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ABSTRACT 
BIOSTRATIGRAPmCAL CONSTRAINTS (CALCAREOUS NANNOFOSSILS) 

ON THE LATE CRETACEOUS TO LATE MIOCENE 

EVOLUTION OF S. W. CYPRUS 

Trevor John Morse 

PhD. Thesis, Department of Geological Sciences, University of Durham 

In S.W. Cyprus, the sedimentary formations of the Late Cretaceous to Holocene noo­
autochthonous sedimentary cover, which unconformably overlie the Mamonia and Troodos basements, 
are biostatigraphically poorly constrained. The age of the sediments overlying the basement, is critical to 
providing constraints on the timing of the juxtapositioning of the basement terranes, which may also be 
closely linked to the anticlockwise rotation of the Troodos micro plate. In addition the biostratigraphy is a 
valuable tool in establishing the post-juxtapositioning evolution of S.W. Cyprus, in particular relating to 
its emergence from a deep sea setting. 

The relative biostratigraphical data using calcareous nannofossils, have provided revised age 
dates for all sedimentary formations of Late Miocene age and older. Relative to the early juxtapositioning 
history, the age of the Kannaviou Formation as Campanian (CCI8-CC23a) and the Kathikas Formation 
as early Maastrichtian (CC23b-CC25a) is confirmed, but a new unit of the Moni Formation, termed the 
Dhrousha Melange has been recognised/proposed, and dated as late Campanian to early Maastrichtian 
(CC23-CC25a). Several new unconformable contacts have been recognised. Three new unconformable 
contacts are found in the Lefkara Formation, Middle Member, Chalk and Chert unit, as mid Palaeocene 
(NP5), Late Palaeocene (NP81NP9 boundary) and Early Eocene (NP12-NP15, diachronous), and one 
unconformable contact at the base of the Lefkara Formation, Middle Member, Massive Chalk unit as Late 
Eocene (NP16). In addition the diachroneity of the base of the Pissouri Formation has been revised 
NNIO-NNll) for S.W. Cyprus. Finally a new outcrop of the Pakhna Formation, Terra Limestone Member 
at Petra-tou-Romiou extends the known limits of this unit within S. W. Cyprus. 

There are a number of implications for the geological evolution of S.W. Cyprus. The melange 
units of the Moni and Katbikas Formations are coeval and relate to a common tectonic event that is early 
Maastrichtian. The Lefkara Formation, Lower Member intercalates with the Kathikas Formation to form 
the pelagic chalk interbeds. The presence of the Kathikas Formation straddling the major lineaments., 
suggests the ?initial stages of juxtaposition of the Mamonia and Troodos basements had ceased by early 
Maastrichtian times. This would coincide with cessation of the first phase of anticlockwise rotation (60°) 
of the Troodos micro plate. The presence of the Letkara Formation, Middle Member, Massive Chalk unit 
straddling the major lineaments in the southern part of S.W. Cyprus, indicates cessation of the ?final 
stages of the juxtaposition event by Late Eocene times, which is also coincident with the termination of 
anticlockwise rotation. The evaporites of the Kalavasos Formation in the Polemi Basin are Tortonian, 
older than other evaporite basin deposits in Cyprus and elsewhere (Messinian). 

Distribution of the pre-Late Miocene sediments in S. W. Cyprus show variable sedimentation 
across the area. In some areas there are hiatuses, possibly related to the influence of a structural high, 
centred around an early positive area created during the Mamonia-Troodos juxtaposition. It is clear that 
this early basement geometry strongly influenced sedimentation, but diminished in its control by ?Late 
Oligocene. The outcrop patterns displayed by the surviving sedimentary packages, bounded by 
unconformities are seen to overstep one another, younging in a north westerly direction preserving the 
underlying older sedimentary packages, to rest on the basement, similar to that seen against the northern 
margin of the Troodos Massif. 

The trend of the north-west and west younging directions of the sedimentary packages seen in 
S. W. Cyprus and against the northern margin of the Troodos Massif respectively, offer evidence for the 
north dipping subduction zone to have migrated southwards, i.e. from the Kyrenia lineament to the south 
side of Cyprus by the Early Paleocene. The subducting African plate could have controlled the differential 
movement of the allochthonous basement terranes and fragments by uplift at the south western edge of 
the overriding European plate. 

XlI 



CHAPTER 1 

INTRODUCTION, OBJECTIVES AND THESIS 
OUTLINE 

1.1 Introduction 

In the late 50's and 60's, detailed geological field studies and systematic mapping 

were carried out, centred in the main around the Troodos Massif (Fig. 1.1; Mt. Olympus), 

on the allochthonous basement terranes of Cyprus, including their associated sediments 

and the overlying relatively undisturbed sedimentary formations (Fig. 1.2), of the neo­

autochthonous Late Cretaceous (Maastrichtian) to Holocene sedimentary cover. The 

research resulted in the publication of memoirs, reports and maps by the Cyprus 

Geological Survey. Publications relating to the circum-Troodos Massif, making reference 

to the neo-autochthonous sedimentary cover (Wtlson, 1959; Bagnall, 1960; Bear, 1960; 

Bear and Morel, 1960; Carr and Bear, 1960; Gass, 1960; Pantazis, 1967; Lilljequist, 1969; 

Turner, 1971), have reported unconformities representing large gaps in the sedimentary 

succession. However, against the southern margin of the Troodos Massif, there is evidence 

(Bagnall, 1960; Bear and Morel, 1960; Pantazis, 1967) to suggest the sedimentary 

succession is more complete, than that seen against the northern margin. 

The overall observation of the outcrop pattern displayed by the noo-autochthonous 

sedimentary cover, against the margins of the Troodos Massif, is that the sedimentary 

succession thickens in a north easterly direction away from the northern margin (Cleintuar 

et al., 1977) and in a southerly direction away from the southern margin (Bagnall, 1960; 

Bear and Morel, 1960; Pantazis, 1967). However, against the south western margin and in 

the area of S.W. Cyprus, the outcrop pattern appears to be more complex than that seen 

against the other two margins and the explanation, may be due to the presence of the 

Mamonia and Troodos basement fragments (Fig. 1.3) which could have had an affect on 

the depositional history of the neo-autochthonous sedimentary cover. 

1 



N 

N 

' ....... 
" . . 

......... Mt. Kyparis~ovounl Letkoniko ...... --...... -...- -........--
-----~-- ........ -....-

, ... " 

Khrysokhou Bay MESAORIA 
BASIN 

Akamas 
Peninsula 

S.W . CYPRUS 
(see Fig. 1,3) 

~ 

Pelra 

TROODOS 
TERRANE 

A Mt. Olympus 

Trouw 

MAMONIA":~:~~~~~~~~JIWHIII ~u_='. __ --
e. . COMPLEX , ".. ... APSIOU, 

~~- " 

................ ,. ...... .-

..... .. ... . ... ... 
Arkhimandrita - ... _ 'Limas sol _~ ...... ~.;.;;) ............ -., 

ANTI TROODOS 
TERRANE 

Moni Formation over 
Mamonia basement 

..... - .... ~­----------------------------
Moni Formation over 
Troodos basement 

-Akroliri 

------ -a. ... 

~- ............ ------ MAMONIA 
TERRANES 

... _-

...... 
41''' 

"".,41''' 

/" 

.;; 

... ; 
,,; 

.;; 

." 

o 

,," 

.,,'" ,," 
41''' 

25km 

Paralimni Melange ~ 
Moni Formalion 

Kalhlkas Formation 

Kannaviou Formation 

Serpentinite !~=-"-..J 

Fig. ] .1. Map of Cyprus, showing the boundaries of the individual allochthonous basement terranes (modified from Gass et aI., 
1994 and including geophysical research by Kempler, 1994). 



Q) 
c 
Q) 
() 

0 .--0... 

Q) 
C 
Q) 
() 

0 

2 

Q) 
c 
Q) 
() 
0 
0> .--
0 

Q) 
c 
Q) 
() 
0 
w 

0 
Q) 

ro -ro 
a.. 

ro 
ro 
:2 

Athalasa Fm 

Pissouri Fm 

Kalavasos Fill 

Pakbna Fm 

Upper Member 

Lefkara Fm 

Middle Member 

Lower Member 
Moni & Kathikas Fm 

{ 
{ 
{ 

..A 
~ 

~ 1U...l.lh'2l ~ ... o.I..I-Y.l. 
1 I 

T I r 
I 

T 
I I 

1 

I 

l' ~ ~ 

1 T 

T 

1 r r r 

T 
T I 

1 
f 

I 
T 

T 
T I 

I 
I I 

T I I 
T 1 1 

T I I I 
1 I I 

J I I 
1 1 I 

-r I I I 
I I I I 

I 
I 1.,... 

T I .J'" 
I I ~o () 
~ 

-" 0_0 -

} Fanglomerates 

} 
} 
} 
} 

Calcarenites with ixlsal 
conglomerate 

,Marls. calcarenites. chalks 
and conglomerates 

Evaporites 
Karonia Limestone 
(reefal and bioclastic limestones) 

Pelagic chalks, marls 
calcarenites arid conglomerates 

} 
Terra LimeS;tone 
(reefal and bioclastic limestones) 

Marl, chert free 

J 

Massive chalk, chert free 

Chalk with bedded cherts 

} Pelagic chalks 
(pink and white marls) t Melange 

Fig. 1.2. Generalised composite geological vertical section (not to scale), showing the 

formations of the neo-autochthonous sedimentary cover, which overlie the allochthonous 

basement rocks of Cyprus. 

3 



20 30 40 50 60 70 

0 10kms 
90 I I 90 ? ., , , , , T 

'\. 

T' 
80 80 

? . 

70~--' 70 
Tertiary sediments 

<,~,:.J/:'. , Kathikas Formation 

Kannaviou Formation 

60 
Troodos Ophiolite 

50 
Ohiarizos Group 

M 
........ 

Serpentinite 

40 M 
40 

Petra tou Romiou 

20 30 40 50 60 70 
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Mamonia and Troodos basement terranes (M & T respectively), and related fragments (M' 

& T' respectively and ?' uncertain) (modified from Swarbrick, 1980). N.B. Kathikas 

Formation and Tertiary sediments = Neo-autochthonous sedimentary cover. 

Since the i!litial systematic mapping survey (Wilson, 1959; Bagnall , 1960; Bear, 

1960; Bear and Morel, 1960; Carr and Bear, 1960; Gass, 1960; Pantazis, 1967; Lilljequist, 

1969; Turner, 1971), research has continued through to the present day .on the circum-
.' 

Troodos Massif neo-autochthonous sedimentary cover, resulting in a number of 

publications (e.g. Mantis, 1970; Robertson and Hudson, 1974; Baroz and Bizon, 1977; 

Cleintuar et ai., 1977; Robertson, 1977a; Follows and Robertson, 1990; Gass et ai. , 1994; 

Payne and Robertson, 1995 etc.). However, none of the publications, including those of 

4 



the initial survey, have fully addressed in any great detail the biostratigraphy of the entire 

sedimentary succession. Therefore the reported unconformities from the initial survey 

publications continued to be poorly constrained and the overstepping nature of the 

younger sediments over older sediments, separated in the main by unconformities, to rest 

on the basement terranes and fragments, remained poorly understood. 

The interactions between the allochthonous basement terranes and associated 

fragments of S.W. Cyprus with one another (Figs 1.1,3), caused through the motions of 

the Afiican and European plates between the Late Cretaceous to Holocene, have played an 

important part in the depositional history of the neo-autochthonous sedimentary succession 

(Fig. 1.2). Therefore evidence obtained by biostratigraphical research on the sedimentary 

cover, helps in an understanding of time relationships and assist in constraining the age of 

the tectonic events. It also forms a significant part of the geological evolution of S. W 

Cyprus and the rest of the island. 

1.2 Objectives 

The primary objective of the thesis is to constrain biostratigraphically the age of the 

Late Cretaceous (Campanian to Maastrichtian) to Late Miocene tectonism ofS.W. Cyprus 

by: 1) providing an age for the sedimentary rocks immediately above the Mesozoic 

basement terranes and relative fragments; 2) documenting the ages of all post-tectonic 

unconformities; 3) relating the age of the rocks and unconformities to the tectonic history 

of S.W. Cyprus. A secondary objective is to relate the findings from S.W. Cyprus to the 

rest of Cyprus and offshore areas. 

To achieve the primary objective, the biostratigraphy was focused on the analysis 

of calcareous nannofossil. Techniques were developed for processing and preparation, 

which includes extracting and mounting the material in readiness for recognition and 

identification of individual species, under light and scanning electron microscope 

conditions (Appendix A, Sampling and Processing). 

1.3 Thesis Outline 

1.3.1 Chapter 2, starts with a brief geographical introduction, after which goes on 

to describe each individual allochthonous basement terrane, that makes up the island of 

Cyprus, including their eastward extension offshore to the mainlands of Turkey and Syria. 

The relatively undisturbed formations of the neo-autochthonous sedimentary cover which 

5 



unconformably overlies the allochthonous Mamonia and Troodos basement terranes and 

fragments are also described. The tectonic events .which have affected the depositional 

history of the neo-autochthonous sedimentary cover of Cyprus, during the Late Cretaceous 
to Holocene are reviewed. 

1.3.2 Chapter 3, provides an introduction and description of the microfossil 

group, coccoliths and nannoliths which together are termed calcareous nannofossils. It 

covers the history of research and the systematic palaeontological approach employed 
within the thesis. 

