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The Jurassic and Lower Crctaccous carbonate platform of the Mazagan submarinc 
plateau is composcd of 3 main facies units: Facies A co mprises ncritîc shallow 
marine lithologies of the Oxfordian la Kimmcridgian carbonate ramp a nd Ihe 
bcgÎnning of the Tithonian carbonate plal(orm. Crustosc stromato litic limcstoncs 
(MF 1) and lagoonal as weil as oolit ic sediments (MF2 and 3) are predo minant. 
Their composition indicates sponge and coral growth o n the Jurassic slope o f early 
Mazagan Escarpment. Facies B contains hcmipelagic sediments which are the result 
o f platform defacing proccsscs mixed wilh pelagie innux. Pclagic compone nts are 
remains o f Saccocoma and calpionellids. The observcd facies types are hemipelagic 
micritic limestones with calpioncllids (MF 4) and bioclast ic, oolitic limestones with 
calpione llid-bcaring lithoclasts (MF 5). Facies C is composcd o f intertidal to shallow 
subtidal sedime nts, deposited o n the top of the plat form . The ca lcareous sediments 
are oolilic and intrac1astic micritic limestones (MFb) , and fe nest rai limestones 
(MF 7). The dolomitic facies is rcprese nted by do lomicri tes (MF 6.3). Deposits with 
increased terrigenous innux are located at the nonhe rn slope of the El Jadida 
Canyon. They arc calca reous, quartz-bea ring packstones (MF 8). Composi te types 
and transitiona l types of facies demonSlrate sho rt dista nce changes o f litho logies in 
ce rtain areas. The depositiona l history of the ca rbonate platform is strongly 
in nuenced by blockfaulting and sea level changes. During the formation of the 
Mazagan Escarpme nt subsid ing margi nal blocks devcJoped a steep slope composcd 
of numerous steps of differe nt yertical and ho rizo ntal exte nsio n. From the outer to 
the inner platform the lateral seq uence of facies types ra nges from periplatform 
c1astics (facies B) to platfo rm stabilizing lithologies (facies A) a nd sha llow water 
platform sediments (facies C). Sea Icyel cha nges and increasing subsidence rates 
wcre responsiblc fo r two transgressiye eyents : a minor tra nsgression bctwee n Late 
Tithon ian and Early Berriasian. D"uring this phase the ca lpione llid facies me rged 
landward onto the platfo rm. These sediments wcre reworked in a Late Be rriasian to 
Valanginian rcgressio n. Indications o f eme rge nce and yadose diagenesis are prese nt. 
New rapid subsidence started in the Lated Valanginian , and the cntire Mazagan 
plateau was drowncd to the rcce nt depth o f 2000 m in seye rai pulses du ring the 
Cretaceous and the Ce nozoic (yon Rad el al .. this yol. ). 

Ocearlol. Ac/a, 1984. Submersible Cya na Sludies of the Mazagan Escarpme nt 
(Mo rocca n continental margin) , C YAMA Z cruise 1982 , 111-126. 

Microfaciès de la plate-forme carbonatée du Jurassique Supérieur au 
Crétacé Inférieur , escarpement de Mazagan (Maroc) 

La plate- fo rme carbonatée du Jurassique ct du Crétacé infé rieur du plateau sous
mari n de Mazagan est composée de trois principales unités de faciès: le faciès A 
comprend les litho logies marines né rit iques el peu profo ndes de la pente ca rbonatée 
de l'Oxfordien au Kimmé ridgie n, ainsi que le début de la plate-forme ca rbonatée du 
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Tit honique. Les calcai res stromatolitiques encroûtés (MF1) ai nsi que les sédiments 
lagunai res et oolith iques (MF2 et 3) SO nt prédominants. Leur com position indique la 
croissance d'éponges et de co raux sur la pe nte jurassique de l'escarpe ment inférieur 
de Mazagan. Le fac iès B contient des sédiments hémipé lagiques qui sont le résultat 
de processus de dégradation de la plate-forme combinés avec des dépôts pélagiques. 
Les composants pélagiques sont des restes de Saccocoma ct de calpionelles. Les 
types de faciès observés SOn! des calcaires micritiques hé mi pélagiques à calpionelles 
(MF4) et des calcaires oolithiques bioclastiques à lithoclasts à ca lpionelles (MF5). Le 
faciès C est composé de sédiments imertidaux à subtidaux superficiels, déposés au 
sommet de la plate-forme. Les séd iments calcaires sont des calcaires mieritiques 
ool ithiques ct intraciastiqucs (MF6) ct des calcaires « fe nest rai " (MF7). 
Le faciès dolomitique est représenté par des dolomieri tes (MF6.3). Les dépôts à 
apports terrigènes accrus son t situés sur la pente nord du Canyon de El Jadida. Ce 
SOn! des paekstones calcaires à quartz (MFS). Des types de faciès co mposites ainsi 
q ue transitionnels rappellent de cou rts changeme nts de lithologie da ns certa ines 
zones. L'histoire des dépôts de la plate-forme carbonatée est fo rteme nt infl uencée 
par des effondrements ct des variat ions du niveau de la mer. Pendant la fo rmation de 
l'esea rpement de Mazagan, des blocs marginaux affaissés o nt contribué à la 
fo rmation d'une pente abrupte composée de nombreuses marches, d'extension 
ve rticale ct ho rizontale variable. Si l'on va de la plate-forme exté rieure à la plate
forme intérieure , la séquence latéra le de types de faciès s'éte nd des bioclastes de la 
péri plate-fo rme (faciès B) jusq u'aux lithologies de stabilisation de la plate- forme 
(faciès A) ct sédiments de plate-forme en eau peu profonde (faciès C). Les variations 
du niveau de la me r ct "accroisseme nt des taux de subsidence ont entraîné de ux 
événements transgressi fs: une transgression mineu re entre le T ithonique supérieur 
ct le Berriasien inférieur. Pendant cette phase, le faciès à cal pio ne lles a fusionné avec 
la plate- fo rme du côté de la terre. Ces séd iments ont été remaniés lo rs d' une 
régressio n du Berriasien supérie ur au Valangi nie n. Nous pouvons consta ter la 
prése nce d' indicateu rs d'u ne diagé nèse d'é mersion ct «vadose ~~. Le Vala nginien 
supérieur a été marqué par une no uve lle subsidence rapide ct tout le plateau de 
Mazagan a été im me rgé jusqu'à ta profondeur actue lle de 2000 m. Ce phéno mène 
s'est déroulé en pl usieurs étapes du rant le Crétacé ct le Cénozoïque (von Rad el al., 
cc vol.). 

Oceallol. ACla, 1984. Études par le submersible Cyana de l'escarpement de Mazagan 
(marge continentale ma rocaine), campagne CYAMAZ 1982, 111-126. 

INTRODUCT ION AND GEOLOGICAL SEHING (Ager, 1974; Miehard, 1976; Adams et al. , 1980 ; 
Jansa , Wiedmann , 1982). The geology of the central 
Mazagan Plateau is nea rly unknown. Th is large lateral 
gap was planned to bc ciosed by dives on top of the 
plateau. 

The Mazagan Plateau is located at the passive Moroe
can con tinental margin 200 km west of Casablanca 
and 100 km west of El Jadîda (Mazagan). The plateau 
represents an Upper Jurassie to Lower Cretaceous 
shallow ma rin carbonate platform which was drowned 
during the Cretaceous and the Tert îary by rapid 
subsidence. The reeent depth of the Mazagan Plateau 
is 1 000-2 000 m. hs margins arc eha raeterizcd by 
almost vertical exposures of massive Jurassie limesto
nes, whieh wcre first observed and sampled by 
VEMA and METEOR (Renz el al., 1975 , Wissmann , 
von Rad , 1979). Prior to the CYAMAZ project this 
areas was înlenscly studied by geophysical investiga
tions (Hinz el al. , 1982 ; Scazagan , Auzende el al. , 
1983) and drilling (DSDP Legs 41150 , site 370/46 s, 
Sch lager, 1981 ; Lancelot , Winterer, 1980 ; DSDP 
Leg 79 , sites 544-547 , Hinz, Winterer, in press; Ber
noulli , 1984 ; Steiger, Jansa , 1984 ; Jansa el al. , 1984). 
The purposes for the deep diving campaign we re : 
1) to complete the results of the deep sea drilling by 
direct observation ; 

2) to help eomparing the intensely investigated mar
gin of the Mazagan Plateau with onsho re Morocco 
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The diving profiles we re located wit h the help of 
multichanncl echosounder map which was made by 
the French research vessel Jean Charcot (SEAZA
GAN, Auzende el al. , 1983) and unde r watcr acoust ic 
transponder navigation. The Mazagan Plateau can be 
split into 3 research areas : A northern pan , which has 
been învestigated by drilling and dredging. Here , the 
platea u is divided into an outer, hem ipelagic and an 
inner shallow-marine p[atform. The ou ter platform is 
a seamount-like structure sincc the Upper Jurassic. 
This area is characteriscd by condensed calcareous 
rcd limestones of LaIe Jurassic age (Steiger , Jansa , 
1984). The transition to the inner platform is covcrcd 
by Cretaceous and Cenozoic pe lagie sedimenls. The 
slope is less steep than further south (Fig. 1). 
Diving was proposcd for the southern part of the 
Mazagan Plateau , where the El Jadida Canyon rea
ches the abyssal depths of the Atlantic Ocean , and for 
the western part , where the slope was expected to be 
steep enough to find exposures of hard IÎmestones. 



