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ln Septembcr-Octobcr 1982, a joi nt Ge rman-Fre nch project to explore the Mazagan 
(El Jadida) Escarpmcnt and Plateau was carried out with the French submersible 
SP 3000 Cyana. The main purpose of CY AMAZ cru ise was to observe and sample 
the stee pest part of the escarpment where previous works suggest that the oldes! 
series (since Jurassic) of the infillîng o f the Central Atlantic Ocean arc outcropping. 
ln this papcr wc present the main oulline and results o f the eighteen dives opcrated 
during the CY AMAZ cruise. These results essentially concern the stratigraphy and 
structure of the sedimentary series oUlcropping along the Mazaga n escarpment. The 
age of the scdimentary sequence ranges from Late Jurassie- Lowe r Neocomian until 
Plio-Pleistocene. Late Jurassie-Ea rly Cretaceous sediments constitute the carbonate 
platform. They arc covered with post platform sediments of differents ages and 
facies. Observat io ns from the submersible allow us to define two main directions o f 
fauiting and fracturation , N 200 a nd N 9()0. 

Oceanol. Acta , 1984. Submersible Cyana studies of the Mazagan Esca rpment 
(Moroccan continental margin) , CY AMAZ crui se 1982, 5-58. 

Généralités et résultats de la campagne CY AMAZ (escarpement de 
Mazagan - W, Maroc) 
En septembre-octobre 1982, une ca mpagne franco-allemande a cu pour objectif 
l'exploration , à partir du subme rsible SP 3000 Cyana , de l'Escarpement ct du plateau 
de Mazagan (El Jadida). Le but principal de la campagne CY AMAZ éta it d 'observer 
ct d'échantillonner la partie la plus abrupte de l'escarpe ment , où des travaux 
anté rieurs suggère nt que les sé ries les plus anciennes du remplissage de l'Atlantique 
central (j usqu'au Jurassique) sont â l' affleurement. 
Dans cet article, nous prése nto ns les gé nérali tés ct les principaux résul tats 
conce rnant les 18 plongées de la campagne CY AMA Z. Ces résultats ont trait à la 
stratigraphie CI aux événemenlS teclo niques qui affectent les séries affleurantes, Je 
lo ng de l'esca rpement . L'âge de la couverture sédime ntaire varie de la fin du 
Jurassique-Néocomien basal jusqu 'au Plio-Pléistocène. Les sédiments fini Jurassi
que-Crétacé basal constituen t une plate-forme carbonatée. Ils sont recouve rts de 
séries post-plate-forme d'âge ct de faciès va riables. Les observa tions faites à partir du 
submersible permettent de définir dcux directions principales de fracturation , N 200 
ct N 9()0. 

Oceanol. ACla , 1984. Études par le submersible Cyana de l'esca rpement de Mazagan 
(marge continentale marocaine), caf11pagne CYAMAZ 1982, 5-58. 
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INTRODUCIlON 

T he Mazagan Escarpment and Plateau a rc located on 
the nonh-west african continental margin off Morocco 
about 200 km south-west of Casablanca (Fig. 1). This 

o 

• 
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Figure l 
Location of Et Jad~ sile. 

area is one of the best examplcs of an old , starved , 
passive continenta l ma rgin. Because the late Jurassic 
platform ca rbonates and the ir Cretaccous-Cenozoic 
sedimentary cover arc weil cxposed along its steep 
esca rpment , the area providcs an excellent opponu
nit y to study the stratigraphy, paleocnvironment and 
subsidence history of the Moroccan continental mar
gi n by dircct observations and sa mpling from a 
submersible. The Scientific Submersible Committee 
of CNEXQ consequently supponcd a joint Frcnch
German project in this area , using modern tools for · 
the exploration of the seabouom : the. multibcam 
echosounder Seabeam (SEAZAGAN Cruise, Sep
tembcr/Octobe r 1982). In this papcr , wc present the 
objectives and a general ove rview of the results of the 
SEAZAGAN and CY AMAZ cruises , CYAMAZ is 
an acronym for Cyana and the Mazagan Esca rpment). 

PREVIO US STUDIES IN THE MAZAGAN (EL 
JADIDA) AREA 

The Northwest african continenta l margin off 
Morocco is probably one of the bcst studied passive 
margins in the world. Many cruises have been ca rried 
out in this area. 
Different se ismic surveys have been conducted during 
the past 15 yea rs; single-channel scismk lines by 
Vema, At lantis and Meteor expcditions (Vema 23 , 
27,29,30,32 of Lamont Doherty Geological Observa
tory and Meteor 25 , 46 by BGR) have been en hanccd 
by multichannel scismic surve)'s carricd out by the 
BGR (Meteor 39 and 67 , Valdivia 79, IPOD site 
surveys for legs 50 and 79). Sorne of thcsc data have 
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been published by Giesel and Scibold (1968), Wiss
mann and von Rad (1979) , Uehupi et al. (1976), Hinz 
et al. (1982). During these cruiscs bathymctry, magne
tics, gravimetry and some heat flow measurements 
were recorded. 
Rock sampling by dredges and piston cores also 
provides important information about the geological 
sequences. Samples of Pa leozoic granite, late Jurassic 
pcriree fal limestones, Aptian/Albian maris and 
Eocene glauconitic ma ris were collccted during Vema 
JO , Meteor 46 and Valdivia 79 cruises. The most 
spcctacula r resutts were the sampling of an ammonite
rich, Oxfordian limestone from the base of the 
escarpment (Renz el al., 1975) and of Paleozoic 
granite (Wissmann, von Rad, 1979). 
The information given by dredging and coring is , 
nevertheless , vcry incomplete becausc of the discont i
nuous sa mpling and ils poor localization. 
Limited deep-sea pholography during the Vema cmise 
proved that most of the escarpment is bare of reccnt 
sediments and directly accessible tO observation and 
sampling by submersible . 
Belore the OSDP Leg 79 (Hinz et al., 1982) , two deep 
holes (sites 370/416 - Leg 41 and 50) had been dri lled 
in the deep Moroccan Basin (Lancelot et al. , 1977; 
Lancelot et al., 1980). 
The oldest sediments were Tithonian-Kimmeridgian 
turbiditcs, conside red to represent a deep-sea fan 
facies below the Jurassic escarpment. Ouring TPOD 
Leg 79 (Hinz el al. , 1982) four sites (544 to 547) were 
dri lled at the foot of the Mazagan Escarpmem. The 
drilled seque ncc provided importa nt new information 
about the structure and facies of the ca rbonate 
platform (see Steiger, Jansa, in press ). The CY A
MAZ cruisc extended the information of the Leg 79 
sites from the Mazagan outer high (sites 544/547) and 
slope (site 545) to the stee p esca rpment which had a 
diffcrcnt facies evolution. 

SEAZAGAN CRU IS E 

The CY AMAZ diving cruisc was prcfaced b)' a 
mu ltibcam eehosounder bathymetric sur·vey : an unin
terrupted coverage of the Mazaga n Plateau and 
Escarpment was carricd out during the SEAZAGAN 
cruise (27 May-lQ june 1982) on RV Charcot 
(Auzc nde et al .• 1983; Auzc ndc el al., 1984). This 
bathymctric surve)' was associated with a single-chan
nel scismic survey. 39 lines we re covercd (Fig. 2) 
during 8 days. A surface of 3000 km2 was covered. 
On the bathymetric map drawn from this scabcam 
survey (Fig. 3) we can distinguish three main zones: 
the Mazagan (El Jadida) Plateau , thc Mazagan Escar· 
pment and an apron gradi ng into the abyssal plain. 

The Mazagan plateau 

The Mazagan plateau, bctwecn the 500 m contour 
and about 1 300 m depth has a very gentte westwa rd 
slope to the edge of the escarpment. To the nonhwest, 
il is pcrceptibly larger and the •. flat .. area spreads to 
the 2000 m isobath. This plateau is strueturally 
cont rolled by NE·SW features (see Rucllan et al., this 
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OI.JTUNE AND RESUlTS OF THE CYAMAZ CRUISE 

Recent ooze , sandy ooze, Doze with blocks and gebbles . 

