r  d ifferences, so n a r  resolves them  by range  d ifferences.  T h u s  in o rd e r  to 
obta in  the  co rrec t  pseudo -pe rspec t ive  on a so n o g rap h ,  o n e  m u s t  look to w a rd  the 
source  o f  sound  (i.e., the  zero  range line) ra the r  than a w a y  f ro m  it (cf. l.AUGHTON 
and  RUSBY, 1975, p. 280). T h e  profile benea th  the sh ip ’s track  then  appears  as the 
horizon line.



In deep  w a te r  the  n e a r - ra n g e  field is severely d is to rted  by the angle a t  w h ich  
the so u n d  rays  reach  the  b o t to m .  F o r  m osaicking p u rp o ses  this m u s t  e i the r  be 
co rrec ted  o r  else el im inated  by  su ffic ien t over lap  b e tw e e n  ad jacen t so n o g rap h s .

A rtifacts  can  be  in t ro d u c e d  (BELDERSON et a l , 1972) by echoes  o f f  the  sea 
su rface  (such  as a sh ip 's  w ake), by  m ultip le  path  e c h o es  f rom  very  h ighly reflecting 
surfaces,  by side lobe recep tion  o f  ec hoes  f rom  s tro n g  reflections, and  by  focussing 
an d  sm e ar in g  d u e  to  the  y aw  o f  the  vehicle  du r in g  the passing o f  a ta rge t  (COOPER,  
1974). T h e  m e th o d  o f  signal p ro cess ing  cu rren tly  being used  (SOMERS et a l ., 1978) 
in d ro d u ce s  slight artificial s h a d o w s  b o th  in f ro n t  o f  and  b eh ind  ta rge ts  w h ic h  can  
be co n fu se d  w ith  real sh a d o w s .  T h e rm a l  strat if ica tion  in the  w a te r  d is to rts  ray 
pa ths  a n d  p ro d u c e s  focussing an d  cu t -o f f  effects (BELDERSON et a l ., 1972). All these  
effects ueeu  to be  recogn ized  an d  ta k e n  into a c c o u n t  in the in te rpre ta t ion .

S U R V E Y  O F  S C IE N T IF IC  R E S U L T S  
O F  G L O R IA  S U R V E Y S

T h e  just if ica tion  fo r  deve lop ing  G L O R IA  w a s  th a t  w e  sh o u ld  be able to learn 
som e th ing  n ew  a b o u t  the  seaf loor  an d  the geological p rocesses  tha t  h av e  sh a p e d  it. 
W i th  su c h  a w id e  var ie ty  o f  se a f lo o r  types  to  ex a m in e ,  w o rk  has c o n c e n t ra te d  on 
those  a reas  in w h ic h  par t icu la r ly  in teresting  scientific p ro b lem s  w e re  k n o w n  to 
exist.  E x c e p t  fo r  th e  m o s t  r e c e n t  c ru ises  the  results  o f  these  studies have  been 
pub lished  in the  scientific l i tera ture ,  a n d  it is the  in ten tion  o f  this  p ap e r  to  p rov ide  
a  guide to these publications.  S ince  G L O R IA  so n o g ra p h s  are half-tone p ic tures ,  the 
n u m b e r  th a t  have b ee n  re p ro d u c e d  in papers  is relatively small, an d  th e  qual i ty  o f  
r e p ro d u c t io n  is o f ten  limited by  the  jo u r n a l  itself. O p p o rtu n i t ie s  have th e re fo re  been 
ta k en  by a u th o rs  to use d if fe ren t  s o n o g ra p h s  in d if fe ren t publications on  the  sam e 
subject ,  a n d  th e re fo re  all s ign ifican t  p ap e rs  will be re fe renced  in this p ape r .  It is 
c o n v e n ie n t  to  s ta rt  f ro m  the  co n t in en ta l  shelves and  to  m o v e  o c e a n w a rd ,  assessing 
the  role o f  G L O R IA  in a n u m b e r  o f  d iffe rent m orpho log ica l  regions.

Continental M argins

A lth o u g h  G L O R IA  w as  specifically deve loped  for  deep  ocean  w o rk ,  trials 
have  b ee n  m a d e  o f  its po ten tia l  capability  on  the  co n t in en ta l  shelf. L o n g -ra n g e  
s o u n d  p ro p ag a t io n  o n  th e  she lf  is a t  tim es inhibited  by the  seasonal s tratif ication 
th a t  deve lops ,  a n d  th e  bes t resu lts  w e re  th e re fo re  o b ta ined  w h en  the  w a te r  c o lu m n  
w as  well m ixed . D u rin g  s tud ies  o f  the  reflectivity o f  fish shoals (see later), it w as 
found  by  RUSBY a n d  R e v i e  (1975) th a t  geologically  useful so n o g ra p h s  co u ld  be 
ob ta in ed  to a range  o f  a t  least 13 k m  if  there  w ere  suitable ta rge ts  (Fig. 5). H o w e v e r ,  
at the reso lu t ion  available , m u c h  o f  th e  con t inen ta l  shelf, a t least a ro u n d  the  U nited  
K in g d o m , is acoustically  dull an d  is p ro b ab ly  be t te r  s tud ied  by sh o r te r - ra n g e  
h ig h e r- f re q u en cy  s o n a r  m e th o d s .  O n  the o u te r  p a r t  o f  the  con t inen ta l  sh e l f  in 
n o r th e rn  w ate rs ,  fu r ro w s  g e n e ra te d  by icebergs g ro u n d in g  on the she lf  edge  are 
revea led  by s h o r t - ra n g e  so n a r  s tud ies  (BELDERSON et al. ,  1973) an d  h av e  been 
s tud ied  also using G L O R IA .