~-, "'" 

Figure 1 
13arlr)'merric mOfl (after St'azapO/t seobfom mop. AuzenJI' .'1 al .• 
1983) . llQ wi"15 rht: locuûfm oS of tI,,, CYAM AZ di. ,cs ami tI,,, DSDP 
l..eg 79 Jrillin15 si/es 011 l/te Mazagan Plall!all, 

The geologieal seu ing of the Mazagan Plateau is 
eharactcrizcd by the sedimcntologica l devc lopmcnt o f 
a starvcd passive con tinc ntal margin ( Lance lot , Winle
rer, 1980; Scibold , 1982 ; Hinz, Winte re r, 1984). The 
Jurassic and Lowc r Cretaceous sed iments contain 
Tethyan c le me nts (Bernoull i, 1972 ; Be rno ulli, Kae
li n, 1984). The Mazaga n Plateau is the seaward 
margin of the stable cont inental block of the Mo roccan 
Meseta. This margin is divided inlo rho mblike 
segments which arc limited by varisca n (aults 
(Micha rd , 1976 ; I-linz, el al. , 1982 ; Stcts, Wursle r, 
1982). 
Eaeh bloek has individua l subsidence a nd indiviual 
facies evolution . Facies d iffcrences resulting fro m 
biogenie activity fi rst occur in the Oxford ian (Stciger , 
Jansa, 1984). The basinal facies o f the northern part 
of the Mazagan Plateau reflecis nucluating borde rs of 
the carbonate ramp in this time. This is documented 
by prox imal slopc brcccias, which con tain remains of 
siliceous sponges , by ha rd-gro und cycles and by 
pclmierilie erusts. 

The aims of the microfacics studies of the li mestones 
reeove red by CYANA we re : 
- 10 specify the age of the formation of the Mazagan 
Escarpment. 
- to fi nd out the degree of facies different iat ion at 
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the tra nsitio n between the in ne r and the o uter J urassic 
to Lowe r Cretaceous ca rbona te platform , 
- 10 investigate the reasons of thcse facies differe n
tiations eilhcr by tectonies o r biogenic act ivity. 
- 10 fo llow the vertical lithologic seque nce al the 
Escarpme nt in orde r to reconstruct the sea levcl 
history d uring the laie Jurassic and the Earliest 
Cretaceous. 
- to fix the time of final drowning of the Mazagan 
shallow-ma ri nc platform (co mp. von Rad ct al. , this 
vol). 

THE FACIES UN ITS AT T HE MAZAGA N 
ESCARP MENT AND THEIR MI CROFACIES 
TYPES 

ln the Table an overview of the UplX!r Ju rassic and 
Lowcrmost Crctaceous facies unils and thc ir microfa
des types is givc n. Thcir numbers a rc rclated to the 
facies numbcrs uscd by von Rad (t his vo l). 

DESCRIPTION OF TH E MICROFAC IES TY PES 
AND INTERPRETATION OF T HEIR DEPOSI
T IONAL ENVIRONM ENTS 

The description of the Upper Jurassic to Lowcr 
Cretaceous limeslones rccove red at the Mazaga n 
Plateau is based o n the classificat ions o f Dunham 
(1962) , Embry and Klo.an (1972) and Folk (1959). 
The chans of Bar.:cllc amI Boscll illi (1965) wc rc uscd 
for quantitative particle analysis. FJügcl's tcxtbook 
(1978; 1982) was used for the description and inte r
pretation of the paleoenviron rnent of the p[atform 
limesto nes. 

Facies A : neritic shallow-water facies (platform slope) 

Facies unit A includcs ail carbonate sedime nts which 
we rc sa mpled at the stecp exposurcs o f massive 
limestonc at the Mazagan Escarpmcnt. Il part ly still 
corresponds to the paleoslopc of the margin o f the 
J urassic carbonate platform. 

Microfacies 1 : lIeritic coll/mt/ar stroma/oUrie pe/oidal 
packstollc ( Plate l : Fig. 1-3 ; Plate Z) 

Most of the Jurassie IÎmestonc samples (23) belong 10 
this facies. T hey wcre ta ke n from massive to thick
bcddcd limcstoncs, which form the alpine morphoJogy 
of the exposures at the Maulga n Escarpme nt. In thi n
section the sediment consists o f sma ll a re nitie pa rti
clcs. The most frcqucnt componcllts arc pcloids which 
accu mulalc in thinly laminated crusts. Laminatio n is 
irregular a nd the cru sts arc inle rlaye red by grainsto ncs 
which arc composed of diffcrcnt componc nts. Such 
compone nts arc bioclasts ; sma ll bc nt hic fo ram in ifcra 
( Profopeneroplis str;ata Wcynsche nk, Nallliiocu/illQ 
oolithica Mo hle r, Gal/dryina sp. , Texllliaria sp.) , 
debris of cncrusting a lgae ( Thawrulfoporella parvove
sicillifera Raine ri, Tubiphyres sp.) , ostracods, 
fragme nts of bivalve shc lls a nd echi node rm re ma ins. 
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Table 

T~ rtUlil/ fac~s Ul/ilS, I~ micropc~s IYiNS, and comp<Jsi~ and traf/Sitil)fIill Mdi~nlS ruol'l~red af 1Iu- Mazagun Escarp~nl. 

Facics-IYpe Lilhology von Rad el al. Samples CZ Plates, 
(Ihis vol.) Figures 

Facies A Stromatolit ie pcloidal facies 
Microfacies 1 Colurnnar strornatolil ic peloidal pack. MF3 85·5 ; 87-4 , 6. 8; 88-4, 5 ; 89· 1, PI. 1 : Fig. 1 ; 

stone 4 ; 91-1. 3. 6, 7 ; 94-1 , 2, 4 ; 95- PI. 2; 
3, 7; 96-4. 7 ; 98-5, 6, 7 ; 

Microfacies 2 Neritic intradaSlic, bioclastie, and oolitic 
facies 

Subtype 2. 1 Nerit ic bioclastic grainslone MF 4, MF 4. 1 85- ] ; 88-1. 6, 9 ; 89-3; Pl. 3 : Fig. 2; 
MF4.3 91-2; 94-9 ; 101·1 ; 

Subtype 2.2 Neritic oolitic .srainstone MF 5.2 94-6 ; PJ.3:Fig.3; 
Microfacies 3 Neritic algal bmdSlone facic s 

Sublype 3.1 Neritic algal bindSlonc wilh coral dcbris MF ' 87-1 ; PI. 3: Fig. 1 ; 
Sublype 3.2 Neritic algal bindstone wilh oolites MF5 .1 85-6 ; 96-9 ; Pl. 3 : Fig. 4 ; 

Facies B Hernipelagic facics with calpionellids 
Microfacies 4 Hemipclagic packstone with calpionellids MFl ; 85-4 ; 87-2, 3 ; 89-2 ; PI. 4 : Fig. 1 ; 
Microfacies 5 Bioclastic, oolit îc grainstone with calpio- MF2; 98-4 ; PI. 4 : Fig. 2; 

nellîd-bcaring lilhoclasts 

Facies C Neritîc micrilie and quanz-bcaring facies 
Microfacies 6 Nerilic mudstone, wackcstonc and pack-

slone 
Subtype 6.1 Oolitic bioclaslÎC packstone MF 5.3 98-9 ; Pl. 5 , Fig. " , Subtype 6.2 Inlraclastic waekcstonc MF7.1 86-7; Pl. 5 , Fig. l ' , 
Subtypc 6.3 Dolomicritc MF 7.2 92-1 ; 

Miero facies 7 Micritîc fenestrai facies 
Subtype 7.1 Fenestrai Jfloidal wackestone MF6.2 101-3 ; Pl. 6 : Fig. 1 ; 
Subtypc 7.2 laminale fenestrai peloidal packstone MF 6.4, 86-6; 101-8 ; Pl. 6 : Fig. 2; 

MF4.5 
Microfacies 8 Micritie :huanz-bcaring intraclastic pack- MF 8.1 101-9 ; PI. 5 : Fig. 2 ; 

stone wit Clypeina jurassica debns 

Transitional and composite types of facies 
Composite type : microfaeics 1 and micro facies subtypc 2.1 
Composite type : micro facies 1 and microfacies subtypc 3. 1 

86-5 ; 94-3 ; 95-6 ; 96-1. 6 ; 
87·1 ; 
98-1 ; Com~ite type : microfacics 1 and microfacics subtyra; 7. 1 

Transitionaltypc : microfacies subtypc 2.1 and micro acies subtype 3. 1 101 -2 ; 
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Plul/: / 
Fach's A : "'Icroludes Iypa lrom IIIt' margin o/,ht' UpfWr Juruss;c 
Mazagall carbO/lU1e plutform. 