1.3.3 Chapter 4, covers the Late Cretaceous (Campanian to Maastrichtian) 

calcareous nannofossil biostratigraphical data, observed in samples collected from the 

Kannaviou, Kathikas, Moni (Dhrousha Melange) and Lefkara (Lower Member) 

Formations, including discussion and summary of findings. 

1.3.4 Chapter 5, covers the Palaeocene and Eocene calcareous nannofossil 

biostratigraphical data, observed in samples collected from the Lefkara Formation, Middle 

Member (Chalk and Chert and Massive Chalk units), including discussion and summary 

of findings. 

1.3.5 Chapter 6, covers the Late Oligocene to Miocene calcareous nannofossil 

biostratigraphical data, observed in samples collected from the Pakhna and Pissouri 

(Mrytou Marls) Formations, including discussion and summary of findings. 

1.3.6 Chapter 7, provides discussion, making reference to the findings of chapters 

4, 5 and 6 and fieldwork of past researchers. The data relating to the conformable and 

unconformable contacts, and outcrop patterns are formalised, so that their implications 

with respect to uplift, subsidence and ?lateral movement at the major lineaments, in 

connection with the juxtapositioning and anticlockwise rotation events can be reviewed. 

Also the effects caused by a subduction zone to the south of Cyprus from Early 

Palaeocene onwards is explored. 

1.3.7 Appendix A, Sampling and Processing, covers the strategy behind the 

fieldwork and sampling programme, the dissaggregation techniques employed during the 

project so as to free the calcareous nannofossils from the sample, and the mounting of the 

material obtained so that it can be examined under light and scanning electron 

microscopes. 

6 



1.3.8 Appendix B, Calcareous Nannofossil Identification Key to Family Level, 

leads the researcher through four possible levels of search to achieve recognition: 1. 

Morphology of the overall shape; 2. Distinguishing features of the family within the 

overall shape; 3. Detailed description of each family in alphabetical order; 4. A 

miscellaneous section covering calcareous nannofossils of holococcolith type construction 
and Incertae sedis. 

1.3.9 Appendix C, Deep Sea Drilling Project and Ocean Drilling Project 

Chapters Relating to Calcareous Nannofossils, provides information in the form of a 

table giving volume, year of publication, chapter, page, plates (if available), chronological 

range of calcareous nannofossils reported and author(s). 

1.3.10 Appendix D, Calcareous Nannofossil Glossary, has been formulated to 

assist undergraduates, postgraduates and academics with little or no experience in the 

terminology employed to describe calcareous nannofossils. 

1.3.11 Appendix E, Sample Data, contains tables which make reference to 

sampling, processing, fieldwork records and research data, which have been split into 

three sections: 1) Data tables, comprising three separate tables displaying information in 

numerical order, according to processing number, sample number and new locality 

number; 2) Distribution tables, comprising five separate age related tables (Late 

Cretaceous, Palaeocene, Mid to Late Eocene, Early Miocene and Late Miocene) in 

numerical order according to processing number only; 3) Miscellaneous section, 

comprising one table displaying information in numerical order according to processing 

number, making reference to samples which were processed to reconnaissance level only. 

Footnotes 

1) The chronostratigraphic framework employed throughout the thesis, is 

that proposed by Harland et al. (1989). 

2) It is the intention of the author to bring together Appendices B, C and D 

of the thesis, after submission and along with further refinements, into one 

internal publication, for the use by the Department of Geological Sciences 

at the University of Durham. To assist future undergraduates, post­

graduates and academics in the recognition of calcareous nannofossils. 
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CHAPTER 2 

INTRODUCTION TO CYPRUS AND ITS GEOLOGY 

2.1 Introduction 

Cyprus is the third largest (9250 km2) and most easterly island, after Sicily and 

Sardinia in the Mediterranean, being located south of Turkey and west of Syria. The 

main physical features of the island (Fig. 2.1) are the long narrow Kyrenia 

(Pentadaktylos) Range rising to 1024m at Mt. Kyparissovouni and trends south-west to 

north-east running parallel to the northern coastline, forming a 'panhandle' in the north­

east. The Troodos Range which forms the bulk of the central area of the island, trends 

west to east, rising to 1951m at Mt. Olympus and is separated from the Kyrenia Range 

by the low lying alluvial Mesaoria plain. In the south-west there is an inclined plateau 

with north facing scarps in the south and to the north a valley that drains into 

Khrysokhou Bay. There are no perennial freshwater lakes or rivers, just numerous water 

courses which are dry during summer and autumn. Cyprus has a typical Mediterranean 

climate with hot dry summers, were temperatures can exceed 38°C (cooler in the 

mountains) and warm winters with the rainy season between late October and February 

(snow on the high ground). Pine trees and shrubs are the main vegetation that is 

associated with the high ground and extensive agriculture on the low lying plains. 

2.2 Allochthonous Basement Terranes 

Offshore geophysical research (Kempler, 1994), to the south and east of Cyprus 

towards the Levant coastline, has located lineaments which are associated with onshore 

lineaments seen in south-east Turkey, Syria and Cyprus. The research confirms the 

basement of Cyprus to be a series of west to east trending arcuate allochthonous 

basement terranes and associated fragments (S.W. Cyprus), bounded by major 

lineaments and are from north to south (Fig. 2.1): The Kyrenia basement terrane; The 

Mesaoria Basin; The Troodos basement terrane; The South Troodos Transform Fault 

Zone, including the Anti-Troodos basement terrane; S.W. Cyprus, which is made up of 

several basement fragments which are associated with the Troodos and Mamonia 

basement terranes to the north and south respectively. 
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2.2.1 Kyreoia basement terrane 

The Kyrenia basement terrane (Fig. 2.1) fonus the western section of a narrow 

structural arcuate terrane stretching for several hundreds of kilometres in length, 

extending eastwards offshore towards the Misis Mountains of south-east Turkey 

(Robertson and Woodcock 1986; Kempler, 1994). The Kyrenia basement terrane has the 

structure of a small alpine type fold-and-thrust belt (Robertson and Xenophontos 1993), 

dominated by steeply dipping thrust slices, that partially straddles the northern 

termination of basement rock, similar to that seen within the Troodos basement terrane. 

They consist of Mesozoic and Tertiary sediments with deposits of subordinate volcanic 

and metamorphic rocks. The sedimentary sequence is split into four rock groups, with 

the oldest to youngest being the Trypa (Henson et aI., 1949), Lapithos (Henson et aI., 

1949), Kithrea (Weiler, 1965) and Mesaoria (Henson et aI., 1949) Groups. The Groups 

are separated by unconformities which represent deformation events (Robertson and 

Woodcock 1986), which have occurred during the Late Cretaceous to Early Pliocene. 

2.2.2 Mesaoria Basin 

The Mesaoria Basin (Fig 2.1) is located between the Kyrenia and Troodos 

mountain ranges, with the floor of the basin forming the northern margin of the Troodos 

basement terrane. The sediments that infill the basin are of Late Cretaceous 

(Maastrichtian) to Holocene in age (Fig 2.2) and overlie basalts of the Troodos 

Ophiolite Complex (Fig. 2.3) and bentonitic clays of the Kannaviou Formation 

(Cleintaur et aI., 1977). 

2.2.3 Troodos basement terrane 

The Troodos basement terrane (Fig. 2.1) currently forms the central part of the 

island. Research by Kempler (1994) suggest that the Troodos basement terrane 

(including the floor of the Mesaoria Basin), forms the western section of an arcuate 

structural terrane, which extends eastwards through the Latakia Trough and the 

Iskenderum Basin of south-eastern Turkey, to include the Hatay Ophiolite Complex. 

The Troodos basement terrane has been interpreted as an ophiolite, a remnant piece of 

oceanic crust (Gass, 1968; Moores and Vine 1971), which formed above a Late 

Cretaceous Neo-Tethyan subduction zone, and termed the Troodos Ophiolite Complex 

(Fig. 2.3). Recent UrlPb age-dating by Mukasa and Ludden (1987), on the late forming 

plagiogranites, gave a date of c. 91.6 Ma (Cenomanian-Turonian, Late Cretaceous) for 

the formation of the Troodos Ophiolite Complex. Since its formation the terrane has 

undergone 90° of anticlockwise rotation between the Late Cretaceous (late Campanian) 
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to Mid Eocene (Moores and Vine, 1971 ; Clube et al. , 1985). The Troodos basement 

terrane has also undergone rapid uplift during the last 2 Ma (Robertson 1977a). The 

sedimentary cover associ'~ted with the Troodos basement terrane and related fragments , 

includes the umbers and radiolarites of the Perapedhi Formation (Wilson, 1959), 

infilling depressions in the pillow lava surface, then overlain by' volcaniclastic 

sandstones and bentonitic clays of the Kannaviou Formation (Lapierre, 1968), with 

particularly thick deposits in the south and south-west of the island (Robertson, 1977b), 

and capped by the sediments of the neo-autochthonous sedimentary cover. 

MINERAL DEPOSITS 

I.4AS9VE SULPHIDE 

DEPOSITS 
z 
o IA..L..o---. , 

~ - ...... .... ~~, 

:=. c 
cr" ... 
z 
~ 

" cr o 
~ 

" g 
!i; 

FRACTURE FlLUNG I Fe- CuI 

SULPHIDE Io4NERAlJZAnON 

F.-Cu-Co-N. 

SUlPHIDE I.4'NERAlIZATION 

~Y'OS tonnl,1 

CHROMITE 

... SBEST05 

ROCK TYPES 

UI.48ER 

UPPER PILLOW L"'vAS 

LOWER PILLOW LAVAS 

O ... BASE 
tshMt.o Inllu'l ..... eomp& •• l 

PlAGlOGRANTES 

GABBROS 

1 UI. TR ......... AC SEOUENCE 

I 
J 

WW 
>0 
-Z enW 
:::l::> 
~a 
XW 
wen 

...J~ 
~Z 
enW 
::>::> a:a 
OW en 

UJ 
wO 
...Jz 
I-W 
Z:::l 
<0 
~UJ 

en 

Fig. 2.3. Generalised lithological column of the Troodos Ophiolite Complex, the major 
rock component of the Troodos basement terrane and fragments (modified from 
Constantinou, 1980). 

12 



2.2.4 Southern Troodos Transform Fault Zone (STTFZ) 

The STTFZ is located to the south of the main Troodos basement terrane (Fig. 

2.1), it is a west to east sublinear feature which is 10lan wide in the west and narrows to 

5km in the east. Research by Gass et al. (1994), indicate the rocks within the area bear 

little resemblance to the standard ophiolite stratigraphy, because of the chaotically 

juxtaposed and distributed variety of lithologies within the zone. Gass et al. (1994) 

recognised two distinct lithostratigraphic groups. Firstly, the older 'Axis Sequence' 

which is identical to the Troodos and Anti-Troodos basement terranes, in terms of 

lithology, magmatic structure and petrology, is exposed as titled and rotated blocks 

which resulted from deformation associated with strike-slip displacement within a 

transform fault zone. Secondly, the younger 'Transform Sequence' contains lithologies 

of plutonic and hypabyssal rocks, which are mafic and ultramafic in composition, 

including a volcanic sequence, these have been emplaced due to north-west to south-east 

crustal extension at an active transform fault zone. 

2.2.5 Anti-Troodos basement terrane 

The Anti-Troodos basement terrane is located to the south and east of the 

STTFZ (Fig. 2.1) and together they form the western section of a west to east arcuate 

terrane, that extends eastwards offshore to the Baer-Bassit Ophiolite Complex of north­

west Syria (Kempler, 1994). The succession of rocks found within the Anti-Troodos 

basement terrane are typical of an axis-generated crustal sequence and are 

macroscopically similar to those seen in the Troodos basement terrane. However, 

microscopically there are compositional differences (Remond 1986; Gass et al., 1994). 

2.2.6 S. W. Cyprus and Mamonia basement terranes 

The area of S.W. Cyprus (Fig. 2.4) comprises five arcuate basement fragments, 

trending generally north-west to south-east, and are separating their lithologically 

associated Troodos (Fig. 2.3; Troodos Ophiolite Complex) and Mamonia (Fig. 2.5; 

Mamonia Complex) basement terranes (Fig. 2.1), to the north and south respectively, 

trending west to east. The Mamonia basement terrane is seen as two separate structural 

units (Fig. 2.1), with the narrow southern basement terrane (Kempler, 1994), seen 

onshore forming the high ground, running parallel to the southern coastline of the 

Akrotiri peninsula (Fig. 2.1). Both the southern and northern Mamonia basement 

terranes extend eastwards offshore towards the Levant coastline. Vertical to high angle 

faults separate the Mamonia and Troodos basement terranes and related fragments, 
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sedimentary cover. D = Dhrousha Melange outcrop. 

containing screens of serpentinite. The lava of the Troodos related basement fragments, 

have petrological and geochemical similarities to the lava of the Southern Troodos 

Transform Fault Zone (Cameron 1985; Malpas and Xenophontos, 1987; Malpas et al., 

1992,1993). The lithologies relating to the Mamonia basement terranes and associated 

fragments (Mainonia Complex, Fig. 2.5), were assigned by Swarbrick and Robertson 

(1980) to two groups, the oceanic sequence of the Dhiarizos Group, comprising basic 

lava and deep water pelagic sediments, and the continental sequence of the Ayios 

Photios Group comprising deep water continental slope and rise sediments. Both groups 

are Late Triassic to Early Cretaceous in age. On two occasions the rocks have suffered 
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disruption. First by a possible gravity slide of post early Late Cretaceous in age 

(Robertson and Woodcock, 1979; Swarbrick, 1980). Second by transpressional activity 

(Swarbrick, 1993; Gass et al., 1994), involving the juxtapositioning of the Mamonia and 

Troodos basement terranes, which may include the first phase of anticlockwise rotation 

of the Troodos and Anti-Troodos basement terranes, during the Campanian (Morris et 

al., 1990) and early Maastrichtian. The latter disruption caused the formation of the 

melange deposits belonging to the Kathikas and Moni (and may include the Paralimini 

and Dhrousha Melanges) Formations which are the basal formations of the neo­
autochthonous sedimentary cover. 

