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The Mazaga n (E l Jadida) Plateau and Esca rpmcnt constitutc the scaward exte nsion 
of the Moroccan Meseta, and offer an excellent example of a starved cOnlinenlal 
margin bordering the oldest part of the At lantic Ocean. Sedimentary sequence bcgan 
at leasl as long ago as the Triassic. A very dense se ismie reneetion survey (32 profi les 
at 1 n. mile spadng) and information from 18 Cyana dives on the Mazagan (El 
Jadida) plateau and escarpmen t al low us 10 construct an isochron map of the depth of 
the acoustic base ment constituled eit he r by Jurassic platform ca rbonates o r by 
Pa leozoic gra nodiorite to Preca mbrian (?) crystalline basement, and a detailcd 
structural map. 
The carbonate platform is structured in a succession of tilted blocks from the plateau 
to the foot of the escarpment. This st ruct urat ion is detcrmincd essc ntia lly by vertica l 
faults trending N 20 , N 90, N 120 and N 160. 
During carly Cretaceous times, an important phase of vertica l structuration is 
marked by the denudatio n of the escarpmenl. Transgressive sedime nt s of late 
Cretaceous age cover unconformably the carbonate platform along the outer edge of 
the Ma7..aga n (El Jadida) Plateau. Deformation observed wilhin the sedime nlary 
eover suggests ye rtica l teetonism from late Cretaeeous up to the Prese nt. Howevc r, 
thesc vertica l movemenls were acccntuated during Eocene a nd Miocene times by the 
lilling of bloc ks of the faulted ca rbonate platform and mass wasting events. 

Oce(lIIol. ACla , 1984, Submersible Cya na stud ies of the Mazagan Esearpme nt 
(Mo roccan co ntinental margin) , CYAMAZ eruise 1982, 59-72. 

Structure et évolution du plateau et de l'escarpement de Mazagan (El 
Jadida, W Maroc) 

Le plateau ct l'escarpement de Ma7..agan (El Jadida) constituenl le pro longement 
vers l'océan du domaine mésétien. Ils représentenl un des meille urs sites d 'étude 
d 'une marge cont inentale effondrée en bordure d 'un océan ancien. En e ffet , 
l'escarpemenl de Mazagan borde un domaine océanique où se sont déposées des 
sé ries sédimentaires depuis au moins le Trias. Un levé sismique extrêmeme nt dense 
(une tren taine de profils espacés d'environ 1 mille) ct 18 plongées du submersible 
Cyana su r le plateau ct l'escarpement de Mazagan, nous permettent de réaliser 
une carte isochrone du socle acoustique représentée pM la plaie-forme ca rbonatée 
jurassique ou par le substratum paléozoïque ou précambrien consti tuant l'ossature 
du doma ine ainsi qu'une carte structura le détaillée. La plate-forme calca ire est 
découpée en une succession de blocs basculés depuis le plateau jusq u'au pied de 
l'esca rpement. Cc découpage sc fait suiva nt un réseau de cassures dont les directions 
prédominantes sont N 20, N 90 , N 120 et N 160. Au point de vue tectonique , une 
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importante phase de structu ration se place au Néocomien terminal , avec pour effet la 
mise à l'affleurement de l'escarpement. La couverture sédimentaire post-plate-forme 
ne devient transgressive sur la plate- forme en bordure de l'escarpement qu 'à partir 
du Crétacé supérieur. Les déformations observées dans la couve rture séd imentaire 
nous permettent de conclu re à une activité tectonique ve rtica le jusqu'à l'Actuel. En 
particulie r, d' importants mouvements te rt ia ires (ÉOcène ct Miocène) sc manifestent 
par des surrections de blocs de ta plate-forme cl des su rfaces d'é rosion dans la 
couverture. . 

Oceonol. Ac/a , 1984. Études par le submersible Cyana de l'escarpement de Ma7..agan 
(ma rge continenta le marocaine) , campagne CY AMAZ 1982, 59-72. 

GENERAL FRAMEWORK 

T he North West Africa n margi n is a very good 
example of a starved passive continental margin 
bordering the o ldest pa rt of the Atlantic Ocean. This 
margin documents a complex evolut ion from the l'irst 
episodes of the Triassie-Liassic int ra-continenta l rif­
ting until the Tertiary tectonic eve nts. 
Si nce the carly 1970's, this margin has been very 
intensive ly st udied by classieal geologiea l and geophy­
sical met hods, as weil as by dcep-sea drilling. The 
most important cruises were co nducted by the Lamont 
Doherty GeoJogical Observatory (Vema cruises 23, 
27,29,30 and 32), the Bundesa nsta lt für Geowissc ns­
chafte n und Rohstoffe (Meteor cruises 25, 39, 46, 53, 
67 and Valdivia cruise 79), the Woods Hole Ocea no­
graphic Institute (Atlantis Il cruises), the Cen tre 
Nat ional pour l'Exploitation des Océa ns, now Institut 
Français de Recherche pour l' Exploitation de la Mer, 
(Nestlante Il and Albatlante cruises) and the IPOD 
(Clomar Cha llenge r legs 41, 50 and 79 ; Uchupi ef al. , 
1976 ; Lancelot el al., 1917; Wissmann , von Rad , 
1979 ; Lancelot ef al. , 1980 ; Hinz el al., 1982; I-linz et 
al., 1982). 
Man)' papers discussi ng the geology of NW Afriea n 
margin from Senegal to the Strail of Gibraltar describe 
Triassic-Liassie evaporilie layers dat ing the initial 
stages of rifting (Pau tot el al. , 1970; Rona. 1970; Van 
Houlen , 1977). These dcposits arc now covered by 
very thick sediments emergcd in onshore coastal 
basins or occur as salt diapirs under the abyssa l-pl<li n 
of the offshore Morocean Basin. Eva porites arc also 
present along the contingent North-East Ame rica n 
margin with the same diversity of struct ural location 
(Schneide r, Joh nson, 1970 ; Pautot el al. , 1970; I3hat 
el al .. 1975; Jansa , Wiedmann. 1982; Hinz et al. 
1982). 
Another produet of previous studies is the documenta­
tion of a very important phase of the upper Jurassic 
carbonate platform construct ion over Ihe evaporitic 
or terrigenous layers or over the Pre-Mesozoie subs­
tratum (Jansa , Wade, 1975; Jansa et 01., 1979; Renz 
et al. , 1975 ; Schlee et al., 1976; Wissmann , von Rad , 
1979 ; I-linz et 01. , 1982). 
The further evol ution of Western African continema[ 
margi ns is essen tia lly marked by a hiatus during mw;h 
of the Late Cretaceous. This hialus has also been 
described along the North American continenta l mar­
gi n (Lancelot et al., 1980; Priee , 1980; Cymor 
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Group , 1981 ; von Rad , Wissmann , 1982 ; Seibold , 
1982). Il has been expl<lined by a CCD fisc , erosion , 
or non deposition duc to large transgressions du ring 
the lower Late Cretaeeous that invaded the Arriea n 
continent. 