Figure 1 
Microfaries 1.- cQhmlllar Slromalolilic pelo;dal p<I(kSIOIlt'. Oomtlf 
i"t'gularly la)"t'rt'J peloidal Cf/ms, arr QI'erlaill b)' biocÛlllic gralll
SIOI/t (grading 11110 'ype 2.1). Sampll! CZ 91-1. 11 x. 

Figure 2 
M icrolades /.- Bioclas/ic grailiSlone ol'erlain by pdm/cri/I!. 1hl! 
pelmicrite is Ille lo .... er portiO/1 of Ille domal smICllUl! sllOl\"11 1/1 

figure 1. Cal'ilies arl! l'isible be/Wctll 111t, micrÎlic limt'SIOIU! alld Ihl! 
bioc/os/ic grairnlone. This sugges/$ dilfereillia/ lilhificalio/I. i.e. I!arly 
lilliificatioll 01 Ihe pt'lmÎCrilic (fJ4S/$ and larer cemelllalioll ollh.· 
grulll$fo/lt'$ or 101er iliJiIl Olllll! Krains/O/lt's illlo a cal'ily sy~lem below 
Ihl! pdoidal crUJ/S. Sampll! CZ 91-1. Il x. 

Figure 3 
Microla(les 1: ooids wilh "regmar mil/mes. Thl!M componenu 
OCCl" ... illiin pe/oidal Cfl4s/Ose S{fJ/cwres. Sample CZ 91·6. 25 x. 



Other particles arc non-ske leta l, such as smalt in tra
claSlS and ooids. The ooids arc mai nly supcrficia l 
ooids. Sorne arc tangentia l ooids which , in contrast to 
normal ooids , have no sharp bounda ries betwee n the 
individual crystal laye rs und ha ve irregular contour. 
The stromatolitic pelo idal facies also conta ins la rge 
biomorpha : ca lcitized hexactine llid a nd lithistid si li
ceous sponges (Lang, Steige r, this voL). 

The rock matrix is calc ite spar. Ce me ntat ion commen
ces by a rim of ... dog-tooth ,. crystals upon the partiele 
boundaries. This tirst dm is abou t 10 micron th ick. 
The remaining porcs arc ocel uded by blocky calc ite 
spar. Micritc is minor distribulcd and rcstriclcd to the 
dense ly packed peJoida l areas. Occasionally the lami
natcd , micritic, peloidal crusts appea r upon bioclastic 
sediment wilh sharp contacts. In adva nccd develop
me nta l stages the domes and columns have irregular 
growth forms, which expand lalerally. In sorne cases 
the micrit ic surfaces of the crusts a rc extremcJy 
convex and thei r boundaries to the detrital sediment 
arc almost ve rtica l. Bioclastic sedime nt elearly laps on 
pelmicritic crusts. This suggests that the pe loidal 
cruSIS we re hard . The e nerustcd parts of the eolumna r 
stroma to litic peloidal packstonc arc often bored , and 
the gra instone a reas arc bioturbated . 
Duc to the devcJopme nt of peloida l crusts the microfa
des types in MF1 vary from peloida l packstone in the 
cruSIOse parts (also bacterial bindstone, whe n bacte-
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l'lllle 1 

FadeJ A : Microfades I>'}H:$ from lire margln of lire Upper Jrlfussic 
{I1azul;u,r ('arbOl/ale plalfrmn. 

Figure 1 

l'Qfb,lred stab of sample CZ89-I. Micru/ades 1 and Jubl)'pt 1.1. 
Col/UII/rar Slrrmraw!ilrc ptloidal pue/monts ... illr biodalîlle groùrSlo
IItl. Tht wyued pelmlerili(' arms (durk gra)') art e/tarf)' dlsri'II;'';s
htd frQm a • pipt ~ filled "'illl ('(){jrMr biockmle ma/uial. Belo ... l1rt 
wmitra/td pt/oidal IrmtSIOnt a(('as and III rire IQP of rht groinsIQ,/(' 
plpt (('sidllal porosil)' ourlrs. 1.1 x (plrow b)' U. 1'0" Rad). 

Figure 2 
Thh/-sec/Imr of samplt CZ89·1. Tltt JHloidol ('rIlSIS art Ilri"ly 
lamlllall:d (1). hr lire uppu riglrl Ilrq ai/enraie ",II" ('oorse bloduslÎt 
$edlnrell/. Sltarp ('OlI/a('l$ alld ("avilil's (1) btlo ... /"t pelmicrilic III)'erS 
suggesl Sl'CQndar)' Irrfill ofllrl' b;oc/aslle mmtrial inro 0 leodred cal'ily 
syslem Qr simpfl> gralll ('Qmpatlion uf Imclmrtllled grains bel/ea/Ir IIU' 
early Iilltlfied ptlQ;dal ('fi/SIS. IIr lire middle /tft Il shtll 0/ UII O,.Sltr i.J 
embtdded illlo biocwllic stdimelll (3). Belo"" elongOie bil'a/l·e slttlls 
shtllered ('adlles are d('l·tfoped (4). Il. lire 10'lO"er righl (5) a CO/cilt
filled ml)ld Qf a htxa('linellid siliuotu spo"gt is t'ICfIIswd by mier;ft 
aud Mssilt toramilri/!ro. 3.5 x (plrofomicrog,aph by U. l'on Rad). 

rial Iilhification of the sed iment is supposed) to 
bioclastic and peloida l gra instone. Many of the sam
pics of facies 1 arc co mposite o r show transilions 
betwee n both sedimenls. 
A similar depositiona l fabric has been rccognized in 
the Central European Uppe r Jurassie sponge recf 
e nvironme nts. Herc, the pcloidal packstones occu r in 
Kimmeridgian deposits just below coral-bea ring recf 
limeslones (Meyer, 1977). Thesc sedime nts eo ntrast 
wi th the micrit ic sponge-e rust-boundstone facies 
(Flügel, Stcige r, 1982) which is also characte ri1.ed by 
peloidal erusts (aphanostromata crusts; Nit1.Opoulos, 
1974). Such crusts seem 10 be bound to the existence 
of decayi ng silieeous spo nges: the sponge is entircly 
surrounded by micritic crusts and then cappcd by 
lurge domes of pe lo ida l crusts whieh grow geopeta lly 
(Wage nplast , 1972). At the Mazaga n Esca rpme nt , 
howeve r, the siliceous sponges occurri ng in the colum
nar stromato lit ic pe loidal packstones show on ly minor 
ove rgrowth by peloidal crusts. The sedime nt ilsclf is 
encrusted and the formation of the crusts seems not to 
bc bound to any particular o rga nism. 

Microfacies 2." neritie imraclostic, bioe/ostie and ootiric 
ftlcies 

T he nc ritic int raclastic. bioclastic and oolitic facies is 
closc ly associated with the eolumnar peloidal pack
stone facies (cf. .. composite and transilional types "), 
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/'Iall.' J 
l'ari"J A: MicrofuCk$ Iy~$ {rom IlIt 1116rgm of/ht Upptr Junusic 
Mu:aglllr carbonal/' pla/for"" 

l'igurc 1 
Mlcrofllc.ts J,I: Neritic alSll1 bindslO"/' willl coral debris, Rudllk 
c(}flll frogmtnls, bi.'ol.'e slleJls. CIXII"d grains, debris ofSalpingupo
relia pygma':l1 GIIIII~I (1) are el~nlSltd b)' ptfoidal mkri/t. 
Ff!MSlral fub,k (2) «c .. rs in III" ptlmdal udÎl/'lt'Irl. CZ 87·/, 6.9 x. 

figure 3 
Mkrofoclt'I 2.2: Nerilic ooillk sromSIOll". Suptrfirial QQids Ufrd 
Jllloll CQlrCt'fllricall)' laytred ool/Is cQmpou mml Qf Ihe Illin·secllOn. 
Olhtr compOtlenlS (ue lin)' moJll'lk s/rflls alld bell/llic lexwloflid 
{om m/lllfi'm, SublUlgu(or ill/rac/asls tire /'mm:dded in IlIt COtlfSt 
frl/e/im. iu Il,t tell/tr of Ilrl' plrolO. '1'ltis fllriu ill/trfillgas willr tire 
CfllSIQSI' pdoidlll f/lrif!s (Mf' 1). CZ 9./·6. 1l x. 