Tert iary chalk (fl : Neogene). 

conglome rate s or breccias with limestones elements 
and carbona te ma tri x. 

8reccias with l imeslone: fle bhles cO;:lIlonents and carbonate matrix. 

Well - bedded limestones with a late Cretaceous to Tertiary age. 

Late Cretaceous mass ive limestones with coarse bedding. 

Wel' -bedded 1imeslones / sand stones sequence i n t he El Jadida 
Canyon trca probab1y of Crctaccous age. 

Wel l- bedded limestones / sandstones auparently more marly sequence 
in t he El Jad ida Canyon area probably of Cretaceous age . 

Wel l -bedded limestones. late Cretaceous . 

l a te Aptian / early A1bian marls . 

~~s s ive t o well-bedded li mes l ones . 
Age not sure: upper Jurassic to early Aplian 7 

well-bedded massive t'lll ilortz-I"ic~ limestone-s in ts,e EJ Jadida c" "'yon 
Early Cretaceous 7 

are. 

Upper Jurassic to lower Neocomian mass ive ~latfo,."I'! car'lcna t c$ . 

Und i f ferentiated bedded limestone. 

Quartz-rich, well-bedded limestones. Age unknown. 

Upper Jurass ic / lower Neocomi an I.Ilock. 
Cretaceous / Tertiary limestone /chalk block . 
Undetem .. ined limeslone block. 

Slope (20°) 
~ottom current (observed) 
Ripple marks in recent ooze 
Sma 11 c.l iff 
High amplitude (me!! ari ?ple or sand wa ve 7) 

1al we~1, canyon 
Talweg , canyon .,!it:1 evidence of t urbidity current 

Bi oturbation 
Recent ooze wil~ mounds 

Slump , gravitative s li ding 
Slump, gravitative sliding (p resumed) 
Sca r 
Erosi on surface 
Tilted mass, mass was ting 

•• 
, 
m , 

{/' /- "~J 
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' . 
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Disso luti on pocket 

Calcite veir, 

I·langîlnese crus t 
Perforation. burrow 
Perforation with Terti"ary 
inf1 l"ling 
Fault with orientation and dip 
Stra tHica t ; on 

Sllghtly rc:ve rse fault 
Fractures 
Stratification 
Joint 
Tectoni c brcccia 
Anthropogenic !lollut,ion barrel 
(Haste di sposal). 

Captioll5 of gcolog.ical maps and gcological profiles. 
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figure 2 
L«alÙ)n map of ~azagan Crui# (~alHam and j in81L dwn~1 seismic prQfiks). 

vol.). In the southern part is a N-S oricntcd promon
tory, probably eontrolled by a high bascment. This 
promontory delaches to the cast a small rcentrant to 
the 750 m isobath controlled by NE·SW directions. 
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The Mazagan escarpment 

The Mazagan escarpment shows very stccp slopcs 
betwecn 1 300 and 3 000 m in the centra l and southern 
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parts_ On sorne of these profiles , the average slope is 
between 450 and &:1'_ In the south , the main cliff is in 
most cases between 1 300 and 2000 m and deepc r in 
the cent ral part. Sorne sleps of variable width appcar 
below, indieat ing the vast amounl of laI us making up 
the apron. Those stcps are more accentuated in the 
southern part of the escarpment between 33°10 and 
33"20N. 
A broad apron , grading inlo Ihe Seine Abyssal Plain , 
lies at the foot of the escarpmcnt, bc!ow 3 000 m. The 
morphology of this apron is similar 10 that of the talus 
a reas at the foot of other slopcs and it is possible to 
observe sorne cuts roughly paraUel to the lines of 
highest slopcs. The apron is particularly prominent in 
the south of the area , where it presents a series of 
WNW-ESE structurally conlrolted canyons, the most 
important of which is the El Jadida Canyon. In the 
north , the apron is also very wide and is broken up by 
high zones showing erosion of few rneters and ob
viously controlled by faults oriented SW-NE and N-S. 
The high zone appcaring on the north-western edge of 
the map is rnuch more circular and could be associaled 
with a diapirie st ructure. 

OBJECTIVES OF THE CYAMAZ CRU ISE 

The Late Jurassic-Early Cretaceous carbonate plat
form which is normally deeply covered by sediments 
off Ihe Northwest african margin is wee! exposed in 
the seawa rd projecting Mazagan Plalcau and Escarp
ment (Renz et al. , 1975; Wissmann , von Rad , 1979 ; 
Hinz et al. , 1982), offers a unique opportunily to study 
the carly-rift, drifl and subsidence. 
The main objective of the CY AMAZ cru ise was the 
study of the structure and devclopment of the Maza
gan Plateau. The following global or regional objecli
ves had bee n formulaled prior 10 the cruisc : 

1) Structuration of the slecp esca rpment of a carbo
nate buildup (erosion , rotalional block faulting, etc.). 
2) Paleoenvironrnent of the narrow mid-to late Juras
sic proto-Atlantic Ocean , " Atlanlic" transgression 
(Oxfordian). 
3) Deve lopment of a marginal carbonate platform 
fae ing the opcn ocean (evolution , facies mode! , bios
tratigraphy) - eomparison of high-energy platform 
margin facies with deepcr-water facies of sites 544, 
545. 547. 
4) T ime and causes of rapid drowning of ca rbonate 
p!atform in Early Cretaceous limes. Regional versus 
global (climate , sea leve! flucluations) causes. Weal
dien-Iype deltas. 
5) Mid-Cretaceous anoxic events. 
6) Mid 10 Late Cretaceous bioherms? 

7) Paleogene paleoenvironmcnt (upwclling , phospha
tizat ion). 
8) Jurassic, Cretaceous, Tc rtiary subsidence hislory. 
9) Calibration of important Cretaceous/ Paleogene 
se ismic horizons (unconformities). 

10) Submarine diagenesis (dolomitization , phosphati
zation , recrysta ltization). 
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Il) Biostratigraphical invest igations (nannoplankton , 
foraminifera, algae). 

The Seabeam survey allowed us to plan ou r diving 
traverses very precisely. The target of the CYAMAZ 
cruise, of S P 3000, Cyana on R.Y ... Le Suroit ,. 
(September 15-0clober 15) was mainly tO observe 
and sample the steepcst part of the esearpment where 
seismic profiles suggest that the oldest sedirnentary 
series are outcropping. For this purposc , eight sections 
(CZ 84-90, 101) were realized (Fig. 4) in the southe rn 
part of the escarpmen l bctween 33°1O'N and 
33OZO'N and six othcrs at the central escarpment 
further north around 33030'N (CZ 91 , 94-98). In 
addition , three dives were designed 10 sample and 
observe the Cretaceous-Tertiary cove r. One took 
place on a small sca rp of Ihe Cent ral Mazagan Plateau 
horsl (92) , and two south of the Mazagan Platea u in 
the El Jadida Canyon area (99 and 100). A total of 
18 dives were madc , 130 rock samples collected and 
morc than 6000 piclures taken (C Y AMAZ Group , 
1983). 

SUMMARY OF THE RESULTS OF CYAMAZ 
orVE 84-101 

Wc presen t here very brief1y the object ives and results 
of ail the eighteen CYAMAZ dives. In the Table, we 
summarizc the main logistical data of each divc. For a 
more detailed description of the lithofacies and age of 
ail CY AMAZ samples see von Rad (Ihis vol. , Tab. 1-
4). 