Duri ng the Tertiary , the North-West AfrÎcan conti­
nental margin was affectcd by a succession of tcctonic 
events marked by uplift , doming, volcanic events and 
e rosional phases (G runau et al., 1975; Lance lot el al. , 
1977 ; von Rad et al. , 1979 ; Scibold , 1982; Olivet et 
III., 1984). 

The MaZ<'1gan (El Jadida) Plateau and Escarpment a rc 
located off the Moroccan Meseta , which is situated 
between the Atlas and Rif mountain ehains. Mesozoic 
and Cenozoie .. Atlantic type " sed iments arc widely 
outeropping in Central Morocco , espeeially in the 
coastal basins of Safi -El Jadida ( Doukkala) and 
Agadir-Essaouira (Ha ha or .. At las Gulf " ). This 
sedimentary cover overlies Paleozoic sediments to 
Precambrian crystalline basc ment structured in horsts 
and grabens by a co mplex system of I-Iercynian 
fractures. NNE-SSW lInd E-W orientated faults arc 
dominllnt. 

ln the coastal Moroccan Mescta, we observe a subho­
rizontal , rcla tivcly thin sedimentary cove r in which 
Triassie, Upper Crcataceous and Miocene to Qmlter­
nary deposits dom inatc (Gigout , 1951). ln the weste rn 
.. High Atlas", this cover ls folded and cominuous 
from the Upper Triassie to the Tu ronian (Ara mbourg , 
Duffaut , 1960 ; Ambroggi, 1963 ; Société Chérifienne 
des Pétroles. 1966 ; Michllrd , 1976 ; Brown , 1980). 

The varia tions of the thick ncss and facies of the 
Triassie- Liassic deposi ts ovcr short distances a rc the 
rcsult of sy nscdimcntary tcctonie movements creating 
horsts and grabens duc to variations in the raie of 
subsidcnce. 
The Middle and Upper Ju nlssie epicontinental depo­
si ts arc gencrally transgressive in cent ral Morocco 
( Reyre , 1966 ; Dillon, Sougy. 1974 : Michard . 1976 ; 
Stets, Wurste r, 1982). Aner a widespread Late Juras­
sic regression, the Cretaceous is marked by an epicon­
tinental stage with a succession of more and more 
widcspread transgressions (Michard , 1976; StclS, 
Wurstcr, 1982). 
The Ccnozoic history is dominated by the Atlas and 
Rif orogenies (Dillon , Sougy, 1974 ; Michard , 1976). 
From the Middle Eocene. thc Moroccan Meseta has 
emerged except for ilS northern and western margins. 
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Figure 1 
$IIIp's Imcks ofCNEXO &-a:agUlI ~i$mic and mu/ribl-ufII $un'~y('()mplcmml~d by wm~ ~iJ;mÎc Illies from CNEXO Ntsll(/IIlt / (fIIÎU 11/111 I1GR 
VuItlÎI'11l 79 IIlId Méléor 39 )"un 't ys, Tilt $tismic profi/ts of "'gllru 3 111111 " Urt' IIlI/ltrlÎII~d ht l/l'Uy. 

The Messinian· Plio-Oua lernary teclonics is more 
intense and lransforms the mcscta imo ,1 large mosaie 
of horsts and grabens limited by prccxist ing faults. 
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The post-Palcozoic tectono-scdimcmary cvolution o f 
the stable Morocco has constant ly bee n guided by 
NNE-SSW and E-W Hercynian faults. Thcsc faults 
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Figure 2 
Seabeam balhymerric mop of El Jadido plo/eOu 
and tscurp~nf. "'ilh i(Xorion Qf CY AM AZ 
dil'ts ond VSDP situ Leg 79. 



• 
-

disscct thc substratum and ils sedimenl cover into 
morç or lcss tilted blocks or rhombic shajX! (Saadi , 
1972 ; Kanes et al. , 1973; Laville , 1975 ; Michard , 
1976 ; Slets , Wurster, 1982). 

Since a detai led description of morpho logica l fealUres 
of the area of Mazagan (El Jadida) Plateau and 
Escarpment is given in Auzende et al. (1984), wc 
present here only the main morpho logical units 
(F;g. 2). 
The shelf and the plateau prOjX!r show a gent le slojX! 
towards the nonhwest from the sho re down to abou i 
1 300 m water depth in the southe rn pan and 1 750 m 
in the nonhern pan. 

The Escarpment which bo rde rs the Plateau in a 
eresee nt shajX! is the major feature. lt is constituted 
by a succession of narrow steps formed by venical 
elifts. In the southern pan , its dept h ranges from 1 200 
to 2300 m, and in the northern pa n from 2000 to 
3800 rn. 
At the foot of the escarpment the re is a large apron 
marking the transition belween the escarpment and 
the Seine Abyssal plain. This apron is eu t by numerous 
small canyons running towards the west. 

