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The papcr summarizcs the biostratigraphic rcsu lts of cightccn dives of the French 
submersible Cyana Olt the Mazagan Escarprnc nt (CYAMAZ cru ise), bascd on 
calca rcous nannoplanklon and foraminifcra. Although 130 rock samplcs wcrc 
invcsligatcd o n caJca rcous nannofossils in smcar slides, this paper is restricted to the 
study of the Early Cretaceous 10 Oualernary posl-platform se ries. 
Most of the stratigraphieal data arc bascd o n the determination of calcareo us 
nannofossils (P. èepck) wh ieh, however, arc most ly poorly preserved and o f rare 
occurre nce (Fig.). From the 170 studied subsamples 49 arc barren of ealcareous 
nannoplankton. In the Table ail idemified ca lcareous nannofossils in ail studicd 
sa mples arc listcd according to the species e pilhets, scpara ted for the Crelaceous and 
Tertiary . 
The biostratigraphy based o n foraminifcra and the microfacies was studied in thin
sections (H. Hagn). Foraminiferal microfaunas of laie Cretaccous , Paleocene, 
Eocene·O ligoce nc and Quate rnary agc arc desc ribed and shown in Plates 1·3. 

D eeonol. Acto , 1984. Subme rsible Cyana studies of the Ma7..aga n Escarprnenl 
(Morocca n continental margin) , CYAMAZ cruise 1982, 101-110. 

Biostrat igraphie et microfaciès des nan nofossiles et des foramin ifères 
des séries post-platefonne du Crétacé au Cénozoïque (escarpement de 
Mazagan, Maroc) 

Cet article résume les résultats biosl ratigraphiques de 18 plongées du submersible 
français Cya na sur l'escarpement de Milza gan (campagne CYAMAZ) , basés sur des 
nannoplanctons calcaires ct des foraminifè res. Bien qu 'on ait observé 130 frotti s de 
roches à nan nofossi les calca ires, J'étude est limitée à des sé ries post-platcformc d u 
Crétacé inférieur au Ouate rnaire. 
La plupart des données stratigraphiques proviennent de la détermi nation de 
nannofossiles calcaires ( P. tepc k), pourtam rares c t médiocre me nt prése rvés 
(fig. ). Sur 170 sous·échan tillo ns é tudiés, 49 sont dépourvus de nannoplanelon 
calca ire. To us les nannofossi les calcaires ident ifiés som classés dans le tableau e n 
suivant les é pithètes d 'espèces, sé parément pour le Crétacé CI pour le Te rtiaire . 
La biostratigraph ie fondée sur les fo raminifères et les microfaciès a été ét udiée c n 
lameS minces ( H. I-I agn). Les foraminifères du Crétacé supérieur, du Paléocè ne. de 
l'Éocè ne·Oligocène Cl du Ouaternaire sont décrits ct présentés sur les planchcs 1 à 3. 

DCeQflol. Acta, 1984. Études par le submersib le Cyana de l'cscarpcmenl de Mazagan 
(marge continentale marocaine), campagne CYAMAZ 1982, 101·110. 
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INTRODucnON by shipboa rd and shore·bascd smear slidcs (Ccpek). 
The 170 smear si ides were prcpa red by Cepck and 
Zika and a Zeiss microscope was uscd with a magnifi
ealion of 1 500 x. The nannofossils are mostl y poo rly 
preserved a nd predominantly rare in occurre nce. For 
the Tert iary ea1careous natmoplankton stratigraphy 
wc uscd the zonation of Ma rt ini (1971) . for the Laie 
Cretaceous the stratigraphy of Sissingh (1977), Perch
Nic1scn (1979) , and pnaumann and Cepck (1982). 
The rock sa mp1cs we re investigated by micro facies 
methods (see Stciger , Cousin ; von Rad . this voL). 
The thin-sections were provided to Hagn by Steige r 
and Fuchs (München); Hôck (Munehen) made the 
micropholOgraphs. 