2.3 Lithostratigraphy and Past Biostratigraphical Research 

The Late Cretaceous to Holocene sedimentary succession, is split into two 

sections. The basal Perapedhi and Kannaviou Formations exclusively overlie the 

Troodos basement terrane and related fragments. In contrast the localised basal 

sedimentary melange deposits, coupled with the overlying calcareous sediments form 

the neo-autochthonous sedimentary cover (Fig. 2.2), and are common to both Mamonia 

and Troodos basement terranes and related fragments (Figs 2.1,4). 

2.3.1 Sediments associated with the Troodos basement terrane and fragments 

The associated sediments of the Troodos basement terrane and fragments are the 

umbers and radiolarites of the Perapedhi Formation, and overlying volcaniclastic 

sediments and bentonitic clays of the Kannaviou Formation (Fig. 2.2). 

2.3 .1.1 Perapedhi Formation 

The Perapedhi Formation was named by Wilson (1959) with its type locality 

situated east of Perapedhi (Fig. 2.1), defined by Swarbrick and Robertson (1980). The 

umbers and radiolarites immediately overlie Troodos pillow lavas unconformably, to 

form the basal component of the sedimentary succession, and are overlain conformably 

in places by the bentonitic clays of the Kannaviou Formation, and elsewhere 

unconformably by chalks of the Lefkara and Pakhna Formations (Gass, 1960). Urquhart 

and Banner (1994) proposed that the Perapedhi Formation should be restricted to the 

umber sediments only, with the overlying non-calcareous radiolarian shales assigned to 

the Kannaviou Formation. The Author disagrees with the proposal and side with Gass et 

ale (1994) who argue, that the umbers and radiolarites are an integral part of the 
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ophiolite setting, due to their association with hydrothermal activity resulting in 

chemical and biological precipitation respectively. In contrast, the Kannaviou Formation 

is primarily calc-alkaline volcanic in origin (Robertson, 1977b). 

The Perapedhi Formation is preserved in depressions on the pillow lava surface 

and has a discontinuous outcrop pattern around the margin of the Troodos Massif 

(Robertson and Hudson, 1973) and the Troulli Inlier (Lilljequist, 1969) (Fig. 2.1). They 

are also seen as small outcrops in the Akamas and Mavrokolymbus areas (Fig. 2.4) of 

s.w. Cyprus (Swarbrick, 1979). 

The umbers are rich in iron and manganese oxides (Robertson and Hudson, 

1974), may either be massive or well bedded and in places, have interbedded silicified 

layers and pale, radiolarian-rich bands, grading upwards into manganiferous and 

umberiferous shales. The shales are succeeded by and grade into radiolarites and 

radiolarian mudstones (Robertson and Hudson, 1974; Robertson, 1975). 

The age of the Perapedhi Formation is constrained by the age of the underlying 

Troodos pillow lavas (c. 91 Ma., Mukasa and Ludden, 1987 for the plagiogranites of the 

Troodos ophiolite sequence) and in places the sediments of the overlying Kannaviou 

Formation (upper Campanian, Urquhart and Banner, 1994). Research carried out by 

Urquhart and Banner (1994) suggested an age range for the formation, based on 

radiolarian evidence, to the equivalent calcareous nannofossil zones of CC21 - CC23a 

(Campanian). However, there is biostratigraphically evidence by past researchers to 

suggest that the Perapedhi Formation could be episodic or diachronous, due to the 

varying age dates (Blome and Irwin, 1985, Turonian; Bragin and Bragina, 1991, 

Santonian; Thurow, 1991 , Cenomanian-Turonian and Campanian) from various 

localities based on radiolarians recovered. The research carried out by Urquhart and 

Banner (1994) suggested the incompatibility between their findings and past workers 

could be caused by contamination, reworking or the age ranges of radiolarians 

recovered, being not well enough established to permit accurate dating. 

2.3.1.2 Kannaviou Formation 

The Kannaviou Formation was defined by Lapierre (1968), with its type section 

in the Paleomylon valley near Kannaviou (Fig. 2.4), S.W. Cyprus. The formation 

unconformably overlies the Troodos pillow lavas and conformably in places the 

Perapedhi Formation (Bear, 1960; Bear and Morel, 1960; Pantazis, 1967; Lilljequist, 
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1969), which these early workers had assigned the capping bentonitic clays to the 

Perapedhi Formation. The only exception to this is at Petra-tou-Romiou (Fig. 2.4,5) in 

S.W. Cyprus, where they unconformably (?reworked) overlie the Dhiarizos Group 
(Swarbrick, 1979). 

The major exposures of the Kannaviou Formation are seen in southern and S.W. 

Cyprus (Robertson 1977b) (Fig. 2.4). It is possible that the formation continues beneath 

the neo-autochthonous sedimentary cover from the southern exposures towards the east, 

where exposures of bentonitic clays are seen in the Paralimini (Follows and Robertson, 

1990; Urquhart and Banner, 1994) and Troulli Inliers (Lilljequist, 1969) (Figs 2.1). On 

the northern slopes of the Troodos Massif (Bear, 1960), and in the Troulli Inlier the 

bentonitic clays conformably overlie the Perapedhi Formation. In S.W. Cyprus the 

volcaniclastic sediments and bentonitic clays of the Kannaviou Formation outcrop in 

two main areas, with the western outcrop seen in a series of tectonic windows arcing 

from Arkhimandrita village in the south to the Akamas peninsula in the north and the 

second area to the east, seen against the updoming Troodos Massif (Robertson, 1977b). 

The Kannaviou Formation outcrops to the north and east of Limassol (Fig. 2.1), 

underlying and initially assigned to the Moni Formation (Pantazis, 1967). The 

Kannaviou Formation is overlain by in places by the tectonically emplaced sedimentary 

melange deposits of the Kathikas and Moni (which includes the Paralimini and 

Dhrousha Melanges) Formations, and overlain by calcareous sediments of the Lefkara, 

Pakhna and Myrtou-Nicosia Formations, conformably by the marls of the Lefkara 

Formation, Lower Member (Pantazis, 1967; Lilljequist, 1969; Robertson 1977b; 

Krasheninnikov and Kaleda, 1994), but unconformably by stratigraphically higher 

sediments. 

Robertson (1977b) provided detailed descriptions of the Kannaviou Formation in 

S.W. Cyprus and only an outline is presented here, the lower part of the formation 

comprises predominantly non-calcareous bentonitic clays and radiolarian mudstones, 

indicating slow deposition below the calcite compensation depth. The upper part 

contains calcareous bentonitic clays, volcaniclastic siltstones and sandstones, indicating 

a more rapid deposition close to or above the calcite compensation depth. 

Based on planktonic foraminiferal data, Mantis (1970) and Ealey and Knox 

(1975), dated the Kannaviou Formation as lower Campanian to middle Maastrichtian. 

Urquhart and Banner (1994), suggested that the Kannaviou Formation was deposited 

within the Campanian based upon radiolarian, planktonic foraminiferal and calcareous 
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nannofossil data, with no exclusive microfossil data to suggest that the upper horizons 

were deposited in the early Maastrichtian. A further constraint for the onset of deposition 

is supplied by Urquhart and Banner (1994), by the age of the Perapedhi Fonnation which 

the Kannaviou F onnation confonnably overlies (calcareous nannofossil zones CC21-
CC23a, Campanian). 

2.3.2 Neo-autochthonous sedimentary cover 

The neo-autochthonous sedimentary cover unconformably overlies the Mamonia 

(Fig. 2.5), Troodos and Anti-Troodos (Fig. 2.2) basement terranes and related 

fragments. The sedimentation commenced during the late stages of the juxtapositioning 

event of the Mamonia and Troodos basement terranes, during the late Campanian to 

early Maastrichtian, which produced the emplacement of localised melanges of the Moni 

(including the Paralimini and Dhrousha Melanges) and Kathikas F onnations near to 

source. During the emplacement of the melanges, calcareous sedimentation of the 

Lefkara Formation, Lower Member, occurred distally, intercalating with the proximal 

Dhrousha Melange and Kathikas F onnation, producing pelagic chalk interbeds, 

representing pauses in debris flow. After the juxtapositioning event, the area around the 

Troodos Massif and S. W. Cyprus became tectonically quiescent, with the deposition of 

the predominantly calcareous sediments continuing through to the alluvium deposits of 

the Holocene, with ?periodic tectonic interruptions, seen as unconformities representing 

gaps in the sedimentary succession. 

2.3 .2.1 Sedimentary melange deposits 

Four sedimentary melange deposits occur on Cyprus (Figs 2.1,4). In the south­

east the Paralimini Melange (Follows and Robertson, 1990), in the south the Moni 

Formation (pantazis, 1967), in the central part of S.W. Cyprus the Kathikas Fonnation 

(Swarbrick and Robertson, 1980) and in the northern part of S.W. Cyprus the newly 

recognised Dhrousha Melange (this thesis). All were tectonically emplaced and are 

proximal to source areas. Research carned out by Urquhart and Banner (1994), in part 

on the fonner three and this account in part on the latter two, suggest these melange 

deposits are coeval. They all unconformably overlie the Kannaviou Fonnation, and are 

confonnably overlain by Letkara Formation, Lower Member chalks (pantazis 1967; 

Swarbrick and Naylor, 1980), apart from the Parlimini Melange which is unconformably 

overlain by Lefkara Formation, Upper Member chalks (Follows and Robertson, 1990). 

The Paralimini and Dhrousha Melanges appear lithologically similar to the upper unit of 
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the Moni Formation, which was described by Robertson (1977 c) and contains smaller 

clasts. The Dhrousha Melange contains a number of pelagic chalk interbeds, similar to 

those seen in the Kathikas Formation. 

2.3.2.1.1 Moni Formation 

The Moni Formation outcrops in southern Cyprus, to the south and north of 

Limas sol (Fig. 2.1). Pantazis (1967) originally defined and described the formation, 

which included a basal horizon of undisturbed bentonitic clay and radiolarian siltstones. 

Research carried out by Robertson (1977c), recognised the formation to be a melange, 

with the matrix of the melange and the undisturbed basal horizon to be 

contemporaneous with the Kannaviou Formation, which is seen further west in the 

Paphos district and east near Paralimini, and for that reason, assigned the entire Moni 

Formation to the Kannaviou Formation. For the purposes of this thesis the author, sides 

with Gass et al. (1994) by assigning the basal unit to the Kannaviou Formation and the 

stratigraphically higher sedimentary melange deposits to remain as part of the Moni 

Formation, based on the evidence that the melange has been tectonically emplaced. 

The allochthonous components of the melange consists of exotic sedimentary 

and igneous blocks and olistoliths set in a matrix of bentonitic clay, similar to that seen 

in the Kannaviou Formation. Through detailed mapping of the melange, Robertson 

(1977 c) grouped the components into four categories. 

i). Exotic units that can be assigned to the Mamonia Complex of the Paphos 

district, and they tend to be the more resistant lithologies (Akamas sandstone, 

Petra-tou-Romiou limestone and Mamonia volcanics). 

ii). Exotic units that cannot be assigned to the Mamonia Complex (pareklisha 

sandstone and Monagroulli siltstone). 

iii). Serpentinite sheets. 

iv). A discontinuous, stratigraphically higher second melange, consisting of 

smaller fragments, with all lithologies represented, set in a bentonitic clay 

matrix. 

Detailed fieldwork by Robertson (1977c), proposed that the dip and strike 

evidence from the olistoliths, suggested the emplacement of the Mamonia olistoliths 

were from the south to south-west with the serpentinites sourced from the STI'FZ to the 

north. It is not known, if the exotic blocks or olistoliths collapsed into a structural low 
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filled with bentonitic clay, was either associated with a north dipping subduction zone 

(Moores et al., 1984; Malpas et al., 1992) or into an intra plate trough parallel to the 

plate boundary. However, Gass et al. (1994) postulates that all the blocks and olistoliths 

were derived from the south or south-west and were tectonically emplaced with the 

bentonitic clays to form the Moni Melange. Cyprus at the time of melange emplacement, 

was in a region of transpression oriented south-west to the north-east (Gass et al., 

1994), with the Mamonia basement terrane, south of present day Limassol, forming a 

structural high and the Anti-Troodos basement terrane and STTFZ fonning a structural 

low (Fig. 2.1). 

Research carried out by Urquhart and Banner (1994) on the matrix of the 

melange, yielding an assemblage of Campanian radiolaria which includes the species 

Amphipyndax tylotus Foreman in Petrushevskaya and Kozlova, 1972, A. pseudoconulus 

(pessagno, 1963) and Archaeodictyomitra lamellicostata (Foreman, 1968), confirming 

Robertson and Woodcock's (1985) assessment ofa possible age of emplacement to be a 

brief period in the Maastrichtian. The evidence being the age of the matrix (Kannaviou 

Fonnation -late Campanian) and the overlying Maastrichtian Lefkara Fonnation, Lower 

Member chalks. 

