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The  p a p e r ,  a l t h o u g h  m o re  concerned  w i th  g eophys ica l  re sea rc h  t h a n  is n o r m a l  f o r  
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w o r ld  b a th y m e t r i c  d a ta  service  now be ing  m a i n t a i n e d  b y  18 IHO M em b er  States* 
H y d r o g r a p h ic  Offices. (E d i t o r ’s N o t e ) .

ABSTRACT

The hydrograph ic  resu lts  of a m a jo r  Canadian H ydrograph ic  Service 
and  A tlantic  Geoscience Centre m ulti-d isc ip linary  survey  using  CSS B a f f in  
off Sénégal and The Gambia are presented.

A compiled b a th y m etry  m ap  of the shelf and  con tinen ta l  m arg in  of 
Sénégal and  The Gambia has  been produced for the a rea  from  11° N to 
18" N an d  15.5° W  to 22.5" W. The con tinen ta l  shelf north  of D ak ar  is 
re la tively  n a r ro w  an d  is h ighly incised by active canyons th a t  pass across 
the con tinen ta l  slope and  rise to feed two channel system s tha t  d ra in  south  
to the G ambia Abyssal Plain. Im m edia te ly  south of the Cayar Canyon, 
w h ich  has  incised the  shelf alm ost to the shoreline, th e re  ap p ea rs  to be a 
lack of active canyons, and  there  are only two canyons west an d  sou thw est 
of D a k a r  ; both  are  probably  inactive fea tu res  th a t  ceased to operate  w hen



the Cayar Canyon cap tu red  their  sediment supply. The Cayar and M aurita ­
n ia /N o u ak c h o t t  Canyon system s flow into the Cayar an d  M auritan ia  deep- 
ocean channel  systems respectively and  both  d ra in  south  onto the Gambia 
Abyssal P lain .

Various seam ounts  are m apped  offshore. S lum ping is m apped on the 
con tinen ta l  slope including the m a jo r  Cayar Slide complex w hich  has moved 
from  n o r th  of Cayar S eam ount an d  flowed west over 400 k m  to collide w ith  
the Bafoulabé Rise. T he density  and  possibly the initia tion  of canyons along 
the shelf edge and  slope is believed to be re la ted  to the am o u n t  of slumping.

A dditional salt dom es are m apped  off the Casamance. M inor varia tions 
in d ep th  on the shelf a re  caused by salt dome in trusion , exposed volcanic 
rocks, sed im ent piled into ridges by longshore drif t  or wave conditions and  
by re lict beaches. Aeolian-laid sediment deposition m ay be responsible for 
f la t ten ing  of the shelf an d  p rog rad ing  of the shoreline ju s t  no rth  of Sénégal 
off so u th ern  M auritan ia .

IN T R O D U C T IO N

W h e n  the  Canadian  In te rna t iona l  Development Agency requested  the 
Canadian  H ydrographic  Service (CHS) to ca rry  out a m ulti-d iscip linary  
offshore survey off Sénégal in 197(5 the in itial response of CHS was to 
suggest adequate  precru ise  p lann ing  tim e an d  a deferra l of the actual survey 
till 1977. As it tu rn ed  out, CHS in con junction  w ith  the Atlantic Geoscience 
Centre (AGC) of Bedford Ins t i tu te  of O ceanography mobilized CSS Ba ff in  
on less th a n  a yea r’s notice an d  carried  out a survey from  J a n u a ry  to April 
of 1976, beginning  and  ending in Halifax w ith  3 p o r t  calls in  Dakar, Sénégal.

CHS ra n  the cruise and  hand led  the onboard  collection of bathym etric  
d a ta  using  a R ay theon  Deep Sea depth-digitizer w ith  a hu ll-m ounted  12 kHz 
t ran sd u ce r  w ith  a full beam  w id th  of 34 degrees ; positioning was provided 
by a satellite navigation system  in terfaced  w ith  a Loran-C Accufix receiver 
( M a r s h a l l ,  1977). A chemical oceanographic sam pling p rog ram  ( P o c k l i n g -  
t o n ,  1977) and  a con tinuous  b ird  and  sealife observation p rogram  ( B r o w n ,  
1977) along w ith  oil an d  su rface  tows were in tegra ted  w ith  the program . 
CHS also set up  an  offshore cu r ren t  and  t idal station ( M a r s h a l l ,  1977).

T h e  geophysical/geological p rogram  consisted of continuous m easu re ­
m en ts  of the e a r th ’s to ta l  m agnetic  field and  gravity  field. Shallow seismic 
d a ta  w ere  obtained in  th e  second phase, using a 40 cu. in. a irgun  over the 
slope and  a H untec  deep-towed boom er system on the shelf ( M e a g h e r  e t  al.,  
1977).

CHS was responsible  for publication  of the initial resu lts  of the cruise 
and  u n d er took  to have the b a thym etry  of the area  compiled, while AGC 
under took  the responsibility  of producing  the gravity, m agnetic  and seismic 
report.  F ro m  the beginning, CHS was concerned th a t  the 30 k m  line spacing 
(14 k m  on slope an d  shelf edge) would not provide sufficient da ta  on a slope 
tha t  w as in all p robabili ty  dissected by a n u m b er  of shelf-edge canyons ;
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Cayar Canyon was a lready  know n to traverse the whole shelf and slope 
north  of D akar  ( D i e t z  et  al.,  1968). D akar  is the m a jo r  port between the 
Gulf of Guinea and Morocco and it was well-known w ith in  CHS that a 
n u m b er  of American cruises such as the I.D.O.E. cruises of Woods Hole 
Oceanographic Institu tion, and those of Lam ont-D ohertv  Geological Observ­
ato ry  as well as British and  W est German cruises had entered Dakar for 
port calls. It was therefore CHS’s concern to amplify  B a f f in  s grid of east- 
west lines with  whatever other data  could be gained from  the oceanographic 
com m unity . A con tract was let to Geoniarine Associates Ltd. of Halifax to 
compile the ba thym etry  and write  an in terpretative report ( R u f f m a n  et  a l ,  
1977). The same firm  had provided technical support for the cruise and a 
chief geoscientist for Phase I, and later Geomarine Associates was also to 
produce the geophysics/geology report ( M ka g h k h  et  al.. 1977).