but a\so intcrfingers with near recf bioc\astic deposits. 
Two micro facies subtypes are distinguished : 
Micro(acies subtypc 2.1 : Nerilic bioclastic grainstonc 
( Plate 3: Fig. 2). This faeies is eharactcrized by 
ske leta\ grainslones and rudstones which are moslly 
composcd of coated bioclastic gra ins. The bioclasts 
are re mains of: calcareous algae (Telltloporella sp . • 
Salpillgoporella pygmaea (Gumbcl), Salpillgoporella 
amw/ala Carozzi, C/ypeilla jurassiea Favre and 
Richard , Lithocodillm morikawai Endo , 8aéillella 
irreglliaris Radoicic, Tllaumatoporella parvovesiCllIi
fera Ra ineri, Cayeuxia sp. a nd others (cf Jaffrezo , 
this vol ume», bcnthic fo raminifcra (Namiloc/llina 
oolithiell Mohle r, Conicospirillilla basiliensis Mohler, 
Pse/ldoeyclammnùw sp., Troclwlina a/pitla (Leupold) , 
Troeholilla e/ollgUla (Leupold), ProlOpelleroplis striala 
Weynschenk , spccies of Ammobae/llites, COSCÎflO
phragma, Texllliaria , ataxaphragm iids, Opl/tila{mi
di/lm, Q/lillq/le/oeulilla, Lentieulilla), gastropods, 
cora ls, bryozaans , scrpul ids, echi node rms and Tubi
pllytes sp. Non-skc lctal partieles a rc intrac1asts, 
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figure Z 
Mic:rofocks 2./: Ntrrlic biocù.s/ic grainS/Ollt oomposf!d of COQltd 
I:,ui/I$. 'l'III' paf/ie/es or/' rt mains of dos>'CltlduCt'/I/r alsat (Salpingo
poleUa p)'!;maca (GlÏmbel) (1), Sa lpingoporella annulata CarollÎ 
(2)), {oromilliftra [Trocholina alpina (Uupold) (J)J, Nautiloculina 
ooli thica MQ!rf/" (4)). tdrilloderm ,('ml/ins (5), coral f,agmf!lIls (6) 
und /II/' OCÙUIS, nriS composi/imr indicales a ge"eral "bock'fU!" 
dtJIQsiIlOtrOll'lII' jrollnrl'lIl. Cl9t-2. 7 x. 

Figure 4 

MlI:'rofoclts 3.2: NerlllC algol bi//ds/olle willr OO/Îles. ThIS udmN'm . 
.. h/Ch IS chorOC/i'ri:ed bl' hlflfl' oO/ds. is mt#'n!ittyeMnIS/i'd b)' 
calarTrolls a/gal' Lilhocodrum IIggrcgluum 1;./1/011 (l)). Olher compo
mmlS Ufl' tchinodtTllr re1ll6111S. lorI/mill/fera (AmmobacuJilC5 sp. 
(2». ulld f!Mn/Sftd f,agl/WIIl$ ofThHumatoporelia parvo\'esiculircr.l 
Hailreri (J). Tht port spartS art II/rd Ih J>tloidal malt rUlt. l't ilts/roI 
powsily is I"egularl)' dtl'elolle (4). f)tJIQSiliollal e/ll'iromllt'III uf 
III#' !itdilllclII is QQ[i/e bors ill sll/lflow mblidaf 10 imerm/1I1 :0111'$ 
(lbol'#' lire Jlmma/o!;/ic peloulal filcit'~·. CZ 85·6. 9 x. 
Ali scote bars /lfl' 2 mm long. 

pcloids and rare ooids. The components arc cemenlcd 
by sparry ca lcite . Quantities are about 35 % bioclasts, 
15 % intrac1asts, 5 % pcloids and 40 % cement. Grain 
sizes range from arenile (60 %) ta rudite (40 %). 
Former porosÎty is about 40 % and is divided inta 
interpartic1e porasity (35 %) and into maldic porosily 
(5 %). 

Microfacics subtypc 2.2: Neri tic oolitic grainslonc 
(Plate 3: Fig. 3). Conccntrically layercd ooids , 
peloids, micritizcd intrac1asts, grapestancs and skc1e
tal debris (fragments of dasycladacca n algae , bivalve 
shclls, and foraminife ra (Nalltiloelllilla, textulariids» 
arc the eonstitucnts af this facies type. Pa rtiele 
quantities are 90 % ooids. 5 % inlraclasts (up to rudite 
grain sizc) and 5 % skcletal grains. Matrix of the rock 
is sparry ca lcite. 

Oecasionally , the inlerparticle porcs arc filled with 
black ferromangancsc oxides. Togelher wi th blocky 
calcite they take pan in the occl usion of the porcs 
after the first cement rims wcre rormed. 



Microfades 3 : lIerir;c algal bindslOlle fades 

This mîcrofacîes is characlerîzed by traces o f sedi ment 
bind ing cya nobacteria and encru sting algae. Two 
microfacîes sublypeS can bc reeognized: 

Microfacies sublype 3. 1 : Ne rit ic algal bi ndstone with 
coral debris (Plate 3: Fig. 1). This sediment is corn po
sed of skclctal debris which is dcrived from cora l
bcarÎng cnvironments: rcmains of cora ls, ca lcareous 
sponges, Cladocoropsis mirabilis Felix , Lithophyllllm 
sp .. Nipponophyclis sp., gastropods , scrpu lids , sessile 
foraminifcra (Placopsililla, Thurammina , Tolypam
milla , Nllbeclllillella). Non-skeJctal partieles a rc intra
c1aSls. The malrix of the rock is pe lmicrite. Birds-eyes 
structures indicate Ihat cya nobacle ria have probably 
bound rapidly Ihe sed iment. Although composed o f 
det rital material , Ihis limestone must be regardcd as a 
bindstone bccausc of the carly lithificat io n of scd i
ment-binding cyanobacteria. Thc occurrence of framc
builders of considerable sizc indieale deposition very 
close to a recf environ ment. Truc cora l boundstones, 
howeve r, we re neve r recovered. This eould bc duc to 
the fact , thal sampl ing was rather se lective , limited by 
the hardness of the massive limestone whie h possibly 
eould a lso yield rcef fac ies. 

Mierofacies subtype 3.2 : Neri tic a lga l bindsto ne with 
ooids (Plate 3: Fig. 4). This type contai ns ooids and 
minor skeletal debris. The particlcs arc bound by 
cnerust ing algae: 8acillella irreglliaris Radoicie and 
Lithocodùun aggregatflm Elliot!. Other eomponents 
arc Cladocoropsis mirabilis Fe lix , dasycladaeean algae 
ISalpingoporella I)ygmaea (G Ümbcl)] . liwolid forami-
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nifera , NOlllilocllli"a oolithicil Mohler, re mains of 
echinode rms and eorals. The cement of the rock is 
sparry calc ite bou nd to Oati"el/a irregularis. Particle 
q uanti ties arc 25 % ooids, 20 % skcleta l materia l, JO % 
pe loids. 40 % Badllella irreglllaris and Lilhocodium 
aggregawm. 5 % of the section is open porosity. 
Unusually large ooids characterizc this type of lime
Slone. Wc interpretc them 10 be allochthonous, 
transported into lagoonal basins between oolite bars 
and platform patch- reefs. Coral debris and 8acillellt, 
irregl/laris ind ieate nea r recf position (Fen ninger and 
Holzer , 1972). In faet encrusling nlgae 5ueh as Bab
lIeila irregl/laris, Lithocodiwn, and Thml11uJtoporelfa 
parvovesicllfifera (camp. mierofacies 2.1) frcquently 
consolidate the sediment for funher coral growth 
(Flügel, 1964 ; Steiger , Wurm, 1980). 

Facies B: hemi pelagic facies with ca lpionellids 

Hemipelagic sediments occur in dceper, but nOi in the 
deepest, scawa rd areas of the central Mazagan Escarp
ment. Two microfacics Iypes reflect normal deposition 
of fine-grained bioclastîe sediments mixed wi th pelagie 
biota, as weil as eoarse clast ie fore slope sed imentation 
duc to reworking during the Oerriasian rcgression. 

Microfades 4 : Hemipelagic packstolle with calpiollel
lids (Plate 4 : Fig. 1) 

The main facies type of hemipelagic limcstone in fro nt 
of the Mazagan plateau is a microbioclastic paekstonc 
which is composed o f ca lpionell ids (most!y Calpionel/a 
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l''/IÔt'S B : I-li!m ipldagic lim/'SIOn('s ",illl mlfJÏullt'lIit1s from 1111' 

~Ulwml t'J~'I' 0/1/l(: UPfll'T JUflJslic 10 tOli'l" Crelllcrol4l' MII:Ugllll 
curbomlle p/lIIfurm. 

Figure 1 
MtCro/llc4f.'J 4 : IIroc/mllc. ~/"'lCmic ptlCkslU/4f.' 10 ... ackl.'S/o,,, 'O'/l/r 
c(ltpimwIlIJs. Illoc/u$ts UTI.' echj"oderm ' I.'muj"s. /wJQSUTjjd forami. 
" i/t'm. bil'ull't' J/rl,'//.., /IIIct oSlrtlcods. ftr Il,1.' mkrilic mlllrll fIIlCfI(t' 
Ill1raclll$l$ (K'CI/,. 111/' culpjo"l'lIiets urt I/Imlly Calpioncll3 nlpin:. 
tore,," (u"Q"'s). CZ 83·4. 17 .(. 