F ig 5. -  T he  13 km range sonograph  crossing (he continental shelf edge west o f  Scotland, 
insonification is to w ard  the N E. Rock ou tc rops  are  seen at 8° W . sediment transport  patterns 

o f  8 1 /2°  W  and  the shelf  break near 9° W . D epths are  in meters (Rusbv and  R e v ie , 1975).

By contrast the continental slopes, especially where there are canyons, 
channels, faults, and slumps, have provided a rich field for GLORIA ( BELDERS ON 

<?/«/., 1970; K e n y o n  e t a /., 1975; B e l d e r s o n  and K e n y o n , 1976). The highly 
dissected slope to the north  o f  the Bay o f  Biscay has been intensively surveyed by 
conventional means. But the sonographs (Fig. 6) have show n m any o f  the contour 
charts to be in error and have demonstrated the strong control on the canyon 
directions exercised by the tectonic fabric. K e n y o n  et al. (1978) have further shown 
slumping on slopes as low as 5° to the west o f  the Celtic Sea, slump folds on slopes 
dow n to 3° on the borders o f  the Landes Plateau in SE Biscay (Fig. 7), and sinuous 
channels crossing the continental rise with slopes o f  half a degree. The exploitation 
o f  any hydrocarbons on the continental slopes will have to consider the stability of 
the slope in relation to the engineering structures that might be placed upon it, and 
conversely, the geological s tructures that can be deduced from the sonographs can 
undoubtedly guide exploration.

Data, so far unpublished, on the continental slope of  the eastern Atlantic as 
far south as North  Africa and the eastern margins o f  Greenland and the eastern
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m arg in  o f  N o r th  A m e r ic a  h ave  all been  o b ta ined  in co n n e c t io n  w ith  the  se a rch  for 
an d  possible exp lo ita t ion  o f  h y d ro c a rb o n s .  T h ese  s h o w  fre q u en t  o c c u r re n c e s  o f  
d iap ir ism , o f  s lum ping ,  o f  c o m p lex  c a n y o n  eros ion , o f  co n t inen ta l  rise c h a n n e ls  an d  
o f  c u r r e n t  m o u ld e d  se d im e n ta ry  b e d fo rm s  (see below). T h e  s lum p  associa ted  w ith  
the  1929 G r a n d  B a n k s  e a r th q u a k e  s o u th  o f  th e  L a u re n t ia n  C h a n n e l  has  been  
m a p p e d  in detail (D.G. ROBERTS,  p ersona l  c o m m u n ic a t io n ,  1980).

Sedim entary Bedform s in the Deep O cean

E ch o  so u n d in g  profiles  h ave  long revealed  the  ex is tence  o f  a var ie ty  o f  
se d im e n ta ry  b e d fo rm s  in the deep  o cean  at a w id e  var ie ty  o f  scales, rang ing  f ro m  
g ian t  r ipple m a rk s  to  se d im en t  drifts h u n d re d s  o f  k i lo m e tre s  long. G L O R IA  su rv ey s  
h ave  been  able to p ro v id e  u n a m b ig u o u s  m ap p in g  o f  these  fea tu res  an d  the ir  t r e n d s  
e v e n  th o u g h  the s lopes invo lved  are  so m e tim es  v e ry  low  indeed. A byssa l se d im e n t  
w a v e  fields w e re  m a p p e d  on  the  Feni Drift  in R ockal l  T r o u g h  (ROBERTS a n d  K i d d , 
1979), sh o w in g  the  w a v e  crests  to  be subpara lle l  to  th e  drift  axes an d  h en ce  to  the  
c u r re n t  d irec tion  an d  th a t  the  net m ig ra tion  o f  c rests  has  been  ups lope  to w a r d  the 
drift crest an d  d o w n - c u r r e n t  (Fig. 8). M o re  spec tacu la r  fields o f  m u d  w a v e s  a n d  o f  
an  in tersec ting  set o f  e rosional  f u r r o w s  w e re  m a p p e d  (D.G. ROBERTS and  
R.B. K i d d , p ersona l  c o m m u n ic a t io n ,  1980) on  the  B lak e -B ah am a In n e r  Drift 
(Fig. 9), w h e re  ex tens ive  studies have p rev iously  been  m a d e  w ith  D e e p to w  ( HOLLIS
TER el a t . , 1976). T h e  sh a rp  crest o f  the  drift  is clearly  visible on  G L O R IA  
so n o g rap h s .