No one realized how successful the nroeess of assembling other data  
would be. This was only done for b a th y m etry  ; the gravity and magnetic 
m aps were constructed  almost entirely from  Baff in  da ta  w ith  only m inor 
inpu t  from  2 o ther sources. Baf f in  collected about 16 000 km (8 600 n. mi.) 
of ba thym etr ic  data in the survey area on her regular and systematic pattern  
of lines. Geomarine Associates was able to assemble the digitized da ta  ol 
over 33 o ther vessels of at least 8 nations th rough the cooperation of at 
least 17 agencies. This process perm itted  approxim ately  an additional 
37 000 km  (19 950 n. mi.) of raw' deep-ocean data  to be compiled and in te­
grated  with Baf f i n ' s  da ta  (Figs. 1 A and I B ) .

T he assembly process is not s tra igh tfo rw ard . There was no index m ap 
and  no data centre could provide such an index. Much of the process 
depended upon personal knowledge of cruises and a series of phone calls 
and  letters to draw  out the data. In most cases the data were released 
th rough  a desire for in teragency co-operation or th rough the fellowship that 
exists in the scientific com m unity  ; CHS’s obligation in re tu rn  was to p ro ­
duce a final m ap and circulate it. Cost to the CHS was limited to the cost 
of com puter p r in tou ts  or in some cases duplication.

The da ta  assembly was not limited to  gathering deep-ocean data. The 
F ren c h  H ydrographic  Service, the British A dm iralty  and  two oil companies 
h ad  done a large num ber of surveys on the Sénégal shelf itself and 65 
nea rshore  field sheets were assembled (fig. 1 C). The final coloured m ap 
is CHS m ap 839 A enclosed in a pocket of R u f f m a n  et  al.  (1977 a, 1977 b). 
No estim ate  has been m ade of the num ber of k ilometres of data  in the 
nea rsho re  sheets bu t  we suspect that  it represents  a fu r th e r  25-35 000 km. 
In total it is estimated that  over 125 docum ents beyond the basic seven 
field sheets of CHS wTere used in the compilation of the final map. In 
addition  the da ta  or in te rp re ta tion  of 18 au tho rs  were incorporated from 
the open li te rature or from  p reprin ts  of unpublished m anuscrip ts .  The 
CHS report  contains a full listing of all the data  sources, field sheets, 
au th o rs  and  vessels ( R u f f m a n  et  al., 1977). Suffice to say here that we 
recognize and welcome the trem endous contribution of other hydrographers  
and  researchers  to ou r  final m ap produced in the CHS report.



F ig .  1C. — In d ex  m ap  of Sénéga l-G am bia  a rea .  Boxes are  o u t l in e s  of  de ta i led  su rveys  by
o th e r  agencies.

W ith  such  a data  base available before the cruise the question  then 
m ust  be asked, “ had there been time available prior to the  cruise to do this 
da ta  assembly and p re lim inary  compilation, would we have ru n  the same 
cruise ? ” or perhaps “ W ould  we have ru n  it at all ? ” considering only the 
scientific questions. Of course the question  is academ ic for the Sénégal 
cruise bu t  is by no m eans academic w hen  we next consider such a large 
expensive offshore venture. None of us w ould ever d ream  of ru n n in g  a field 
p rog ram  in the Arctic w ithout pulling our previous field sheets an d  judg ing  
the coverage, spacing and quality  of data. F o r  overseas pro jec ts  one m ust 
be p repared  to launch  a m uch  wider search, spend longer a t  it an d  deal 
with  a m yriad  of scales, da ta  in fa thom s or metres, m easu red  a t assum ed 
velocities of 1 463 or 1 500 m /s ,  w ith  and  w ithou t M atthew s’ Tables velocity 
corrections an d  w ith  a variety of positioning systems rang ing  from  sextant 
to sophisticated systems such as in Baff in .  A full year should be allowed 
for th is  d a ta  assembly and  p re lim inary  compilation.



In (lie ease of the Sénégal survey a glance al figs 1 A, 1 li  and 1 C along 
with the final map will indicate where B a f f in ’s track might have been 
altered. The shell edge is dissected by a tremendous number of canyons and 
few of the accurately fixed data run north-south along the shelf edge to 
permit recovery of a lot of this detail. The confluence of the Mauritania, 
Nouakchott and Cayar Canyon system s is a very complicated area with  
subtle changes in depth that requires more detail. The possible reef'al 
structures west of Cap Vert at 500 in still remain a puzzle as does the lower 
end of the Dakar Canyon and the exact density of seamounts along the 
13“ N fracture zone.

One m ust hasten to add that in a multi-disciplinary survey such as this  
other features m ust be added such as density of previous gravity, magnetic  
and seismic data. There are significant other geophysical data but by no 
means the same am ount as seen in the bathymetry. However in the case of 
potential field m easurem ents often one does not need the same density  
especially in the deep ocean in the magnetic quiet zone. The need for 
overall synoptic m easurem ents of temperature, oil tows or bird observations  
might again alter the pattern of a cruise ; the point is that it is extremely  
valuable to know  the existing data base before a multi-disciplinary cruise 
is planned.

RELATIONSHIP OF BATHYMETRY TO GEOLOGY

Seamounts

As in all parts of the ocean, off Sénégal and The Gambia there is an 
intimate relationship between the shape of the bottom and the underlying

F i g .  2. —  B a th y m e try  p rof i le  f rom  12“29.8’N', 18°30.0’\V to 13“34.8’N, 18°30.1’\V across 
a sm all  h igh  (v) t h a t  m a y  rep re sen t  the  top of a b u r ied  se a m o u n t  p ro t ru d in g  th ro u g h  

the  sed im ent.  (Full  scale 10 see, 375 m /d iv is io n ) .
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geology. Tlie bathym etry  profile AA-EE shown in figure 2 illustrates this 
problem. The small high on I he bottom could be contoured as simply a 
small circular “ bum p ” on the bottom or might he a linear feature with a 
num ber of orientations. The in terpre ter often will not have ad jacent lines 
of data sufficiently close to resolve the question, nor will the hydrographer 
who is p lanning subsequent cruises to fill in areas or to delineate bottom 
features. Thus an understanding  of the underlying geology is of param ount 
importance in Doth cases, and indeed it could be argued that  in both cases 
the in terpre ter  and hydrographer cannot really do their jobs properly unless 
they understand  the geology.