Figure 2 
M icro/llclf.'s 3: /Ji(K'IUSIIC . OO/ilil: srlllllllQ,,1.' ... iI" calpiOlrl'lliet·wu· 
f"'g mUITl(. Tht (}{Iids aft' micrili:l.'d u"et frl.'qut'fllly /"m~d IO~l/r('f 
(1 J. M/mir a//lit rock is sparu~ IIm1 mlllOf micml.'. TIw IIIICfllf.' lrus U 
p(ilclly tlis'flb",iOl/ u"d cOlI/lli" s ca/pu)/JI.'II/ds (1) . CZ /}8·4. 19 $. 

Figu re 3 
Micro/IlCÎ('s 3: /J/lle/llslic. QOlilic gmi"stum' "'Îlh c(ll/ûollellitl.l!l.'u , 
ri"g Iil/rocl/ll IS. Mosi Ullllt' punie/es (1ft' <Oll le,1 I:ruÎ/I$. TIre;, ,,,,c/ei 
llIIl'e illdi5fillCI f'UTIICIe bOl/lld/mes. 'l'h,. i fllrae/USI ÎJ U bi(K/IIJIIC. 
IJelll"cmic pocksume M'illr ClllpiQlIl.'lIü1s (UTro"·SJ. The irTtll." IIIT 
comfJ/" o/,h,. ",I,ac/asl illdil:ulf.'$ û lur' dlJ/allce of Im'll/lOrI. CZ /}8. 
4. Z8x. 
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alpina Lorenz, see Jaffrezo et af., this vol. ; comp. also 
Azéma, Jaffrezo, 1984), hcxactinc llid and lilh islid 
siliceous sIXl nges which are preserved in place o r 
semi- in place (La ng, Sleiger, Ih is voL), and of ske letal 
debris derived from the platform slope (solitary 
corals, bryozoans, shells of brachiopods. and echina
derm remains). Other pe lagie biola arc rare debris of 
Saccocoma, ammonites, debris of aptychi and thin 
shells of pelagie bivalves. Sma ll bcnthic foram inifera 
alsa occur (Trochofilla, Textularia, umiclllina). Sin
gle ostracod va lves are frequent. Non-skeletal pa rt i
c1es a rc peloids and small intraclasts. The sediment 
also contains angular quartz gmins (averaging 50 
microns in d iameter) of varying quantities (up 10 1 %). 
The quanlilies of the other particles are: 50 % biota 
(10 % echinoderm re ma ins, 2 % ealpionellids), 15 % 
peloids, 10 % int raclasts and 25 % micritic matrix. 
The describcd fac ies is restrietcd to a very na rrow belt 
subpara llcl to the Mazagan Esca rpme nl. It is locatcd 
bctwcen the above stromatolit ic pe loidal facies (facies 
A) and the bc low pc riplatform talus which is expected 
from about 3000 m to 4000 m. The outcrops of 
hemipe lagic eal pio nc llid limestone are probably Iimi
ted to ind ividua l teclonie blocks which have subsided 
rapid ly in the external arcas o f the Upper Jurassic 10 
lowermost Crelaceous paleoslope. 

Microfacies 5.- bioclastic, oolitic grail/stone with cal
pionellid-bearillg lithoclaslS (P/ate 4: fig. 2 and 3) 

ln dive 98 one sa mple of li mestonc was recovercd 
wh ieh contains rcworked ca lpione llids. The sed iment 
is a lithoc lastie to oolitie grai nstone. Bioclasts a re 
cchinoderm remai ns, calcite-cemented mo lds of sU i
ceous sponges (hexact ine llid and lilhislid types), gas
tropods, bivalve!>, am munitcs, bryozoans, fragments 
o f Tubiphytes sp., and fo ram inifera (Ammobaclllill!S 
and Lel/ticulina). Non-skeletal particles are ooids, 
cyanobaclerial oncoids, and intraclasts. The intrac1asts 
arc composed of eya nooneoid wackestone and pe loi
da l packslone. Ma ny of the lit hoclasts co ntai n calpio
nell ids. In the intra-ske letal porcs of the silieeous 
sponges calpionellids also occur. Matrix of the rock 
eonsists of 60 % sparry calcite and 40 % micrite. The 
micrite shows patchy distribution and contains ca lpio
nell ids. 
Obviously the rock is the rcsult of rework ing of ou ter 
platform li meslo nes. Their origina l deposilional env i· 
ronment is the sponge-eyanooneoid facies which is 
known from DSDP Site 544 and Miocene gravit y 
flows (moslly composed of Jurassic mate rial) from 
DSDP Site 545 (Steiger, Jansa, 1984). Cements indi· 
eatc sedimentation of the bioclastic and oolitic grain
stone wilh ea lpione llid-bearing lithoclasts in a shallow 
mari ne cnvironment. This is al50 indicatcd by the 
presence of shallow-water ooids. Wc assume thal 
reworking and rcdcposition happcncd during the 
Bcrriasian to Valanginian rcgressive period. 

Facies C: neritic micritic and quartz-bearing facies 

On the top of the Mazagan Plateau muddy calcareous 
and dolomitic sediments and alga l bi ndstones were 
deposited in shal10w marine environments. Here , 
such environments occurred during Kimmcridgian as 
wcll as du ring Bcrriasian to Valanginian regressive 
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phases (cf. microfacies 5). Calca reous and dolomitic 
sed iments were fo und in the ce nter of the plateau 
(ce ntral a nd western a rea). T he southern part neur 
the El Jad ida canyon is made up of q uartz-bearing 
sedimen ts, mixcd wilh lagoonal ealca reous compo
nems. Two microfaCÎes types were dist inguished : 

Micro/ades 6: neritic mlldstolles, wackeslolles and 
paCkslO1leS 

Ne ri t ic mudsto ncs, wackestones and packstones of 
facies C arc mainly composcd of shallow- marine 
skeletal and non-skcleta l dcbris normally embcdded 
into micritic matrix. Thesc lithologies are derived 
from int ra- 10 shallow subt idal mud flats and low 
e nergy lagoons. They developed both during thc 
ca rbonate ramp stage a nd d uring the carbonate plat
fo rm stage o f the Mazaga n plalform evolulion (Ja nsa 
et al., 1984). Th ree mierofacics subtypcs ean be 
recognized. 

Microfacies subtype 6. 1 : oolithic bioclastic packstone 
( PlateS: fig. 3) 
Major components of the calcaren ite arc concentric 
ooids. Ot her pa rticles a re int raclasts, peloids, fo rami
nifera ( Texwlaria , miliolids, ProlOpelieroplis su iata 
Wey nschenk, Trocholina a/')Ùla Lcu pold), debris o f 
dasycladacea n a lgae (Salpingopo rella an f/Il/ala 
Ca roui , Campbelliella striata (Ca roui», echinoderm 
re mai ns, fragments of bivalve and gastropod shells. 
Amongst thc panicles 80 % arc ooids, 15 % ske letal 
debris and 5 % intradasts (up to rudile grai n sizc). The 
rock is ceme nted by sparry ca lci te. Two generat ions of 
ceme nt are pre~nt : 
a) a first rim of isopachous fibrous palisade ceme nt 
which partly grades into dog-tooth cement ; 
b) a second ceme ntation phase characterized by 
blocky crystals which occlude the porcs. 
The boundary bctween the fi rsl and the second phase 
of ce mentation is ma rked by a da rk layer of det ri tal 
mate rial. O ne pendant rim of micro-stalactit ic pa lisadc 
cement could bc obscrved. Th is possibly is a phase of 
vadose d iagcncsis (Milliman, 1974 ; Müller , 1971). 
Microfacics subtype 6.2 ; intraclastic wackcstone 
(Plate 5: Fig. 1) 
T his microfacies subtype is charaeterizcd by the 
occurrence of large diagcnelic idiomorphic calcite 
crysla ls and overgrowth of calcite upon particles, 
which in pan cannot be idcmificd. Also numerous 
very small rhomb-like calcite crysta ls arc widely 
distributed in the scdimentary malrix. Sorne partides 
arc intense ly micritizcd a nd coatcd by micrite. As far 
as detcrmi nable, they are int raclasts , rare ooids, 
biva lve she lls , gastropod shells, foraminifera (Texmla
ria, Ammobaculites) , and debris of the dasycladacean 
alga Solpingoporelfa an1lll/ota Caroui. T he particles 
arc embedded in micritic matrix, occasiona lly they are 
lumpcd together 10 (orm .. aggrcgates" with an 
irregular shape . Thesc aggregates arc not cemented 
like grapesloncs and do not show micritic encrusta
lions like algal lumps (cf. FlUgel, 1982). Possibly they 
are due to reworking, i.e. true intraclasts (Folk, 
1959), howevcr they al50 could be burrow fillings . 
This latter interpretation is supported by the fact that 
the micritic matrix shows mottling of dense micrite , 
patches of microsparite and concentrations of parti
des. 
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l'imr 5 
Facws C.- Up~' JUT(lsslc altll wwe, C,etoC/'olis m/cro[t'cies /ypes 
from //11' 10p ol/he Ma~QgIIII ca,bO/Ill/e plu/filml. 