2.3 .2.1.2 Paralimini Melange 

The Paralimini Melange was originally recognised as part of the Moni Formation 

(pantazis, 1967, 1979; Robertson, 1977c), but considered as a separate unit by Follows 

and Robertson (1990), with its type locality south of Paralimini (Fig. 2.1). According to 

Follows and Robertson (1990) most of the area to the south ofParalimini is underlain by 

debris flows of the melange. 

The Paralimini Melange consist of exotic blocks consisting of Mamonia and 

Troodos lithologies {including serpentinite) up to 1.5m in size, set in a matrix of pale 

pink bentonite clay of reworked Kannaviou Formation (Follows and Robertson, 1990). 

Follows and Robertson (1990, p209) interpreted the origin of emplacement for 

the Paralimini Melange "as fragments of Mamonia terrane and ophiolitic slivers that were 

incorporated into deep sea volcanogenic sediments", and is comparable with the Moni 

Fonnation (Robertson, 1977c). It is likely that the Paralimini Melange was emplaced 

during the period of south-west to north-east transpression (during the late Campanian 

to early Maastrichtian), with the source area for the exotic fragments being to the south 
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of present day Paralimini, this ?transpressional event possibly generated the emplacement 

of the Moni Foramation (see Gass et al., 1994). 

Research carried out on the underlying Kannaviou Formation at Paralimini by 

Urquhart and Banner (1994), yielded species of radiolaria Diacanthocapsa acanthica 

Dumitrica, 1970, Orbiculiforma sacramentoensis Pessagno, 1976 and A. tylotus which is 

consistent with a Campanian age, therefore the emplacement of the melange post dates 

the Campanian deposition of the Kannaviou Formation. There are two pieces of evidence 

to suggest a possible upper age limit for emplacement. Firstly the melange does not 

contain any clasts of the overlying calcareous sediments (Follows and Robertson, 1990), 

suggesting emplacement prior to any calcareous sedimentation. Secondly if the 

Paralimini Melange and Moni Formation can be correlated then the latter which is 

capped by chalks of the Maastrichtian Lefkara Formation, Lower Member (pantazis, 

1967; Gass et al., 1994), then this would suggest a ?late Campanian to early 

Maastrichtian age for the emplacement of the Paralimini Melange. 

2.3.2.1.3 Dhrousha Melange 

The Dhrousha Melange outcrops on the east side of a road cutting, 2km north of 

Dhrousha (Fig. 2.4), on the Polis road. The distribution of the melange coupled with the 

overlying Letkara Formation, Lower Member (Maastrichtian) pelagic chalks, is limited to 

this single exposure underlying a west and south facing scarp of Terra Limestone (basal 

Miocene), with the melange dipping (50°, 072°N) towards the axis of the Polis Graben, 

and straddles the contact between the northern Mamonia basement fragment and the 

Troodos basement terrane to the east (Fig. 2.4). 

The melange consists of alternating layers of reworked bentonitic clay and sand­

to pebble-grained size clasts of predominantly Mamonia basement terrane origins, 

supported in a matrix of reworked bentonitic clay. The melange can be divided into three 

depositional units by the presence of two pelagic chalk interbeds. 

Due to the Dhrousha Melange's association with Mamonia type rocks and 

coupled with the presence of pelagic chalk interbeds, it would appear the Dhrousha 

Melange and Kathikas Formation share the same mode of emplacement (discussed 

below), with the source area for the Mamonia clastic material coming from the ?west. 
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Like the Kathikas Formation the Dhrousha Melange contains pelagic chalk 

interbeds, containing calcareous nannofossils, which age dates the melange, to be ?late 

Campanian to early Maastrichtian (this study). 

2.3 .2.1.4 Kathikas Formation 

The Kathikas Formation was formally defined and interpreted by Swarbrick and 

Robertson (1980), with its type section reported as a composite, based on localities to 

the west of Kathikas village. There are two large outcropping areas seen in S. w. Cyprus 

(Fig. 2.4), both straddle the contacts between the Mamonia basement fragments and 

Troodos basement terrane in the east and the Mamonia and Troodos southern basement 

fragments in the west. 

The succession comprises multiple undeformed, submarine, matrix -supported 

debris flows (Swarbrick and Robertson, 1980). These multiple debris flows represent 

periods of rapid deposition, were the beds are defined by colour variations, from grey to 

purple and crude stratification marked by changes in size and fabric of clasts (Swarbrick 

and Naylor, 1980). Pelagic chalk interbeds provide the evidence for pauses in deposition 

between flow events. The debris was sourced locally from the southern Mamonia 

basement fragment, with volumetrically fewer clasts of serpentinite and Troodos 

ophiolite material (Gass et aI., 1994). The debris flows are texturally immature, with 

poor sorting of angular clasts, ranging from sand size to 2.5m, averaging 20 to 30cm 

(Gass et aI., 1994). The fine-grained matrix «lmm) which can represent up to 70% of 

the deposit, has a clay content in the order of 70 to 80%. X-ray defraction analysis 

shows peaks of calcite, quartz, hematite, kalonite, illite and montmorillonite mixed layer 

clay (Swarbrick and Naylor, 1980). 

The emplacement of the Kathikas Formation (including the Dhrousha Melange) 

occurred during the late stages (transpressional) of the juxtapositioning event of the 

Mamonia and Troodos basement terranes and their related fragments, separated by 

screens of serpentinite (Swarbrick, 1993). This resulted in the Mamonia basement 

fragments to 'flower' forming structural highs, bounded by fault scarps, these being the 

source areas for the debris flows, to be deposited into the structural lows. 

Biostratigraphical research carried out by Urquhart and Banner (1994) on the 

matrix of the Kathikas Formation, observed benthonic (Bathysiphon spp.; Glomospira 

spp.) and rare planktonic foraminifera (Globotruncanita stuartiformis (Dalbiez, 1955); 
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Spiroplecta striata (Ehrenberg, 1840)), and radiolaria (Gongylothorax spp.; A. tylotus) , 

which were in a poor state of preservation. Urquhart and Banner (1994), also dated the 

pelagic chalk interbeds by referring to previous research (unpublished report, University 

College London, 1992), which observed planktonic foraminifera and calcareous 

nannofossils, indicating a late Maastrichtian age (calcareous nannofossil zones CC25c _ 
CC26). 

2.3.2.2 Calcareous and evaporite sediments 

The lithostratigraphic classification employed within the thesis for the calcareous 

neo-autochthonous cover sediments, is noted in Fig. 2.6 and is correlated with 

lithostratigraphic classifications of past researchers (Gass, 1960; Pantazis, 1967; Turner, 

1971; Krasheninnikov and Kaleda, 1994). The lithostratigraphical boundaries in the 

main, follow those proposed by Gass (1960) and Pantazis (1967) for the Lefk.ara and 

Pakhna Formations, with modifications, especially at the unconformable boundary 

between the Lefk.ara and Pakhna Formations. The stratigraphic classifications proposed 

by Turner (1971), for research carried out between Polis and Kathikas, which forms the 

northern section of the study area, and Krasheninnikov and Kaleda (1994), for research 

carried out on the Perapedhi section, located to the south of the study area, are included 

for the boundaries of the overlying Kalavasos and Pissouri Formations. The reason for 

not employing one of the more recent lithostratigraphic classifications, with respect to 

the Lefkara and Pakhna Formations, is because Turner (1971) has been taken from 

unpublished research and Krasheninnikov and Kaleda (1994) is based on a localised 

measured section, and both are not representative of what is observed overall in S.W. 

Cyprus. 

2.3.2.2.1 Lefk.ara Formation 

Initially the formation was named the Lapithos Group (Henson et aI., 1949; 

Wilson, 1959; Gass, 1960), based on the "Lapithos Beds" of Bellamy and Jukes-Brown 

(1905), in the Kyrenia Range, northern Cyprus. This group was renamed the Lefk.ara 

Group (Pantazis, 1967), due to the validity of the type locality, (see Gass 1960 and 

Ducloz 1964). Gass (1960) subdivided the Lapithos Group into Lower, Middle and 

Upper Lapithos, with the Middle Lapithos being further subdivided into the "Chalk and 

Chert Member" and "Massive Chalk Member", these divisions are based on partial 

unconformities, lithological differences and palaeontological evidence (Cockburn in 
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Gass, 1960). Pantazis (1967) recognised similar lithological divisions of the newly 

named Lefkara Group, which he elevated to fonnation status, the Lower Marl Fonnation 

(equivalent to Lower Lapithos), the Chalk and Chert Fonnation (equivalent to Chalk and 

Chert Member of the Middle Lapithos), and the Upper Chalk Fonnation (equivalent to 

Massive Chalk Member of the Middle Lapithos plus the Upper Lapithos). Research 

carried out on the Late Cretaceous and Tertiary calcareous deposits of the Perapedhi 

section by Krasheninnikov and Kaleda (1994), subdivided the Lefkara Group of 

Pantazis (1967) into five fonnations and are correlated in Fig. 2.6. However, due to 

many facies variations within the upper units throughout Cyprus, this account will 

follow Robertson and Hudson (1974) in referring to all these essentially calcareous 

pelagic sediments (Upper Cretaceous to ?Lower Miocene) as the Lefkara Fonnation and 

the traditional divisions proposed by Gass (1960), to member status (Lower, Middle and 
Upper). 

Lefkara Fonnation, Lower Member 

The chalks of the Lower Member fonn a thin «12m) continuous out crop 

against the south-west margin of the Troodos Massif between Ayios Nikolaos and 

Apsiou villages (Fig. 2.1) (Wilson, 1959; Bear and Morel, 1960; Krasheninnikov and 

Kaleda, 1994). From Apsiou in an anti-clockwise direction around the margin of the 

Troodos Massif the Lower Member thins and becomes progressively more 

discontinuous until west of Lymbia village (Fig. 2.1) on the northern margin the 

Troodos Massif where finally it is no longer seen (Bagnall, 1960; Bear and Morel, 1960; 

Gass, 1960; Pantazis, 1967). Against the south-west margin, north-west of Ayios 

Nikolaos village (Fig. 2.1) the Lower Member again thins and becomes discontinuous 

(Gass et ai., 1994). In S.W. Cyprus the Lower Member is seen as a continuous outcrop 

from Lara to Tala village (Fig. 2.4) (Turner, 1971), following and straddling the 

lineament between the Mamonia and Troodos southern basement fragments, north and 

north-east of Paphos (Fig. 2.4) with a regional dip to the west. The Lower Member is 

also seen to the east of the Troodos Massif around the margin of the Troulli Inlier 

(Lilljequist, 1969). 

At Perapedhi (Fig. 2.1) the Lower Member compnses fine-grained, finely 

laminated marls, with intercalations of marly chalk, nodular cherts (bedded cherts are 

rare to absent) and rare calcarenites (Gass et ai., 1994). Bagnall (1960) reported the 

presence of tuffaceous siltstones, vitric tuffs, agglomerates and isolated volcanic bombs 

in the Pano Lefkara - Lamaca area (Fig. 2.1), suggesting a brief period of localised 
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vulcanicity during the Maastrichtian. Krasheninnikov and Kaleda (1994) subdivided 

their Lower Lefkara Formation into two members (unnamed), the lower 28m being 

composed of soft conchoidally jointed marls and clayey limestones, with the first bed of 

12m forming the Lefkara Formation, Lower Member of this study. 

Due to the absence of benthonic foraminifera, clastic material and macro fossils, 

with the exception of fish teeth. The evidence suggest that the pelagic chalks of the 

Lefkara Formation, Lower Member to be a deep water carbonate sequence, deposited 

close to the calcite compensation depth (Pantazis, 1967; Gass et aI., 1994). 

The chalks of the Lower Member unconformably overlie the Mamonia and 

Troodos basement terranes and fragments (Wilson, 1959; Bagnall, 1960; Pantazis, 1967; 

Gass et aI., 1994), and the Perapedhi Formation, where the capping Kannaviou 

Formation is not present (Gass, 1960; Gass et aI., 1994). It conformably overlies the 

Kannaviou (LiIljequist, 1969; Robertson, 1977c), Kathikas (Swarbrick and Naylor, 

1980) and Moni (Pantazis, 1967; Robertson, 1977a) Formations. North of the Troodos 

Massif (Gass, 1960), and in the Troulli Inlier (Lilljequist, 1969), and the Pano Lefkara -

Larnaca area (Bagnall, 1960), the chalks of the Lower Member are unconformably 

overlain by sediments of the Middle and Upper Members of the Lefkara Formation, and 

the Pakhna Formation. South of the Troodos Massif, between Ayios Nikolaos and 

Kalavasos (Fig. 2.1), the Lower Member passes up conformably into the Chalk and 

Chert unit of the Middle Member (Wilson, 1959; Pantazis, 1967; Gass et aI., 1994; 

Krasheninnikov and Kaleda, 1994). However it must be noted the Chalk and Chert unit 

overlaps the Lower Member north-west of the Perapedhi and makes unconformable 

contact with the Troodos pillow lavas, indicating a ?partial unconformity. Further to the 

north-west the chalks of the Lower Member are seen in several localised areas, along the 

Troodos Massif margin, unconformably overlain by sediments of the Lefkara (Middle 

Member) and Pakhna Formations. 