In the example of figure 2 the high m ay result from a num ber of 
sources ranging from an outcrop of a resis tan t bed, an outcrop of the top 
of a seamount, topography related to slumping, drowned beaches, glacial 
moraines or reefs. Obviously the depth of w ater eliminates certain possibi­
lities as does the feature’s location. In the absence of other information 
the above example is judged to be a small volcanic outcrop of a solitary 
buried seamount. F igure 3, a profile across Bissau Seam ount and figure 4,

Fio. 3. —  B a th y m e try  p rof i le  f rom  11°3!).5’N, 20”25.3’W  to 11”41.5’N, 19"40.5’A\ across 
b u r ied  B issau  S e a m o u n t  t h a t  s ta n d s  ab o u t  (>00 m above the  su r ro u n d in g  area .  (Pull

scale 10 sec, 375 m /d iv is io n ) .



I'ld. 4. — B a th y m e try  p ro f i le  f rom  17”49.7’N, 22“24.5’W to l(i"55.(i’N, 21“48.0’\V across 
. 1  m in o r  ridge of b asa l t ic  ou tc ro p  on the  Cape Verde Bise (cvj and across Senghor 

Seam o u n t  t h a t  r ises to 802 m. (Full scale 5 sec, 187.5 m /d iv is io n j .

a profile over Senghor Seamount illustrate two other seamounts in various 
stages of burial. Bissau Seamount is almost buried and is in the very south  
of the survey area near The Gambia Abyssal Plain. It may be related to 
east-west fracture zones detected by the magnetic surveys. Senghor Sea­
mount, on the other hand, is only partially buried and rises close enough to 
the ocean surface to serve as an anchoring area for fishing buoys ; it clearly  
is related to the same volcanism that created the Cape Verde Islands and is 
simply an island that did not break surface. The tiny high to the north­
west of Senghor Seamount m ay also be a buried volcanic peak but because 
of adjacent data is believed to be a low ridge probably related to the same  
volcanism.

Clearly one would like to be able to see into the m asking sediments to 
discover the relationship of bathymetry to geology. This can be done with  
the seismic method using airguns or sparkers or, to a lesser degree, a low 
frequency echo sounder or profiler such as a hull-mounted 3.5 kHz system. 
Figure 5 shows a 40 cu. in. airgun profile over a section of the Labrador 
Sea of similar depth. The vessel was moving at regular survey speeds of 
10-12 kt and in addition to the regular high frequency echo sounding data 
a whole wealth of sub-bottom geological data has been gathered that allows 
less ambiguous interpretation of various highs. Baff in  carried an airgun 
system but its use was restricted in general to the shelf edge and continental 
slope ; only 5 lines ran into the deep ocean and none crossed the volcanic  
occurrences of figures 2, 3 and 4.





Drowned beaches

Profile P-Q wesl from Cap Verl crosses a probable drowned beach (hr
0 1 1  fig. (i) in about 70 m of water. M a s s e  (19()8) interpreted this rise to be 
a linear relict beach and CROT (Centre de Recherches Océanographiques 
de Dakar-Thiaroye) (1975) and D o m a i n  (1977) interpreted the rises to be a 
series of “ bancs rocheux ” lying along the 50 m and 70 m contour south 
ot Dakar (fig. 7). I hese features are too small to be recorded on the bathy­
metry map ot M a s s k  or of CROT and indeed are too small to appear on our
1 : 1 000 000 map. In certain instances the highs may represent outcrops 
of the Cap Vert volcanics (e.g. Banc du Seminole;, but these areas are 
clearly indicated by very high frequency, high amplitude anomalies in the 
magnetic field.

These breaks or ridges on the shelf at 50 m and at 70 m are almost 
certainly the record of st il Islands of sea level and related relict beaches. 
M cM a s t e r  et  al. (1970) found that a number of submerged lithified beaches 
off the Bijagos Delta were lithified at their crests. W e  suggest that the 
“ bancs rocheux ” are very similar especially since they are parallel to the 
regional slope of the shelf (fig. 7). The beaches were probably lithified 
prior to their submergence and there m ay have been selective algal growth 
or breaching in certain locations along their lengths since submergence.

F i g .  6. —  B a th y m e try  p ro f i le  14"40.0’N, 17°33.1’W  to 14“47.'2’N, 17°41.4’\Y across  a  sl ight 
rise  n e a r  the  shelf  edge (hr) an d  two sh a rp  peaks (bv). (Fu ll  scale  2 sec, 75 in divis ion).



Fin. 7. - Map nf “ les bancs rocheux " discussed in text.

Reefal structures

On figure 6, a t a depth of 400 111 there are two peaks s tanding  20-30 m 
high and  m arked  “ bv These peaks an d  their origins are subject to 
considerable speculation. Initially the au thors  assum ed tha t  they were 
simply more outcrops of Cap Vert volcanics because of their p roxim ity  to 
the Cap. However G. W i s s m a n w  of the German Federal Ins t i tu te  for Geo­
science and N atural  Resources who was w orking  on the M e te o r  da ta  brought 
these fea tu res  to our attention. (Personal com m unication, 1976). W e re ­
exam ined ou r  data  in this area  and recontoured  the data  between 300 and 
700 m at the head of Sarakolle Canyon to show a series of north -sou th  
ridges ou tcropping on the continental slope (fig. 8).