Within the last 15 years many expcditions have been 
working in the area of the Mazaga n Escarpmem , 
located about 200 km soulhwest of Casablanca in the 
central eastern Atlantic. These cxpcditions (see 
Auzc nde et al., this voL) resulted in new informat ion 
about the structure. stratigraphy and lithology of the 
Mazagan Plaleau area. The French-German CY A
MAZ deep diving project, however, was the fifst 
expcd ition. which made il possible 10 observe and 
sa mple the al most 3000 m high cliff of the Mazaga n 
Escarpmenl directly, using the French submersible 
Cyana SP 3000. During eigh teen dives bclween 3000 
and 1000 m water deplh , 130 rock sa mples were 
taken. In Ihis pape r we discuss on ly the biostraligra· 
phical resul ts of the Cretaeeous to Cenozoie post
platform series, although the Table and the Figure 
con tain the determinations of aU CY AMAZ sa mples. 
The investiga tion of the calcareous nannofossils is 
provided by tcpek, that of the foraminifera by Hagn. 

MATERIALS AND METHODS 

Most of the 130 rock samples are hard , consolidaled 
rocks and only sorne sarnples soft sedime nts. Ali 
sa mples were invest igated for ealcareous nannofossils 

POST· PLATFORM SERIES OF CRETACEOUS 
TO QUATERNARY SEDIMENTS 

The resu lts arc stratigraphically llHllnged in sÎx para
graphs: Early Cretaccous, LaIe Cretaeeous, Paleo
cene. Eoce ne to Oligocene , Miocene to Plioccne , and 
Quaternary. Most of the stratigraphieal dctermi na
tions ind icatcd a Crctaccous and Qua tcrnary age, but 
the Ouate rnary assigmltion is predominantely due to 
subrccenl burrow and poeket fill s o r to crusts within 
or on o lder rocks. 
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Tablc 
CII/cartous rUlruwfmsil Sp«~1 ck~mll~d in CYAMAZ wmpks, lis~d a/phabtllcally according 10 lM Sp«IU tpl/~/S Ior (0) Cft/octOIlS afld (b) 
Ttrliury. 

Corollillriofl achy/osum (SIOVl.!r) 
Ctralolilhoidts aCllkus (Slmdner) 
Cft/orhobdus anguslfloralUS (Black) 
Parhobdolitlms cf. anguslUS (SlnKlner) 
Rtinhard/l~S amhophorus (Deflandrc) 
Parhobdolithus asptr (Slmdner) 
Walll/Olltrw bar~SM (Black) 
Wamwl'!ttritl bipor/4 Bukry 
Lithraphidi/ts camialtllSis Ocflandrc 
Crtlc~lIipsis cf. chÎllSlia (Worslcy) 
WalzrJalitria communis Reinhardt 
Micula cf. COrICal'a (Slradner) 
IJiscu lJ/IIJ COIIS/OllS (Gorka) 
Cft/QlhabdllS Cftrlu/ams Hramlclte alld Manini 
l'ftdiscosphatra c.tlacta (Arkhallgclsky) 
Arkhongtlskkllo tymbilormis Veksllilla 
MicrorJwbdulus duoralIIS Dcnandre 
Ml<ulo duussoliJ Vckshina 
Cydagtlosphatro dtf/ondrti (Manivil) 
Gfaukolithus diplogrummuJ (Deflaoorc:) 
Cribrosphatrtflo thrtnbtrgi (Arkhangelsky) 
Purhabdofilhus tmbtrgtrj (Noel) 
Zy~iscus trtClus (Dcnandre) 
E.f!~lfilhus uimiU5 (Gorka) 
LtlhaSlfinus j/oralis SIT1iIdner 
MllrlhaSltrilCS fim;alllS (Dcnandrc) 
Nam/ocmu<s glabulus BrOlinimann 
Lilhasffinus grUU Stradllcr 
RucinoU/hus Iwyii SIO\'er 
PorhobdolilhJIS cf. infini/us (Worslcy) 