SEISMIC DATA 

The geologieal inlerpretation of sc ismic renection 
profiles has been correlated with the observations and 
samples from the CY AMAZ eru ise dives. In lhe 
deepcr wnes at the foot of the escarpment , the Dcep 
Sea Drilling results (holes 544 , 545, 546 and 547 of 
Leg 79 - Glomar Challenger - Hinz et al., 1982) 
have becn taken into aceount. The very close single 
channe l sc ismic tracks (Seazagan eru ise, 1982 ; Fig. 1) 
supple menlcd with pre-cxist ing multichannel profiles 
from the Bundesanstalt für Geowissc nsc haften und 
Rohstoffe (Fig. 3) al10w us to eXlend the in Sirli 

observations and Ihe Deep-Sea Drilling results to the 
whole Mazagan arca. 

Schematically , we ea n distinguish two main seismie 
units o n seismie profiles. The lowcr one is constituted 
by the acoustic baseme nt overlain by an uppe r unit 
conslituted by a weil bedded sedimentary cover. 

The acoustic base~nt 

Three types of aeoustic base me nlS ean bc distinguis­
hcd (F;g. 3) : 

a) al the fool of the escarpmcnt , a " BM " re neetor 
has been iden lified as Paleozoic basement with the 
help of site 544 data (Kreuzcr et al. , in press). Il is 
constituted by dcformed metamorphie gra nites. The 
basement is cut by normal fault s parallel to the main 
direction of the nonhern pan o f the esca rpment. It is 
diffieult to fol1ow Ihis reneetor eominuously on the 
se ismie profiles beeause of the westward inereasing 
thickness of Ihe sedimentary cove r and the existe nce 
of salt laye r deformed by diapirie structures. 

b) The" BM " re nector disappears unde r the Ma7,.a­
ga n (E l Jadida) Plateau. In this area , the top" B " of 
the Upper Jurassic carbona" platform sa mpled du ring 
the CY AMAZ dives becomes aeoustie baseme nl. 
On ly sorne h)'jX! rbolic featu rcs localed at about 
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4 seconds two-way travel time might possibly bc 
att ributed to Paleozoic base ment. In some places, the 
zone below the .. D " rencctor beeomes scismically 
opaque. 
ln the whole eastern pan of the plateau, some 
renections could be obscrved under the" B " reflec­
tor. 

For Ihis phenomenon , whieh is frequent ly observed 
o n the edge of the continental shclves, different 
expia nations have bec n given. Il could bc a si mple 
late ral facies va riat ion in the scdimentary seque nce, 
linked to different conditions of deposition . They 
eould also result from local diagenetic transformatio n 
due to c mersion in the initially homogeneous carbona­
tes (Sheridan , 1981). These seismica lly opaq ue zones 
have been also interpreted as recf buildups but so far 
there is no geologica l proof of reef bui lding. 

c) a third type of aeoustie bascrnent of undet:ined 
nature was observed o n the seismie profiles. Il is the 
S E horst block in ve r)' high position located toward 
the cast on profilcs A and E. (Fig. 4 a and 4 b). 
Several hypotheses cou ld be proposed concerning the 
naturc of the acoustie bascment o f this horst. It might 
be a Paleozoic basement horsl e me rged until the Late 
Cretaceous (age of the oldest deposits above this 
bascment). This hypothesis is compatible wilh land 
geo[ogy, since near E l Jadida (about 65 km cast of the 
escarpment) outcropping Preeambrian and Paleozoic 
basement Is overlain by Late Crelaeeous transgressive 
sedi ments (Gigout , 1951). Il could also bc a remaining 
high stand ing bloc k of the Upper Jurassîc carbonate 
platform , which was later uplifted and deformed . ft 
has been also interpreted as a middle 10 late Creta­
ceous biohcrm (Wissmann , von Rad , 1979: Hinz ct 
al., 1982). The latter hypothesis, bascd esscntially o n 
scismic Inte rpretation , sec ms to bc excJ uded , aceor­
ding to Cyamaz (CY AMAZ Group, 1983) a nd Sea7.3-
gan data. Several arguments allow us to propose a 
teetonie interpretation. The o uterop of Paleoge ne 
eonglome rates with late Cretaceous pebbles in the 
centra l Mazagan Plateau ( - 1 000 m, Dive 92) , the 
hemijX!lagîc to pelagie facies eharaeter of these jX!b­
bles and of the whole Cretaceous to TertÎary post­
platform scd imentary cover everywhe re on the Pla­
teau (see be low ; and von Rad , this volume) and also 
the presence of teetonie breceias in the sa mples and 
obse rvations of Dive 92 sug,gest that a middle 10 upjX!r 
Cretaceous biohe rm ean be excl udcd in this zone and 
confirm the existence of imponant fault systems 
wh ich mark a high ce ntral horst alread)' poimcd o ut in 
Seazagan and BGR sc ismic profiles. 

The post-Jurassic cover 

The post-Jurassic scdi me ntary cove r is we il bedded 
and esscntially composed o f he mijX!lagie to pe lagie 
sedi ments (von Rad , this volume; I-linz el al., 1982). 
This cove r consists o f seve ral seismic units scparated 
by uneonformities. 
1) The first layer (5) pania lly overlies the UpjX! r 
Jurassic carbonate platform. Ils thickness a nd scismie 
facies varies considerably. On profi le E, for example 
(Fig. 4) , the oblique internai reneetions bceome pro­
gressively attenuated and less cJea r towards the west. 
Along the central and southe rn pan of the Mazagan 



E RUELlAN 9f ., 

, 

e 
" • 
" 
• 

'\)t " . ~ 'j. 