W hen  we wrote the b a th y m etry  report  we tended to d ism iss W i s s m a n n ’s 
suggestion tha t  these ridges may have been reefal in nature . However the 
zone of high in tensity  magnetics m apped by M e a g h e r  et  al.  (1977) does not 
extend as fa r  west as these features and they show no anom alous magnetic 
signature. W e  now believe these ridges m ay  represent old reefs th a t  grew 
nea r  the shelf edge at one time and have been fu r th e r  subm erged  th rough  
a com bination  of post-Pleistocene rising sea levels and subsidence of ocean



Fie, .  8 . p o r t i o n  <>•' l > ; i t hy i ne t i ' y  m a p  8 :t!) A s h o w i n g  a r e a  w e s t  ot  ( . a p  \  c r t .

floor. T hey  do rem ain  as one of the “ bum ps ” on the bottom  that are still 
a puzzle.

C an y o n s, ch a n n e ls  a n d  ch a n n e l system s

C ayar Canyon (fig. 9) was reported  in the l i te ra tu re  as early  as 1968 
( D i e t z  et  al.)  and was docum ented  by P. B o n n i n  in 1934 on his field sheets 
entitled Région de Cayar (1934). Almost certain ly  the fisherm en of Cayar 
knew  of the canyon for m any  years previously  and  indeed one m ay h y p o th ­
esize th a t  Cayar, a fam ous Sénégalese f ish ing  village, was not located by 
accident in the coastal reen tran t  at the head  of the canyon. There are 
a lm ost certain ly  associated physical oceanographic effects of deep w ater 
ap p ro ach in g  almost to the  shoreline an d  these effects would have been 
observed by early  f ishermen.

C ayar Canyon is as striking as Scripps Canyon in California and  is 
lacking only the onshore  gulch to be to tally  comparable. The canyon 
dissects the shelf to with in  a few hu n d red  m etres of the beach and  is 
responsib le  for  the m ark ed  inflection of the shoreline ; there  m ay even be a 
relict onshore  portion  indicated by the low of Lac T am na .
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Kir*. 0. —  l î a t h y m etr ie  c ross-sec t ions  of the  C a y a r  a n d  D a k a r  C an y o n s  a t  .*»(>() j i i  d ep th
i n t e r v a l s .

Most of the Sénégal/The Gambia shelf edge and slope is cut by a series 
of canyons tha t  generally originate at the shelf edge, a l though north  of 
D ak ar  several incise the shelf, Cayar and  M auritan ia  Canyons being the 
m ost prom inent.  The canyons are h ighly dendritic and we found even at 
our  1 : 300 000 working scale we could not docum ent all the detail. In 
con touring  the shelf edge and  the heads of the canyons the slightest posi­
tioning erro rs  became critical and  w hen combining the data  of several 
sources extrem e care had to be taken. Constant reference back to the raw  
analogue da ta  was absolutely necessary ra th e r  than  merely using the 
digitized values.

The concentration  of canyons along the continental m argin  seems 
about constant.  There are  two exceptions ; one is real and  one simply 
fortu itous. There  appears to be few canyons in the n o r th  between the 
M auritan ia  and N ouakchott Canyons ; this is not real and  reflects only the 
absence of recent data  w ith  good positioning which is contained in two 
F ren c h  F ield Sheets which were not available to the p ro jec t  (*). However the

(*) T h ese  tw o  shee ts  h ave  s ince been o b ta in e d  a n d  co n to u re d .  I t  is o u r  in te n t io n  
to  p u b l i s h  a rev is io n  to Map 839A in i ts  ve ry  n o r th e a s t  c o rn e r  in th e  B u l le t in  de 
L ia ison ,  A ssoc ia t ion  Sénégalaise  p o u r  l ’E tu d e  du  Q u a te r n a i r e  A fr ica in  ( H u f f m a n ,  i n  
p r e p a r a t io n ) .  I t  wil l  be a t  1 : 1 000 000 so i t  m a y  be  p a s te d  d i rec t ly  o n to  Map 839A. 
C an y o n  d e n s i ty  is n o w  k n o w n  to  be c o n s ta n t  in the  a rea  a n d  the  sa m e  as f u r t h e r  
so u th  to w a rd  D akar .



short slrctch of shell' edge without canyons southwest of Cayar Canyon 
and again south of D akar Canyon appears to be real. The reason for the 
paucity of canyons m ay reflect particular (and unknown) bedrock conditions 
possibly related to the presence of the Cap Vert volcanics. A more likely 
reason, that  will be detailed in the next section on geologic processes, is that 
the m ajo r canyons draw  off so much of the sediment that is normally 
moving along the shelf from north  to south that  there is no erosive material 
immediately available to cut new canyons.

The m ajo r  canyons pass across the slope and, with the exception of the 
Dakar Canyon, finger into two m ajor deep-sea channel systems. We use the 
term channel system introduced by L a u g h t o n  (1960) to recognize the fact 
that  the channel systems have a somewhat dendritic nature. Thus the 
Cayar Channel System is linked to Cayar Canyon and the M auritania 
Channel System to the M auritania  and Nouakchott Canyons. The two 
channel systems appear quite distinct th roughout the area and are found 
in the deepest par t  of the basin. They m ay join at about 11 * NT ; we do not 
have sufficient data  in these areas to do any more than speculate.

Deep sea channels are missed by hydrographers  who depend upon only 
digitized data. Their signature on an echo sounder is subtle, especially if 
one operates an echo sounder at full scale and slowT paper speeds, and if one 
does not have a program m able  sounder following the bottom on an ex­
panded scale. W e show a traditional channel in our area on figure 10 and 
another crossing on figure 11. Levees were not common in the map area.

F Hi. 10. — B a th y m e try  p ro f i le  f rom  13°41.0’N, 21“57.!)’W  to 13°41,0’N, 20°51.7’W  across 
the M a u r i ta n ia  C h an n e l  System  (m). Th is  c rossing  of th e  (>0 m deep channe l  show s the 
typ ica l  shape  of a deep-ocean channe l.  There  is no in d ica t ion  of levees. (Fu ll  scale

10 sec, 375 m /d iv is io n ) .