CyclolÎllIella annula (Cohell) 
Outil/rollu art/illarum (Cohl.!n) 
Otphyrotapsa aptr/Q Kampiner 
Scyphosphot'ra apS/i.'rm Lehmalln 
DiscoaS/tr asymmtrricuJ Ganner 
Braarudosphotra bigt/owi (Gran and Braarud) 
Rtlreulo~ntslro bisulQ (lIay. Mohler and Wade) 
D/SCoosltr broUk·tri Tan Sin Hok 
Discoas/tr cf. co!caris (Ganner) 
Gtphyrpcap$ll çaribbtanl<a Boudrcaux and Hay 
DIUOQSrtr rhal/en/,'tri Rramlene and Ricdcl 
Rhobdosplwuo c/ol'igua Murray and Hlackman 
fltliorrhlls coneinllus (Mar1ini) 
Discoas/tr dtj/al/drti Bramletle and Ricdcl 
Amilllrolii/WS dtlical/jJ Gar1ner and Bukry 
Rtliculofolleslru dic/yoda (Denandre and Fen) 
OiseoU/hina discopora Schille r 
SplrtnolÎlhus disltnlllS (Manini) 
Disco/ilhina disIÎlK'/Q (Bmmleue and Sulli\'an) 
Coc:col"hlis doronicoidts Blaek and Barnes 
DlScouSttf cf. druggl DT1iImlcue and Wilcoxon 
Iltlicopont0i.lwtrQ tuphralis (lIaq) 
[)iscOOJftr C • txillS Manini and Bramlctte 
ScapholuhrlS Iossrlis Dcflandrc 
IItlreopon/osphotrl.l granu/Il/a Bu~ry and Pl.!rcival 
1'horacosphotra lItimi (Lehmallll) 
Emilia"ia hJultyi (Lehmann) 
DÎJcolilhina japonica Takayama 
fl tlicoponrosp!Jatra kampl~ri Hay and Mohll.!r 
Discoasrer kugltri Martini and Bramlene 
Pstudotmiliania laclinow (Kamplncr) 
Cydoc«t:oli/hus ItplOporus (Murray and BJaekman) 
EllipsadismaSltr lidzi Boudreaux and lia)' 

C RETACEOUS 

Nanrwconus komp/ru'ri Hronnimann 
S/tphanolilhion wffi//ti Noel 
CyclogtlcspJwtra khmani (Nod) 
ChulJ/a;ygus /iutrafluJ (Gorki) 
CrtliJrJwbdus farltl Ganner 
Kampr~rius mognificuJ Denandre 
Cyclogtlcsphotfa morgtrtli Nod 
Vaga/opilla cf. malalow (Slover) 
COl/uJpJwtra mnreana Trejo 
Ourlrltrago ob/iq!IUm (Stradncr) 
Micrart/hoU/hus obllmu Stradner 
Tral/OU//JUs oriol/mus (Reinhord) 
8roinsOflia parco (Slradner) 
Manbriltlla ptmmaloidta (Deflandrc) 
TtrraU/huI p)'ramidus Gardee 
Prtdiscosphatra spinola (Dramlcnc and Manini) 
NannocorlUS Sltillmal/ni KampCner 
Microrlwbdulus Slradntri Hram lcnc and Manini 
VQgawpilÛJ slradntrÎ (Rood, lIay and Damard) 
Qlladrum lrifidum (Suadncr) 
Nannoconus lruÎlIi Dronnimann 
Eifftllilhlu m"ÎMif~li (Dcflandrc) 
CrtliJrhobd,1S sp. 
f-ïffollirhus sp. 
Lirhraphidilts sp. 
NanllOCOlllIS sp. 
Prtdiscospliaera sp. 
Wllllrrllucria sp. 
ZygodisClIS sp. 