C u r r e n t  re la ted  b e d fo rm s  in the  G u l f  o f  Cadiz w e re  s tudied by s o n a r  by 
K e n y o n  and  Be l d e r s o n  (1973) an d  s h o w e d  the s tro n g  in fluence o f  the  M e d i te r r a 
n ea n  u n d e r c u r r e n t  o n  erod ing ,  t r an sp o r t in g ,  and  depos it ing  sed im ent.  T h ese  s tud ies  
w e re  va luab le  in advising  o n  the  rou ting  o f  a su b m a r in e  cab le  ac ross  the  G ulf .

S u b m a r in e  c h a n n e ls  a re  particu larly  g o o d  ta rge ts  fo r  G L O R IA  b ecau se  o f  the  
steep s lopes generally  assoc ia ted  w ith  the ir  b a n k s  an d  have  been  m a p p e d  b o th  o n  
the  L o w e r  Nile C o n e  (KENYON el al., 1975), w h e re  the ir  c o u r s e  is partly  d iv e r ted  by 
fault scarps  on  the  cone ,  and  in the eq u a to r ia l  A tlantic  (Fig. 10), w h e re  the  bu r ia l  o f  
the  u p p e r  en d  o f  the  cha n n e l  by  sed im en t  indicates th a t  it has  been inactive fo r  the  
last 1 m .y. ( B e l d e r s o n  and  K e n y o n ,  1980).

A m o re  u n u su a l  b e d fo rm  caused  by local s u b m a r in e  sa lt-karst fo rm a t io n  w as  
identified on  the Hellenic O u te r  Ridge in th e  eas te rn  M e d i te r r a n e a n  by  BELDERSON 
et al.  (1978). T hese  fea tu res  generally  ap p e a re d  as  sh a rp ly  defined pa tch e s  o f  r o u g h  
g r o u n d  in oval  o r  e lo n g a te d  c ra ters  several k i lom ete rs  in size and  p ro b a b ly  cons is t  
o f  collapse b reccia  a b o v e  salt diapirs. Specific sites c h o s e n  f rom  the  so n o g ra p h s  
w e r e  later investiga ted  by the  Scr ipps  D e e p to w  (SPIESS an d  M u d i e , 1970) an d  
sam pled  by  p rec is ion  coring .

C om pressional T ecton ics  in Regions o f  Thick  S ed im en ts

E xtensive  s tudies  h av e  been  m a d e  o f  the  Hellen ic ,  C a lab rian ,  a n d  C y p r u s  
o u te r  ridges in the  eas te rn  M e d i te r r a n e a n  w h e re  the  sed im e n ta ry  se q u en c es  o f  the  
seafloor  have  b e e n  sub jec ted  to  co m p re ss io n a l  fo rces  (BELDERSON e t  al., 1 9 74a ;



W p  '
P M / /

50 KM

Fig 8. -  M ap o f  principal sediment w ave  trends derived from GLORIA traverse over the 
Feni Ridge in Roekall T rough .  Depths are in meters. Heavy a rro w s  show  along-track 

com po nen t  o f  w ave crest migration determined by 3.5 kHz profile ( R o b h r t s  and K i d d , 1979).
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B e l d e r s o n  and  K e n y o n , 1977; K e n y o n  an d  B e l d e r s o n , 1977; K e n y o n  e tu i . ,  
1977 ; St r i d e  et al., 1977). T hese  have  revealed  s t ru c tu ra l  t rends ,  e longated  parallel 
to  th e  m a jo r  to p o g ra p h ic  t ren d ,  w h ich  ap p e a r  to  b e  charac ter is t ic  o f  o u te r  ridges. 
T h e  o u te r  r idges lie parallel to  their  o ro g en ic  arcs  a n d  sh o w  o u tw a r d  g r o w th  into 
u n d e f o r m e d  g ro u n d .  T h e  intensity  o f  d e fo rm a t io n  inc reases  in w a rd  ac ross  the  o u te r  
ridge. F igure  11 a s h o w s  e x a m p le s  o f  s im ple fo lding w ith  an  am p li tu d e  o f  several 
h u n d re d  m eters ,  a w av e len g th  o f  1-2 km , a n d  w ith  a c o n t in u i ty  a long  fold axes  up 
to 20 k m ;  in co n tra s t .  F igure  1 ]b sh o w s  the  m u c h  m o re  in tense  d e fo rm a t io n  w h ere  
th e re  is th rus ting ,  strike slip, and  c ro ss  faulting. T h e  associa tion  o f  leng thw ise  
tec ton ic  t ren d s  w ith  o u te r  ridges enab led  th e  C a lab r ian  an d  C y p r u s  o u te r  ridges to 
be recogn ized  for the  first time.