F ig .  11. —  B a th y m e try  pro f i le  f rom  12°59.3,N, 22°13.6'\V to  12°59.9,N, 21°07.4’W across 
a poor ly  def ined  p o r t io n  of the  M a u r i ta n ia  C hannel  System . The sm all  sh o u ld e r  at 
0747/059 m a r k s  the  w e s te rn  m a rg in  of one a rm  of the  channe l ,  a n d  the  very  s l igh t  low 

(m) m a r k s  the  ax is  of  the  m a in  chan n e l .  (Full  scale  10 sec, 375 m /d iv is io n ) .

The small shoulder between 0730 and 0800 is significant and one m ust make  
constant reference to the raw sounding rolls to delineate and follow these 
features when compiling deep-sea data.

The study of the channels and feeder canyons leads us from the inter­
relationship of bathymetry and geology to the relationship of bathymetry  
to geologic processes in the next section.

RELATIONSHIP OF BATHYMETRY TO GEOLOGIC PROCESSES

It is important to realize that the shape of the ocean floor is not only  
a response to the underlying geology but also to the processes that are 
actively affecting the bottom. Nature is constantly transferring material 
from the continent to the shelf and via the canyons and other processes 
m oving it on down onto the abyssal plains. Erosion and deposition are 
relentless processes w hich  m ay not make their presence felt during any one  
hydrographer’s lifetime, but the bathymetry measured during any survey  
and that published after a compilation such as ours is the result of a long 
dynamic process that we freeze but for an instant on our maps. Indeed our  
map is an average instant because we have used data from 1934 to 197(5.



L ongshore  d r if t  an d  canyon  cap tu re

The coastline north  of Cayar through to M auritania  is one long 
continuous smooth beach with dunes developed in a num ber of areas. There 
is v irtually  no opening save for the m outh  of the Sénégal River near St. 
Louis. All of this coastline is subject to wave-induced longshore drift of 
sedim ent from north  to south.

Considerable work has been done on the area ju s t  north  (or upstream  
in the longshore cu rren t)  from Cayar Canyon in looking for offshore placer 
deposits (Bureau de Recherches Géologiques et Minières, 1974 ; H o r n  et  (il, 
1975 ; circa 197,)). An ocean swell is docum ented of wavelength 300 in, 
period 14 s and a velocity of ‘21 m /s .  This suggests that during  storm surges 
sand at depths to at least ,'50 m is rew orked. D e m o t l i n  (1967), M a s s e  
(1968) and D i e t /  el  a l  (1968) have docum ented a swell from the northwest 
that impinges on the Cayar Coast and on Cap Vert and a swell from the 
southwest that s trikes the coastline im m ediately  south of Dakar in Baie de 
Corée. The resu ltan t longshore movement of sediment is from  north  to 
south along almost all of SénégaPs coastline, w ith  some reversal south of 
Thiaroye and M’hao ju s t  east of Dakar. The predom inan t north  to south 
m ovem ent of sediment is reflected in the southw ard  extensions of river 
mouth  bars  at the m outh  of the Sénégal, Saloum and parts  of the Casamance 
Rivers. The longshore drift and wave action also affects the offshore b a thy ­
metry.

This  influence is probably seen in the wavelike form of the 10 m 
contour al 12"0;YN (fig. 12). It m ay show up again in microtopography, 
off M’bour (14"20r N, 17"07 'W ) and possibly offshore in the same area 
(13"45'N, 17‘ 13 'W ) although it is difficult to d ifferentiate between ba th y ­
m etry  affected by earlier stills tands and relict beaches w ithout more geolo­
gical data.

The contouring of the very detailed data  on the shelf from the French 
field sheets revealed considerable detail, despite some problems with the 
positioning of the earlier surveys. In the north  from 16°45'N  to 17° N on 
the continenta l shelf a series of north-south  ridges less than  five m etres 
high are in terp re ted  nearshore  (fig. 13). These appear to be grouped up- 
cu rren t  from  the head of a m ajo r  canyon system —  the M auritania  Canyon. 
An even m ore pronounced series of ridges are obseved up-stream  of the 
head of Cayar Canyon (fig. 8) . Both series of low ridges are sub-parallel to 
the shoreline and to the regional slope of the shelf. W e suspect that this 
a p p a ren t  re la tionship  between the ridges and the head of a m ajo r  canyon 
is not fo r tu itous bu t  ra th e r  reflects a more in tim ate  relationship.

One m ight continue D i e t z  et a l ’s (1968) argum en ts  with respect to the 
Cayar Canyon and suggest that  not only is there a m arked  no rth  to south 
movement of sediment under the influence of the steady northwest swell 
but also that  there is an  “overloading” of the “longshore c u r re n t”. Thus in 
an analogy with  river cu r ren ts  when the longshore “c u r re n t” overloads 
there is deposition. The overloading and  deposition of the ridges seen on 
the b a th y m etry  m ap then m ay be hypothesized to be a seasonally related 
phenom enon, or more likely re lated to the par ticu la r  geometry (and depth)



Khi. 12. — P o r t io n  of b a th y m e t r y  m a p  839 A off t h e  C asam ance  Hiver. S m a r k s  th e  
loca t ion  of k n o w n  sa l t  dom es.  L a t i tu d e  12°05’N is a p p ro x im a te ly  across  th e  b o t to m  ol

th e  f igure.

of the shelf and  coastline. T hus  in the areas of overloading the observed 
ridge system develops, and  it m ay  even be th a t  the overloading and  build 
up of sedim ent in certain shelf areas can be responsible for the in itia tion  of 
the fo rm ation  of certains canyons.

There  is a  considerable difference between D ak ar  Canyon an d  Cayar 
Canyon when considered in profile a t their  distal or dow nstream  ends 
(fig. 9). Cayar Canyon cuts across the shelf and s ta r ts  a t the coastline ; it 
continues as a well developed channel system into the abyssal depths. On 
the o ther hand , D ak ar  Canyon s tarts  at the shelf edge and  te rm ina tes  a t  
4 1 0 0 m  an d  does not continue as a channel system. This  suggests th a t  
D akar Canyon is inactive and  represents  a relict feature. However, both  
D ak ar  an d  Cayar Canyons are erosional features and  both show tru n ca ted  
beds in section. The lower end of the D ak ar  Canyon appears  to  be m arked  
by tu rb id i ty  flow m ateria l from  slide-generated tu rb id i ty  flow deposits  ; 
there is however no cone of sediment form ing  at its lower end. The head 
of the D akar  Canyon is presently  in 100 m of w ater  and  the canyon cannot 
tap the active paralic zone of sand t ranspor ted  by longshore d rif t  as m en ­
tioned by D i e t z  in his s tudy  of Cayar Canyon.