Figure 1 
M/c,ofades 6.1.- III/,ac/aslie wackeslolle compmed 01 symaxially 
ol'e'g.o'"" «hi/wdrrm remoillS (1). IJUSlropodJ (1). cOQ/ed bloclasts 
(1/011' Salpingoporcl1a annulala (1)). Im,uclusu Ulld peloltls. Till' 
St'Ifimtm is lu)"trtd QI,d sllglrlly biow,bllltd. CZ 86·7, 9 x. 

I·ïgure 2 

Microfaâes 8.1.- Micrilic qllClT/z·bea,illg. imruc/aslie poCkSIOllt .... illr 
""b,is 01 Clypcina jura",,;'; ... IVell ,,,,,,,01 .. ,, l""acla$~. ,,,,&,,10' 
qua,t: gruins and bloclaslir mate,inl 01 /a8OOllal o,igill a" lhe n!Op, 
ronst;,uellts ollhis mic,oj:lI:ies Iypt'. IVilllill Ihe imruchulS alld u/ 
fHlnlclt bo,,,,da,ieJ dolomite ,hombs a" uew..toped (1). The Cly· 
peina fragm~1I1S (1) are s,,01l81)' ab,aued. The sample wnvs l'om a/ 
/1.1' lIaf/l.em slapt ollht 1:.1 Jadida CUII}'OII III Ihe SO/II /,em pari of lire 
Muzugm. cafbOIUUt plalform ez 101·9, 50.( (pl.o/Qm/crogrllph by 
U. l'lm Rad). 

The idiomorphic ca lcite crysta ls probably represe nt 
overgrown echinoderm remains. Some of them show 
neomorphically a struClUred cente r which is surrou n
ded by clcar calcite replacing micril ic roc k malrix. 

Microfacies sublype 6.3 : dolomierite 

The IOp of the Mazagan PlalCau (dive 92) is mostly 
composed of pe lagie Upper Late Crelaceous to Paleo
ce ne peloida l fo raminife ral packsloncs (Jaffrezo el al. , 
this voL). !-Ioweve r, the baS<11 lithologies of this 
profile are slightly laminated dolomicri tes of probab ly 
Late J urassie to Earliest Crctaceous age, Such dolomi· 
les are known from onshore Morocco ( Immouzzcr 
Formation, Ja nsa, Wicdman n, 1982 ; I-Iüssne r, 1985; 
Schmitz, pers, comm., Feb. 84). !-Ie re, lhey are 
rcgarded as Jurassic and Lowcr Crctaccous landwa rd 
cvaporit ic deposits. As the dolomicrites from the base 
of dive 92 are clearly disli nguishcd from the above 
Uppe r Cretaceous to Pa leocene bcds, we assume that 
thcy rcprese nt the uppc rmOSI deposits of the Mazaga n 
shallow· marinc platrorm. 
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Figure 3 
Microfodes 6. / .- Oolit/c. bltXluJlk graiIlSIOII~/pork$/OI.t. Majo' 
conslill/ellts a" COIlCtlllrlcully /uJe"d ooids (1) ... hicll a" frtql.tllf/y 
IIIlc, iIi:td (2). O/he, paniclts are IHnlhic Joruminilem ( r llXholina 
sp. (1)). tcilinodt,m ,emuins (4) und dtbris 01 dasyc1uduc('all a/gal' 
(Salpingopore lla annu la1;"! Caro:lÎ (5)). AI Il.e left Ihe comptmems 
liTt' lumptd, bO" 1II1 by micril", AI 1111' riShl /XI ' licles ure umttllell by 
'''' e,·ell ·,lm c .. melll. 'H.e l'l'mI'll/ ,lm COIlJiSIS 01 jib,ollS l'alisadts 01 
raidie (6) ... 1111 wm~ 1I0g·loolh rrysllllJ' 8ro"';lIg ill/o Il.1' illlerlo, 01 
.Ite po'" spau. 'f ht: fibrUl" ri", il co, e,,'" b," rJa, k laye, 01 mkrlrk 
male,llI/. III Ihe ume" ollhe ,emullllllS PO" Jpaces 1"1' umelllS 
aromld parlklts IH/o'" 0' abo,·t Ihe $fflioll "'ere cU/lallgeminlly (7). 
ez 98·9, 55,(, 

Microfades 7: micrilic fe"eslral facies 

The second calcareous lithology of facies C a rc 
fenestrai limestoncs. Pcloidal and intraclasl ic sedi
menls are panicularly assoc iated with birds-eyes struc
tures and stromatactis. 

Mierofacies subtype 7. 1 : feneslra l pelo idal wackes
lone ( Plaie 6: Fig. 1) 
This facies co nsists of disturbed pelmicrite (d ismicritc, 
Folk , 1959) which is charactcrized by irregu larly 
devcl~d cavities and fi ssures. The cavities conta in 
angular to roundcd micrilic inlraclaSIS. The fi ssures 
indicale that the rock may bc completcly composed of 
micrit ic intraclasts. Sorne of the eavilies are geopetally 
fi lled with microcryslalline ca leareous materia l. Such 
internai sediments is intcrprcted as eryslal si Il 
(Dun ham , 1969) , and the fenestrai porosity as a result 
of leaehing in the vadosc zolle (Scho lie , 1978). 

Microfacies subtypc 7.2 

Laminaled fenestrai pcloidal and intraclastie pack· 
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stone (Plate 6: Fig. 2). Intraclasts and peloids are the 
main eonstituenls of this micro facies subtype. Further 
eomponenls are eehinoderm remains , textulariids and 
other agglutinating foraminifera , and gastropods. The 
particles arc ee men tcd by sparry calcite. The dcposi
tional fabrie is eharaeterized by laminations in vertical 
sect ion and by larger porc spaees which are orienled 
subparallcl to the laminatcd structure. Wc interprete 
the large pores as birds-cyes structures. In horizontal 
section Ihey havc an irregular shape and arc irrcgu
larly scatlcred through the roc k. 

Microfaeies 8.' micrilic qfulflz-bearing illlraclaslie 
packsrone with Clypeirul jllra~·sico debris (Plate 5: 
Fig. 2) 

The entire upper sequence of the 50ulhern slope of 
the Mazagan Plateau consists o f catca reous quartz
bcaring sediments. These wctl-bcdded dcposits occur 
close to the El Jadida ca nyon . which see ms 10 have 
been an area of rapid siliciclastic and caJca reous 
sedime ntation with high accumulation rates du ring 
the Earliest Cretaceous (von Rad , Ihis vol.). The 
facies of Ihese sediments ranges from micritic quartz
bcaring intraclastic packslo nes to sandy cchinodcrm 
packslOncs (see MF-tylX!s 8. 1-8.4 j von Rad . this 
vol. ). 
Samplc CZ 101-9 (1207 m) contains dcbris of the 
dasycladacean alga Clypeina jllraJSica Favre and 
Richard (up to 1 %). Olher eomponents arc round 
(possibly rounded) and angular micritic imraclasts. 
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fl/l/e 6 

j'acres C: Upper Jllrallit: ami 1.011'''' Cre/acrall$ micro[a(/eJ /YfNs 
[ram /ilt IrJp of IlIt Mo!og(w carbOIllll;' p/mform. 

Figure 1 
Mlt'rajaclt$ 7. 1 : Ft/1e5/r/l1 miraclll:wc, ptloidol .. ·ocktlfO/lt la d/Jmi
C';lt. TM udmU,'/I/ is mmpoJtd a[mkmi(: inlrU(1Il1/$. vil/ble ln IlIt 
pdmlcmit malrâ (1) and III cal'/lItS (2). Tht dtpolifi(Jnlll jabri(' IS 
d/Jwrbtd br phOlpha'lzttll~)m'('$ (J). -nit irTtgl/larl,. COIIIQllrtd 
(OI'IIltl OTt gropewll)' [ilft .. ·//h (a!tartOla l li i (4). Thu /)'pe (Jf 
frnt$/rol porolil)' il m/trpTtlttl /0 tH- O[I'atl(JJt origm (sec dtSi"rip/;Qn 
cI!<lp/tr J.J). CZ 101-J, IJx. 

Figure 2 
Microfacit$ 7.2 ." III/rac/Ollie jJ(!/oidol pocks/unl: composttl of sl/bal/ · 
glilar 10 .... tll rolillded qlwr/z·bearing mieriric in/rad/ISIS. Otllu 
(ompom."ms art foramillijtra. mollllsk fragments. alld ethillodtrm 
remolllS. Largu portS oll/Ilt Icft rtpTtStlll /t"tl/ral porosi/y wllicll is 
(III JHlralltl fO fKtltlillg. In !!<lnd sp<Clllltn ,"t rock iS /hil/ly laytTtd. 
This microfocits f)'pt TtJl«fS /ht begllmillg of IIU! changt [rom pliTt 
CO/caTtOlll u tlmum/allon mlO 541/d)' poJI.plalform utlimtlllaflOIl. 
cz 101-8. Ux. 

Pcloids arc prese nt. Angular sa nd-sizcd quartz grains 
are eommon (JO %). The micritic intraclasts al50 
eontain rarc quartz grains. Diagenetic minerais are 
dolomite rhombs whieh have grown in in tcrparticle 
porcs as weil as within the micritic intraclasts. 