Dive 84 (Fig_ 5. 6, 7 j Plate 1) 

Objectives 

This first dive of CY AMA Z was planned to make a 
traverse of the SQulhe rnmOSI Mazagan (El Jadida) 
slopc and escarpment from 2350 10 1 500 m wate r 
depth. From the bathymetric and seismic data wa 
expected outcrops of Jurassic 10 lowe r Crctaceous 
limestones between 2 110 and 1 800 m overlain by 
younger se nes. 

Maill results 

The st ratigraphie sequence is disturbed by tectonics 
and draping deposition on the escarpment. The oldest 
sa mpled rock is an oolitic ironstone (sa mple 5) of 
Early Crctaceous age, but il is sampled nea r a 
MaastrichtianIPaleogene limestonc breccîa (sa mple 3, 
1243 m) and might bc a boulder of this breccia. 
AI different levcls along the escarpment , draping 
sedimentary covers have been samplcd , for example 
betwcen 2005 and 1 940 m latc Aptian to carly 
Albian quartzose nanno chalk (sa mple 2) and middle 
Miocene soft nanno chalk (sample 1 - 2 080-
2036 ml. 
Two main directions of normal fault ing (N 100-1200 
and N 160-1SOO) werc recognized ime rsccling the 
whole escarpment. The recent soft sedimentary cove r 
is wide spread in Ihis area . 
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Table 

List of diva. 

84 
85 
86 ., 
88 
89 
90 
'1 

92 

"" 94 

" 96 
97 
98 ". 100 

101 

Do" 
(1982) 

Sept. 20 
$cpt. 21 
Sept. 22 
Sept. 23 
Sept. 24 
Sept. 25 
Sept. 'El 
Sept. 28 

Observer 

von Rad 
Auzcndc 
Dostmann 
Lançclot 
Cousin 
Cep" 
EIAsri 
v. Rad 

Oct. 02 Auz.ende 
Ocl. 03 • Sleigcr 
Oct. 06 Steiger 
Oct. en Biju-Duval 
Oct.08 Jaffrezo 
Oct. 09 Ruellan 
Oct. 10 Cepck 
Oct. 11 v. Rad 
Oct. 12 Auzcnde 
Oct. 13 Biju-Duval 

from ... to .. . 
( to ta l time) 

09: 16-16;30 
Il ;11-16;08 
09: 15-14:58 
08:53- 16:25 
10:40-18:16 
09:00-15:04 
09;06-15:37 
09;06-17:32 

16;30-19:55 
09;16-13;04 
09;43-16;08 
11 :36-18;33 
11 ;00- 18:25 
14;48- 19:53 
08:50-17;21 
14:00- 18;32 
09:22- 14:47 
09:49- 16:59 

5: 10 
2:44 
4:00 
5:31 
5;Z7 
3:24 
4;40 
5;33 

2: 14 
1;01 
4;01 
3;37 
5:04 
2:26 
5:40 
3:04 
4:01 
5:17 

! - 73 

Max.-Min. 
su floor dcpth 

(m) 

2236-1 190 
2 146-1586 
1 817- 1000 
2335·1230 
2403- 1 378 
2440-1953 
2260-1400 
3003·2035 

1090- f/76 
2412-2 400 
2492- 1 809 
2 f/78-1 962 
2380-1766 
2420-1960 
2943-1956 
1357-1 142 
1331·1061 
1985·1 195 

1 
ëi 

3.8 
LS 
1.4 
2. 1 
2.S 
1.8 
1.8 
2.0 

2.0 
0.1 
1.2 
LS 
LS 
0.6 
2.3 
1.2 
2.' 
LS 

31.7 

% 
E • 

6 
8 
6 , , 
4 
3 
8 

6 

8 
7 

Il 
4 

12 
8 

12 , 
130 

290 
- 200 

178 
- 4111 
- 270 

246 
425 
Slll 

- 170 
36 

245 
364 

- 340 
- 670 
- 630 

369 
430 

? 300 

2 
1 
2 
2 
2 
1 
2 
2 

1 
1 
2 
2 
2 
1 
2 
1 
2 
2 

- 6300 30 

Are, 

Southcrn mesl 
Mazagan 
Escarpmenl 
Southern 
Mazagan 
Escarpmcnt 
Central Mazagan 
Escarpment 

Centra l Mazagan 
Plateau 
Cent ral Mazagan 
Escarpmem 
Centra l Maz. Es. 
(Non h of (1» 
N·slopc of El Jadida 
Canyon (South M 
Plateau). 
See above. 

Premature termination of dive duc 10: • Tcehnica l problems ; 
• Worscning weather condi tions. 

.... , .. «'>00 •• " .. 11"2000. iI\O.'. ",>DO. ,"',_ .......... 

Dive 85 (Flg.8, 9, 10 ; Plate 2) 

Objectives 

The objective of Ih is dive was to explore the lower 
pan of the escarpment bctween 2300 and 1 500 m. In 
this area , the scabcam map and the scismic renexion 
profiles suggest that the carbonate plalform is outcrop
ping bctween 2300 and 1 300 m. The top of the 
platform and the younger cove r was explored , on the 
same profile, during Dive 86. 
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Ma jn results 

Figure 5 (Dive 84) 

UxalÙ)n map . 

The {irst pan of the dive between 2150 and 2 120 m 
ran over a recent scdimentary cove r on a ge ntle slopc. 
The first outcrop al 2120 m allowed us to sample 
(sample 1) a ne ritic bioclastic grainstone of Tithonian 
age. From this tirst outcrop loward 2030 m depth 
appeared a sequence of carbonate platform outcrops 
Tithonian to Berriasian in age (sample 4). The limes
lones of the platform are covered in some places by 
onlapping soft nanno ooze/chalk of early to laie 
Pliocene in age (samples 2 and 3). Belween 2 030 and 
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1800 m, a stcep wall, made of sub rcccnt soft 
sediments Corms a cone with allcrnating spurs and 
furrows, oriented N 80-100. 
From 1 800 m until the end of the dive (at 1 586 m) 
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the slope is very steep - more than 350 
- and made 

of Late Jurassic to lower Berriasian platform limes
tone (sa mplcs 5, 6, 8). These limestones are eut by N 
90 and N 160-180 faults and open fractures. 
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Figure 8 (Dive 85) 
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Figure: 9 (Dive 85) 
Growgical m4p. 
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Dive 86 (Fig. Il, 12, 13; Plate 3) 

Objectives 

The objective of this dive was to continue the profile 
of Dive 85 toward the upper pan of the esearpment in 
order ta invesligate and sample the contact between 
the platform and the ovcrl)'ing scdimentary cover. 

Main results 

The tirst part of the section bctwecn 1 800 and 
1 695 m consists of a gentle slope covcred b)' rceent 

18 

• 

33' 
--------------+ 1240 

soft sediments and blacks of limcstones. At 1695 m, 
the tirst outerops of eonsolidaled sediments appear 10 
lap on to the carbonate platrorm. Sample 1 is a soft 
nanno DOze of a mixed laie Albian and Middle 
Miocene age. Bctween 1671 and 1527 m, large 
outcrops of massive limcstones of the carbonate 
platform arc eoatcd by manganesc oxides. Sample 4 
(1 543 m) is a mari)' wackestonc of Cretaceous age 
with Jurassie pclsparite elaSlS. After a zone eovered 
by reeent sediments bctween 152:7 and 1376 m, the 
slope beeomes sleepcr and the plalform outcrops up 
10 t 250 m depth. Samples 5 and 6 have becn on an 
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Figure 12 ( Dive 86) 
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almost venical cliff. They are upper Jurassic to Lower 
Neocomian lirneSlones of very shallow-water facies. 
On top of massive carbonates bctween 1 373 m and 
the end of the dive (1 210 m) , subhorizontal stratified 
layers appear with altcrnating massive and conglome
ratic beds. Sample 7 (1 234 m) is a micri tized intraclas
tic wakcstonc of Tithonian 10 carly Ncocomian age 
which is probably the uppermost level of the carbonale 
platform (Steiger, Cousin, this voL). In thcsc sa mplcs 
we found burrow fiUs of Paleogene g10bigerinid 
mierite. This pan of the Mazagan Escarpment is, like 
the lower pa n obscrved in Dive 85 , affectcd by 
imponant fractures and raults, striking mainly N 160-
165 , N 90 and N 40-50. 

w 

" 

Dive 87 (Fig. 14, 15, 16 j Plate 4) 

Objectives 

This dive is located ~n the southem pfln of the 
cscarpment on a relatlve ly slecp profile that let us 
hope for numerous outcrops bctween 2300 and 
1 300 m. Indecd , the bat hymetry shows the presence 
of a rather steep slope of about 350 (average) bctween 
2300 and 1 700 m and of about fIY berween 1 700 and 
1 300 m. Canyons had becn recognized during Dive 85 
and had demonstrated that good opportunities exist to 
find outcrops cven in the lower part of the profile. 
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Figure 14 (Dive 87) 
!..«a/ion map. 