Toum bos .

T he  question then  arises as to the relative ages of Dakar and  Cayar 
Canyons. The D akar Canyon cuts a seismic d iscontinuity  D. th a t  has  
been m apped  as Oligo-Miocene in age by U c h u p i  and  E m e r y  ( 1 9 7 4 )  and  
hence is younger th an  about 2 5  million years. R u f f m a n  et  a l  ( 1 9 7 7 )  and  
M e a g h e r  e t  a l  ( 1 9 7 7 )  suggest a two-step process for the form ation and 
s tagnation  of D akar  Canyon related to the  two ages of volcanism seen on 
Cap Vert. T he in trusive events on Cap Vert are m apped as Oligo-Miocene 
and Plio-Pleistocene. Possibly prior to these in trusions there was no m ajo r  
w estw ard  p ro trus ion  of the shoreline at Cap Vert. Initially the in trusion  
of the volcanics at Cap Manuel, due east of the head of D akar Canyon in 
the Oligo-Miocene m ay  have formed islands off the coast and  caused the 
initial in te rru p tio n  of longshore drif t  and the form ation of a large tombolo. 
Baie de Gorée was then  south-east of the  new tombolo and  a long con­
tinuous  beach  stretched north  from Cap Manuel th rough  the Lac T am n a  
area  nea r  the town of Cayar and  on north  tow ards St. Louis. The form ation 
of the D ak ar  Canyon begun sometime after the Oligo-Miocene volcanic 
activity. T hus ,  the sedim ent moving south  along the coastline via longshore 
d rif t  w ould  bave accum ulated  and  periodically passed down the D akar 
Canyon (assum ing  th a t  the Cayar Canyon did not exist at this time).

W h e n  the younger  Plio-Pleistocene volcanics th a t  form  Pointe des 
Almadies and  Les Mamelles erupted  0.9 to  1.2 million years ago, north  of 
Cap M anuel the cu rv a tu re  of the beach w ould  have been again in terrup ted  
and a new  beach developed between the Lac T am na  area and Cap Vert 
w ith  an  inflection point developed at about the town of Cayar. It appears  
tha t  the sedim ent load feeding the D akar Canyon was cut off for a period
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of tim e while the new coastline developed and  du rin g  this time an “over­
lo ad in g ” occurred  in the shelf west of the town of Cayar w ith  the subse­
quent in itia tion  of Cayar Canyon ( H u f f m a n  e t  al,  1977). Cayar Canyon then 
w ould have p ira ted  the sediments feeding D ak ar  Canyon. If the above 
sequence is correct then D akar  Canyon has been relatively inactive since the 
in itia tion  of Cayar Canyon 0.8 to 1.2 million years ago. The Sarakolle 
Canyon directly  west of Cap Vert also dies ou t a t 3 200 m and m ay  too have 
been re latively inactive for the same period of time.

As sea levels rose af te r  the Pleistocene, Cayar Canyon erosion has  kept 
pace w ith  the transgress ing  sea and  the head  of the canyon still lies very 
close to the shoreline and  still cap tures  m ost of the longshore drift.  The 
stagnation  of D akar  Canyon is analogous to s tream  capture  on shore and  
could be dubbed “canyon c a p tu r e ”. The near complete dra in ing  off of 
longshore drif t  sedim ent can be seen in a n u m b er  of ways. D i e t z  e t  al  
(1968) recorded th a t  the beach for one k ilom etre  sou th  of the head of Cayar 
Canyon w as a lm ost devoid of sand  and very n ar ro w  and  irregu la r  beyond 
th a t  for a s ignificant distance. H o r n  e t  a l  (1974, 1975 a, b) noted tha t  
charac teris t ic  heavy m inerals  p resent in sedim ent samples no rth  of Cayar 
Canyon did not occur in samples sou th  of the Canyon. The shelf also no ti­
ceably narrow s  and  steepens south  of Cayar Canyon (fig. 8). T he lack of 
sedim ent south  of Cayar is also reflected in the inactivity  of D ak ar  and  
Sarakolle Canyons and in the reduced num ber of shelf-edge canyons im m e­
diately south  of D akar Canyon.

S lu m p in g  on  th e  co n tin e n ta l slope

To th is  point in the paper we have been talk ing  about features  th a t  
are re la ted  to either highs or lows on the ocean floor as seen on the echo­
gram. F igure 14 shows a profile G-H ru n n in g  east-west no rth  of Cayar 
Seam ount down the continental slope across the  Cayar Slide Complex 
( J a c o b i ,  1976). The record shows a tex tura l  var ia tion  w hich  w ould  have 
been seen m u ch  m ore clearly had  the recorder been operated  with  a one- 
second sweep and  faster paper speed to avoid the  severe com pression of 
d a ta  seen on records recorded a t a 10-second sweep. J a c o b i  has correlated 
the tex tu ra l  varia tion  seen on G-H w ith  evidence of a massive s lum p complex 
th a t  has moved downslope leaving a pronounced  “ slide scarp  ” (ss on 
fig. 14) th a t  can be traced over a lm ost 200 k m  in an elongate horseshoe­
shaped p a t te rn  n o rth  of Cayar and  Little Cayar Seam ounts  ( J a c o b i ,  1976 ; 
M e a g h e r  e t  al,  1977). J a c o b i  had  an added in terp re ta tive  tool in th a t  the 
L am ont-D oherty  Geological Observatory survey vessel had  a low frequency 
(3.5 kHz) echo sounder th a t  gave a certain  am o u n t  of pene tra tion  into the 
upper sed im en tary  layers and  allowed one to see the contorted  an d  d is­
tu rbed  bedding in the lower pa r ts  of the slide complex. In addition Ve rna ’s 
lower frequency  continuous seismic profiles gave even m ore defin ition  of 
deeper in te rn a l  s tructu re .  B a f f i n ’s p rogram  generally res tr ic ted  the  use 
of the a irgun  to the shelf and  shelf edge areas  and  few lines ran  dow n the 
slope into the deep ocean. However two of B a f f i n ’s deep w a te r  a irgun  lines 
did cross the Cayar Slide Complex and  th is  da ta  in com bination  with  
J a c o b i ’s  (1976) low frequency 3.5 kHz profiler and  our com pressed bathy-