T h is  w o rk  led to  a cons idera t ion  o f  the  o u te r  r idges in f ron t o f  o th e r  island 
arcs  and  an ap p rec ia t ion  th a t  a cons iderab le  th ickness  o f  se d im e n t  is n eeded  for 
the ir  M e d ite rran e an -s ty le  d e v e lo p m e n t  ( Be l d e r s o n  and  K e n y o n . 1977) and  to  an 
ex am in a t io n  o f  the  role o f  salt s tra ta  in the  d e fo rm a t io n  p rocess  (Be l d e r s o n  et a i ,
1978). N e w  da ta  have  recently  been o b ta in ed  on  the B a rb a d o s  O u te r  R idge  w h e re  
co m p re ss io n  o f  th ick  se d im e n ta ry  seq u en ces  w as  suspec ted .

S e d im e n t  d e fo rm a t io n  in the  fo rm  o f  folding has  also recen tly  been  recognized  
o n  the  l a n d w a rd  side o f  the  Peru  a n d  P a n a m a  t r e n c h e s  (R.C. S e a r l e , persona l  
c o m m u n ic a t io n ,  1980) in the  w e s tw a rd  ex tens ion  o f  the  P y re n e a n  d e fo rm a t io n  zone 
n o r th  an d  n o r th w e s t  o f  Spain, an d  as an  o l is to s tro m e  in the  G u l f  o f  Cadiz 
(D.G. R o b e r t s , persona l  c o m m u n ic a t io n ,  1980).

M id -p la te  Tectonic Features

T ec ton ic  forces in the  N E  A tlan tic  p a r t  o f  th e  E u ra s ia n  p late h ave  g iven rise 
to  som e substan tia l  m orp h o lo g ica l  fea tures  (e.g. K in g ’s T ro u g h ,  A zores-B iscay  Rise) 
on  w h ic h  th e re  a re  large faults an d  hence  e x p o s u re s  o f  ocean ic  c rust .  O n e  o f  the 
earliest G L O R IA  so n o g ra p h s  in th e  deep  o ce an  s h o w e d  P a lm e r  R idge,  a 2 ,800 m 
high fea ture  separa t ing  P eake  an d  F re en  deeps,  on  w h ic h  the  se d im e n ta ry  and 
basaltic ho r izons  sam p led  by C a n n  an d  F u n n e l l  (1967) cou ld  be seen (Fig. 12). In 
studies o f  K in g ’s T ro u g h  in 1977, G L O R IA  w a s  used  n o t  on ly  to  m a p  the s truc tu ra l  
t r en d s  th a t  d e te rm in e d  the  linear n a tu re  o f  K ing ’s T r o u g h  b u t  also to  gu ide  a 
d redg ing  and  ro ck -co r in g  p ro g ra m  on  one  cliff by m a p p in g  the  b a s e m e n t  ou tc ro p s .

T h e  origin o f  the  A zores-B iscay Rise w h ic h  crosses  the  so u th e a s t  e n d  of 
K in g s  T r o u g h  has  long been  a p rob lem . In  an  a t te m p t  to  gain insight into its 
fo rm a tio n ,  a su rv ey  w a s  m ade  w ith  G L O R IA  in 1978. Its b locky  s t ru c tu re  defied 
any  instant in te rp re ta t ion ,  no o u ts tan d in g  fault p a t te rn s  em erg in g ,  b u t  so m e  large 
se a m o u n ts  o n  it w e re  seen to  be vo lcan ic  r a th e r  th a n  tec ton ic  in n a tu re  
(R.C. S e a r l e , p ersona l  c o m m u n ic a t io n ,  1980).

Similarly , the  orig in  o f  W alv is  Ridge has  n o t  y e t  b ee n  co nv inc ing ly  explained.  
In a coope ra t ive  e ffo rt  w ith  the  C e n tre  O cé an o lo g iq u e  de B re tagne ,  G L O R IA  and  
S E A B E A M  w e re  used in the  RV  Jean  C harco t,  an d  m a n y  m o rp h o lo g ic a l  da ta  w ere  
collected ( N e e d h a m , 1979) a n d  are  c u r ren t ly  being in te rp re ted  in F rance .
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F ig 12. -  Palm er Ridge, separating Peake and Freen deeps in the NE Atlantic. The ridge 
s tands 2,800 m above the floor o f  the Freen Deep. The shaded area show s that o f  the 

sonograph. Depths on the chart are in fathoms.