TERTIARY 
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Cyûococc:olirhrls cf. lusifat/relu (Black) 
Umbilkosp/Ulera mirabilis Lohmann 
Splr<nolithus cf. fflOfiformis (Brortllimann and Stradncr) 
Cydococcolilhlls ntagamlnamm Bramlclte and Wilxocon 
Coronocyclus ni/tsuns Kamplncr 
Gtph)'rocapw octanica KampCncr 
CoccolirhllJ ptwgreuJ (Wallich) 
Discoas/tr ptn/Qradiarus Tan Sin I-/ok 
Spht"ofÎlhus prtdlS/tfl/US Bramlcllc and Wilcoxon 
Ntriclllo~ntJtra pstlldQumbl/K'u (Garlner) 
Syracosphotra pulchra Lehmann 
1I~licoponfQSplwl'fu d. rtrra (lIaq) 
Crrafoll/h"J cf. mgOS11S Bukry Hnd Dramlctle 
ThQracosphatrll sa.t:ta Stradner 
Re/it:u/o/t"ts/fil ef. seissuru Hay. Mohler and Wade 
N(licoponfQspha(ra sel/ri Hukry and Hramlelte 
AJpidorhobdus s/,.Ii~r (Lehmann) 
l)iseoaSftf SlIfeU/US Manini and Bramlclle 
Discous/tr Ulmalis Kamptner 
CruCtp/ocoli/hrIJ Itl/lIlS (Stmdncr) 
I)lUoas~r d. l'arioblllS Manilll and Bramlcue 
Ilrlicopomosphatra "'allK'hi (Lehmann) 
Cruc/plocolirhlls $p. 
Cyclococcolll/11IS sp. 
DrsC(HlSltf sp. 
DlUolllhlna sp. 
CtphyrocapJO sp. 
fltlicoponrosphatra sp. 
RttrC/llofo~rra sp. 
Scyplrospllatfa sp. 
Spllt/Jolillms sp. 
Thorooosphotra sp. 



Early Crctaccous 

Based on the dcte rmination of calcareous nanno
plankton , there are two groups of Early Cretaccous 
sa mplcs: 
1) (Late Berriasian) Valanginian-Barremian (to ca rly 
Aptian) sandy calcarenites and be lemnite- iron oolhe 
bearing mierites (CZ 94-8, 97-4 , 98-8, 98- 10, 98-11 , 
98-12,99-5,99-6, 100-4) with : 

Spccics 

Crt'Ul rhabdus (JnSl.Isriforarus (Black) 
Zygodiscl.ls diplogrammlls (Dcnandrc) 

Namlocottl's globllilis Bronnimann 
Nanl/ocolU/s kampmeri Bronnimann 
CO/Ul$phaera mexicana Trcjo 
Micramhofitlu/s obruslis Stradncr 
Nanrlfx QttI/s sreinmanni Kamptncr 

Samplc 

CZ 97-4. 98- 12 
CZ 94-8. 98- 12 (cf). 

100-4 
CZ97-4 
CZ94-8 
CZ 97-4 
CZ98-8 
CZ 97-4,98-8 (cf.), 98-

10,98-11,98-12 (cf.), 
99·5. 99-6. 100-4 

2) Ouartz-bea ring nanno mari s and claystones of laIe 
Aptian to ea rly Albian age (84-2 , 85-7) with : 

Specics 

Corollirhion (lchylOSllm (Stovcr) 
Parlwbdolillms angwlUJ (Suadncr) 
Eproli/hus apertwr Black 
Cmcitllipsis chiasria (Worslcy) 
UtMstrillllS florali.s Suadncr 
Parhabdoli/lrlls i/lfillims (Worslcy) 
Chial'/olygus lillerarius (Gorka) 
Nanlloconlls tmilli Bronnimann 

Samplc 

CZ84-2,85-7 
CZ84-2 (cf) 
CZ84-2 
CZ 84-2. 85-7 (cf ) 
CZ85-7 
CZ84-2 
CZ 84-2, 85-7 (cf) 
CZ 84-2, 85·7 

but without Eiffellitlws turrisei/feli (Deflandre) and 
genus Prediscosphaera ; see also von Rad , this vol. for 
discussion. 