S , 
• 

E 

= = = ~ ~~~ ,; • 
,ooor---~~~'---'-",---,------,,----~ 

• 

• 

Figure 16 (Dive 87) 
Gœlogka{ profik. 
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Main results 
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This dive allowed direct observations of outcrops 
trom 2 300 to 1 300 m. Sampling proved to bc very 
difficult becausc of the hard and homoge neous nature 
of the limestoncs that apparcnt ly constitute most or 
ail the escarprnent. Most sa mples come rrom small 
outcrops. Sampling was concc ntrated mostly in the 
lower part of the profile (sa mples 1 to 8 bctween 2 245 
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and 1 914 m). Most sa mplcs consist of limcstones of 
Late Jurassic . Tithonian to lower Ncocomian age. 

ln somc placcs (samplcs 5 - 2058 rn - and 7 -
2 024 m - ) the rc is a thin cove r of onlapping lower 
Plioccnc soft sediments. In its most abrupt part , thc 
cscarpmcnt Is madc up of a scrics of subvertical cliffs 
with numcrous normal faults that cxhibit vcry limitcd 
displaccment (a few centimeters to a fcw tcns of cm). 
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These faults strike N 1500·1700. A network of fractu
res oflcn cuts through these no rmal faults, o rie nted al 
N 500 and N 1100. At 1 505 m, a th in piecc of 
laminated phosphorite (Late Cretaceous?) (sec von 
Rad, this volume) was sampled (sam pie 9). Sorne 
bcddcd la)'ers were observed about 50 m be low the 
edge of the upper plateau . T he edge of the plateau is 
markcd by a th in (about 25 cm) ho rizonta l la)'er of 
hard rock that unfo rtunate ly could not bc samplcd. 

Dive 88 (Fig. 17, 18, 19 ; Plate 5) 

Objectives 

The main objeective was to ma ke a section of the 
lowe r part of the escarpment situaled no rth of dive 87. 
ln this area , the Scabcam map shows a N 6()0 fault 
cutting the esca rpment with an offset of a fcw tcns of 
met res. The northe rn part is lowe r Ihan the southcrn 
one Dive 88 was made on the no rthern part. 

Main results 

Figure 17 (Dive 88) 
Locfl/um fMp. 

The dive began at 2405 m on a sleep slope covered 
with rccent sediments. From 2 181 to 1 600 m, the 
slopc is constituted by a succession of limestonc cliffs 
limited by fau lts. Thesc ca rbonates arc massive and 
without stratification. Samples l , 4, 5 and 6 arc ail 
Uppe r Ju rassic to lower Neocom ian carbonates. The)' 
arc mainl)' pclsparites with manga nese coating. Sam
pie 3 is a micrite taken in a bedded layer. The age of 
this micrite is middle to late 01 igocene wit h contami
nation of Cretaceous. From 1 600 top 1 505 m a majo r 
cliff of massive rocks was observed, but could unfo rtu
natcl)' not be sampled. This cliff showed intense 
vertica l fracturation and many e rosional featu res. 
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From 1505 m to the end of the dive , a formation of 
bcdded la)'ers appcared with alternating calcareous 
bcds and breecias. Samples 8 and 9 have been dated 
as late Paleocene and middle to late Eocene . These 
layers ind icate indicatc a bathyal depositiona l envi ron
me nt. 

On the whole dive, the main obscrvcd directions of 
fracturat ion arc N-S, assoc iatcd with N 6()0 a nd 
N 135° in the lower part o f the csca rpment. In the 
upper part these directions are associated with N 900, 
N llOO and N 16()O trend ing faulls. 

Dive 89 (Fig. 20. 21, 22 j Plate 6) 

Objectives 

The main goal of this d ive wa s to samplc outcrops 
below 2245 m depth , as previous dives had not 
rcached this depth . The second objective was to try to 

determine precise ly the boundary bctween the ca rbo
nale platform and the bcddcd layers of the post
platrorm cover. In the prcvious d ives this contact was 
not we il dc fined and also the age of the oldest bedded 
layer was not exactly determined . 

Main rf!sulrs 

The first part of the d ive bctween 2509 and 2244 m 
ran esse ntially ovcr soft sediments with a stcep slopc 
(15° to 45°), eut by nume rous canyons. In one of 
these ca nyons, a block of massive pe lspari tc of Late 
Jurassic - ca rl)' Noccomian age was sa mpled 
(sa m pie 1). Abovc 2244 m, the slope is built up by a 
succcssion of outcrops of massive limestones scpa rated 
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Figure 18 (Dive 88) 
GwloSicof ""'p. 

by steps and covcred by a cover of recent soft 
sediments. Sa mples 2 and 4 arc limestones of Late 
Jurassic - early Neocomian age. Sam pie 3 is a ne ritie 
bioclastic grainstone , covered by glauconit ic quartz 
cchinoderm pack stone of Ea rly Crctaceous age. Seven 
o utcro ps of these limesto nes we re counted between 
2244 and 1 953 m. The contact betwee n the platro rm 
carbonates and the bcdded layers could not bc 
reached, since the dive had to bc te rminatcd duc to 
bad weather conditions. 
Along the dive , IWO main directions of faul ting which 
affected the limcstonc were observed : N 6O-7{)O and 
N 120'·130'. 

Dive 90 (Fig. 23, 24) 25 j Plate 7) 

Objectives 

Dive 90 was planncd to continue the profi le that had 
to bc interrupted during the previous dive . The 
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objective was to explore in detail and sample the 
contact bc tween the platfo rm carbonate and the 
bcdded post-platform layers. The profile bcgan at 
2268 m. 

Main results 

The dive started on a relatively stee p slope (about 
2QO) covered with soft sediments. The first outcrop of 
massive limestones was locatcd at 2258 m. Outcrop
ping of platrorm carbonates con tinues ail along the 
esearpment by a succession of dirfs with different 
a mplitudes. On o ne step, at 2 195 m, wc observed a 
small ou tcrop of cha lk which was not sampled. 
Samples 1 and 2 are not significant : o ne is a manga· 
nesc crust, the second o ne is a piece of recent coral. In 
this dive , we did not sample the platform limestoncs 
al ail. On the top of the platform bcyond 1741 m, 
layeri ng appears in thc limestones and the stee pncss 
of the slope bcco mes more gent le. Sam pie 3 is a partly 



phosphatized dolomicrite of latc Turonian to Campa
nian age with fragmen ts of uppe r Jurassic pe lspari lc 
and oolîte, 
The rea l contact betwec n the platform a nd the bcdded 
cove r was observcd precisc ly at 1 604 m, The stratifi· 
cation of this cover is clca rly ho rizontal. The edge of 
the plateau above 1 500 m is covercd wit h soft sedi
ments. T he main directions of faulting are the sa me as 
the ones, observcd in prcvious d ives: N fU, 9()0, 
1200 and lfU. 