~, • 

c , ~I 

CIl 
0 

0 1 • , 0) • • Q • '" • • U 

• • 
z " ~ , 

0 
z • 
Q • • • • 0 • w • • " • <: 
" • • z ~ • 

64 



REF!.ECli ON !.I NE 

INTERF'RETED OIAGRA'" 

RH !. [(TION U NE 

.000 TI" [ "00 

INTERF'REl[D DIAGIIA'" 

STRUCTURE·EVOLUTION. MAZAGAN PLATEAU AND ESCARPMENT 

0000 ~'''t 0100 0.00 0.00 .,. "" " 

65 

--,------,----,-

Figure 4 
CNEXO $('(lzaglm sl11glt·c/'onlU'1 Stis"IIC 
profilts Ma) Ulld E(b). (Rutllall , 
A/4Ztlldt, 198-') ." 1) MioctrU', PlioctrU' 
(llid QUUltmary .- 2) OligoctlU' olld Early 
MioctlU' .- J) lAit Crt/OctOUS and Eoctnt .-
4) Upptr Crtll/tWuS'- oS) I.QM"tf Crt/O· 
ctO"S busill$ dl!{lQsils.- Ô) Upptr }urossic 
III IJtrri/lsi/ll/ cOfbofl(l!e plUlprm .-
7) rrÛJssic· Li/lssit tWJ{lQrilic dtposi/j'-
8) f'ukmoic and Pftcombri/lll boSt~III. 
B ." Top of I!U' Upptr }UfOSSit - LoM'tr 
Nroromi/lll corbOfl(llt plolfmm , IJM ." Top 
of IlU' bDS('mtlll. 
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(El Jad ida) Plateau , this laycr docs not outcrop on thc 
top of thc cscarpmcnt. liowever , at thc nonhern pail 
and in the vicinity o f El Jadida Ca nyon, this unit is 
widely exposed. This laye r appears 10 bc dcepe r water 
sediment ponded bchind topographic highs. On thcse 
barriers. which were eme rged or nearly eme rged 
during Ea rly Cretaceous time. the sedimcntary cove r 
is very thin or absent. 

2) This se ismic unit is ove rlain by a transgressivc 
series (4, lower MA 2.3) widcly lapping over Ihe top 
of Ihe esca rpment. Th is succession is the first series 
transgressing the eastcrn horst. ft is slightly deformed 
and eroded: it could be interpreted as Upper Creta­
ceous deposits. In sorne places. on the edge of the 
plateau . it directly ove rlies the ca rbonate platfo rm. 
3) A new unconformity marks the changc from this 
transgressive series 10 the overlying deposits (3. 2, 1 
or Upper MA 2.3. MA 1.1 , 1.2 and 1.3). These 
deposits continue to fill the basins and overlap ail tault 
blocks. They arc affected by tectonic de fo rmatio n and 
fault s that rej uvenatc preexisting fault s. The lower­
most pail of this se ries could be interpreted as 
uppermost Crelacco us to Eocene. Above il , a Ihinly 
bcdded sequence tenlative ly eorrcJated wi lh Oligo­
Mioce ne se ries prcsents major thickness variations. 

The uppermost layer lies over either Cretaceous, 
eit her Paleogene and Lower Miocene se paraled by an 
e rosiona l unconformity (see synlhetis in Fig. 8). El 
Jadida Ca nyon. The upper mOSI se ries is presumably 
upper Miocene 10 Plio-Quaternary. 

D IVE DATA 

The fault observations fro m Cyana dives allow us 10 
improve on another seale the seismic structural analy­
sis. However. wc must discuss Ihe limitations for the ir 
inte rpretatio n. 

The st rike and the dip measureme nts from Cya na 
arc nOI very precise , bceause of the observa lion 
conditions 5uch as inaccessibililY of the outcrops, the 
limited field of vision, oplical deformations by the 
view from the parthole, camera and cine-ca mera. 
Secondly, due to these conditio ns, the prefe rredly 
observed fraclures arc those which have a direct io n 
which is more o r Icss pa rallcJ 10 the course of 
Cyana. Because Ihe avc ragc hcadi ng of most 
Cyamaz dives was about N 90 (see Fig. 2) - which is 
pcrpcndicular ta the escarpment - thc main conse· 
quencc is a bias towards (aults striking E-W (N 70 to 
N90). 
On the bathymetric maps of each dive , drawn from 
available seabca m and d ive data , and through thc 
dives observations, the esearpment appears 10 be 
made of a successio n o f dipping, narrow and elongated 
steps. These steps arc covered by soft sediments and 
limiled by very steep and eroded fault scarps. The 
escarpme nt rcsults from a major normal fault system. 
Many joints, weak throws and normal faults (on a dm­
ta m-sea le) dissect the upper Jurassic ca rbonale 
platform and the Cretaceous to Qua ternary scdi men­
tary cover. The lack of large fault planes can be 
explai ned by this great number of sma ll fractures and 
by the active dissolution and crosion defacing the 
esea rpme nt. It sec ms that the fracturation is more 
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devc lopcd in the Ju rassic carbonate platform than in 
post-platform sedimcntary cover. 
ln the centra l Mazaga n (El Jadida) Esea rpment (dives 
91 , 93-98) the tOp of the esca rpmcnt is located 
betwecn ] 750 m ( in the south) and 2 (X)() m ( in thc 
Nonh) o f wate r depth. The greatcst ave rage slopes 
rangcd from 130 tO 150 % (52 to 56 degrees) , someti­
mes more, and arc situated in the uppermost pail of 
the cscarpment (from the platform edge down to 
2300-2400 m of water deplh). Dceper, the slopes 
ge nc rally do not exceed 70 % (35" ; see Auzende el al. , 
Ihis volume). 
Many subvellical faulls and joints shear and disorga­
nize completely the Jurassic platform and ilS cover. 
Those frac tu res have two main strike directions N 20 
and N 90, and Ihree sceondary o nes N 70. N 110- 120 
and N 160 (Fig. 5). 