V olcanoes  an d  S e a m o u n ts

Some o f  the earliest sonographs in the M editerranean showed the contrasting 
underwater morphologies o f  volcanic islands and seamounts, the presence of  
channels and low sea level benches ( B e l d e r s o n  e ta !., 1972, 1974/;). Since then 
many of the passage tracks in the Atlantic and Pacific have shown volcanic 
seamounts, many of  which are circular in plan, some with relatively smooth tops, 
and others with central circular depressions which may be calderas. One of these, 
on the Walvis Ridge, was also surveyed by SEABEAM on RV Jean Charcot and 
provides an interesting comparison between the systems (Fig. 13). In the eastern 
Pacific clusters o f  volcanic seamounts were found, some with smooth tops, some 
with central depressions, and some with moats (Fig. 14). One is cut by a fault.



F ig 13. -  A com parison  made between the sonograph  (insonification from the top) and 
S EA B EA M  survey o f  a volcanic seam ount on the northern  flank o f  the Walvis Ridge. The 
track is along the line across the north  side o f  the seam ount,  and the area covered by the 
sonograph  is given by the o ther  lines. The dark circular patch at the upper center o f  the 

sonograph  is interpreted as a sedimented area within a breached crater (Ne e d h a m . 1979).
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believed from o ther evidence to have formed at a spreading axis, thus enabling the 
age o f  the volcano to be determined.

During the study o f  the axial region o f midocean ridges in the Atlantic, many 
circular central depression volcanoes were found, sometimes well-preserved. A 
typical diameter o f  the depression in volcanoes on the Reykjanes Ridge is 1-4 km.

F i g . 14. -  A cra tered  a n d  possibly m oated  volcano 1,500 m  high, on the East Pacific Rise 
(1 1°27'S, 84°52’ W). T he crater  is 2 km across, and  its base is 10 km  across in 4,000 m w ater 
depth. The record is 30 km from top to b o ttom  and  insonified from the top (Se a r i .e  et a i .

1981).



Volcan ic  Ridges at Plate Accretion Boundaries

In con tras t  to the  c ircu lar  vo lcanoes ,  the  accret ion  axes o f  bo th  s low  a n d  fast 
sp read ing  ridges are ch a rac te r ized  by linear volcanic ridges. T h o se  on  s low ridges 
w e re  m a p p ed  in detail by h igh -reso lu t ion  ec h o -sound ing  and  subm ers ib le  s tud ies  in 
p ro jec t  F A M O U S  b e tw e e n  1971 and  1974. In 1973, G L O R IA  w as  used to  ex a m in e  
the  fine-scale m o r p h o lo g y  o f  the m ed ian  valley and  sh o w e d  th a t  the re  w ere  several 
near ly  parallel ridges in the  valley floor  an d  tha t  the  sp read ing  axis o ften  ju m p e d  
f ro m  one  posit ion to  a n o th e r  ( L a u g h t o n  a n d  R u s b y , 1975). T h e  so n o g rap h s  w ere  
able to sh o w  the  p re se n ce  o f  volcanic cones  and  possibly individual flow fron ts  on  
the  scaie o f  200 m.

O n  the o b l ique  sp rea d in g  R eyk janes  Ridge, the accielio iiai  y v o lcan ic  ridges 
are  en echelon  (fig. 15) (see page  28) an d  a p p ro x im a te ly  o r th o g o n a l  to the  sp read ing  
d irec tion  ( L a u g h t o n  et al., 1979) in co n t ra s t  to the  tec ton ic  fabric w h ich  parallels 
the  ridge axis. T h is  p h e n o m e n o n ,  w h ic h  has been  seen  in a m in o r  degree  in the 
F A M O U S  area  an d  in a G L O R IA  su rv ey  on the M id-A tlan tic  Ridge at 45° N ,  
enab les  the  m id o c ea n  ridge m o rp h o lo g y  to be a t tr ibu ted  to tw o  separate  m e c h a 
n ism s related to  the  stresses  o f  p late separa tion  an d  to  l i thospheric  th icken ing  
( S e a r l e  an d  L a u g h t o n , 1981).

T ectonic  Fabric of  M id ocean  Ridges

A so n o g ra p h  m osa ic  o f  30,000 k m 2 o f  the F A M O U S  a re a  revealed  a tecton ic  
fabric o f  l inear faults, facing in to w a r d  the  m edian  valley, su p e r im p o sed  o n  the 
m a jo r  m o u n ta in o u s  re lief  ( W h i t m a r s h  an d  L a u g h t o n , 1975, 1976). T he  success  o f  
this su rvey ing  te c h n iq u e  led to  s tud ies  o f  areas near  the  K u rc h a to v  F ra c tu re  Z o n e  
(Fig. 16) at 4 0 -1 /2 °  N  ( Se a r l e  an d  L a u g h t o n , 1976, 1977), at 45° N  ( L a u g h t o n  
and  S e a r l e , 1979; S e a r l e  et al., 1979), at 52° N ,  a n d  o n  th e  R eyk janes  R idge at 
60° N ( L a u g h t o n  et al.. 1979; S e a r l e  an d  L a u g h t o n , 1981). F ro m  these  su rveys ,  
S e a r l e  and  L a u g h t o n  (1976, 1977) an d  L a u g h t o n  a n d  S e a r l e  (1979) co n c lu d e d  
th a t  s low  sp read ing  ridges are  ch a rac te r ized  by in w a rd  facing n o rm a l  faults w h ic h  
are  g ene ra ted  v ery  close to  the  sp read ing  axis an d  w h ic h  are  responsib le  for  the 
o c c u r re n c e  o f  a m e d ian  valley. T h e  faulting is co ns idered  to  reflect s tresses 
assoc ia ted  w ith  the  ta p er in g  edge o f  the  li thospheric  w edge .