Figure 19 (Dive 88) SW 
GtO/ogil;al profrk. 
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Dive 91 (Fig. 26, 27, 28; Plate 8) 

Objectives 

This dive was the first in the area of the central 
Mazagan escarpment a round 33°JON. in this area, the 
seabcam map shows that the cdgc of the El Jadida 
plateau is deeper than in the south , wit h an average 
depth of about 1 600 m. In somc places, we measured 
on the Seabeam map a slope of more tha n 100 %. 
During Dive 91 , wc planned to do a section from 
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3000 m (maximum diving li mit or'Cyana) up to about 
1 600 meters, in order to sample the platform and its 
eover. 

Mai" resufts 

ln Ihis dive, Cyana look the deepcsl samplc of the 
cruise al 3002 m water depth. This sam pic 1 is a black 
of Late Jurassic massive limcstone (pelsparite) takcn 
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Figure 21 (Dive 89) 
Gwlogical map. 

Figure Z2 (Dive 89) 
Gwlogical profik. 
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near a discontinuous outerop. The dive continued in a 
small canyon whe re sofle r looking carbonate rocks 
crop out . Sample 2 at 2914 m is a bioc lastic gra instone 
of Tithonian age. For the next hundred m, the slopc 
gradient decreased and the OU lCrops werc covered in 
many places with soft sediments. 

At 2808 m on a good outcrop , wc look a pclsparile 
(sample 3) of Late Jurassic - carly Ncocomian age . 



Upslopc following the sa me V shapcd canyon, we 
obscrved outcrops which have rounded surfaces , but 
il was very difficult 10 sample Ihcsc laye rs. Sample 4 is 
a laminalcd , a lle rcd rock of questionable age. At 
about 2400 m, the escarpment bccamc ve ry sleep and 
sampling very d irfieult. Samplc 6 al 2356 m is proba
bly a scmi-in siru boulder. Il is a pc lsparite of laie 
Malm age wilh a fiU of late Campanian-Maestricht ian 
age. In this arca , we have the fi rsl indication of 
indistinct bedding. Betwee n 2336 and 2219 m 
appcars a large cobble field. T he ncxt cliff sta n s al 
about 2207 m with massive limestones of late Jurassic 
(Iate Kimmcridgian for Sam pic 7) and Ihe slope 
becomes steepc r (more than 60"). The last sample (8) 
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taken at the end of the dive (2038 m) is a Late 
Cretaceous laminated phosphorite. 

T he direction of faulting shows IwO maxima : N 90" 
and N 1500 associaled with N6()O, NI lO", N 1200 
and N lSOO directions. The opcn fractures st rike 
prefere ntially N l()()O-12O". 

Dive 92 (fïg. 29, JO, 31 j Plate 9) 

Objectives 

The dive was located on Ihe top of the Mazaga n (El 
Jadida) Plateau horst at about 1 000 m water depth. 

• 

• 

• 

Figure 23 (Dive 90) 
f..ocatwl1 nwp. 
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Hgure 24 ( Dive 90) 
Gwtogical map. 
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Figure 26 (Dive 91) 
l.oaItion map. 

Figure 25 (Dive 90) 
Geo/()gkQI profik. 
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On the Seabcam map (scale 1 : 10 000) we see an 
alignrnent of featu res striking NE-SW. This alignment 
Îs Ijnked with a fault zone. The se ismie profiles 
confirm this interpretation and show that in Ihis area a 
deep reflector is uplifted by faulling and could reach 
the surface. The main goal of the dive was to sa mple 
this deep laye r and to observe and sample the bedded 
layers overlying Ihis layer. 

Main resullS 

The dive began at 1 100 m water dept h on a very 
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gentle slope (:20 or 3°) covered with soft sediments. 
On this slope, no outcrop in place was recognÎzcd , 
except for a dolomicritic black corresponding to 
sample 1 (Early Cretaceous 1). On the top of a smal\ 
hill culminating al 1010 m, wc obscrvcd in many 
places manganese crusts suggesting that the substra
tum is not too far from the sediment surface. Towards 
southeast, a small depression is complete ly cove red 
with soft sediments. The maximum depth of this 
depression was 1 050 m. 
Between 1 050 and 970 m, we found a small sca rp with 
massive carbonatcs (samplc 2 - middle Eocene) and 
soher chaotie layers. In sorne places, thcsc layers are 
weil bcdded a nd constituted by rnicritie paekstone 
dated between middle and laie Paleocene. Samples 3, 
4, 5 and 6 wcre takcn in the chaotie zone. The age 
succession is not represe ntative of the rea l stratigra
phie seque nce (su Cepek, Hagn, this vol.). 

Dive 93 

Dive interrupted for technical problerns. No rcsults. 

Dive 94 (Fig. 32, 33. 34 j Plate 10) 

Objectives 

This d ive was planned ta continue the section started 
by Dive 91. It should cover the upper part of the 
escarpment to obse rve massive ca rbonates, as weil as 
the contact with the bcdded cover. It was planned to 
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Figure JI (Dive 92) 
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ESE Dive 95 (Fig. 35, 36, 37; Plate JI) 

bcgin diving at 2500 m wate r depth to fil! the gap 'o f 
sam ples from Dive 91. 

Main results 

The dive started at 2420 m on a rubble slopc th in ly 
cove red by reeent soft sediments. The lower zone of 
the escarpment between 2 490 and 2 050 m is characte
rizcd by a succession of steps limited by subve rtical 
walls whidl arc oriclllcd N 400 and N rn. In this 
zo ne, four samples (sa mplcs 1 to 4) werc takcn . They 
arc ail constituted of platfo rm ca rbonates and a re 
Late Jurassic - carly Neocomian in age. Aboye the 
wcll bedded-sequcnce, al 1 850 m, conglomerates 
wcre found . Two samples 8 and 9 wcre taken from the 
conglome rate a nd show that thc matrix surrounding 
the Jurassic pcbbles is a soft ca lcareous oozc of 
Ya langinian 10 Aptian age. 

Fi8'lrc 35 (Dive 95) 
LocQtion mtlp. 

40 

Objectives 

The objective was to start a new diving traverse of the 
Ce ntra l Mazagan Escarpmc nt around 1 000 m north 
of Dives 91 and 94. In this arca , a prcvious eruisc of 
RY Yema had reaehed Oxfordian maris with many 
ammonites (Renz et al. , 1975) but the deplh o f 
dredged sample (3200 m) is somewhal too deep to bc 
reachcd by Cyana. Dive 95 was pla nned to obtain 
observations and samplcs from the base of the e.scarp
ment and then to reach the base of the main cliff to 
evaluatc the processcs which have formed the present 
topography. 

Main results 

Betwee n the bcginning of the diye at 2983 m and the 
end at 2300 mete rs the ou tcrops arc more or less 
continuous and form several small clUIs. Upper Juras
sic - lower Neocomian limestones with typical mas
sive morphology crop o ut in clifts between 2957 and 
2951 m, 2744 a nd 2682 m, 2570 a nd 250S m, 2420 
and 2391 ffi . On the top of the platform , thesc 
Iimestones show a rou nded morphology and an appa
rent bedding. During the dive , only two samplcs (6 
and 7) of these limestones were picked up. 

Mo re recc nt , unconsolidated sediments Ih icken on 
the mode rate slopes whe rc laye ring paraUci to the 
slopc can bc observed bccause of dissection by 
canyons. They overlie the olde r rocks of the carbonate 
platform. The age of these sedime nts is extre mely 
variable a long the cscarpmenl. For example, the 
samplcs 1 and 2 (2972 m) arc rcspcct ive ly I.o. tc Mio 
cene and carly Mioccnc in age. These sedime nts 
probably eonstit ute the infil ling o f a previous topogra
phy as marked by sorne local infilling of opc n fractu res 
into the Jurassic limesto nes. T hcsc hard limestoncs 
arc eut by numcrous fractures and fault s o riemed 
preferentially N !600, N 1200-110':" N 9()0, N 60-700 
and N 200. The directions are the same as observed in 
prcvious dives. 
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Figure 36 (Dive 95) 
Gtological mtJp. 