The Clypeilla segment s are abradcd. In connection 
with the rounded intraclasts this suggests transport or 
calcareous lagoonal male rial into the siliciclastic envi
ronment of the El Jadida Canyon. The fact that the 
micritic intraclasts contain quartz grains indicates a 
transition zone from pure ca1careous sediments on the 
top of the platrorm to siliciclastie sandstones in the 
ca nyon. We assume a gent le slope bctwee n the 
platform top and the canyon arca which occasionally 
could be a ffected by e rosional cu rrents. Clypeillu 
j/lrossico and micritic sediment were reworkcd by 
these eurrents and Iransported ioto Ihe canyon. Il is 
unlikely that Clypeino jurass;co livcd in the siliciclastic 
environments. 
We assume that the canyon is a very old st ructure 
devclopcd in the time of platform growth and filled 
during the first phase of drowning. The valley subse
quently was intensely eroded and outcrops of we llbcd
ded sandstones werc formed. 

Transitional and composite facies types 

Large thin-scclion include the possibility to observe 
several microfaeics types and their transitions. At the 



margin of the Mazagan ca rbonate platform micro fa 
cies types strongly interfinge r. Most of the transitional 
types occur in contact with the columnar stromatolitic 
pcloida l packstones. This facies i5 frequently interbcd
dcd wit h coarscr bioclastic grai nstone5 (mierofacies 
2. 1). Sueh detrita l sed iments accumulated around 
domal cru5tose pc loidal structures. Oecasionally they 
arc graded and con tain coral dcbris up to rudite grain 
sizc. The stromatolitie pcloidal facies al50 interfingers 
wilh alga l bind5tones (mierofacies 3. 1) and with 
intraclastic wackeslones (mierofacies 7. 1). In nume
rous thin-sections composite lithologies of bioclaslie 
grainstoncs and algal bindstones (cncrusting algae and 
feneSlfal fabrie) occur. 
The observed composite facies Iypes reneet the very 
heterogenous scdimentary and hydrologie co nditions 
at the plalform margi n. The sea noor , exposed to 
cu rrents along the outer margi n of the platform , 
obviously had an irregu lar relief as a result of rapid 
bacte ria l lithificat ion of the pc loida l mate rial , e rosion 
and resedime ntation in oceanward posilion exposed 
to currents. 

BIOSTRATIGRAPHIC PROB LEMS 

The rcconstruct ion of Ihe lithologic evolution of the 
Mazagan carbonate platform, interpreted from the 
CY AMAZ diving result s, is hampcred by Ihc difficulty 
to eSlablish a vertical succession of mierofacics types. 

Geometrie criteria 

T he platform limestones of the Mazaga n Escarpment 
underwe nt tectonic extcnsion in a W-E direction 
during different phases of block-faulting, accompanied 
by rapid and diffe rent ial subsidcnce of Ihe western 
blocks. This is indieated by the occurrence of shallow
marine stromatolitic limestones (MF 1) from 1 700 to 
3000 m depth. It is Ihereforc impossible 10 reconst ruct 
a stratigraphie succession from Ihe present posit ion of 
the rock samples recovc red by CV ANA. 

Diostratigr.lphic criteria 

The biostratigraph ic data <I rc a l50 insuffic ienl to 
establish a stratigraphic succession of the microfacics 
types. The bcst dated mic rofac ies type is the ca lpionel
lid limeslone (MF 4) of laIe Titho nian to Berriasian 
age (Jaffrezo et al., Ih is vol.). Pan s of the slromatolilic 
peloidal facies dated by sil iceous sponges (Lang, 
Sieige r, this voL) , a rc of Oodordian 10 Kimmeridgian 
age. Most of Ihe ne ritic limestones conta in L.."lte 
Ju rassic to earl icSI Cretaceous microfossi ls. The bios
tratigraphie value of these microfossils, however, is 
nOI sufficient 10 distinguish bctween Late Jurassie and 
ea rliest Cretaceous. A few of the neritic mierofacies 
types arc clearly of Cretaceous age (i ntraclastic 
wackestone MF 6.2 and fenestra i intraclastie pack
stone MF 7.2). They arc probably younger than the 
stromatolilic peloidal limeslones and Ihcir laie ra i 
equiva lents (facies A , MF 1-3). 
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Sedimentologic criteria 

Due to the existence of transit ional microfacies types 
it is possible to observe the facies passages bctween 
the st romatolitic peloida l li mestones (MF 1) and the 
neritic bioclastic grainstones (MF 2.1) as weil as the 
nerh ie algal bindSlone (MF 3. 1). The slromatolitic 
peloidal facies is al50 interlayered wh h neri lic fenest rai 
pcloida l wackcstones (MF 7.1) . Bioclast ic grainstones 
of type 2.1 are consolidaled by cncrust ing a lgae 
(nerit ic algal bindstonc MF 3.1). Ali thcse facies Iypes 
a rc more or less synch ronous. 

Comparison with the lithologies or the High Atlas 

Ja ffrezo (th is voL) shows that in the western High 
At las platform ca rbonates arc surrounded by a fringe 
of calpione ll id limestone laye r. Th is lithology is 
comparable with the ca lpione l1 id limestones found in 
thc CYAMAZ samples. It is thercforc likciy, that 
during a Late Jurassic to Berriasian tra nsgressive 
cvent the ealpionellid limcstones (facies B, MF 4) 
werc deposiled on top of Ihe carbonatc platform or 
that they at least lap on the stromatolitic peloida l 
limestones and thcir latera l equiva lents (facies A, MF 
1-3) along the plalform margin . 
The limestones wi lh calpione ll id-bearing intraclasts 
and shallow wate r ooids recovered in sample CZ 98-4 
(MF 5) al50 demonstrate Ihat deepe r marine sedi
ments were reworked in a subseq uent rcgrcssive 
period. Therefore, the age of the stromatolitic peloida l 
facies overlain by Upper Tit hon ian to Berriasia n 
cal pionellid facies is probably Oxford ian to Middle 
Tilhon ian. 

Comparisoo with DSDP Leg 79 

DSD P Leg 79 was conccrned with geologieal and 
structu ra l rescarch in the northe rn , seaward part of 
the Mazagan Plateau. Dctailed facies descri ptions and 
palcocnvironmental inle rpretalions arc give n by Jansa 
et al., 1984, Bernoulli, Kae lin , 1984 ; and Ste ige r. 
Jansa , 1984. Numerous lit hologies arc comparablc 
with those recovcred by Cyana (Fig. 2 ; cf al50 
CYAMA Z Group. 1984). 
- Ca lpione ll id facies occurred in the uppermost 
section of the Jurassic to Lowc rmost Cretaeeous 
limeslone sequence of Site 547 B (Azc ma, Jaffrezo , 
1984). Ca lpione ll ids associated wit h siliceous spo nges 
(MF 4 and 5 in Ihis paper) were fou nd in Miocene 
gravit y now deposits (sile 545) whieh arc mainly 
composed of Upper Jurassic materia1. This suggesls 
thal sponge growth in a near-pe lagic environ ment was 
widely distribuled on Ihe plalform slope , more than 
found du ring C Y AMAZ. 
- Stromatolitie pcloida l facies comparable with MF 
1 of C Y AMAZ was drilled in site 547 B. T his facies 
was abou t 1 m thick, in co nt rast to the th ickness in 
excess of 200 m at the Mazaga n Esca rpment (Iatera l 
distance 4.5 km) The in-sit u stromato! itic peloida l 
facies of site 547 B was ovcrlai n by 9 m of coa rse 
breccias consisting of sponge-crust limestone lit ho
clasts. These breccias indicate subsidence of the disla l 
blocks after a short pe riod of in place orga nic deposi-
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tion (Iargest extension of the carbo nate ramp, Steiger, 
Jansa, 1984). 
The site 547 B stromatolitie peloîdal and sponge 
limestones werc found Il m bclow the Kimmeridgian 
Saccocoma facies. They oceur 9 m above rcd quanz· 
bcaring Dogger brcccias. Therefo rc they probably are 
of Oxfordian age. 

- Bioclast îc grainslones panicularly rich in dasycla· 
daeean algae and foraminifera (Trocholîna, Prolope' 
Ileroplis) were found in site 545. They accumulated as 
a periplatform talus o n 10P of a rclatively slow)y 
subsiding block bctween Ihe horst of site 544 and the 
margin of the inner carbonate platform (present 
Mazagan Esca rpment). The age of Ihese limestones is 
Laie JurassÎC to Earliest Cretaceous. 
- Oolites were driUed at site 545 bc low the peri plat
form talus. They arc înterlayercd with ca1ca reous and 
dolomi lie stromatolites and mÎCri tes. They probably 
correspond to the oolites and fenestra i limestones 
from the top of the inner platform recovered by 
CYANA. In this case the bioclastie grainstone brec
cias of the above periplatform talus wou ld bc of Early 
Cretaeeous agc. 