Research carried out by Krasheninnikov and Kaleda (1994) and Khokhlova, 

Bragina and Krasheninnikov (1994), on the calcareous sediments of the Perapedhi 

section, confirmed and refined the biostratigraphical work of A. G. Davis (in Wilson, 

1959), which suggested the age of their Lower Lefkara Formation sediments to be, Late 

Cretaceous (upper Campanian) to Early Eocene (Ypresian), based on radiolarian and 

foraminiferal zonal evidence. The two unnamed members of the Lower Lefkara 

Formation of Krasheninnikov and Kaleda (1994) have been separately dated, the first 

12m of the lower member to be upper Campanian to Maastrichtian, with the remaining 
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16m to be Early Palaeocene and the upper member (82m thick) to be Late Palaeocene to 

Early Eocene. Pervious researchers (e.g. Gass, 1960; Pantazis, 1967; Lilljequist, 1969; 

Gass et al., 1994 etc.) have considered the pelagic chalks of the Lower Member to be 

entirely of Maastrichtian age, with the overlying chalks ?confonnably (pantazis, 1967) or 

unconformably (Gass, 1960; Bagnall, 1960; Lilljequist, 1969) to be the basal unit of the 

Lefkara Fonnation, Middle Member. 

Lefkara Formation, Middle Member (Chalk: and Chert unit) 

The Middle Member (Chalk and Chert unit), forms a thick (ISO-200m) 

continuous outcrop around the margin of the Troodos Massif: in a clockwise direction 

between Lymbia and Ayios Nikolaos villages (Fig. 2.1) on the northern and south 

western margins respectively (Wtlson, 1959; Bagnall 1960; Bear and Morel, 1960; Gass, 

1960; Pantazis, 1967). Along the northern margin of the Troodos Massif the unit thins in 

a westerly direction (Bear, 1960; Gass, 1960), after overstepping the Lefkara Formation, 

Lower Member onto the Troodos basement terrane at Lymbia Village (Fig. 2.1), and is 

not seen west of Eliophotes village (Fig. 2.1). Along the south western margin, after 

Ayios Nikolaos village (Fig. 2.1) the unit thins and becomes discontinuous (Gass et al., 

1994), and is not seen north-west ofPano-Panayia (Fig. 2.4). The unit is also seen to the 

east of the Troodos Massif exposed around the Troulli Inlier (Lilljequist, 1969). 

The Chalk and Chert unit succession at Perapedhi is described in detail 

lithologically by Krasheninnikov and Kaleda (1994) and is representative of the unit seen 

throughout Cyprus, which they assigned to their Lower and Middle Lefkara Formations, 

with their basal 12m belonging to the Letkara Formation, Lower Member of this study. 

The remaining basal horizon (100m) of the Chalk and Chert unit consists of calcarenites 

and cherts (even though rare are a distinctive part of the sequence), and are present 

along with marls, marly chalks and limestones. The bulk of the upper horizon (80m) 

consists of rhythmic alternation of light grey to white, calciturbidite chalks with 

bioturbation and chert bands to give the strata a well bedded appearance, including 

nodular bone cherts and calcarenites. Gass (1960), reported numerous thin bands 

«10cm) of volcanic tuff throughout the Chalk and Chert unit, but becoming 

progressively rarer towards the top and can be seen exposed within the Tremithios river 

section, east of Ayia Anna village (Fig. 2.1). The tuffs consist of altered basic rock and 

glassy shards, indicating the Troodos Massif may have been exposed during deposition. 

Gass et af. (1994), reported well rounded Mamonia clast up to 2cm diameter to be 
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present, within the Chalk and Chert unit and are concentrated at the base of individual 

beds, and can be seen in a north-east facing exposure, south-east of Pano-Panayia (Fig. 

2.4). This suggests, like the Troodos Massif, the Mamonia rocks were also exposed 

during the deposition of the unit. 

The non-turbidite chalks and marls of the Chalk and Chert unit have all the 

features of deep-water calcareous pelagic sedimentation (Gass et al., 1994), whereas the 

calciturbidites contain clastic grains, benthonic foraminifera and bioturbation, indicating 

deposition in relatively shallower waters with bottom circulation (Robertson, 1976). 

Gass (1960), reported current bedding present throughout the unit, indicating that 

deposition had taken place in a shallow water environment in the Dhali area (Fig. 2.1). 

Pantazis (1967), reported from the Kalavasos area (Fig. 2.1), that the transgressive event 

from the ?south was more widespread than that of the Lefkara Formation, Lower 

Member, due to the Chalk and Chert unit overstepping the Lower Member pelagic 

chalks, onto the basement, and the absence of coarse fractions of clastic material and the 

presence of foraminiferal oozes, suggest deposition occurred in warm seas of moderate 

depth. 

The Chalk and Chert unit oversteps older calcareous units to rest unconformably 

on the Mamonia and Troodos (including associated sediments) basement terranes and 

fragments (e.g. Wilson, 1959; Pantazis, 1967; Gass et aI., 1994; this study, etc.), in S.W. 

Cyprus. The unit also overlies the Lefkara Formation, Lower Member unconformably, 

against the northern and eastern margins of the Troodos Massif and around the Troulli 

Inlier (Bagnall, 1960; Gass, 1960; Lilljequist, 1969), and conformably, against the 

southern and south western margins of the Troodos Massif (Wilson, 1959; Bear and 

Morel, 1960; Pantazis, 1967; Gass et aI., 1994). The unit is conformably overlain by the 

Massive Chalk unit (Wilson, 1959; Bagnall, 1960; Bear and Morel, 1960; Gass, 1960; 

Pantazis, 1967; Lilljequist, 1969; Gass et aI., 1994) and unconformably by 

stratigraphically higher units of the neo-autochthonous sedimentary cover. 

Biostratigraphical studies with respect to the Chalk and Chert unit are of limited 

value, apart from research on the calcareous sediments of the Perapedhi section by 

Krasheninnikov and Kaleda (1994) and Khokhlova, Bragina and Krasheninnikov 

(1994), which confirmed and refined the biostratigraphical work of A. G. Davis (in 

Wilson, 1959), suggesting the age of their Lower and Middle Lefkara Formation 

sediments to be, Late Cretaceous (upper Campanian) to Mid Eocene, based on 

radiolarian and foraminiferal zonal evidence. The two unnamed members of the Lower 
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Lefkara Formation of Krasheninnikov and Kaleda (1994) have been separately dated, 

the first 12m of the lower member to be upper Campanian to Maastrichtian and assigned 

to the Lefkara Formation, Lower Member of this study, with the remaining 16m to be 

Early Palaeocene and the upper member (82m thick) to be Late Palaeocene to Early 

Eocene. Their overlying Middle Lefkara Formation is dated Early to Mid Eocene. This 

gives the Chalk and Chert unit of the Perapedhi section a relative biostratigraphical 

(calcareous nannofossil) zonal range of NPI to NP16. It must be noted that 

Krasheninnikov and Kaleda (1994) did not find any basal layers of the Lower 

Palaeocene due to sparse sampling. 

Research carried out by Baroz and Bizon (1977), on the neo-autochthonous 

sediments deposited against the northern margin of the Troodos Massif, confirmed and 

refined the biostratigraphical research of Cockbain (in Bear, 1960; in Gass, 1960), in 

suggesting the age of isolated outcrops of the Chalk and Chert unit which overlie the 

basement, to have an overall range of Palaeocene to Mid Eocene, based on foraminiferal 

zonal evidence. Against the southern margin of the Troodos Massif in the Kalavasos 

area (Fig. 2.1), Mantis (in Pantazis, 1967) also gave an overall range for the Chalk and 

Chert unit a Palaeocene to Eocene age. 

Lefkara Formation, Middle Member (Massive Chalk unit) 

The Middle Member (Massive Chalk unit), forms a thick (120-2oom) continuous 

outcrop, against the south and south-west margin of the Troodos Massif, between 

Kalavasos and Ayios Nikolaos villages (Fig. 2.1) (Wilson, 1959; Bear and Morel, 1960; 

Pantazis, 1967). From Kalavasos village in an anti-clockwise direction around the 

margin of the Troodos Massif, the outcrop thins and becomes progressively more 

discontinuous, until it is not seen west of Alambia village (Fig. 2.1) on the northern 

margin of the Troodos Massif (Bagnall; 1960; Gass, 1960), where it is overstepped 

unconformably by the chalks of the Lefkara Formation, Upper Member (Gass, 1960). 

The unit north-west of Ayios Nikolaos village thins and becomes discontinuous until it 

is not seen north-west of Lyso (Fig. 2.4), against the south western margin of the 

Troodos Massif. The unit is also seen to the east of the Troodos Massif exposed around 

the Troulli Inlier (Lilljequist, 1969). 

At the Perapedhi section, Krasheninnikovand Kaleda (1994), described in detail 

the Massive Chalk unit (80m) and is representative of the unit seen throughout Cyprus, 

which they assigned to their Upper Lefkara Formation. The unit consists of a lower 
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(35m) section of massive thick-bedded chalks and an upper (45m) section of distinctly­
layered marly chalks. 

The chalks and marls of the Massive Chalk unit, consists of abundant 

foraminifera with subordinate radiolarian shells, with a low (7-15%) non-biogenic 

component, suggesting deposition in clear warm seas of moderate depth (Gass et aI., 
1994). 

The Massive Chalk unit oversteps older calcareous sediments to rest 

unconformably (this study) on the Mamonia and Troodos (including associated 

sediments) basement terranes and fragments in S.W. Cyprus (this study). The unit 

conformably overlies the Lefkara Formation, Middle Member (Chalk and Chert unit) 

(Wilson, 1959; Bagnall, 1960; Bear and Morel, 1960; Gass, 1960; Pantazis, 1967; 

Lilljequist, 1969; Gass et aI., 1994). The unit is overlain by the Lefkara Fonnation, 

Upper Member, unconfonnably against the northern margin of the Troodos Massif and 

around the Troulli Inlier (Gass, 1960; Lilljequist, 1967), and conformably against the 

southern margin of the Troodos Massif (Wilson, 1959; Bagnall, 1960; Bear and Morel, 

1960; Pantazis, 1967; Gass et aI., 1994), and is also unconformably overlain by the 

Pakhna Formation and other stratigraphically higher formations of the neo­

autochthonous sedimentary cover. 

Biostratigraphical studies with respect to the Massive Chalk unit are of limited 

value, apart from research on the calcareous sediments of the Perapedhi section by 

Krasheninnikov and Kaleda (1994) and Khokhlova, Bragina and Krasheninnikov 

(1994), which confirmed and refined the biostratigraphical work of A. G. Davis (in 

Wilson, 1959), suggesting the age of their Upper Lefkara Formation to be Mid to Late 

Eocene age (calcareous nannofossil biostratigraphical zonal range of NP16 to NP20) , 

based on radiolarian and foraminiferal zonal evidence. 

Early researchers Cockbain (in Gass, 1960), Mantis (in Pantazis, 1967) and 

Baroz and Bizon (1977) gave an overall range for the Massive Chalk unit outcrops 

against the northern and southern margins of the Troodos Massif a Mid to Late Eocene 

age. 

31 



Lefkara Formation, Upper Member 

The Upper Member forms a thick (50-180m) continuous outcrop around the 

margin of the Troodos Massif, in an anti-clockwise direction between the villages of 

Ayios Nikoloas and Alambia (Fig. 2.1), against the south western and northern margins 

respectively (Wilson, 1959; Bagnall 1960; Bear, 1960; Bear and Morel, 1960; Gass, 

1960; Pantazis, 1967). Along the northern margin the member thins in a westerly 

direction (Bear, 1960) between the villages of Alambia and Eliophotes (Fig. 2.1), where 

it is unconformably overstepped by the Pakhna Formation. The member is not present 

north-west of Ayios Nikoloas, against the south western margin of the Troodos Massif 

(Gass et ai., 1994). The member is also seen to the east of the Troodos Massif exposed 

in the Troulli Inlier (Lilljequist, 1969) and south of Paralimini (Follows and Robertson, 

1990). 

The Upper Member succession (200m) at Perapedhi (Fig. 2.1) is described in 

detail lithologically by Krasheninnikov and Kaleda (1994), which they assign to their 

Kilani Formation, Members I and IT. It is representive of the member seen against the 

southern margin of the Troodos Massif, mostly composed of marls and marly and clayey 

limestones, with the grey marls containing a uniform fine-grained clay-carbonate mass 

which accounts for 75% of the volume. Against the northern (Bear, 1960), north eastern 

(Gass, 1960) and south eastern (Bagnall, 1960) margins of the Troodos Massif, the 

member is composed of white flaggy, massive and cleaved foraminiferal chalks and 

marls, with the upper part of the succession also consisting of thin black shales, pyritic 

nodules and chalks and marls with a red colouration. 

The depositional environment for the Upper Member against the southern 

margin, can be interpreted by the presence of carbonate clayey sediments with abundant 

planktonic foraminifera, coccoliths and rare radiolaria, to suggest an upper bathyal zone 

(Krasheninnikov and Kaleda, 1994). Against the northern (Bear, 1960), north eastern 

(Gass, 1960) and south eastern (Bagnall, 1960) margins of the Troodos Massif, the 

increasing presence of benthonic fauna throughout the member, and black shales 

indicating anaerobic conditions, red colouration indicating nearby lateritized land 

surface, current bedding and washout structures seen in the upper part of the member, 

suggests a shallowing upwards from the upper bathyal zone, to a near shore, lagoonal 

environment. The slumping and highly contorted units seen within the upper part of the 
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member (Bagnall, 1960; Gass, 1960), separated by relatively undisturbed strata, suggests 

differential uplift of the Troodos Massif, during the late deposition of the member and 
not compressional activity. 

The Upper Member unconformably oversteps in a westerly direction from the 

Troulli Inlier, older sediments to rest on the Troodos basement terrane against the 

northern margin of the Troodos Massif (Bear, 1960; Gass, 1960; Lilljequist, 1969). 