Dive 96 (Fig. 38, 39, 40; Plate 12) 

Objectives 

w 
HEU RES 
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E 

The main objective of the dive was to continue the 
section init iated du ring Dive 95 and ta observe and 
sample the upper part of the escarpment bctwcen 
2380 and 1 800 m. The objective was to observe the 
contact belwccn the massive ca rbonates of the plat
form and the layered cove r of Latc Cretaccous to 
Tertiary age. 

•
N_, 

!2:'l:! ~ 2000' r------;-;-T-------------cë--------;c----, 

Main results 

The first part of the dive betwee n 2 383 m and 2 372 m 
is located on a zone of consolidated serees with 
intensive (racturation. Arter these screes, a steep 
slope is eonstituted betwecn 2390 and 2280 m by 
rece nt sediments with somet imes some OUICrops of 
layered sed iments (sample 2 : ? Cretaceous phospho
rite breecia). Above, the slope is very steep and is 
made up by massive platform carbonates. These 
carbonates have been obscrved and sampled between 
2280 and 1911 m (samples 4-6-7-9). In some places, 
the ca rbonates ove rlain by $Of ter laycrs of different 
ages. For example , sample 5 1S a laminated phospho
rile of laie Campanian-Santonian age included in a 
breccia , the sample 8 is a lower Cretaccous micrite 
containing be lcm nitcs. The upper part of the platform 
is masked by reeent sediments and we have not 
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Figure 37 (Dive 95) 
GtOlogicol p,ofilt. 
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observed the precise co ntact belween the platfoTm 
and its cove r. From 1 842 m until the end of the dive 
al 1 818 m, the outerops are esscnt ially charaeterizcd 
by an alternat ion of hard and soft banks where the 
erosion is more intense. These layered beds show a 
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Figure 38 (Dive 96) 
Location nwp. 

gentle dipping towards south with an angle of abou t 5 
degrees. Samples 10 and 11 taken in this part of the 
dive arc quartz-rich micrites and phosphorites -
probably Crctaceous in age. 
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Figure 39 (Dive 96) 
Gtologicai map. 
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Dive n (Fig. 41 , 42, 43 ; Plate 13) 

Objectives 

The goal of this dive was to observe and 10 sam ple the 
layered cove r overlying the carbonate platform, 
around 1 900-1 800 m depth . This objective was not 
complete ly reached becausc the dive bcgan at 2420 m 
depth , deepcr than planned. Also due to the difficu]
tics to progress along the very sleep (more than 100 0/0) 
slope, the highest level reachcd al the end of the dive 
was 1960 m. 

Main resu/Is 

The dive bcgan al 2420 m depth on soft sediments 
with numerous biogenic traces. The slopc is cul by 
small canyons pcrpcndicular 10 the slopc. Above 
2 354 m, massive carbonate rocks erop. They are 
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Figure 41 (Dive 97) 
ÙXatioli map. 

33" Figure 42 (Dive 97) 
30 G~log~al map. 

E 

H E U R E S 

0 8 0 
~ ~ 

" 
m m 

CYAMAZ 1982 
4 

CZ 97 
2 

, 

500 1000 

" E T R E s 



, 

46 



~ 

Il.- r: ~-7J.- 1851 m. IYtfllNddtJ poSI p!alform rol"t" dipping IQ IWlrds Ihl' \t't'51. TMs 
CQ.'(r fOI/Id probobly /101 IN in pmct bill folwdtrtd ulollg t/tt' slOfW. 

8.- r: 98·94: 2850 m. lkddtd ('a/rarrous milris (It'posi/t'cf 0 /1 Iht' slope made b)' tht' /111 .. 
Jurassie pllllfiJrm. Sompl .. c; 98-/ (28621/1) LIIII' " ,russie. 
Sampi .. r: 98·2 (286/ m) ami r: 98·3 (285/ ml. SimlOfliml ami CumpallulII. 

A 

B 

l'iall' 14 

c 

D I~ 
z 
m 

~ 
0 

~ 
~ 
r 
~ 
~ 

0 , 
~ 
~ 
~ 

C: c: 98-104.- 28JO III. Ikdd~ cu/cartQI'l rmJrls ... ill! (,l'OsiQTUJI ~(m"('s. ~ 
0 

D .- cz 98-365 .- 2 116 m. Muss/I't Iinlt'SIVlltS erodt,/ ami {rIK'wruled of/Ill' Jrmusic pla/foml. ~ 
~ 
m 



J.M AlJZENDE flllIl 

e roded into rounded blocks; numerous fault s and 
fractures were observed. Thesc ca rbonates are the 
same as those of the previous dives (sample 1 : Latc 
Jurassic - ca rly Neocom ia n). No stratifications were 
obscrvcd but sorne horizontal bcdding can sometimes 
bc distinguished within the massive rocks. Ali along 
the cliff, many morphological features can bc related 
for the abunda nce of {ractures and faults. 
Between 2 170 and 2000 m depth , the slope bccomes 
more gent le and the soft sediment deposits more 
frequent. The outerops arc constituted by carbonate 
platform rocks but it scems that the erosion is more 
intense than in the lowermost pan. From 2 (XX) to 
1961 m (end of the dive) soft sediments are predomi
nant. The outerops of the platform carbonates arc 
very sparse. Sample 4 (Berriasian-Barremian) is an 
echi noderm micrite , probably ove rlying the platform 
on a smaU step. 
Ail a long the dive , the carbonates arc eut by fault s 
and fractures striking N 6()0, N 1100 and N 00- 100. 

Dive 98 (Fig. 44, 45, 46 j Plate J4) 

Objectives 

The object ive of the dive situated further north than 
the previous dive was to try ta sa mple the outcrops 
from 3000 m depth to gct older series than the Uppe r 
Ju rassic rocks which wcrc sampled during the o ther 
dives. The second objective was to try to reach the 
upper edge of Ihe escarpme nt to observe ,and sample 
the contact bctwccn the platform and its cover. 

Main 

Contact with the bottom was made al 2942 m water 
depth , on a steep slope (300 to 5(0) made up of grcy
ycllow soft sedi mcllls. This sedirnenlary cove r is 
imerrupted by smal1 outcrops (<>< 2 m high) of massive 
limestomes , encrusted with manganese. This Iype of 
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ou tcropping is the same until 2860 m where sample 1 
( laie Jurassic-Lower Neocomian) was taken . Above, 
Ihe slope bccomes steepest and a weil bedded cliff 
co nst itutes a 12 m high oulcrop (samples 2 and 3: late 
Sanlonian - carly Campanian). From 2860 m to 
2294 m, the slope is very steep (60-700) and made by 
an a!ternation of massive limestones outcropping 
along the cliff wÎth soher sed iments lying on the small 
ste ps. From Ihis depth until 1971 m, the slope is 
consl ituled by a succession of large steps with alterna
ling sleep etiffs (700-90") and nat zones, covered wi th 
soh sedimen ts. Samples 5, 7 and 9 - taken along the 
cliffs - are Upper Jurassie carbonates and sample 6 is 
an Upper Jurassic limestone with a Ca mpanian micri te 
fill. From 1971 m to the edgc of the plateau, the 
bottom is built up by soft sedi ments, bouldcrs and 
blocks of timeslones. The edge of the plateau is made 
up by belcm nitc and quartz-bearing Fe-ooid-rieh 
Lower Cretaceous mie ri les. 

Dive 99 (Fig. 47, 48, 49 ; Plate 15) 

Objectives 

This dive was the first in the area of the southern 
escarpmcnt of the Mazagan (El Jadida) Plateau. From 
a watcr depth of about 1 300 to 1 000 m, there is, on 
the seabcam map. a stccp southward slope down to 
the nonhernmost branch of the El Jadida canyon 
system. The first objective of Ihe dive was to observe 
and sample the northeastward dipping rencctors out
croppi ng on th is scarp and represeming the cover of 
the ca rbonate platform. The second objective was to 
try to sample the top of the unde rlyi ng Jurassic 
I.:arbunalc platfo rm that can bc seen on scismic 
profiles. 