I-'iu. 14. —  B a th y m e try  p ro f i le  G-H from  16“00.3’N, 17°23.5’W to  16"U0.5’N, 18"55.7’\Y 
across the  c o n t in e n ta l  slope an d  r ise  n o r th  and  n o r th w e s t  of  C avar  Seam oun t .  This  is 
one of the  few records of B a f f i n  on w h ich  d educt ions  as to the  n a tu re  of  the  seafloor  
can be m ad e  desp ite  th e  com pressed  n a tu re  of the  record  re su l t in g  from  a very slow 
pap er  speed. The  change  in slope a t  (ssj m a r k s  a s lu m p  scar,  an d  dow nslope  a series of 
h y p e rb o la  or sm a ll  b u m p s  on th e  record (h) give v isu a l  evidence of th e  rough  surface  
of a m ass iv e  s lum p . (Full  scale 10 sec, 375 m /d iv is io n ) .  J a c o b i  (1976) has  nam ed  th is

fe a tu re  the  C av ar  Slide Complex.

m etry  records did allow us to define the extent of this massive downslope 
movement of material. The Cayar Slide Complex stretches as a tongue from 
its cuspate slide scar on the slope between about 100 m and 200 m westward 
over 400 km  into depths of 4 000 m.

F igure 15 shows a portion of a s imilar but much smaller complex in 
the m arine clay deposits of the Champlain Sea. The only difference is that  
the Champlain Sea was a Pleistocene sea in the Ottaw7a region and now7 
stands well above sea level. The slope of the original field seen along the 
top of the photo is similar to the true slope of the ocean floor along profile 
G-H (fig. 14) and the downslope sliding of the m arine clays at South Nation 
is similar in na tu re  to its m odern analogue with a m ajo r upslope slide 
scarp and a series of subsid iary  arcuate  shallow slide scarps downslope. 
F igure 16 shows a line drawing of an airgun profile D'-D across the sou­
thern  slope off Casamance. This section displays only 3 seconds vertically 
and has much more vertical exaggeration than the bathym etry  profile G-H. 
Here a series of small slum p scars are in evidence, along with associated 
faults and contortion of bedding. The analogy should be drawn to the 
South Nation photo of figure 15 ; profile D'-D consists of a num ber of 
slumps each of which is of a similar size to that  shown at South Nation.

There m ay well be a re lationship between continental slope slumping 
and the initiation of canyons. Off Sénégal and The Gambia, espcciallv in
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Kig. 15. —  View of s lu m p  in P le is tocene  age m a r in e  sed im en ts  now exposed on the 
Sou th  N a t ion  H iver  n e a r  O t taw a.  The  m ain  s lu m p  seen a p p ea rs  f rom  the  r igh t  m idd le  
g round  to the  b a ckground .  S u b s id ia ry  f a u l t  p lan es  w hich  have  given the s lu m p  its 
rough  u p p e r  su rface  a rc  visible in cen tre  of ph o to g rap h .  C om pare  w i th  f igures  14 a n d  16.

F ig. 1(>. — Line d iag ram  of s lu m p s  on c o n t in e n ta l  slope of p rof i le  DM) across  slope at 
12"54’N. A series of  upslope  vertical  or  incl ined fau lt  p lanes  become a sy m p to t ic  to  the  
bedding p lanes  dow nslope .  The  s lu m p  m ass  p ro b a b ly  slid dow nslope  on a  bedding plane 
fau lt ,  an d  th e re  m ay  be com press ion  of beds in the  foot  of the  s lu m p  (c). T runca ted  
beds (t) can  be seen a t  th e  upslope  end of the  u n d e fo rm e d  s lu m p  s t r a ta  (b), w i th  the 
respective  s lu m p  scars  a n d  re la ted  scarps (a) fo rm in g  dep ress ions  t h a t  m a y  l a te r  develop 
in to  p a r t  of  a c anyon  sys tem . There  m ay  a lso  be u n d c r th ru s t in g  of s lu m p  s labs  in th is  
a rea  as well. D raw ing  is f rom  a 40 cubic  inch a i rg u n  record w hich  gave considerab le  

p e n e t ra t io n  a n d  d e lin ea t io n  of su b b o t to m  st ruc tu re .



the south  of our  m ap  area, there appears  to be a direct relationship between 
the density  of canyons and  even their  existence and the am oun t ot 
s lum ping  seen. On figure 13 a n u m b er  of the notches which m ark  slide 
sca rps  and  slide scars have been in terpre ted  to be m inor arm s of the den ­
dritic  canyon system found on the continental slope. The suggestion m ay 
be m ade th a t  the topographic lows developed at slide scars and the asso­
ciated faults serve as erosional foci for downslope m ovem ent of turb id ity  
cu r ren ts  and evolve into eroded canyons. Im mediately  south of D akar 
Canyon we earlier noted a near absence of canyons ; this area also shows 
an  absence of slumping. W ork  done by Geomarine Associates on the 
continenta l slope of Nova Scotia for a commercial custom er shows 3 s lum p 
blocks separated  by two m inor canyons and  lends strength  to our in ter­
p re ta tion  off Sénégal and The Gambia.