Against the southern margin, the member conformable overlies the Middle Member, 

Massive Chalk unit (Wilson, 1959; Bagnall, 1960; Bear and Morel, 1960; Pantazis, 1967; 

Gass et al., 1994). The member is unconformably overlain by all stratigraphically higher 

units of the neo-autochthonous sedimentary cover. However, south of Para1imini, 

Follows and Robertson (1990) reported the member unconformably overlies lithologies 

of the basement and Paralimini Melange and is conformably overlain by the Pakhna 

Formation, Terra Limestone Member. 

Biostratigraphical studies by Krasheninnikov and Kaleda (1994) and Khokhlova, 

Bragina and Krasheninnikov (1994), confirmed and refined the biostratigraphical work of 

A. G. Davis (in Wilson, 1959), suggesting the age of the Upper Member (their Kilani 

Formation, Members I and II) as Oligocene in age, based on radiolarian and foraminiferal 

zonal evidence (calcareous nannofossil biostratigraphical zonal range ofNP21 to NP24). 

2.3.2.2.2 Pakhna Formation 

The Pakhna Formation essentially consists of chalks, marls, limestones, gypsum 

lenses and calcareous sandstones. The limestones of the Terra and Koronia (Eaton, 

1987) Members are prominent horizons, at or near to the base and top of the formation 

respectively, which Follows and Robertson (1990, 1996), demonstrated to be intimately 

associated with and designated them as formal members of the Pakhna Formation, and 

discussed the tectonic controls during their deposition. 

PakhnaFonnationch~s 

The Pakhna Formation chalks have a variable thickness «60-500m) at outcrop, 

thickening northwards into the Mesaoria basin away from the northern margin of the 

Troodos Massif (Cleintaur et al., 1977) and south westwards away from the southern 

margin (Wtlson, 1959). The formation forms a discontinuous outcrop pattern, in an anti­

clockwise direction between Kalavasos and Pano-Koutraphas villages, against the 
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southern (Pantazis, 1967), eastern (Bagnall, 1960) and northern (Bear, 1960; Carr and 

Bear, 1960; Gass, 1960) margins of the Troodos Massif, with isolated outcrops east of 

the Troulli Inlier (Lilljequist, 1969; Follows and Robertson, 1990). In southern Cyprus, 

north-west of Limassol, the outcrop of the Pakhna chalks are extensive (Pantazis, 1979) 

and outcrop continuously against the southern and south western margins of the Troodos 

Massif, until Ayios Nikolaos village (Wilson, 1959; Bagnall and Morel, 1960), where 

the outcrop becomes discontinuous until north-west of Kannaviou village (Pantazis, 

1979; Kluyver, 1969; Gass et ai., 1994). The formation chalks also form an extensive 

outcrop between Marathounda and Dhrousha villages (Fig. 2.4), against the western 

flank of the Polis graben (Pantazis, 1969; Turner 1969). 

The sediments of the Pakhna Formation other than the Terra and Koronia 

Limestone Members, are cream to buff-coloured marls, chalks, calcarenites, gypsum 

lentils and polymictic conglomerates. Against the south and south-west margins of the 

Troodos Massif, Gass et at. (1994) noted the polymictic conglomerates near to the base 

of the formation, containing clasts derived from Mamonia lithologies, whereas, those 

located higher in the sequence contained Troodos lithologies. There are lateral facies 

variations within the formation, which makes it difficult for any formal stratigraphy to 

be formulated, which had been attempted by earlier researchers (Bagnall, 1960; 

Pantazis, 1967) resulting in contradictory interpretations. 

The Pakhna Formation chalks unconformably oversteps all older sedimentary 

formations to rest on Mamonia and Troodos basement lithologies (Wilson, 1959; 

Bagnall, 1960; Bear, 1960; Carr and Bear, 1960; Gass, 1960; Pantazis, 1967; Lilljequist, 

1969; Gass et ai., 1994), and conformably overlain by sediments of the localised 

Kalavasos Formation (Pantazis, 1967; Eaton, 1987; Follows and Robertson, 1990), 

where the Koronia Limestone Member is missing, and unconformably by 

stratigraphically younger formations. However, in the areas of Perapedhi village 

(Krasheninnikov and Kaleda, 1994; Gass et aI., 1994), Kalavasos village (Eaton, 1987) 

and Paralimini (Follows and Robertson, 1990), the formation chalks conformably 

overlie the Lefkara Formation, Upper Member. 

The sediments of the Pakhna Formation have a composition, texture and faunal 

assemblage which is indicative of been deposited in an open marine to herni-pelagic 

environment (Gass et ai., 1994). The alternating relative rise and fall of sea level during 

the formations deposition, may be responsible for the irregular cyclic sequence of chalk, 

marl and limestone (Gass et aI., 1994; Pantazis, 1967). By the end of the cycle of 
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sedimentation, the manne environment was shallow enough for the localised 

development of the Koronia Limestone Member. Gass et ale (1994), reported the 

presence of rudites outcropping near Pano-Panayia, forming the unconformable base of 

the Pakhna Formation overlying the Lefkara Formation, Middle Member (Massive 

Chalk unit). These rudites are comprised of a disorganised, matrix-supported, 

polymictic conglomerate. Shallow-water carbonate material is dominant, with non­

carbonate material consisting of chert and sandstone fragments derived from Mamonia 

rocks. The presence of Mamonia rocks and the lack of Troodos derived material, would 

indicate a source area to the west of Pano-Panayia, where shallow-water carbonates 

would develop over elevated Mamonia basement fragment. 

Biostratigraphical research carried out for Gass et al. (1994), on samples 

collected from a borehole near Ayios Nikolaos (Fig. 2.1), suggest an Aquitanian age 

(basal Miocene; calcareous nannofossil zonal range of NNI-part NN2), for the base of 

the Pakhna Formation. Research carried out by Krasheninnikov and Kaleda (1994), 

suggest a relative planktonic foraminiferal biostratigraphical zonal range of P22 

Turborotalia kugleri (Oligo-Miocene boundary; calcareous nannofossil zonal range of 

NP25-NNl), for the base of the Pakhna Formation (their Kilani Formation, Member III). 

Also Krasheninnikov and Kaleda (1994), suggest a relative planktonic foraminiferal 

biostratigraphical zonal range of P22-N16 (calcareous nannofossil zonal range of NP25-

part NNll) for the entire Pakhna Formation (their Kilani (Member Ill) , Arsos and 

Pakhna Formations) sedimentary sequence, at the Perapedhi section. Earlier research by 

Baroz and Bizon (1977), suggest a relative planktonic foraminiferal biostratigraphical 

zonal range of N 5-N 16 (calcareous nannofossil zonal range of part NN2-part NN 11), for 

the Pakhna Formation sedimentary sequence, against the northern margin of the Troodos 

Massif. 

Terra Limestone Member 

The Terra Limestone Member is predominantly seen in S.W. Cyprus (Turner, 

1969, 1971; Pantazis, 1979) and S.E. Cyprus (Follows and Robertson, 1990), as 

localised outcrops, the largest being situated against the western flank of the Polis 

graben (Fig. 2.4). In S.E. Cyprus the member is defined as a coral framestone, with red 

algae- and benthonic foraminiferal dominated facies, this diverse fauna and the presence 

of corals, suggest deposition had occurred in shallow marine conditions with normal 

salinity (Follows and Robertson, 1990). Stratigraphically the member is seen at or near 

to the base of the Pakhna Formation. 
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Allen (1967), dated the Terra Limestone Member as Late Oligocene to Early 

Miocene, based on the presence of benthonic foraminifera Loxostomum delicatum and 

on reef dwelling Lepidocyclinia sp. and Miocypsina sp. Mantis (1970), dated the 

member Early Miocene (Burdigalian) based on the recognition of planktonic 

foraminiferal zones Globigerinita dissimilis, Globoquadrina dehiscens and 

Globigerinoides glomerosa (calcareous nannofossil zones NN2-NN5). Follows and 

Robertson (1990), summarised and gave an Aquitanian to Burdigalian (calcareous 

nannofossil zones NN1-NN4) age for the member in S.E. Cyprus, based on the presence 

of corals Favia aquitainensis, F avites neugeboreni var. Burdigalensis and Hydnophora 

(M onticulastraea) provincialis. 

Koronia Limestone Member 

The Koronia Limestone Member is seen as discontinuous outcrops against all 

margins of the Troodos Massif, including the Akamas peninsula (northern Troodos 

basement fragment; Fig. 2.4). At the northern margin the member is designated as facies 

dominated by Poritid corals, with less abundant benthonic foraminifera than that seen in 

the Terra Limestone Member of S.E. Cyprus, indicating deposition had occurred in a 

more turbulent and shallow marine environment (Follows and Robertson, 1990). 

Stratigraphically, the member is seen at the top of the Pakhna Formation. The member is 

reported to overlie and overstep the Pakhna Formation chalks, unconformably against 

the northern margin (Zomenis, 1972; Baroz and Bizon, 1977) and southern margin 

(Gass et ai., 1994), and conformably against the northern margin (Bear, 1960; Carr and 

Bear, 1960), and southern margin (Bagnall, 1960; Pantazis, 1967; Gass et ai., 1994), to 

rest unconformably on Troodos basement lithologies, against the northern margin 

(Wilson, 1959; Bear, 1960; Carr and Bear, 1960), southern margin (Pantazis, 1967; 

Gass et ai., 1994) and in S.W. Cyprus (Turner, 1971; Kluyver, 1969). 

Allen (1967) and Mantis (1968), dated the upper part of the Koronia Limestone 

Member as Mid Miocene age, based on the benthonic foraminifera Borelis melD melo. 

Mantis (1970) correlated the member with the upper part of the Pakhna Formation 

chalks, based on the upper Mid Miocene planktonic foraminifera zone Globorotalia 

margaritae - Sphaeroidineua grimsdallei. Baroz and Bizon (1977) identified 

Globorotalia acostaensis and Globorotalia humerosa in overlying marls and limestones 

respectively, near Eliophotes village, suggesting a Tortonian and Messinian age 

respectively, however, Follows and Robertson (1990) suggest these foraminifera were 

sampled from reworked successions. Follows and Robertson (1990), summarised and 
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inferred the member, located against the northern margin of the Troodos Massi£: as 

Tortonian to ?early Messinian age, based on calcareous nannofossil dating of the 

underlying marls of the Pakhna Formation chalks as Late Miocene and the overlying 

marls of the Pissouri (their Nicosia) Formation as Early Pliocene. 

2.3.2.2.3 Kalavasos Formation (evaporites) 

The Kalavasos Formation outcrop is represented mostly by evaporites and is 

located within three synclinal structures: south-west of the Troodos Massif: with its 

centre located east of Kathikas village (Fig. 2.4), the Polemi basin; south of the massif 

near Pissouri village (Fig. 2.1), the Pissouri basin; and south-east of the massif near 

KaIavasos village (Fig. 2.1), the Psematismenos basin (Orszag-Sperber et at., 1989). 

Also the formation is seen as discontinuous outcrops along the northern margin of the 

massif (pantazis 1967), initially reported as local lenses within the Pakhna Formation 

(Bear, 1960; Carr and Bear, 1960; Gass, 1960). 

Krasheninnikov and Kaleda (1994), noted the Kalavasos F onnation evaporite 

sequence near Pissouri village, which is typical of other Cyprus localities and also the 

Mediterranean region, to consist of three distinct members: a lower member composed 

of marls and diatomites, with beds of limestones; a middle member composed of fine­

grained bedded to coarse crystalline gypsums, with a polygenetic breccia at the base and 

a gypsiferous breccia within the member; and an upper member composed of intercalated 

conglo-breccias, limestone and marls, in lens-shaped layers of variable thickness. 

The presence of gyps~ indicates the depositional environment of the Kalavasos 

Formation, as shallow water conditions in closed or semi .. closed basins, with abnormal 

salinity. The formation is associated with the salinity crisis of the Mediterranean region 

during the Messinian (Hsti, 1972; Hsii et ai., 1978; Robertson et ai., 1995a). 

The Kalavasos Formation conformably overlies the Pakhna Formation (pantazis, 

1967; Eaton, 1987; Follows and Robertson, 1990) and is unconformably overlain by all 

stratigraphically higher fonnations (e.g. Pantazis, 1967; Follows and Robertson, 1990; 

Krasheninnikov and Kaleda, 1994 etc.). 
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2.3.2.2.4 Pissouri Fonnation (Myrtou Marls) 

The Myrtou Marls forms the base of the Pissouri Formation, which is of variable 

thickness (30-12Om at outcrop; >60Om in borehole, Mesaoria basin), seen as a 

discontinuous outcrop pattern around the Troodos Massif, in an anti-clockwise direction 

it is located, within the Polis graben structure (Fig. 2.4), along the coast north of Paphos, 

centred around Pissouri village, south of the Troulli Inlier, centred around Paralimini, 

within the Mesaoria basin and against the northern margin of the massif (pantazis, 
1979). 

Against the northern margin of the Troodos Massif and northwards into the 

Mesaoria basin, the Pissouri Formation (Myrtou Marls) is a homogeneous grey 

sediment, but locally contains thin limestone bands and sandy layers which shows a 

brown or buff colouration (Wilson, 1959; Bear, 1960; Carr and Bear, 1960; Gass, 1960). 

South of the massif the formation comprises interclated clayey-carbonate and sandy 

rocks (Krasheninnikov and Kaleda, 1994). 