Main reslIl/s 

The dive bcgan in the axis of the El Jadida Ca nyon at 
1 360 m, on a nat plain with gravel, pcbbles and 

Figure 44 (Di..-e 98) 
tAxation map. 



9*32 
- < 

CYAMAZ 1982 
cz 's 

• 

1 

,ni'" 05OnQ . fO l ... ~ • • -..... 0:11230 •• "" .. ~. 

Figure 4S (Dive 98) 
Gtological nwp . 

... 
" EU" [ 5 

8 • 

CYAMAZ 1982 

CZ 98 

" 

o 

• 

Figure 46 (Dive 98) 
Gtological profik 

. , , , , 

• 

[SE 

49 

OUTUNE AND RESULTS OF THE CYAMAZ CRU/SE 

• • 

Figure 47 (Dive 99) 
Locallon nwp. 

3 ,--1 _~--i 

• 

33" 
31 

33" 
----+ 300S 

". 

" 



J -1.1 AUZENOE 81 al. 

9'2655 

CYAMAZ 1962 
cz 99 

• 

9°26 

• 

Figure 48 (Dive 99) 
Gtolcg~QI mlJp. 

___________________ f/~~--------+33' 
/ t 3 

• 

• 

• 

• 
, 

• 

~ __ ------________ ----__ ----____ ----+_--------i33· 
T 12 

boulders (1 to 100 cm diameter). Between 1 355 and 
1 297 m, the dive explored the northern wall of the 
canyon, whe re well-beddcd sa ndy lirncstone laye rs 
are cxposed. The bedding is about N 6O-700/10-3OC' 
S.E. A strong supcrficial dissolution of the calcareous 
sa ndstones was obscrved and produces a karst-likc 
topography. Samples 1 to 5 have been taken from this 
wa ll. They are thin (10 cm) to very thick (2 m) 
beddcd . fine to medium grained quartz-bearing ec hi
noderm mÎCrites. Thei r age is not weil defined , but 
ranges from 8 erriasian to r.arly Aptian. 
The second part of the dh . is located northward 
beyond the canyon along the maximum upslope 
gradient. In this traverse, numerous eonglomerat ic 
beds a rc exposed on steep escarpments. They were 
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samplcd at 1 184 and 1 144 m in samples 7 and 8, and 
show intraformalional phosphorite breccias with Jami · 
nated glauconitic sand matrix. Their age is a lso poorly 
defined (between Aptian - Maestrichl ian) probably 
Late Crelaceous ; set von Rad, Ihis vol.). 

Dive 100 (Fig. 50, SI, 52; Plate 16) 

Objectives 

The dive is located south of the Mazagan Plateau, 
whcre the 1 500 and 1 000 m isobaths constitutc a 
reentrant to the plateau. This area corresponds to the 
head of El Jadida Canyon. The main objective of the 
dive was 10 observe and sample the bedded sed imen· 



tary covcr of the platform in the axis of the northern 
branch of the canyon. The goal of the second part of 
the dive was ta observe the cast-west escarpment 
bounding the Mazagan Plateau ta the south . 

Main resulrs 

The dive bcgan in the axis of the El Jadida Canyon at 
1 340 m wate r depth . The bottom of the canyon is 
formed by a coarse scdimentary caver. On this 
sedimentary caver lie pebbles, boulders and blacks of .... 
extremely variable sizcs (em- ta m-sea1e). Samples 1 • 
ta 3 wcre laken in this area. They arc not in place and 
their ages are not weil defined ; they vary bctwecn 
Valanginian and Late Crctaceous. 

OUTLINE AND RESUUS OF THE CYAMAl CRUISE 
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The second part of the dive runs a long the cast-west 
cscarpment bctwcen 1 200 and 1 050 m. The cscarp
ment ls constituted by a succession of steps, about 
10 m high . The sedimentary sequence sec ms ta bc 
vcry homogeneous and shows an alternance of massive 
banks and soher dm-scale banks. This sequence is 
complctely dissected by a diac1astic system. The main 
direction of fracturation is N 100", mainly represc nta-

:::E 1~00 : 

ted by open fractures (a few cm wide). Samples 8 to 12 
werc taken in this a rea. Their age rangcs from Early 
to Late Cretaceous. The dive ended on the top of the 

Figure 50 (Dive 100) 
Lot:Dlion mtlp. 

escarpmem on a large .. plateau " made up by a 
massive bank and eut by small valleys (5 ta 10 m dcep) 
oriented N 110. 

Dive 101 (Fig. 53, 54, S5 j Plate 17) 

The last Cyamaz dive was located in the southern part 
of the Mazagan (El Jadida) Escarpment to fill gap in 
observation and sampling between Dives 88 and 
85186. Once again , the object ive was ta observe and 
sample the contact bctween the carbonate platform 
and the bcdded tayers overlying Ihis platform. 
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Figure 49 (Dive 99) 
Geologictll profile. 

Main resulls 
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The bcginning of the profile in covered with a soft 
recent sedimentary caver and outerops are seattered. 
Sam pie 1 at 2003 m corresponds la a small (sub-i n 
place) outcrop of Ihe Upper Jurassic platform. Above 
this area, bctween 1 870 and 1 818 m, the stope 
bccomcs steeper and a succession of small c1iffs shows 
outcrops without bedding, eut by fractures of variable 
orientations and open fractures strik ing mainly N 110. 
From 1 660 m, above thesc massive cliffs, a cover of 
weil bcddcd layers has been observed. This cove r is 
made by a succession of massive banks (2 to 5 m 
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thick) and ycllow to grcy bcddcd ba nks. This cove r is 
drapped above the massive platform carbonates. 
Samples 3 106 taken min this arca are mainly micrites 
of (Early) Cretaccous age. 
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Above trus scd imemary cover, bctwcen 1250 and 
1200 m, (end of the dive) , the Upper Jurassic -
Lowcr Neocomian ca rbonates outcrop along a massive 
cliff, eut by small erosional canyons. 
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Figure 52 (Dive 100) 
Otolop:af profi~. 

Figure 53 (Dive 101) 
Lo.cariQn mop. 

CONCLUSIONS 

The eightee n drives o f the Cya maz cruise allowed 10 
improve conside rably o ur knowledge of the stratigra
phy and structure of the Mazaga n Plateau a nd Escarp
ment. Conce rning the stratigraphy, the 130 sa mples 
take n give us the }X)ssibility to set up a very precise 
sect ion of the upper leve ls of the Kimmeridgian-

5S 

Be rriasian carbonated platfo rm. We ca n note that 
these plat form ca rbonates do not show a ny ev idence 
of reef structure. A bcdded coyer, the age o f which 
varics in relatio n with the part of the Ma'i'..aga n Plateau 
obse rved , can bc see n above the platfo rm. Il ma)' 
appcar in the Middle-Cretaceous, as this is the case in 
the central a rea o f the Escarpme nt , as we il as o nly in 
the Tertiary ( Paleocene) , in the Southe rn area fo r 
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instance. Different age drapping series (from Aptian 
to Pliocene) were sampled along the Escarpment. Thc 
6000 pictures taken , although not yet completely 
evaluated , wiU give many imtx>rtant informations on 
the detail of the strat igraphy . 

Concerning the structure, the eighteen dives allow us 
to suggcst that the Mazagan Plateau and Escarpmcnt 
are controlled by two main directions of faulting 
striking N 2iY and N 9()0. Threc other secondary 
directions N 7(1', N 12iY and N 16QD have also becn 
recognizcd. In the South of the Escarpmcnt, the 
N 16QD directions arc dominant a lthough the N 7\1' 
are dominant in the nonhern pan . With the dive data 
it is diffieult to estimate the chronology of the 
movements of the faults ; neverthclcss, wc have 
obscrved the importance of many small recent faults 
(few eentimett res to metres) that suggest a very strong 
teniary reactivation of the Escarpmem. 