Late CretllccouS 

The re are only 10 sa mples which contain Late Creta
eeous nannofossils. In 15 samples the age could be 
determined on ly as " Oxfordian to Maastriehtian " 
and there fore il is not ce rtain , if the samples are Late 
J urassic or Cretaceous in age. 
Late Cretaceous ca lcareous nannofossils were deter
mined in samples CZ 90-3 , 91-3, 91 -6 , 95-3 , 96-3, 96-
5, 98-2, 98-3 and 99-7B. Due to dissolution and/o r 
recrysta llization , the prese rvation of the nanno fossils 
is predomi nantely poor. Only chalk sample CZ 98-3 
and 2 from the base of the Central Mazagan Esca rp
ment co ntains abundant and weil prescrved nannofos
sils of laIe Santonian to ca rly Campanian age. This 
spcetacular horizon was found for the fi rst lime in the 
Mazagan Plalea u area. Previously, it was thought thal 
a major hiatus spans the Santonian-Ca mpanian . No 
index speeies wcre found for the Ce nomanian and laIe 
MaaSlric htian. We determined the following index 
spcc ies : 

Spccics 

C/!ratoli/I/Oid/!s aClileus (SIr.ldncr) 
Arkhangelskit lla cynrbiformis Yckshina 
Eiffdlilhus eximiu$ (Gorka) 

LithaJ/riml$ floralis Siradncr 
Marlllas/eri/es furcalUs (Dcnandrc) 
Litlul!itrim/S grilli Stradncr 
QI/admm rrifidum (Stradncr) 

CZ 96-5 
CZ91-3 

Samplc 

CZ 90-3. 95-3. 98-2. 98-
l 

CZ95-3, 99-7B 
CZ 98-2, 98-3 
CZ 98-2. 98-3 
CZ 91-6. 96-5 
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Only two of the thin-sect ions investigated for forami
nife ra gave a Late Cretaceous age. The basa l pan o f 
sample CZ 84-3 (upper pan of southern Mazagan 
Esca rpment ) eonsists of a variegated breecia (see von 
Rad , this voL). The very fine-grained , red , unfossi1ifc
rous matrix carries numerous white limcstone clasts of 
Late Jurassic age. They are eove red or surrou nded by 
a buff , more or less phosphatic micrite comaining 
sorne sma ll quartz grains, green ish to brown glauco
nite grains, as weil as rare clasts o f Upper Jurassic 
limestones (Plate 1 : Fig. 1). A small (length : 3.5 
mm) sharp-edged clast proved to bc a grey micrite 
with minute tests of the genera Hedbergella and 
Iieterohelix (Apt ian-Late Cretaceous). 
The buff micrite carries one- and double- kecled 
Globotruncanas: Cl. cf. swaNi (De Lapp.) , CI. cf. 
{ricarjllata (Oue reau) and CI. blll/oides Vogler. In 
addi tion Heterohelix cf. rellssi (Cushm.) ( Plate 1 : Fig. 
2) and tests of the genera Hedbergella, Whileinella 
and Globigerillelloides eo uld be obscrved. The age of 
the micrite Is Maastricht ian. 
The second LaIe Crctaceous age was determined in 
one o f two thin-sections of the sample CZ 92-2 
(southeastern Mazagan Plateau horst). The first thin
sect ion shows a brownish (phosphoritic ?) matrix with 
grai ns of glauconite like the sample CZ 84-3. A 
burrow is filled with denscly paeked grains of glauco
nile. The microfauna of the micrite conslsts of nume
rous Hcterohclicidae (Hererohelix and Pseudotexwla
ria) and the genera Hedbergella, Whiteinella and 
Globigerirzelloides. In addit ion , one- and doub le- kec
Icd G lobotruncanas wc re obscrved. The age is Maas
trichtian. 

Paleocene 

A Paleocene age was determined in threc sa mples. In 
the fo urth sample the Paleocene age is o nly that of a 
burrow fill in a Upper JurassÎC limcstone. The Paleo
ce ne age was only determined by fora minife ra. No 
Paleocene index species of calcarcous nannoplankton 
were found. There arc eight sam ples whieh cover also 
Paleocene , but the range of the calcareous nannotos
sils dete rmined in these sa mples is longe r and passes 
into younger stages. 

The following sa mples arc Paleocene in age: 
Sample CZ 92-4 co nsists mainly of a light-colored 
Globigeri na limesto ne. The shells of the pelagie 
fo raminifera arc small -sized a nd densc ly paeked ( Plate 
2: Fig. 3). In addition to the globigcrines the gcne ra 
Plallorotaliles, Morozovella and Acarùz;lIo were obscr
ved. The species Plonorola fires ehrenbergi (Bolli) , PI. 
pI/silius (BoIH) and Morozovella cf. angZ/lata (Wh ite) 
could be detcrmincd. The benthos is represc nted by 
rare Leu/iCl/lina and numerous Bolivinas which ca n be 
rcferred to B. müllVoyensis Cushm. Furthermore . fi sh 
remains arc prese nt. The age of this sample is middle 
Paleocene in a basinal f<t cies. 