The different lithologies noted within the Pissouri Formation (Myrtou Marls), 

against the northern margin of the Troodos Massif, may represent facies variations, 

between deep water (marls) and near shore (limestones and sandy layers) environments 

(Wilson, 1959; Bear, 1960). However, the lithologies noted by Krasheninnikov and 

Kaleda (1994) from the outcrop centred around Pissouri village, indicate a shallow 

water outer shelf environment. 

The Pissouri Formation unconformable oversteps all older sedimentary 

formations to rest on Mamonia and Troodos basement lithologies and is unconformably 

overlain by stratigraphically higher formations. 

Biostratigraphical studies carried out by Krasheninnikov and Kaleda (1994), on 

the Perapedhi section, suggest a relative biostratigraphical age of basal Pliocene (their 

planktonic foraminiferal Sphaeroidinellopsis Acme-Zone), for the base of the Pissouri 

Formation (calcareous nannofossil zonal range of NN12). 

2.4 Major Tectonic Events 

The major tectonic events covered below are in historical order, with the earliest 

first, and all have affected the depositional history of the formations which make up the 
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neo-autochthonous sedimentary cover, during the Late Cretaceous (Campanian­

Masstrichtian) to Holocene. 

2.4.1 The Mamonia Complex (Mamonia basement fragments) 

A number of mechanisms have been proposed to explain the style of disruption 

displayed within the Mamonia Complex (Fig. 2.4) of S.W. Cyprus. Lapierre (1972, 

1975), considered the Mamonia Complex had been emplaced across the Troodos Massif 

from the north-east, during the collision between the Afiican and European plates, as a 

duplex of alpine-style thrusts and nappes. Turner (1973), suggested that the field 

evidence was consistent with a gravity slide emplacement, southwards across the 

Troodos Massif from Turkey, to form the nappe stack. Both Lapierre and Turner 

considered the serpentinites to be the detachment horizon, for their models. Robertson 

and Woodcock (1979) and Swarbrick (1980), showed the highly disrupted Ayios Photios 

Group to be separated from the underlying Dhiarizos Group by a low angle tectonic 

contact. Robertson and Woodcock (1979), followed Turner in suggesting a gravity slide, 

but proposed emplacement to be from the south-west, directly onto the Troodos 

basement terrane. Swarbrick (1980), proposed through field evidence, the Mamonia 

Complex was separated from the Troodos basement terrane, by high angle to vertical 

faults, and the lower Dhiarizos Group of lithologies to be the Mamonia basement. The 

date of the event is poorly constrained between the age of the youngest sediments of the 

Ayios Photios and Dhiarizos Groups, probably BerriasianlHauterivian, of the Early 

Cretaceous (Ealey and Knox, 1975) and to be earlier than the juxtapositioning event 

(section 2.4.2) of the Mamonia and Troodos basement terranes. Evidence to suggest the 

latter, is the sub-vertical serpentinite screens that separate the two basement terranes, 

have been seen to cross-cut the contact between the Ayios Photios and Dhiarizos Groups 

(Swarbrick, 1980, 1993), and the contact between Kannaviou Formation (late 

Campanian) and its associated Troodos basement terrane or fragments. 

2.4.2 Juxtapositioning of the Mamonia and Troodos basement terranes 

A number of mechanisms have been proposed to explain the juxtapositioning 

event between the Mamonia and Troodos basement terranes and associated fragments. 

They involve a strike slip (e.g. Swarbrick, 1980; Clube and Robertson, 1986; Swarbrick, 

1993) or subduction (e.g. Moores et ai., 1984; Murton, 1990; Malpas et aI., 1992; 

Malpas et al., 1993) related scenario, with or without the anticlockwise rotation of the 

Troodos micro plate being involved. What is accepted by all models is that two dissimilar 
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basement terranes have been brought together side by side. Where the contact is exposed 

the two terranes are separated by high angle to vertical faults containing screens of 

serpentinite. Straddling the contact between the Mamonia and Troodos basement 

terranes and fragments, is the melange of the Kathikas Formation, which is thought to be 

the product produced by the late stages of docking (Swarbrick, 1993). Therefore the 

date for the cessation of the event is based on the age of the chalk interbeds found within 

the Kathikas Formation, which are early Maastrichtian in age (this study). 

2.4.3 Rotation of the Troodos micro plate 

It is thought by some researchers ( e.g. Moores et ai., 1984; Clube and 

Robertson, 1986; Murton, 1990; Swarbrick, 1993 etc.), the first phase of anticIockwise 

rotation «60°) of the Troodos micro plate, is coeval with the juxtapositioning event of 

the Mamonia and Troodos basement terranes and fragments, and therefore is related to 

the proposed mechanisms of that event. 

Moores and Vine (1971) reported palaeomagnetic vectors with a westerly 

declination indicating an anticlockwise rotation of 90° for the Troodos micro plate, since 

the Campanian. Later it was suggested the rotation had occurred during the Miocene, 

based on relative plate motions between the African and Euro ... Asian plates (Shelton and 

Gass, 1980). However, after extensive sampling of the ophiolite and Turonian to Recent 

sedimentary cover, it was reported the rotation event consisting 90° of anticlockwise 

movement, had occurred during the Late Cretaceous to early Tertiary (Clube et ai., 

1985). Studies carried out on the umbers and radiolarites of the Perapedhi Formation, 

indicate an anticlockwise rotation of 45° out of the 90° had taken place during the 

Campanian (Morris et ai., 1990). 

2.4.4 Kyrenia - Dl Tectonic Event 

The deformation of metamorphism, uplift, brecciation and erosion, which took 

place during the D 1 tectonic event, was caused by pervasive ?dextral strike slip at a 

closing northward dipping subduction zone, south of the present day Kyrenia basement 

terrane (Robertson and Woodcock, 1986). The event is reliably dated as pre­

Maastrichtian by the unconformable overlying basal breccias of the Lapithos Group onto 

sediments of the Trypa Group (Fig. 2.7). 
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The event is associated with the rotation of the Troodos micro plate, due to the 

?dextral strike slip motion (Robertson and Woodcock, 1986), the effect would give an 

anticlockwise sense of movement to the Troodos micro plate, which is situated to the 
south of the K yrenia Lineament. 

2.4.5 Kyrenia - D2 Tectonic Event 

The deformation of localised metamorphism, flysch and olistostrome deposition 

within the K yrenia basement terrane, took place during the D2 tectonic event (Fig. 2.7), 

and was caused by a southward thrusting event, during the Mid to Late Eocene. This is 

thought to be related to the final closure of the Neo-Tethyan oceanic strands within the 

Taurides, Turkey (Robertson and Woodcock, 1986). 

2.4.6 Polis Graben 

The major north to south trending extensional structures recorded in the 

asymmetrical Polis graben structure (Fig. 2.5) of S.W. Cyprus, are thOUght to be the 

result of extension generated above a subduction zone, located to the south of Cyprus, 

driven by subduction roll-back and trench migration, during the Late Miocene. (payne 

and Robertson, 1995) 

2.4.7 Yerasa Fold Belt 

The narrow Yerasa fold belt, trending north-west to south-east is located against 

the south western edge of the Southern Troodos Transfonn Fault Zone (STTFZ), near 

the village of Apsiou (Fig. 2.1). The fold deformation has affected the melange deposits 

of the Moni F ormation and the calcareous deposits of the Letkara and Pakhna 

Formations (Bear and Morel, 1960; Robertso~ 1977 a; Murton, 1986), with the 

overlying Late Miocene Koronia Limestone unaffected. Also associated with the fold 

belt is the late stage thrusting of mantle sequence rocks. The cause for the formation of 

the fold belt, has been tentatively suggested to be attributed to late stage serpentinisation 

of the mantle sequence peridotites (MacLeod, 1988), located at the western edge of the 

STTFZ, during the Mid to Late Miocene. 
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Fig. 2.7. Stratigraphic summary of the Kyrenia terrane with relation to the deformation 

events Dl, D2, and D3. Vertical scale is true time but with a scale change at 75 Ma 

(modified from Robertson and Woodcock, 1986). 

2.4.8 Kyrenia - D3 Tectonic Event 

The deformation of south-vergent folding of the Kithrea Group and the already 

deformed Troodos and Lapithos sheets onto Kithrea Group along the southern Kyrenia 

basement terrane front, which took place during the D3 tectonic event (Fig. 2.7), was 

caused by another southward thrusting event, which is thought to be related to the 

northward under- thrusting of African crustal elements (Robertson and Woodcock, 

1986), during the Late Miocene to mid Pliocene. 

I 

2.4.9 Peyia Half Graben 

The major north-west to south-east extensional structures recorded in the Peyia 

half graben structure, located to the west of the Polis graben (Fig. 2.5), running parallel 

to the coastline of S.W. Cyprus, are thought to be the result of continued extension 
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generated above a subduction zone. First initiated during the Late Miocene to form the 

Polis graben structure to the east~ but driven by the Eratosthenes seamount located on 

the subducting plate~colliding with the trench, locally impeding subductio~ resulting in 

north-east to south-west extension (payne and Robertso~ 1995)~ during the Plio­
Pleistocene. 

2.4.10 Rapid Uplift, Troodos Massif 

The rapid uplift during the Late Pliocene and Pleistocene (Robertso~ 1977a)~ is 

thought to have been caused by a low-density, serpentinite diapir under the summit of 

Mt. Olympus (Gass and Masson-Smith, 1963), the style, age and rate of uplift has not 

yet been satisfactorily resolved (Gass et ai., 1994). The effect has produced a domal 

structure that gives an annular geographic distribution to the Troodos Ophiolite Complex 

Sequences (Fig. 2.3). The result is the deepest rocks, which are situated below the 

petrological moho of the 'Mantle Sequence' form the core at the highest point and the 

stratigraphically higher 'Extrusive Sequence' consisting of pillow lava, occur at the 

periphery. The uplift also caused the rapid denudation of the Troodos Massif, producing 

vast quantities of highly immature sediments, of the 'Fanglomerate' Formation. 

2.4.11 Subduction 

Subduction has played an important part in the geological evolution of Cyprus, 

since the Late Cretaceous. There is geochemical evidence to suggest the Troodos micro 

plate was formed by sea floor spreading above a subduction zone (pearce, 1975, 1980; 

Smewing et al., 1975), with some workers (e.g. Moores et aZ., 1984; Robertson and 

Dixon, 1984) favouring a northward dipping zone and others (e.g. Dilek et aI., 1990; 

Taylor et al., 1991) favouring a southward dipping zone. Robertson and Woodcock 

(1986) and Kempler and Ben-Avraham (1987) proposed that a northward dipping 

subduction zone existed to the south of the K yrenia Lineament between the ?Santonian 

and Campanian. Currently there is a subduction zone to the south of Cyprus, where the 

north eastern edge of the Afiican plate dips northwards under the Turkish plate. 

Research by Robertson et al. (1995b, 1996a), suggests the Eratosthenes seamount, 

which is situated to the south of Cyprus on the subducting plate, is breaking up and being 

thrust under Cyprus, and could be responsible for the Late Pliocene to mid Quaternary 

uplift of southern Cyprus. The onset of subduction to the south of Cyprus is uncertain, 

but is thought to have been present during the Oligocene and Miocene (Eaton and 

Robertso~ 1993). The Late Tertiary to Recent tectonic and palaeo-environmental 

development of the Mediterranean region is ,extensively covered by Robertson and 

Grasso (1995), and Robertson et al. (1996b). 
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CHAPTER 3 

INTRODUCTION TO CALCAREOUS NANNOFOSSILS 
AND SYSTEMA TICS 

3.1 Introduction 

With reference to chapters relating to calcareous nannofossils (Appendix C), of 

Initial Reports of the Deep Sea Drilling Project and Scientific Reports of the Ocean 

Drilling Project, one cannot fail to be aware of the importance of this group of 

microf'0ssils in providing a standard bioz'0nati'0n for the world-wide correlation '0f 

Cretaceous and Tertiary calcareous sediments. 

Calcare'0us nannofossils can be split into two distinct groups, coccoliths and 

nannoliths. Coccoliths are the minute skeletal plates (1-25JIm in diameter), produced by 

marine golden-brown unicellular photosynthetic algae termed a coccolithophore. These 

skeletal plates in an interlocking arrangement, form a cocco sphere on the external 

surface of the coccolithophore cell. The coccolithophorid is the most abundant organism 

in the marine environment and generally less than 50JIm in diameter. Other minute 

calcareous skeletal remains found in the same sample fraction and considered to be 

organic, are termed nannoliths. However, these skeletal remains are '0f uncertain 

biological origin. 

Present day coccolithophores live in the top 200m of the marine water column 

and play an important role in the food chain. After death, either by natural causes '0r 

digestion by predators, individual coccoliths separate from the coccolithosphere or form 

part of a faecal pellet respectively, and sink t'0 the sea floor. These skeletal remains along 

with nannoliths become part of the sedimentary record, to provide a high resolution 

biostratigraphy for many pelagic deposits of Jurassic to Holocene in age, which is 

reviewed in Young et af. (1994). 

The biology of calcareous nannoplankton is extensively covered in Haq (1978) 

and most recently in Siesser (1993). 
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3.2 History of Research 

In 1836 the German biologist, C. G. Ehrenberg made the first reference to 

nannofossils after observing very small flat circular and elliptical discs, in the chalks from 

the Island of Rugen in the Baltic Sea. He figured discoasters and coccoliths, but termed 

them 'Kalkerigie crystalldrusen' and 'Morpholite' respectively and considered them to be 

inorganic. It was not until 1858 when the term 'coccolith' was proposed by T. M. Huxley 

after reporting the presence of Ehrenberg type crystalliods in deep sea oozes and also 

like Ehrenberg considered them to be inorganic. G. C. Wallich and H. C. Sorby came to 

the same conclusion independently in 1861, that the calcareous nannofossils were parts 

of larger spherical objects, to which the former termed them as cocco spheres. Through a 

series of short papers between 1863 and 1877, Wallich clarified the true nature of the 

cocco spheres and in 1865 reported the discovery of living coccospheres. 