S u b se q u e n t  s tud ies  o f  m e d iu m  an d  fast sp read ing  ridges in the  east Pacific 
h a v e  s h o w n  th a t  th e re  also a re  l inear  pa t te rn s  o f  in w a rd  facing faults w h o se  
spac ings  are n o t  significantly  d iffe ren t f ro m  those  in the  s low  spread ing  M id- 
A tlan tic  Ridge (R.C. S e a r l e , persona l  co m m u n ic a t io n ,  1980).

Transform  Faults and Fracture Zones

A n early a c h ie v e m e n t  o f  G L O R IA  w as  the  identif ica tion  o f  the  active fault 
valley east o f  the  A zo res  separa t ing  the  E uras ian  a n d  A fr ican  Plates ( L a u g h t o n  
el al.. 1972). S tud ies  o f  the  ex tens ion  o f  this  simple s trike slip fault to the  east
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sh o w e d  tha t  it sp layed  into a reg ion  o f  c o m b in e d  str ike slip a n d  com press ion  
( L a u g h t o n  a n d  W h i t m a r s h , 1974) a n d  to  th e  w es t  in to  the  co m p lex  o f  the  A zores  
sp read ing  cen te r .  S o u th  o f  the  Azores, the  T r id en t  R idge ( WHI TMARS H,  197!) is 
p ro b ab ly  an  inactive relic o f  these com plex  plate m o v e m en ts .

Small, o ffse t t r a n s fo rm  faults a n d  frac tu re  zones  w e re  seen in th e  F A M O U S  
area  ( W h i t m a r s h  a n d  L a u g h t o n , 1975, 1976) a n d  e x a m in e d  in detail in the 
K u rc h a to v  F ra c tu re  Z o n e  (Fig. 16) (SEARLE a n d  L a u g h t o n , 1976, 1977). F a r  f rom  
being s im ple  linear s t ru c tu re s  parallel to  th e  sp read ing  d irec tion ,  they exh ib it  a 
co m p lex  m o rp h o lo g y  reflecting ob lique tens ion  as well as p u re  sh e a r  ( Se a r l e .
1979) a n d  m ay  con ta in  sho r t  ob lique sp read ing  axes,  f requen tly  shifting and  
dis loca ted  by repea ted  shear ing  a n d  healing a n d  by  vertical m ov e m en ts .  By 
con tra s t ,  the  large offsets o f  the  C harl ie -G ibbs  F ra c tu re  Z o n e  (Fig. 17) resu lt  in 
ex tre m e ly  linear valleys ( S e a r l e , 1981).

W h e r e  the  n o rm a l  faults parallel w i th  the  sp read in g  axes join t r a n s fo rm  
faults, they  exhibit  a c u rv a tu re ,  seen first in the  F A M O U S  area. If  the  offset is 
small, th e n  this c u rv a tu re  (or  obliquity) do m in a te s .  S e a r l e  (1979), in a rev iew  o f  
s ide-scan s tud ies  o f  N o r th  Atlantic  f rac tu re  zones, sh o w e d  tha t  these  ob lique scarps 
o c c u r  in all f ra c tu re  zones  so far s tud ied  a n d  believes th a t  they arise f rom  
differentia l m o v e m e n t  in tens ion  gashes fo rm e d  in the  earliest s tages o f  shearing.

Triple Junction s

T h e  p a t te rn  o f  no rm a l  inw ard  facing faults associa ted  w ith  b o th  s low  a n d  fast 
sp read ing  r idges has by n o w  b ec o m e familiar en o u g h  fo r  it to  be used to identify 
the  location  o f  n ew  and  old sp read ing  cen te rs ,  and  to un rav e l  som e o f  the p rob lem s  
associa ted  w ith  triple junc tions.

In the  A tlantic  a su rv ey  o f  the  p a t te rn  o f  faulting a r o u n d  the  A zores  triple 
ju n c t io n  is enabling  the  m o s t  recen t  h is to ry  o f  sp rea d in g  to  be  ana lyzed  (SEARLE, 
1981). In th e  Pacific in 1980 the  su rvey  o f  the  G a la p a g o s  triple ju n c t io n  (Pacific- 
C o c o s -N a zc a  plates) suggests  tha t  its s t ru c tu re  and  evo lu tion  are  cons iderab ly  m ore  
com plex  th a n  w o u ld  have been suspec ted  from  co n v e n t io n a l  geophysica l su rv ey s  
( R .C .S e a r l e , persona l  co m m u n ic a t io n ,  1981).