A Iight-colo red radio larian limestone (sample CZ 92-
5) eQ ntai ns numerous pelagie fo raminife ra (Globige
rina, Pkmoro/(llirel', Morozovefla and Chiloguembe
lina ). Morozovefla cf. ang/llaf(l (White) indicates a 
midd le Paleocene age. In addit ion , numerous speci
mens of Bolivina midlVayells is Cushm. and other 
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represcntatives of the family Buliminidac (Bulimina, 
Uvigerilla, ?Siphogellerilloides) were obsc rved. 
Sam pie CZ 92-6 eonsisls of a light-eolored, strongly 
reerystallizcd radiolarian limestonc (Plate 2: Fig. 4). 
ln addition to the radiolaria ns very minute tests of 
Globigerina were observed, funhermore the ge nera 
Globocollusa and Plal/oro/Olites. The genus Morozo
vella eould nOI be found. In the benthie fauna the 
genus Bolivilla predominates. The sa mple is of ea rly 
Paleoce ne age. 
ln sample CZ 88-6, the surface of a light-colored 
Upper Jurassie limestone has a small poeket which is 
eovered by large bloeky cemen t ( Plate 1 : Fig. 3). The 
poeket was subscq uently fi lied by rcd pelite with 
indications of the genera Globigerina, Pfanorolalites 
and Morozoveffa, including M. velascoensis (Cushm.) 
and M. cf. aeglla (Cushm. a nd Renz) ; Plate 1: Fig. 
4). The age of the filling is thercfore late Paleoce ne. 

Eocene to Oligocene 

Only th ree samples contai n fossils of this age. The 
second thin-section of sa mple CZ 92-2 proved to be o f 
midd le Eocene age aceording to the foraminife ra. Ils 
mat ri x is full of tests of the ge nera Globigerina and 
G/obigerinarheka. A stratigraphie marker is Morozo
vella cf. spillu/osa (Cushm.). The be nthos is represen
ted by the family Lagenidae (genus LentiClllilla) , 
Buliminidae (ge nera Bolivina, Uvigerina), as we il as 
by rotaliids. 
For the investigation of ealca reous nannofossils from 
this sample three si ides we re studied. One of them is 
probably late Eocene to ca rly Oligocene in age. l3 ut 
the Cyclococcofirlws which was dClermincd in Ihis 
sl ide is attached only with rcservation , by reason of 
prese rvation , to Cyclococcolirlms cf. IllsÎfanic/ls 
(Dlack). 
A rich and moderatcly preserved ca lcareous na nno
plankton f10ra was detcrmincd in samplc CZ 88-3. 
The asse mblage wilh Sphellolitlms dislcfl/us (Martini) 
and Sphcnolitll/ls prc(!isrmf/ls Bramlette and Wi lcoxon 
gave a midd1c Oligoccne to carly laie Oligoccne age. 
A nerit ic intrabiosparitc (sample CZ 88-9) of Late 
Jurassic 10 ca rly Neocomian age is covered by a 
limonitic crust. Il is covered by a hemipelagic, red , 
limonitic micri tc with numerous coarsc grains of 
glaueon îtc (Plate 2 : Fig. 2). In the microfauna large
sized Globigerinas dominate whieh can be associated 
wilh Cl. eocae1la Gümbel , Gl. cryptomphala Glaess
ner and Gl. linaperta Finlay. ln addition the ge nera 
Globigerinatheka and Turborotalia could be observed. 
The Turborotalias can be co mpared wi th represcntati
ves of the grou p of T. cerroazu{ellsÎs (Cole). The 
bent hic fauna consists of thc genera Lellticulilla, 
Bolivina, E/Jollides and fleIerolcpa. The age of the 
hemipclagic micri le can be determined as middle to 
late Eocene. 