The relatively low pereentage of the strike d irection 
N 20, compared to N 90 in the frequency diagram 
(Fig. 5) probably rcsults fro m the observation condi­
tions diseusscd before. 
ln the Sout hern Mazagan esearpment (Dives 84-90 , 
101) , the cdge of the plateau is located betwee n 
1 200 m ( in the south) and 1 400 m (in the nonh). 
Except for a lesser amplitude , we have the same 
morpho-structural (eatures as in the central Mazaga n 
escarpment. Fractures arc organized accord ing to the 
same main and seeondary directions, but we observe 
an increase of occurrence for the N 150-160 and N 20 
fraclure direction (no rmal fault and joints). At the 
foot of the escarpment, wc observc late Aplian to 
ca rly Albian nanno chalk ove rlain by Teniary (middle 
Miocene) cha lk. These mid-Cretaceous sediments 
probably rcprcsc nt the oldesl hemipclagic wcll-bcd­
ded sequence (von Rad , this volume) and show 
evidencc of sma ll gravitative slumping and faulting, 
with small offset. 
Dive 92 is located o n the Central Mazagan Plateau 
slightly slo ping nOllhwestward , in a morphologically 
and tecto nieally disturbed m ne. The well-bedded 
pelagie scdime ntary cover of Late Cretaccous 10 
Paleoge ne age con tains several strips of Icetonic 
breceia and is completely disorga nizcd. This is also 
proven by the biost rat igraphie ages of the Eocene 
(carly-Paleocene samples whieh beco me progressively 
o lde r in an upslope (up-seclion) direction (ècpek , 
Hagn , this volume; von Rad , this volume). According 
to these observations , wc think that venical tecto nie 
move ment , i.e. uplif! the centra l horst or subsidcnce 
of the o uter Mazagan plateau , took place in this zo ne 
at least during Cretaceous to Eocene times. 
The two dives locatcd in the upper pail of the El 
Jadida Canyon area (Dives 99 and 100) show fealures 
of very active dissolutio n, erosion ilOd mass movement 
process. The well-bedded post plat form sedimentary 
deposits arc dow n·faulted in three directions: N 10-
20, N 90 a nd N 120 giving gencrally small sout hwa rd 
cliUs. The N 120 orientat io n , already shown by the 
morphologica l and sc ismic analysis, was not observed 
very often du ring thesc dives duc to the limited 
observat ion co nditions. 
ln gc ne ral , our dive observations suggest that the 
Mazagan Plaleau . Canyon and Escarpment , as a 
who le , were structu rally conditioned by IWO main 
normal fa ulting systems striking N 20 and N 90 and 
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thrce sccondary ones N 70 , N 120 and N 160. Ali the 
(rcquency diagrams a re consiste nt wi th those drawn 
from the Interpre tat ive sc ismic structural map 
betwee n latit udes N 33° 00 and N 33° 35 (Fig. 5). 
Ncve nhclcss, wc can sec a slight diffc rence of about 
10" eSJX!ciaHy in the secondary d irectio ns. We observe 
a rotation of st ruct ural trends fro m the nonh to the 
south. Funhe r nonh , accordi ng to the structural map. 
it sce ms that the N 70 secondary st rike becomes more 
abundant and o ne of the main structural di rections, 
whe reas in the sou thc rn esea rpme nt , we obscrvcd a 
sligh tly prefcrred direction o f N 160. 

Nei ther fro m the structuml map no r (rom the dive 
data ca n bc established a chronology bctween these 
d iffe rc nt fault systems. As in the Moroccan Meseta , 
whe re wc recognizcd the two sume muin structural 
directions ÎnherÎted from the Hercy nian evol ution, 
diving dma indicate tha t a il the fault syslC ms were 
remobilizcd many t imes, during the MesozoÎC evolu­
tion , at least up to the Eoce ne t ime. AH thesc facts 
conli rm the sc ismic Interpre ta tio n. 

ISOCHRONOUS MAI' (FIG, 6) AND STRUcrU­
RAL MAP (FIG, 7) 

The very dense sc ismic cove r and the e ighteen dives 
o n the Mazagan (El Jadida) Pla teau and Esca rpment 

67 

a How us to construct an isoch ron map o( the acoustic 
bascment (Fig. 6) represc nta ted either by the Upper 
Ju rassic carbo nate platform or by the precambrian to 
the Paleozoic base ment. We also prese nt a detailed 
structura l map (Fig. 7). 

At the (oot of the escarpme nt , the Paleozoie aeoustic 
bascment is round at a depth of about 5 seconds two­
way travel time. Il is con trolled by a normal faul ting 
system o rie nted N 10-20 a nd N 70-80. Il is a downwa r­
JX!d and slightly ti lted " ha lf-horst ". Funher no rth a 
new tilted black appen rs whieh is .1 150 eut by impona nt 
NE-SW norma l fnu lt s looking lowa rds north . 

ln the depressions be twee n thesc IwO tilted blac ks, 
sediments ranging fro m Triassic to Recent were 
deposited. T he Triassie- Liassic deposits arc represcn­
ta ted by sa lt deposits wh ich have bee n a necled by 
diapi rism (Wissman n, vo n Rad , 1979; Hinz el al. , 
1982 ; Rucllan, AU1.cnde, 1985). 