Fish S tudies

A lth o u g h  no t in the  geom orpho log icaJ  field o f  ac h ie v e m e n ts  d iscussed above ,  
G L O R IA  has  p ro v e d  its capability  o f  long -range  de tec tion  o f  fish shoals a n d ,  by 
repea ted  su rv ey s  o f  a given shoal,  o f  t rack ing  the  shoa l m o v e m e n ts .  In  a  su rv ey  on  
the  con t inen ta l  she lf  w es t  o f  Scotland , he rr ing  shoals  u p  to 5 k m  in length  w ere  
insonified f ro m  a  range  o f  10 km  and  trac k ed  using a ro ck y  o u tc ro p  as a reference 
m a rk  o n  the  b o t to m  (RUSBY el al., 1973; R u s b y , 1977).
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Fig 16. -  A sonograph  mosaic o f  ihe Mid-Atlantic Ridge in the vicinity o f  the Kurchatov 
Fracture  Zone and the interpreted pattern o f  inw ard facing normal faults (Se a r l e  and

L a u g h t o n , 1977).





R E P R E S E N T A T I O N  O F  GLO RIA  D A T A  
O N  A N  O C E A N  W I D E  B A S IS

Because o f  the  large s w a th s  o f  sea f loo r  th a t  can  be  insonified by G L O R IA  
M k  II (1,100 k r r r / h )  the  result ing  so n o g ra p h s  co v e r  a significant area  o f  ocean  scale 
c ha r ts .  It is th e re fo re  in s truc tive  to  m o u n t  reduced  so n o g ra p h s  or  mosaics  o f  
s o n o g r a p h s  d irectly  o n to  b a th y m etr ic  ch a r ts  in o rd e r  to relate the  real acoustic  
p ic tu res  to the  b a th y m e t ry  w h ic h  has  o ften  been  d e r iv e d  from  very  in adequa te  
data .  V aluable th o u g h  this  is o n  the  wall in the lab o ra to ry ,  it is difficult to 
r e p r o d u c e  in a pub lica t ion  m o re  th a n  a few selected a re as  to  rep resen t d if fe ren t  
te rra ins .  A m o n ta g e  o f  s o n o g ra p h s  o n  a b a thym etr ic  c h a r t  o f  a par t  o f  the  
M id-A tlan t ic  R idge in th e  vicinity o f  th e  A zores  is sh o w n  in Fig. i s  an d  ano ihe i  on  
the  C harl ie -G ibbs  F ra c tu re  Z o n e  and  R e y k ja n es  Ridge in Fig. 19. It is clear th a t  
a l th o u g h  vertical e c h o  s o u n d in g  em phas izes  changes  in abso lu te  dep th  w ith  on ly  
r a th e r  p o o r  hor izon ta l  reso lu t ion ,  G L O R IA ,  w ith  low  inc iden t angles, highlights 
ta rge ts  o f  high s lope and  h ence  high back  scattering coefficient. A lth o u g h  e c h o  
so u n d in g  da ta  has  no  az im u tha l  d irec tionality ,  the so n o g ra p h s  are  a function  o f  the  
d irec tion  o f  so u n d  p ro p a g a t io n  and  h en c e  m ay em phas ize  fea tures  o f  a  ce r ta in  
t r e n d  a n d  miss o thers .

F o r  m ore  sy s tem a tic  re fe rence  to  all G L O R IA  so n o g ra p h s  it will be necessary  
to  re p ro d u c e  th e m  in a n n o ta te d  fo rm  w ith  re ference  to  t rack  char ts  at  a  suitable 
scale. M a n y  o f  the  so n o g ra p h s  c a n n o t  usefully  be in te rp re ted  in isolation f rom  
o th e r  geological an d  geophys ica l  da ta  a n d  this p re sen ta t ion  m ay p rove  o f  m os t  
v a lu e  to o th e r  scientific an d  app l ica tions  g roups  s tudy ing  par t icu la r  a reas  o f  the  
o c e a n  bed. T he  d a ta  a re  available for  use outs ide the  Institu te  o f  O ce an o g rap h ic  
Sciences  and  th o se  in te res ted  shou ld  c o n ta c t  the  institute.

C U R R E N T  D E V E L O P M E N T  O F  G L O R IA

T h r o u g h o u t  the  d ecade  o f  G L O R IA  dev e lo p m e n t ,  the  em phas is  has been  on  
op tim iz ing  the  u n d e r w a t e r  acoustic  des ign  o f  the sys tem  an d  develop ing  the 
h a r d w a r e  an d  ease  o f  handling.  A d v a n ta g e  w as  taken  o f  existing signal-process ing  
te c h n iq u e s  based  on  an a lo g u e  m e th o d s  a n d  tape system s. T hese  have  led, h o w e v e r ,  
to  lim ita tions in ad e q u a te ly  explo iting  th e  d y n a m ic  ran g e  o f  the  sys tem  an d  in the 
flexibility o f  su b s e q u e n t  im age  process ing .