rprtQinhf nnp nuzzip rp,P 2 ins wlicn one examines tli0 b?.thynictry 
of Sénégal-Gambia — “w hat is the  source of all the sediment th a t  m akes 
the shelf south  of Cap Vert so m uch  wider th an  tha t  no rth  of Cap Vert 
an d  which gives rise to the larger am oun t of s lum ping in the south ?”. In 
add ition  the con tinen ta l  slope south  of Cap Vert is steeper than th a t  no rth  
of the Cap w hich  is ano ther indication of outbuild ing through sedim en­
tation. Most of the sediment moved south  by longshore drif t  is cap tu red  by 
Cayar Canyon and  the shelf to the south, including Dakar Canyon, is 
s tarved  of sedim ent at least from longshore drift.  The slow moving rivers 
such as the Saloum, Gambia, Casam ance and Geba do not appear to have 
an y  great erosive power and the sedim ent source is uncertain. W hile  the 
sou thern  rivers do not appear to be great sediment sources we know of no 
ac tua l m easu rem en ts  of their  sediment load or of the seasonal variation. 
T he  Archipel dos Bijagos represents  a classic example of a drowned delta 
and  implies th a t  the Geba River at least in the recent past was a m ajo r  
source of sediment.

A eo lian  in flu en ce

On a num ber of occasions during  the B a f f i n ’s cruise the ship was 
coated with  a layer of fine sand carried seaw ard by the steady northeas t  
H a rm a t ta n  th a t  blows off the Sahara. R o n a  (1971) has  suggested th a t  
aeolian transpor t  of such fine desert m ateria l m ay have operated over a 
long enough tim e to shape the Cape Verde Rise and  generally prograde the 
continental  rise. W e m ay  see one local example of this north  of St. Louis 
w here  there is a slight w estw ard  bulge in the shoreline, and offshore there 
is a seaw ard m igration  of the contours  to delineate a broad flat area of the 
shelf off Marais de Tounibos (fig. 13). In th is  same area onshore in the south  
of M auritan ia  an d  extending righ t into the ou tsk irts  of St. Louis there are 
extensive longitudinal sand  dunes oriented northeast-southw est to reflect 
the persistent H a rm a ttan .  The shoreline bulge an d  flattened area offshore 
m ay  represen t an  area of increased aeolian sedim entation. The area on 
f igure 13 could also represen t a recent delta of the Sénégal River w ith 
M arais de Toum bos as p a r t  of an  old channel which  existed prior to the 
exit being cut off by longshore drift,  and flow being directed sou thw ards  
in a nearly  90° tu rn  to the present exit near Gandiole.



S a i t  t e c t o n i s m

Another geologic process that may be influencing the shape of the 
bathymetry is that of active salt intrusion. A y m é  (1965) reported on the 
salt domes off the Casamance and our bathymetry map records 11 such 
features though A y m é ’ s somewhat ambiguous paper can be interpreted to 
show up to 14. A y m é ’ s contoured bathymetry map ( A y m é , fig. 4) showed 
the 30 m contour wrapping around a dome ; our data show a similar dis­
ruption of the 30 m contour around a dome’s rim syncline in what may be 
the old Casamance River enibayment (12 '17 .5 'X , 17°06' W ; fig. 12). The 
COPETAO and French field sheet data can be interpreted to give rise to 
another circular bathymetric feature at 12 ’21'N, 17°13 'W  (fig. 12). There 
is no seismic data available over this feature and we can only assume that 
it too has resulted from  salt diapirisni.

W e suspect that active salt tectonics may have had some influence 
on maintaining the shallowness of the area north of the m ajor enibayment 
including Banc du Large. This area of the continental shelf lias the same 
dimensions as Sable Island Bank on the Scotian Shelf or as the Magdalen 
Islands high in the Gulf of St. Lawrence. All three areas are the focus of 
near-surface salt tectonics and all three have been drowned subsequently. 
All three areas may owe their relatively high relief to the influence of salt.

At 12°35'N  the shelf is marked by a broad ridge seen in the 25 to 
40 in contours ; this ridge is probably not related to salt tectonics but rather 
may reflect the outbuilding process of the “ Casamance Delta” in this area. 
Similarly the broad sinusoidal waves seen in the 100 m contour at 12°05'N, 
17°20 'W  are probably not related to salt tectonics but rather depict broad 
low ridges (sand waves) on the sea floor. These broad ridges do not 
represent poor positioning during the original survey since they are crossed 
by a number o f tracks of data and only the one contour is affected.

CONCLUSIONS

As we move more and more into multidisciplinary surveys, it is important 
for hydrographers to realize that underneath all their bathymetry there is 
a fascinating geological story reflecting either rock and sediment type or a 
geological process that has shaped the bottom. The hydrographer who 
understands this intimate relationship will plan and execute a much better 
survey. So too will the hydrographer enjoy and understand the results 
more. As the CHS moves into multiparameter surveys, the mandate of the 
Service is changing from one of making charts for navigation to one of 
mapping the ocean floor for a whole host of uses including that of making 
charts. In this light we would advocate running recorders specific to the 
geological user with an expanded scale and faster paper speed. In addition 
when low frequency echo sounders are operated the total value o f the 
survey will be greatly enhanced.

It is very important that before embarking on a foreign survey such 
as that off Sénégal and The Gambia, one does a complete assembly of



existing data and if possible a preliminary compilation. W ith this basic 
framework complete the hydrographer can plan a survey to highlight geolo­
gical questions on areas with uncertain or thin coverage. W ith the prelim­
inary compilations, decisions as to priority areas can be made with more 
certainty and the hydrographer in charge can better balance the demands 
of the various parallel surveys (bathymetry, gravity, magnetics, geology, 
biology, etc). W e were surprised how much data was available o ff Sénégal 
and The Gambia and the same sort of density may well exist off the coasts 
of many developing countries if the time is taken to assemble it. The data 
will be made available, in our experience, if the time is taken to establish 
personal contact and if the agency approached can be assured that the 
completed map or report will be returned in exchange.

Finally, all cruises whether domestic or foreign will be much more 
rewarding m a scicntific sense it the full range of users are kept ni üjïüu. 
This wrill require hydrographers with an interest in these other uses o f their 
data and with a willingness to add certain equipment to increase the Iine- 
kilometer cost effectiveness of their vessels.
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