Undcr the Mazaga n (El Jadida) Pla teau , the cent ra l 
ho rst is bounded towa rd the ocea n by the U pJX!r 
Jurassic carbonate plntform . On the edge of the 
plateau th is pla tform creates a small relief, presumably 
in confo rmity wit h a high o f the underlying co nt inent al 
bascment. The pla tfo rm is slightly inclined no rthward 
where the escarpme nt feature disapJX!ars. T he who le 
Mazagan (El Jadida) Pla teau is inte nsivcly cut by a 
complex pattern o f no rmal faults wit h strike slip fau lts 
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Figure 6 
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Dtprh eonrour ta arousriç /xI.strm'nI in Ste. 1WT ~/ow ~ fll't/. Undtr rhl Mu:ag(ln PwrlCIU und afong rhl tKarprm'nI. Ihl aroustie tXlStn~1II /S 

rllt eurf)(IfI(lu! plu/form (sâsmit: rtft«ror H); lf~l<'htrt, il is Palto: oic f Prlrambrum SUl/le bastlfllnl (~ismic rtft«ror HM). 

in some places. The main directions of fraclUration 
and faulting are N 20 , N 60-70. N 90, N 120 and 
N 160. Thesc directions are princi pally the Hercynian 
fracturcs , widely known from the Moroccan Meseta. 
Sorne of them ouly affect the Paleoz-oie basc ment and 
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the platform ca rbonate, Howcve r, mosl of them we rc 
reactivated during the Cretaccous, Tertiary , and pro­
bably also during the Ouaternary. Sorne faults affect 
only the post-Jurassie scdirnemary cover, but they arc 
not nurncrous. 
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DISCUSSION - MODEL OF EVOLUTION 

Schematically , the evolut ion of the Central Morocca n 
cont inental margin oU El Jadida can bc subdividcd 
into fi ve mai n stages (Fig. 8). 

First stage 

During the first phases of the intracont inental rifting 
until the Middle ta Upper Uassic, evaporitic layers 
and ca rbonates (site 547) werc deposiled in subsiding 
epicontine ntal basins. These basins a rc located essen­
tially west o f the present-day escarpmcnt. In the 
south , thesc basins make an indentat io n into the Atlas 
gul f. Howeve r, sorne traces of these evaporit ic depo-

LI AS 

sits have been reported on the Moroccan Mese ta. On 
the Mazagan (El Jadida) Plateau , so rne seismic featu­
res, esscntia lly located nea r the main fractures, could 
be interprelcd as sma ll diapirs. In Ihis case , an 
evaporitic layer would be present betwec n the conti­
nental base ment and the carbonates of the platform 
(Rue llan , Auzc nde, 1985). 

Second stage 

From Late Jurassic until the lower Neocomian , afte r a 
mid-Jurassie tccto nie reactivation , a carbonate plat­
faon was built up as base me nt highs. Simulta ncously, 
in deepcr areas hem i-pelagic to pelagie sed iments 
we re deposited. Towards cast , sediments charaeterÎ-

E 
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zing a dee~r environ mem were deposited landwards 
of the platform carbonates. This differe nce explai ns 
the variation of scismic signal betwee n the seaward 
edge and the cent ral part of the plateau within the 
carbonate platform. 

Third stage 

During the Early Cretaceous, we note a very Im por­
tant phase of vert ical struct uration of the whole 
con tinental margin. The rcsu lt of this phase is the 
outcropping of the platform carbonates along the 
escarpment and the creation of small half-grabe ns 
toward the east. In these basins we find a fil! of lowe r 
to middle Cretaceous sediments. 
This major tectonic eve nt a long the Moroccan margin 
whieh probably bcgan wi th the late Ncocomian may 
constitute a regional manifestation of the long (abou t 
25 Ma) large scale relative move ment reorganization 
bcginning at the time of" J " magnetic anoma ly (M 0-
M 3, 112-114 Ma) (O livet et al. , 1984). ln the Atlantic, 
the main events arc the initial opening north of the 
Bay of Biscay and the brea k between continenta l 
shields of West Africa and Brazil (Curie et al. , 1983 ; 
O livet el al. , 1984). On a regional sca le , wc have the 
abnorma l ridge upbuilding of the " J " magnetic 
anomaly and the change of the Azores-G ibraltar 
strike-slip plate boundary in a second order fromier , 
the Ibe ric plate being welded 10 Africa in a single 
movc ment. The abnormal ridge upbuîlding has no 
definite explanat ion, but might be correlated with 
cha nges of oceanic sprcading rates a nd trends. Thus 
we have important gcodynam ie changes at ail scales 
and in ail parts of the central Atlant ic during this time. 
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Fourth stage 

The upper Cretaceous deposits arc widely ovc rlap­
ping. They extend a il ove r the Mazaga n (El Jad ida) 
Plateau and aise onto pan o f the Moroccan Meseta. 
Al El Jad ida , they ovcrly directly Preca mbria n o r 
Paleozo ic bascment. This transgression had ils maxi­
mum in the Turonian. 

Fifth stage 

A scd irnenta ry series in which we observe discrete 
unconformities in the lowc r Senonian, uppe r Eocene 
and middle Mioce ne has bee n deposited up to the 
Present. Thesc uneonformities are evidence of 
ongoing teetonic act ivity in th is area. 
ln summary , the cvolution of the Centra l Morocca n 
margin off El Jad ida could bc divided into two main 
phases. T he tirst is dominated by the opcning of the 
Atlant ic Ocean ; the Ame rican a nd African contingent 
continental margins had a very sim ilar evolution (salt 
deposition, carbonate platform buildup). 
The second pcriod is more innueneed by African 
cvents with the Atlas and Rif orogenies. Thesc events 
are ma rked by importa nt vertica l movemcnts affecting 
the Arriea n margin. During this phase, the Arrica n 
and American margins evalved in a very diffe rent 
manne r. 

Acknowledgements 

We thank U, von Rad , R. Blanchet and G. Wissmann 
for the helpful rcview of our manuscript and far the 
improvement of the English. 