Also the age of the bu rrow fill of sam ple CZ 100-9 
could bc Oligoce ne, although a younger age can nat be 
excluded with certainty. The sediment corresponds tO 
samplc CZ 100-8. ft shows a burrow covered by a rim 
of limonite ( Plate 3: Fig. 4). The ce ntre of the burrow 
is fill ed by a gre)' pc lite. A narrow fissu re of the 
Iimestone is also filled by the sa me pelite (Plate 3 : 
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Fig. 5) and eontains a microfauna of minute speci
mens, among which Globigerina and Turborowlia 
?opimn (Bolli) could be obscrved. 

MkK:ene to Pliocenc 

Evidence of these stages is only by calca reous nanno
fossils. The ma trix of sample CZ 95-2 is probably of 
carly Mioce ne age. The poorly preserved assemblage 
with Cyclococcolirlms lIeogammmion Bramlclte and 
Willcoxon, flelicoponrosphaera grall/dara Bukry and 
Perciva l and DiscoasIer cf. dmggi Bramlelle and 
Wilcoxon dctermined the age of this sample. The 
sample contai ns also reworked Cretaceous coccoliths 
and alsa calca reous nannoplankton of late Miocene 
and Plioce ne age. l3ul thesc younge r nannofossi ls arc 
probably duc !O conta mination. 
The assemblage with OiscoaSIer challenger; Bramlette 
and Riedel and Discoaster kugleri Manini and Bram
lette but without Discoaster hama/us Manini and 
BramleHe a nd Discoasler pellfuradi(lf/is Tan Si n Hok 
gave sample CZ 84-1 a middle Miocene age. 
1 n t he assemblage of snmple CZ 95-1 Discoaster 
pemaradiatlls Ta n Sin Hok and Reticulofencstra pseu
dOllmbilica (Ganner) we re observed. According to 
the known range of these species, the age of this 
sa mp1c is restricted to laIe Mioecne to ca rly Pliocene. 
A rich and well prescrved ca1careous nannoplankton 
f10ra of late carly Plioccne with Discoaster asymmcrri
eus Gartner and Rctieulofenestra pse/ldo/lmbilica 
(Gartner) was studied in samples CZ 85-3, 87-5, 87-7 
and - partly questionable - in sample CZ 95-5. 
Sample CZ 85-2 bclongs probably to Ihe Pliocene wit h 
DiscoasIer pemaradiaws Tan Sin Hok and DiscoasIer 
cf. sl/rcuflis Manini and Bra mlette. 

Quatcrnary 

A Quatcrnary age was dete rmined in man)' sa mples. 
But in most o f thesc determinat ions this young age is 
due to subrecent contami nation in pockets. burrow 
(ills , o r crusts with in or on older sediments. This has 
to bc a lsa kept in mi nd for the following foraminiferal 
determinat ions : 
A light pel mierite (samp1c CZ 86-7) with rare ooids 
carrics burrows fill cd with a reddish peHte. Locally, 
th in crusts o f limonite ca n be observed. The pelagic 
mÎCrofauna in the burrows consists of the genera 
Clobigerilla, GloborOlalia and ?Orb/llilla. The age of 
the fi ll ing is Pleistocene. The middle Pa leoce ne G/obi
gerina limcstonc (sample CZ 92-4) is covered by a red 
pelite with grains of glauconite and loca lly pcnetrated 
by burrows (Plate 3: Fig. 1). The plan kton is charae
terized by the genera Clobigerilla, Globigerinoides, 
Globorotalia and Orbu/iM (Plate 3, Fig. 2-3). Espc
cially ment ioncd are the spccies GloborOlatia il/flma 
(d'Orb) , Gl. Ir/U/cawlinoides, (d 'Orb) and Orbl/lina 
Imil'ersa d'Orb . The benthos contains large-sized tests 
o f the genu s Pyrgo. In addition debris of shallow
water o rganisms (cora ls, bryozoans_ lamellibranchs 
and echinoderms) were obscrved . The age of Ihe red 
pe lile is Pleistocene. 