C u r re n t  r ese a rch  is look ing  at m e th o d s  o f  digital reco rd in g  and  the  use o f  
im age  e n h a n c e m e n t  techn iques .  P re l im inary  w o rk  in co l labo ra t ion  w ith  the  Jet 
P ro p u ls io n  L a b o ra to ry ,  P asa d en a ,  has  p roved  very  encou rag ing .  S lant range  
d is to r t ion  has been  r e m o v e d  assum ing  a fixed depth  a long  track ,  th u s  m erg ing  the 
p o r t  an d  s ta rb o a rd  im ages  a n d  p ro v id in g  ac ross-t rack  con t inu i ty  o f  linear targets.  A 
specia l m osa ick ing  p r o g ra m  enab led  o v e r la p p in g  a reas  to  be  m erged  w ith  an  a lm os t  
im percep t ib le  join. Both  these  te c h n iq u e s  are  illustrated in Fig. 20, w h ich  consis ts  o f  
tw o  ad jacen t tw o -s id e d  so n o g rap h s .
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F i g . 18. -  Sonographs  m ounted  on part o f  the ba thym etr ic  chart Mid-Atlantic  Ridge to 
South  W est E urope  (Laughton  <?/«/.. 1975). showing special studies o f  the Mid-Atlantic  
Ridge axis at 45° N. the Kurchatov Fracture  Zone, the Azores triple junction, and  the 
FAM OU S area, and  o f  the Azores platform. The islands o f  the  Azores in the survey area are 

black. Heavy black lines give the 0,9, and 38 Ma isochrons.



F i g . 19. -  S onographs  m o un ted  on a ba thym etr ic  base on the Reykjanes Ridge, the 
Charlie-Gibbs Frac ture  Zone, the Mid-Atlantic Ridge axis, and in Rockall Trough. C on tours

are at 1 000 m intervals.
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F ig 20. -  T w o  parallel two-sided sonographs  on the crest o f  the Mid-Atlantic Ridge 
show ing  linear tectonic fabric. The tracks run from upper left to low er right along the tw o 
lighter strips in the figure. The sonographs  have been digitized, corrected for slant range 
errors ,  and merged by the Jet Propulsion  Laboratory . Pasadena (published by kind

permission o f  JPL).



T h e  scope for  fu r th e r  im age  p rocess ing  will be increased  w h e n  the signals a re  
r e c o rd e d  digitally. F u tu re  possibilities inc lude  shaded  relief, s tereo  imaging, an d  the  
ac cu ra te  rep rese n ta t io n  o f  ab so lu te  signal strengths .

C O N C L U S I O N S

T h e  faith s h o w n  in a deep  sea s ide-scan  so n a r  sy s tem  in 1965 by the d irec to r  
at th a t  time, Sir G e o r g e  D e a c o n , F.R.S., has been  am p ly  justified by the  
a c h ie v em e n ts  o f  this  tech n iq u e .  It has  p ro v id ed  a u n iq u e  w ay  o f  s tudy ing  ocean  
f loo r  m o rp h o lo g y  a n d  has revealed  m a n y  n ew  features. As a su rv ey  tool, it is 
c o m p le m e n ta ry  io o i l ie r  techn iques ,  a n d  its use has been  rec o m m e n d e d  in rela tion  
to  site su rv ey s  for  IP O D  drill sites, for  s tudy ing  po ten tia l  disposal a reas  for 
rad ioac tive  w aste ,  a n d  fo r  e x a m in in g  slope stability for the  explo ita t ion  o f  
h y d r o c a rb o n s  on  the  co n t in en ta l  m a rg in .  As the  b ro a d e r  aspec ts  o f  seafloor  geo logy  
b e c o m e  be t te r  k n o w n ,  h igh-re so lu t ion  m e th o d s  b ec o m e  increasingly  im por tan t ,  an d  
G L O R IA  shou ld  c o n t in u e  to  be o n e  o f  these.

A cknow ledgem ents

T h e  d e v e lo p m e n t  an d  o p e ra t io n  o f  G L O R IA  M k s  I and  II have b een  the 
responsibility  o f  a  large te a m  w ith in  IOS, a n d  its success  is a tr ibu te  to th e m ;  b u t  
specia l m e n tio n  sh o u ld  be  m a d e  o f  J .S .M . R u s b y  w h o  p io n e e red  M k I, M .L . SO
MERS w h o  d ev e lo p e d  M k  II an d  J .  R e v i e  w h o  has long been  a co rn e rs to n e  o f  the 
t e a m  and  n o w  is m a n a g e r  o f  the  o p e ra t io n s  group .
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