Curie D., Olh,t t J .-L .. 8eu7.art .... 1983. South atlantic opcning and 
its implication for the Caribcan evolu tion. Tura Cogni/a. 3. 2-3. 
240. abstracto 
CYAMAZ Group. 1983. Structure a nd stratigrophy of tne Mal'o3$3/l 
(El Jadida) escarpmcnt (West Morocco) : fi rst rcsuhs of the divmg 
campaign CYAMAZ. NQI/jft . 305, 698-70 1. 
CYMOR Group, 1981. La marge contine ntale armoricaine. résulta ts 
d'OOscrvations en submersible ct de dragages dans le ca nyon 
Shamrock, C. R. Mad. Sel. "oris, 29Z. 741-748. 
I)illon W. P., Sougy J. M. A .• 1974. Oeology of West Africa and 
Canary a nd Cape Verde Isla nd . in ; TIu: octa" basim und ma'6iru. 
VollU/1e 2: The North A/lalllie. ed ited by A. E. M. Nilin and J •• G. 
Sichl i. " Ienllm Press. New-York - London. 315·390. 
Glgout M., 1951. Êtudes géologiqucs sur la Mé$éla marocaine 
occidentale (arrière·pays de Casablanca . Mazagan Ct Safi). Trav. 
I IIS /. Sd. ChJrifrn. 3. 21. 
Grunau Il . R .. Lehncr P., Glc-Int lllllr N. P .. AIlc-nbach P., Bakker 
G. , 1975. New rndiomctric ages and scismic data from Fuen e 
Ventura (Canary Island). Maio (Cape Ve rde Island) and Sao Tome 
(G ulr of Guinea), in : Progrtss irI gtodytlUmk. edÎtcd by Boradailic 
1'/ al .. R. Netll. Acad. An . Sei .. Amsterdam. 89-1 18. 
IfInl K., Oo!itmann M., FrltM:h J .• 1982. The cont Înemal margin of 
Morocco : scismic scquefICCs. st ruC1ural c lements and geologîcal 
devclopmc nt. in: Ctology of I l le rwflh· ... UI "frical/ CQn/itU!fIlal 
It/a'gin . editcd by U. von Rad . K. Hin..:, M. Samthcin and 
E. Seibold . Springer-Verlag. Ik rlin . Heidelberg, New-York . 3. 34-

"'. 
IIInl K. , WJntntr t:. I .. {'f al .• 1982. Preliminary results (rom 
DSDP Leg 79 Scaward o f the Mazagan l'la leau o ff Ccntral 
Morocco. in ; Gt%gy of/ht nOrlh .. 'tsl " f,i(oll COn/iI/entai mu'sin. 
editcd by U. von Rad, K. Him:. M. Samthcin and E. Scibold. 
Springcr·Vcrlag. Berlin . licidclbcrg. New·York. 2. 23-33. 



E RUELlAN 61 .1 

Jansa L. F., Wade J . A., 1975. Palcogcography and sedimentation 
in the Mesozoie and Cc:nowk, South·Eastern Canada. in: Canada's 
continental margins and o ffshore petroleum explora tion, edited br. 
c. J. Yora th, E. R. Parker and D. J . Glass, Can. Soc. Pelro . 
GlOl., Mem. , 4, 79-102. 
Jansa L. F., Wkdml nn J ., 1982. Mesozoic-Cenozok dcvelopment 
of the Eastern North American and Northwest AfTican continental 
margill5: a comparison, in: Geology Ol 'M MflhwUI African 
conliMntaf margin , cdiled by U. von Rad , K. Binz, M. Sarntbcin 
and E. Seibold, Springer-Vcrlag. Berlin, Heidelberg. New-York. 
Il ,215-m. 
Jansa L. F., Enos P., Tucholke B. E., Gradstcin F. M., Sheridan 
R. E. , 1979. Mesozoic-Cenozoie scdimentary fo rmations of the 
north american basin ; Western North Atlantic. in : Deep Drilfing 
ruufu in /M Allantic Ocean : conliMntal rrw'8ins und paleot!n~iron. 
~nl. edited by M. Taiwan)' . W. Hay and W. B. F. Ryan. Am. 
Gcophys. Un., Maurice Ewmg scr. 3, Washinglon. D.C., 1-57. 
KaotS W. H .• Saadi M., Ehrlich t ., Ak-m A., 1973. Morocean 
crustal responsc to contiocntal drift. Scknce. 180,950-952. 
Lanœlot V., Seibold F. et .1., lm. Initial reports oflhe Deep-~a 
Drilling ProjeCf, vol, 4l , Washington, US Govemment Pnnting 
Office. 1259 p. 
l..anœlot Y. , Winterer E. L. el al., 1980. IIrilial Reports ollhe Deep· 
~a Drilling ProjeCI, vol. SO, Washington, US Government Printing 
Office, 868 p. 
Laville E. , 1975. Tectonique ct microtcctoniquc d'uoc partie du 
versam sud du Haut Atlas marocain (Boutonnière de Skoura. 
nappe de Toundour), ThiJe Spic., Univ. Sei. Ttch . Languedoc, 
Montpellkr, 100 p. 
Michard A., 1976. t léments de géologie marocaine, Nofts Mt m. 
$erv. Gtol. Maroc, 2S1. 408 p. 
Olivet J .·L., Bonnlr:l J., Beu:rart P., Auunde J .-M. , 1984. Cinémati­
que de l'Atlantique du Nord ct Cenlral. Publ. CNEXO., Rapp. Sei. 
Tech .. 0 ° 54. 108 p. 
Pautot G ., Auzende J .·M .. Le Pichon X., 1970. Continuous dcep­
sea sal t layer along North Atlantic margins rclated to carly phase of 
rifting, Natl4re. m , 351-354. 
Priee 1., 1980. Provenance of the Jurassic·Cretaccous nyseh . Decp. 
Sea Drillîng Pro}cct. sites 370 and 416, in: Inilial Reporu ollhe 
Detp-~a Drjl/jng Projtcl, vol. 50, Washington, US Goyernment 
Printi ng Office , 751·757. 
Renz O., Imlay R., La~lot Y., Ryan W. B. F" 1975. Ammonite 
rich Oxfordian limestoncs from the base of the continental slopc o ff 
nonh wesi Arne •. &/og. Gro/. lü/l'., 611 , 4]1-44R. 
~eyre D., 1966 .. Bassins sédimentaires du littoral africain. ~ympo­
sium New-DelhI . 1964 , Publ. Assoc. Serv. Gioi. Afr .. Pans. Ure 
parlie: LillOral allamiqul:. 
Rou P. A., 1970. Comparison of continental ma rgins of caSlern 
North America al Cap J-lalleras and north western Africa al Cape 
Blanc, AAPG 81111. , 54, l , 129-157. 
Ruellan E .. Auzende J .-:\1., 1984. Stf\Jeture ct évolution du plateau 
sous-marin de El Jadida (Mazagan, Oucst-Maroc), 81.111. Soc. Gioi. 
fr .. 8. 1, 103-114. 
Saadi M., 1972. Relations des alignements structuraux au Maroc 
avec différents phénomènes géologiques ct leur contrihution 11 la 
compréhension de l'évolution structurale du pays, NoftJ Mbn. 
Serv. Gtol. Maroc, 236 .11).1 18. 