The technical limitations of SP 3 000 Cya na preve nted 
us from reaching olde r layers than Kimmeridgian. 
The use of the new submersible Nautile of the 
IFREMER will hopcfully provide, in a next future, 
the apport unit y of exploring, at the foot of the 
Escarpment, the underlying paleozoic granite and 
Triassic-Liassic ca rly rift sediments. 

REFERENCES 

Au:unde J .-M .• Monti 5., Ruellan E., 1983. Can e bathymétrique de 
l'escarpement d'El Jadida (lAJOOOOJ). Pub!. CNEXQ. 
Aut.ende J .-M., Montl S .• Rutllan E., 1984. Multibcam eehosoun· 
ding bathymetry of El Jadida Mazagan - W. Morocoo plateau and 
cscarpmcnt. cditcd by K. Hinz. E. I. Wintcrer tr al .. "lit. Hep. 
V.S.D. P .. ' ·01. 79. US Go". Priming O ffice, WashingtOn. 365·367. 
tepck P .. Hagn Il ., 1984. Nannoplankton and foram inifera biOSlra· 
ligraphy and mic tofacics of the Ctelaccous 10 Ccnozoie post· 
platform series (Maugan Escarpmcnt, Morocoo). in: Submersiblt 
Cyana Jmd~J of rllt MaZflgon EJearpmtn/ (MorQC;can conrÎlltntiJl 
!ntlrgin). CYAMAZ cnÛH 1982. cdited br J.-M. Auzendc and U. 
"on Rad, Detanol. Acra. D" sp .. 101-110. 
C VAMAZ Group. 1983. Structurc and slIlIt1graphy of tilt Mazagan 
(El Jadida) e~rpmc:nt. Narurt. )OS . 5936. 698-701. 
Gleset W., Mibold E .. 1968. Sediment echogramme "om ibc:roma· 
rokkanischen Dontincntalrnnd ... Mereor " ForKhungsergtb., Rtillt 
C. 1.53-75. 
iIInl K .. Winten'r E.L. er al .• 1982. Preliminary fCSUItS from 
D.S. D.P. Leg 79: Seaward of tit(: Mazagan Plateau off Cenlral 
Morocco. in: Gt%gy of rhe Nunh·Wesr Africall conrillultiJl 
margin. editcd by U. "on Rad. K. Hinz, M. Sarnthein and 
E. Seibold. Springer·Yeriag. Berlin, IIcidcJbcrg. New-York. 23· 
33. 
Lancelot "lI' .. Seibold E. er al .• lm. Inilial Rtports of rhe Dtep-Sta 
Drm"'g Projur. \'01.41. US Go". Print. Office. Washington. 
1Z59 p. 
LancC'1ot V .. \\'intenr E.L. tr al .• 1980. Initial Reports of the Dcep
Sea Drilling Projeel. "01.50. US Goy. Print. OfrlCC. Washington . 
868p. 
Kenz 0 .. Imlay R., Lan«1ot Y •• Ryan W.B.F .. 1975. Ammonite· 
rich Oxfordian lime·stones from the base of thc continental s!ope 
o ff North-West Africa , frlug. Orol. 1ft/l' .• 68, 431-448. 

58 

Acknowledgements 

We thank Captains Y. Keranftec'b and H. Gu idai 
and the crew of R/V " Le Suroit ", M. J. Roux and 
the Cyana crew. 
The CY AMAZ cruise was funded by the Centre 
National pour l'Exploitation des Océans (CNEXO, 
now IFREMER, Paris), the Deutsche Forschungsge
mcinschaft (Bad Godesberg) ; the Fede ral Ministry of 
Resea reh and Technology (BMFT, Bonn) and BGR. 
We are espccially gratc ful ta Dr. J. Debyscr 
(CNEXO, Paris), Dr. F. Goerlich (DFG) , Dr. Bun
genstock (BMFT) and Professeur Dr. F. Bendcr 
(BGR) for thei r suppon of this scientific cooperation. 
This coopcrat ive project was executed and cofinanced 
by the Bundesa nsta lt für Geowissenschaften und 
Rohstoffe (BGR) , using funds of the Deutsche Fors
chung und Technologie (BMFT) , and by the 
CNEXO. Before our, IwO scientific proposaIs asking 
for funds for submersible rcscarch al the Mazagan 
Escarpment had been formulated before. The first 
one 'was written in 1978 by Y. Lancelot. The second 
proposaI was formulated by W.B.F. Ryan , M. B. Cita 
and U. von Rad in 1979, asking for funds for the V.S. 
submersible Commiuec of CNEXO and DFG/BMFT 
granted the fonds for the CY AMAZ cruise. 

R~lJan E .. Auzende J .• 1\! .. Dostmllnn Il .. 1984. StruClurc and 
eyolution of the Mazagan (El Jadida) plateau IInd escarpment oH 
cenl ral Marocco. in: Submersible C)'a-ra swd~s of Ihe Malagan 
E.Jcarpm~nt (MorQCcan conrinenlal margin). CYAMAZ cruUt /981. 
editcd br J .·M. AU1.Cndc and U. von Rad. Dual/QI. Acra, n" sp .. 
59·72. 
Stelger T .. Jansu L.F .. in press. Jurassie limestoncs of the sc:award 
cdge of the Ma1..agan carbonatc plalform (NW African continental 
margin, Morocco), Ini/ial Rtports of /Ilt DUp-&fl Drilfing ProjeCI. 
' ·01.79 , US Go". Prinl. Office, Washington. 
Steiger T .. Cousin M .. 1984. Microfacies o f the Late Ju rassic 10 
Early Cretaceous carbonale platform at the Mazagan Esc.arpmenl 
( Morocco). in: Sub~rsiblt C"a,," srudits of tilt Mazagan E.Karp
mtnt f!o1oroccan cunriMnral margill), CYAMAZ cn/Ut 1981. editcd 
by J .-M. Auz.cndc and U. yon Rad . Dccflflol. Acra, D" sp .. 11H26. 
Uehupi E .• Emr.ry K.O .. 8o ... ln C.O .. Phillpps J.O., 1976. ContI
ncntal margin off Wcstern African : Senegal to POr1ugal. 14.14. P.C. 
Bull .. 60, 5. 809-878. 
Yon Rad V., 1984. Lithostralij;nlphy. diagcnesis and palcocn"iron· 
ment of Ihe Cretaceous-Ten.ary post platform sediments of the 
Mazagan Escarpmc nt (Morocco). in : Submtrsible C"atw smdies of 
rht Mazagan E.Karpmtnr (MQraccan conrilrentiJ/ margin), CYA
MAZ cmUt 1981. cdi lcd by J.-M. AUlendc and U. von Rad . 
Oetanol. Acra, D" sp .. 127- 152. 
Vnn Rad V., Au:undej.M .. Ruellan t:. and CYAMAZ Group. 1984. 
Strnligraphy. structure, palcocnyironment and subsidence hislory 
of Ihe Mazagan Escarpmc:nt off central Morocco: a CYAMAZ 
syntit(:sis, in : Suhmtrsibk C,-aM st//dit"s of rllt Ma:agan E.Karp
mtnr (MorQC;can conW4'nra/ margin). CYAMAZ cruise /981. edited 
by J .-M. AU7.cnclc and U. YOn Rad. Detanol. Acra. 0" sp .. 16t · 182. 
WiMmann G. , "on Rad V .. 1979. Scismie structure. continental 
basemel1l and Mc~wk sediments trom the Mazagan Plateau off 
Morocco." Mereor" For~lIting$ergtb .. Rtiht c.. JI. 1-19. 


	1