The lower Paleocene limestone (sam pic CZ 92-6) is 
pcnelratcd by burrows fillcd by a rcddish pc lite. Its 
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Figure 1 
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Figure 2 

Figur.: 3 

CZ9Z·.,. Burrow ( l'Itis/OC'tllt!) ... //11 Globigcrin:1 fmd Orbulina uni,ersa 
d'Orb III GIQblgmllfl 111~$IO,1(! of Muldk Pal(QC'f~ (X 11). 

CZ 91·4. On I/II- /i'fi sidt Clobigt'rlilu 11IIU'$IQl1t' of Mide/II' l 'IIIf'ogem' IIJ,'t. On 
Iht ,i"I'1 sidl;' ml pt'/ilt' of tilt' P It'ISfOCtlle will, GJobll,~rinll. Globorotalia /IIrd 
Orbulina uni"crsa d'Orb (x :!l,S). 

CZ 91·" , Rt d ptl'k (l'ltiSlOC'/,'It' ) • ..,,/1 Globorotalia truncalutinoidcs (,t'O,b) 
(obliqut .J«fjQrr) i" rhl' fil/mg of Q bMro .. ' III 0 /imn,ont Qf Mldd~ l'tlkoct'lt 
ugr (X SO). 
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Cl 100·9. A jiSSUrt is jifled by 8fe" pefite romainillg smafl si:ed pelagie for(lntini/ero 
( x 21.5). 
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microfauna consists of the genera Globigerina, G/obi· 
gerilloides, Globorotalia (inflara and trImcawlùlOides 
group) and OrbuU1la IIIIÎversa d'Orb. Age : Pleisto
ce ne. 

A fi ssure of a sandy limestone (sam pie CZ 99-6) is 
filled by a buff pelitc with an association of Globige
rina, GloborOialia and Pyrgo which indicates a Ple isto
cene age. The surface of the sample is covered by 
co ra ls, tubes of Serpllia and thalli of rcd algae 
(Lirhophyllum) which grew on a manganese crust. 
Thc Lower Cretaccous sediment of sa mple CZ 1()()..8 
shows a burrow (7 x 4 mm) , fillcd by a rcd sediment 
of Ple istocene age. The microfauna consiSIS of Globi· 
gerina, Globigerinoides, Globoro/afia and Orbulina 
tllliversa d'Orb. 

Ouaternary caJcareous nannofossils were determincd 
in 37 slides (Fig. 1). Only a few of these sa mpJcs are 
probably Ouaternary sediments and not fill ings or 
crusts in or on aider rocks. On the base of calcareous 
nannoplankton we dislingu ish thrce stratigraphica l 
levels. 

The oldest level of the Quaternary is the horizon with 
Pseudoemiliania lacul/osa (Kamptner), but wit hout 
Discoasler sp. Aceordi ng to Maninî ( 1971 ) this level 
bclongs to the Pseudoemiliania laCl/nosa Zone 
(NN 19; Mani ni. 197 1) and was observed in the inner 
crust of samplc CZ 91·3. 
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The coocurrenec of Gephyrocapsa oceanica Kamplne r 
and Cephyrocapsa caribbeallica Boudreaux and I-Iay 
without Pselldoemiliania laCIITlOsa (Kamptncr) , identi
fied in samples CZ 92-6 and 98-7 , indieate the Cephy
rocapsa oceanica Zone (NN20; Manini , 1971). The 
same age was observed alsa in burrow fills of St1mples 
CZ 92-6 and 100-2. 

The youngest level belongs to the Emiliania huxley 
Zone , (NN21 ; Manini , 1971), which is defined by the 
tOlal range of spccics Emiliania lutxleyi (Lohmann) , 
whîeh was observed on ly in the matrix of sam ple 
CZ 97-3_ 
Most of Ihe Oualcrnary samples could bc only alla
ched to the horizon whieh includes the lasl two 
stratigraphiea l lcvels (Cephyrocapsa oceanica Zone, 
NN20; and Emiliania hu.xleyi Zone , NN21). because 
the spccies Emiliania hu:cleyi (Lohmann) is very 
difficult to recognize under the light-microscope. 
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