Lithostratigraphic consequences 

Following the described lithological rclalionships it is 
necessary to distinguish Ihrce facies units: 
Facies A: the massive stromatolitic peloidal lime

stone which represents the rigid core of 
the Mazagan Platform margin. 
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Facies B : the he mipelagic ca lpionellid limesiones 
which werc deposited in the deepcr zones 
of the Late Jurassie to ea rliest Crelaeeous 
slope. They probably overlie massive Siro
matolÎtie peloidal limestones o f facies A. 

Facies C: mainly lagoona l micrites and fenestra i 
limestones which possibly also overlie stro· 
matolitic peloidal limestones of Oxfordian 
10 Middle Tithonian age. 

The possible ages o f ail three facies units are shown in 
Figure 4. 

I NTERPRETATIO N OF THE LlTHOLOG IC 
EVOLUTION OF TH E CARBONATE PLAT
FORM 

Tbe lithologies and their dcpositional environments 

Figure 3 summa rizes the facies distribution of the 
Mazagan Escarpment. The horizontal zonation is: 
outer platform in the west , inner platform in the east. 
The venica l succession at the slope is upper subtida l 
at the base , represenled by stromato lit ic peloidal 
limestones , to uppe r bathyal on the top , represented 
by hemipclagie ealpionell id limestones. The platform 
top is characterizcd by sediments, most probably 
deposited in the imenidal zone, occasionally affected 
by vadose diagenesis (pendant mierostalactitie pali
sade eemems, crysta l sill ). 
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tha! even in LaIe Jurassic limes Ihe slopc was convex 
due 10 rapid bactcrial tithification and high accumula
tion raies of the sediment. This is suggcstcd by special 
fa unal associations eharacteristic for certain dept h 
intervals: siliceous sponges and associated faunas 
(expccted 10 live in depths bclow 50 mt occasiona lly 
mixed with calpionc llids) were found al the dcepcr 
escarpment, whcrcas corals and ca1ca rcous green 
a lgae (bound 10 Ihe phol ic wnc above 50 m) werc 
prcdominantly found al ilS upper pan. 

The lithologies and " relative ses level changes Il 

The biostratigraphic data and the inlerpretalion of the 
dcpositional envi ron ment of Ihe limestones recovered 
fram the Mazagan Escarpment indicate the fo llowing 
" relative sea level changes" (Fig. 5): 
1) During the Kimme ridgian 10 Tilhonian lhc stroma
lolilic pcloidal limestones wcre dcposited. Water 
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depth did not changc bccause the upper subtida l 10 
inlen idal sedimentation was ba laneing the subsidence 
of the underlying teclonic blocks and possible changes 
in sea Icve!. 
2) T he ca lpionellid limcstones restricted to thc exte r
nal blocks of the Mazagan Esea rpment a rc the rcsult 
of rapid subsidence rathcr than a transgression by a 
sea leve l risc. 
3) Howeve r. Ihe ne rit ic grainstones (MF 5) which 
contain ca lpione llid bca ring lilhoclaSIS indicate Ihat 
micrit ic ca lpione llid deposits were eroded and 
reworked during a short regressive phase. This phase 
represents a .• relative sea level low " betore thc fina l 
transgression in thc Early to Middle Cretaceous. 
Sedimentologie and diagenetic criteria suggest vadose 
conditions and possibly occasiona l subareal exposure 
of the central platform area. Aise the irregular 
contact betwee n Ihe intmc1aslie qu artz-bearing pack
stones (MF8) and Ihe underJying plalform Iime
stones marks an .• e rosional surface". The regressive 
phenomena observcd at the Mazagan Escarpment ca n 
bc corre lated w;th the ;, globa l 8e rriasian regression .. 
(Va;l , Todd, 1981 ; VaiJ el al.. in press ; Hüssncr, 
1985). 

The lithologie evolution or the carbonate platform 

The developmcnt of the Ma7.aga n carbonate platform 
cons;sts of three stages (Fig. 6) : 

w E 

Kimmeridgian 10 Middle Tithonian 

The major facies of the Mazagan Escarpmcnt is the 
stromatolit ie pe loidal limestone. These massive lime
stones could probably stabilize the platform margin 
duc to carly bacte rial lithification and rapid cementa
tion . Back-tilting of the individual tecton ie bloc ks 
probably led to an accentuated morphology with 
cementcd limestoncs exposcd , forming ridges in front 
of lagoonal basins. The lagoons wcrc fill cd with 
nc ritic grainstoncs (MF 2) and nerit ic algal bi ndslones 
(MF 3). Transi lional types ind ieatc intricate inte rfin
ge ring of the marginal facies types. From the Kimmc
ridgian ta the Middle Tithonian sedimentation raies 
increased and the shallow-marine carbonate platform 
was formed. ln the inte rnaI areas of the platform 
intertidal micrites accumulated (MF 7). The bathyme
tric conditions rcmaincd stable during the Kimmerid
gian and the l'ithonian as sedimentation rates kept 
pace with subsidence and eustatie sea level changes. 

LAIe Tilhonian 10 8erriasian 

The major sedimentary eve nt of the Late l'ithonian ta 
8erriasian is thc dcposition of calpionellid limestones 
in subtidal to upper bathyal environmcnts. In the 
Recent escarpment their occurrcnce is lim ited to 
dcepcr areas along the western slope . They arc 
completely absent in the morc landward and southern 
parts of the Mazagan Plateau . 
The abse nce of this facies in the cast can be duc to 
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non-deposition in remammg shallow-wate r e nviron
ments o r ean be due to an erosional gap. In this case 
the platform would habe been drowned complete ly as 
a rcsuIt of subsidence or a sea levcl rise. 

We favour a syneh ronous lateral succession of facies 
0 , deposited in the west , faeies A (youngest portion 
of the stromatolitic peloidal sedimen ts) in the ee ntral 
area of the margin , with local occurrences of facies C 
in the cast. This indicates that facics cvolution is 
lectonica lty controlled. According to the general lec
tOf'!ic pattcrn of the passive NW-African continent
al margin the platform is divided into individual 
blocks which rapidly subside in the distal and more 
slowly subside in the proxima l part of the margin. The 
individual blacks arc tilted to the cast (Lancelot, 
Wintere r, 1980) and the ca lpione llid facies tends to be 
deposited geometrically upon the extcrnal blacks 
having sharp faeics limits. 

Berriasiatl (0 Valatlgitliatl 

The first post-platform sediments arc echinoderm 
packslones (comp. von Rad, this voL). In the cast 
they overly micritic shallow-wate r deposits (facies C) 
of Early Cretaceous age. 
Along the "steepcned " Mazagan Escarpment 
reworked calpione llids were embcdded into shal10w 
watcr oolites. We assume 

- that the crinoidal pilckstones arc in pan as old as 
the oolitic bioclastic grainstones which conta in ea lpio
nellid limestone fragments (MF 5) ; 
- thal the echinoderm packstone as weil as the 
ooli lic bioclastic grainstones with reworked calpionel
lids result from a short rcgressive phase which is a lso 
responsible for the erosiona l surface on top of the 
platform limcstone seque nce. 

This .. relative sea level low" probably is more 
eustatic Ihan tecton ie. Il is the last cve nt bcfore the 
final drowning of the platform during the Lowe r 
Cretaceous. 

CONCLUSIONS 

The main results of the sedimcnto logieal analysis of 
the dcposits exposed al the Milzagiln Escarpment 
arc: 

l) The steep slopc of the Mazagan Escarpment facies 
units ranging from the Oxfordian to the Berriasian ilre 
exposed. 
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2) The present-day distribution of the Jurassie-Creta
ceous facies pattern stitt renects the environmenla l 
configuration of the Late Jurassic paleoslopc. The 
neritic stromatolit ic peloidal limestone is the major 
facies of this slope conslituting the substrate for 
various associations of organisms in different wa te r
depths: siliceous sponges in the deepcr zones (possi
bly bclow 50 m) , eo ralliferous environme nt s in the 
shallower zones (possibly above 50 ml. 
3) With the formation of the Mazagan Escarprne nt , a 
facies differentiation devclopcd du ring the Late Juras
sic with hemipelagic calpio netlid·bcaring facies (facies 
B) in the distal margin , neritic stromalolitie pcloida l 
facics alo ng the cent ral escarpmc nt (facies A) , and 
catcareous micritic and do lomi lic shallow platform 
deposits (facies C) in the proximal margin. 

4) Facies correlat ions with DSDP Leg 79 sites indicate 
thal there was a ea rbonate ramp (d istatly steepe ned 
ramp ; Read, 1985) during the Oxfordian a nd a 
carbonate platform during the Kimmeridgian to Titho
nian . The lithologies slabi lizing the platform arc 
rapidly cemented stromalolitic peloidal limestones 
(facies A) which werc tectonicatly exposcd by block
faulting. 

5) Facies dcvcloprnent and distributional patterns of 
lithology wcre conlrotled not o nly by teeton ism and 
subsidence , but al50 by sea level cha nges. This is 
indicated by the Lower Cretaceous regressivc sedi
me nts. At Ihat time the Late Jurassic-Earliest Creta
ccous transgressive pcriod was lerminated by a sea 
lcve l fall and calpioncllid-bca ring facies wcrc 
rcworked in shatlow marine environmcnts. 
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