72 

Schft J ., Bcbreodt J . C" Robb J . M .. Mauick R. E., Taylor P. T .. 
Lawson B. J ., 1976. Regional geologic framework off north-cas­
tern United States, AAPG Bulf., 60, 9$95 1. 
Schneider E. D .. Johnson G. L. , 1970. Deep occan diapit occurten· 
ces, AAPG Bu/l .. 54, 2151·2169. 
Stibold t ., 1982. The northwcst arritan contincnta l margin. An 
introduction, in : Geology oliM f1Q"h·I<t"tJI Afrkan continental 
morgin , edited by U. von Rad . K. Hinz. M. Sarntbcin and E. 
Seibold, Springer-Vcrlag, Ikrlin, Heidelberg, New York . l , 3-20. 
Sheridan R. E., 1981. Gt.'ophysical recognition and stf\Jeture of 
ca~natc platforms and platform edges on passive contine ntal 
margms, Mur. GlOl., 44, 171-180. 
Société Chêrirlenlll! dQ Ptltroles, 1966. Le bassin sud-ouest maro­
cain, in : Bassim stdi~ntaires du iiI/oral africain. symposium New 
De/hi, 19/j4. Paris. 1" partie : tilloral atlan tique. edited by D. 
Reyrc , 5-26. 
$jets J ., Wurster P .. 1982. Atlas and Atlantic·structural relations. 
in: Geology OlIM f1Qflhl<t'tst African conliMnUJI margîn, edi ted br 
U. von Rad, K. Hinz, M. Sarnthein and E. Seibold. Springer­
Verlarg, Berlin, Heidelberg. New York , S. 69-85. 
Uehupi t ., Ernery K. O., 8o",1n C. O., l'hi!lips J. 1)., 1976. 
Conllnental margin of wcstern afriea: Stnegal tO Portugal. AAPG 
Bull. , 60, 5, 809·878. 
Van I1OUlto F. 8 ., lm. Triassie·Liassic deposils of Morocco and 
castcrn North America : a romparison. AAPG BI/II .. 61, 1. 79-99. 
' ·00 Rad u .. 1984. Litltostr.r.ti$l'lIphy, diagenesis and paleot:nviroo· 
mcnt of tbc Cretaccous-Terttary post-pla tform sediments of tbc 
MaVigan Escl rpmcnt ( Morocco), in : Submersiblt CyollQ swdies 01 
Ihe Ma:agall Est:arpmenl (Moro«alr continental mtlrgin). CYA · 
MAZ cruist /982, edited by J .-M. Auzcnde and U. yon Rad . 
Oceanol. Acta. n" .!p .. 127·152. . 
,'on Rad U" Ryan W. B. F. el al. , 1979. Initial Rtporl$ ollhe Deep· 
x a Drjllîng ProjeCf, "01. 41, part i , Washington, US Governmcnt 
Prinling Office, 835 p. 
' -00 Rad U., Wlssmlno G., 1982. Crelaceous-Ceoowic history of 
the west Sahara continental mar~n (NW Afrita) ; dcveiopment, 
dcslf\Jct ion and gravitalional sedimentation. in : Ge%gy of lM 
nOflhwtsl African conlinenUJI mo'8in, edited hy U. yon Rad, K. 
Hinz, M. Sarnthein and E. Se.bold, Springer.vcrlag. Berlin. 
Heidelberg. New York. 7, 106-13 1. 
Wledmann J .. Bult A. , EInseJe G .. 1982. Crctaccous stratigl'llphy, 
environ ment , and subsidence history al tbc Moroccan continental 
margin , in : Gtology of lhe rw,th_SI Alrican continental margin. 
edited h)' U. yon Rad, K. Hinz. M. Samthein and E. Seioold, 
Springer-Verlag, Berlin, lIeidclbcrg. New York. IS. 366-395. 
WiMmano G .. voo Rad U., 1919. Seismic st ructure . continental 
basement . and Mesozolc sediments rrom the Mazagan plateau o ff 
Morocco, .. Mt /eor " ForschungergebnisJe. fltihe C. 3 1, 1-19. 
Wu~er p .. StetsJ" 1982. Sedimentation in the Atlas Gulf Il : Mid· 
Cretaccous eyents. in ; Geology ol/Ire Irorthk'eSI African conii/relllai 
nw,gin , edited br U. yon Rad . K. Hinz. M. Sarnthcin and E. 
Seibold. Springcr-Verlag, Berlin , Heidelberg, New York , 19.439· 
458. 


	2