In the latter part of the 19th century, 1. Murray and A. F. Renard carried out 

research on deep sea sediments collected during the H.M. S. Challenger expedition. It 

resulted in the publication of their report in 1891, which was the first reported attempt to 

understand life in the oceanic realm. In the early part of this century, the importance of 

calcareous nannoplankton as a primary link in the marine food chain was realised. It 

provided the impetus for pioneers such as H. Lohmann, 1. Schiller, F. Bernard, G. 

Deflandre and E. Kamptner to publish extensively on the biological, structural and 

stratigraphical nature of nannoplankton in general. 

3.3 Systematic Palaeontology 

3.3.1 Construction 

Based on their calcite element construction, calcareous nannofossils are 

subdivided into two groups, holococcoliths and heterococcoliths. Holococcoliths 

comprise calcite elements of identical shape and size, whilst in heterococcoliths the 

calcite elements are of differing shapes and sizes. 

3.3.2 Classification and definitions 

Calcareous nannofossils are classified according to the International Code of 

Botanical Nomenclature (ICBN). However, there is no general agreement on the higher 

levels of classification relating to calcareous nannofossils, particularly the extinct group, 

the nannoliths, which is reviewed in Green and Jordan (1994). Consequently the thesis 
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follows many authors (e.g. Bukry, 1969; Thierstein, 1973; Perch-Nielsen, 1985a,b etc.) 

in arranging families (defined in Appendix B) and taxa in alphabetical order. Therefore 

the classification philosophy followed in this thesis, will follow the morphological 

definitions provided by Bown (1987, p12), expanded herein to include nannoliths (see 

below). The philosophy allows all species of calcareous nannofossils observed during the 

project to be classified based on easily recognisable morphological characters. 

Definitions 

Family 

Genus 

Species 

Coccoliths Generalised overall morphology of the rim, 

including the general organisation and 

width of the elements that make up the rim, 

plus the nature of the central area. 

Nannoliths Generalised overall morphology of shape. 

Coccoliths 

NB. Many nannolith families are 

monogenenc. 

Detailed rim features and general central 

area structures. 

Nannoliths General organisation of elements within 

the shape. 

Coccoliths Detailed central area structures. 

Nannoliths Detailed organisation of elements or 

distinguishing features. 

Systematic descriptions follow the format required by the Journal of 

Micropalaeontology and are split stratigraphically into three separate sections, and form 

parts of chapters 4, 5 and 6. The plates and their descriptions relating to the systematics, 

are located to the rear of their respective chapters. These chapters relate to the age of the 

sediments under investigation, Late Cretaceous, Palaeogene and Neogene. 
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3.3.3 Biostratigraphical zonal schemes 

Until 1954 the usefulness of calcareous nannofossils as a biostratigraphical tool 

was poorly known, until M. N. Bramlette and W. R Riedel noted the distinctiveness of 

Mesozoic and Tertiary assemblages and suggested they might be useful as 

biostratigraphical indicators for the world-wide correlation of pelagic sediments. By the 

late 1960's the vertical ranges for species of fossil nannotlora from the Tertiary had 

reached the stage were biostratigraphical zonations could be erected. 

The history of development for biostratigraphical zonal schemes for the Mesozoic 

and Cenozoic, with respect to calcareous nannofossils, is extensively covered in Perch­
Nielsen (1985a,b). 

Currently the world-wide zonal scheme erected to subdivide the Jurassic, is still 

poorly established, with no world-wide subdivision for the pre-Jurassic. The world-wide 

zonal subdivision for the Cretaceous is well established, especially for the Late 

Cretaceous, whereas, the Early Cretaceous subdivisions within the zonal schemes have in 

the main, larger time spans. The reason for the differences between the Jurassic and 

Cretaceous is that more zonal schemes have been erected for the Cretaceous. This is 

largely due to the globally widespread Cretaceous marine deposits, both on the 

continents and in the oceans, and in part to the greater abundance and diversity of 

calcareous nannofossils during the Cretaceous, and therefore greater potential for a more 

refined subdivision of the Cretaceous. Cenozoic zonal schemes are even more refined 

than those of the Cretaceous for the same reasons. The erection of calcareous 

nannofossil biostratigraphical zonal schemes, usually use first occurrences of the species, 

which in the main, should be abundant, cosmopolitan and solution-resistant, to subdivide 

the scheme accurately. This is because first occurrences (FO's) win be more accurat'e 

than last occurrences (LO's) for defining zonal boundaries, since LO's can be distorted by 

reworking. However, biostratigraphers working with borehole material use LO's, 

because of the problems with downhole contamination (perch-Nielsen, 1985a,b; Siesser, 

1993). 

The thesis employs the biostratigraphical zonal scheme erected by Sissingh 

(1977), with the modifications and refinement by Perch-Nielsen (1979, 1983; Fig. 3.1). 

The zonal scheme proposed for the Late Cretaceous was developed for the eastern 

Mediterranean and is based on range data obtained from Europe and Tunisia, areas 

located on the opposite margins of the Tethys Ocean. The refinements made by Perch­

Nielsen (1979, 1983), were based on range data obtained from the Mediterranean and 
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AGE * 
ROTH (1978) VERBEEK (1971) SISSINGH (1977) PERCH·NIELSEN (1979, 1983) 
cosmopolitan NC Tunisia, France, Spain Europe, Tunisia CC cosmopolitan 

Z : <t I' M. fT/urus/N. freq.H 23 M. m(Jrus ! N. frequens 26 f--' M. prinsii 
~ - - f--' N. frequens. C. kamprneri J: t u I L. quadratus 

t 
22 f--' M. murus - L. quadratus . t A. cymbiformis 25 a: - f--' L. quadratus 

~ 
Vl L. praeq(Jadratlls 21 R. levis • 24 ~ R. levis 
<t 
<t -'-. ----1 • - :---. T. phacelosus. O. rrifidum 

.L -
Q. trifidum T. phacelosus 23 :---. A. parcus 

I T. trifidus 20' 
• 'R. anrhoph - ......, R. aflthopIJorus. E. eximius 

I ---' R. levIs 
O. trifidum 22 

z t t I 
......, L. grillii 

S O. gothicum t O. nitidum t 
- ---' O. trifidum 

Z I T. acuJeus 19 ..1.!.. f--' Q. sissinghii 
<t t C. aculeus t C. aculeus I .lQ. 
0.. f--' C. aculeus 
:1: C.ovalis 19 r B. hayi <t u B. parca 18 B. parca • M. furcatus - r M. furcatus 

A. parcus 18 
~ C. verbeekii. A. parcus 

t I J 
f-.J B. hayi. A. parcus - I Z. spiralis C.obscurus t ---~ A. parcus 

:i T. obscurus- t .Jl. f--' C. obscurus. E. floralis 
<t M. concava 

17 R. hayj t . L. cayeuJ{ii t J.§.. 
~ L. cayeuxii. L. septenarius , 

Vl tt :i;tCo;'cava t R. anthophorus t ~ ~ R. anthophorus, L. grillii, r-:- Ii. acunosa t 1..6.. ..J:L lacunosa t 
M. staurophora t 14 M. concava Z - ~ M. decussata 0 M. furcatus 15 M. furcatus 
M. furcatus ~ L. sepeenarius .4 1--1 E. ex. t J 

13 

K. magnificus t 14 E. eximius t L. maleformis t 12 f--' M. furcacus 
::> • M. staurophoraL...J T. pyr. 13 O. gartneri t O. gartneri J 

.....:..::.... ~ E. eximius, L. maleformis 
~ ..l!.. f-.J O. gartneri 

Z G. ob/iquum I 12 G.obliquum t <t 

I L. acutus 
" '1 L. acutus 

M. decoratus 
t 

10 r M. chiastius 
:1: -1 ~ M. decoratus, L. acutus 0 -
Z ~ C. kennedyi, B. africana, 
w E. turriseiffelii 10 E. turriseiffelii E. turriseiffelii 9 E. brit.mnica ..g.. 

t J 
r H. albiensis, C. anglicum Z t <t - ~ E. turrised/elii - A. albian us t ~ co I P. columnaea P. columnaea 8 ~ T. phacelosus. C. signum ...J P. cretacea I 2- • 

~ - ~ P. columnaea 

Z I 
~ B. africana 

<t P. angustus 7 C. litterarius 
--, C. mexicana, M. obtusus 

i= 7 --, E. anriquus 
0.. J « • C. liaerarius I 6'" t ___ ---' E. florall·s. R. angustus 

0:- I 
---=:;.. 

M. hoschulzii 
.....J C. platvrhethus, R. irregularis 

« • C. oblongata~ -, C. oblongata 
~. W. oblong.? 5 L. bolli; 5 -, L. bol/II 

a: -, . • S. colligata - -, C. cuvilileri. S. cOlligata w i 
~ ~ L. bol/II 
::l C.loriei 4 f-.J E. iJntiquus <t 4 J J: • C. cuvillieri - ~ C. loriel. C. striatus 

l"""- • , 'r M. speeronensis 
t:) • - rD. rectus Z I C. oblongata 3 <t T. verenae 3 ---' M. speeronensis, T. verenae 
...J D. rectus J <t - '-' D. rcccus 
> I - ---' C. ob longa c iJ 
~ • R. neocomiana 2 C. cre(1ulatus 2 .....J S. colligata 

en t I - .....J S. crcnulara <t -- ~ P. beck mannii a: 
a: N. colomii N. steinmannii 1 ~ c., cuvilliefi. M. obtusus, . w 1 
co L. carniolensis P. senafla 

~ 
~ L. carniolensis, R. laffittei, 

~ N. steinmannii 

Fig. 3.1. Correlation of Cretaceous zonal schemes and their correlation with stratotypes 

(*) of the stages (modified from Perch-Nielsen, 1985b). 

North Sea. Also the Sissingh (1977) zonal scheme has a higher resolution, especially 

during the Late Cretaceous, than the scheme proposed by Verbeek (1977) (Fig. 3.1) 

based on range data obtained from the same region (France, Spain and Tunisia) and the 

cosmopolitan derived scheme proposed by Roth (1978) (Fig. 3.1). The correlation of the 

Cretaceous biostratigraphical zonal scheme for calcareous nannofossils employed in this 

thesis, with palaeomagnetic data is displayed in Fig. 3.2, along with zonal schemes 

proposed for planktonic foraminifera and radiolaria. 
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MAGNETIC 
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Fig. 3.2. Correlation of the biostratigraphic zonal schemes for the Late Jurassic and 

Cretaceous, relating to planktonic foraminifera, calcareous nannofossils and radiolaria 

(modified from Bolli et ai., 1985). 1. Harland et al., 1982 (black = normal, white = 
reverse); 2. Harland et ai., 1982; 3. van Hinte, 1976; 4. Caron, 1985; 5. Sissingh, 1977; 

6. Sanfilippo and Riedel, 1985. 

--------------------------------------------------------------------------------------------------------

The biostratigraphical zonal scheme proposed by Martini (1971), will be 

employed in the thesis for the subdivision of the Tertiary (Fig. 3.3). This is because the 

scheme is more suited to a restricted oceanic environment, similar to the depositional 

environment for the Late Cretaceous to Holocene sediments of Cyprus, rather than the 

zonal scheme erected by Okada and Bukry (1980) (Fig. 3.3), which is more suited to an 

open oceanic environment (Perch-Nielsen, 1985b). Both the zonal schemes of Martini 

(1971) and Okada and Bukry (1980), have been used successfully for more than a 

decade, for the use in correlation between globally separated areas and used locally as a 

framework for high resolution biostratigraphy (Perch-Nielsen, 1985b). The correlation 

of Tertiary biostratigraphical zonal scheme for calcareous nannofossils employed in this 

thesis, with palaeomagnetic data is displayed in Fig. 3.3, and with planktonic 

foraminifera in Fig. 3.4. 
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Fig. 3.4. Correlation of the biostratigraphic zonal schemes for the Palaeocene to 

Holocene, relating to planktonic foraminifera and calcareous nannofossils (modified 

from Bolli et al., 1985), 1. Bolli et al., 1957a,b; Bolli and Bermudez, 1965; Bolli and 

Premoli Silva, 1973; Bolli and Saunders, 1985; 2. Banner and Blow, 1965; Blow, 1969; 

Berggren and Van Couvering, 1974; 3. Okada and Bukry, 1980 (Bukry, 1973c, 1975); 4. 

Martini, 1971. 
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CHAPTER 4 

BIOSTRATIGRAPHY OF THE LATE CRETACEOUS 
(CAMPANIAN TO MAASTRICHTIAN) 

SEDIMENTARY COVER OF S. W. CYPRUS: 

4.1 Introduction 

The study reported here involves the micropalaeontological analyses (calcareous 

nannofossils), of 41 samples from 24 localities (Figs 4.1,2). It also forms part of an 

overall review of the biostratigraphy of the neo-autochthonous sedimentary cover of 

S.W. Cyprus and concentrates on the sedimentary melange units of the Moni (Dhrousha 

Melange) and Kathikas Formations and the overlying pelagic chalks of the Lefkara 

Formation, Lower Member (Fig. 4.3). 

The aim of this study is~ 1. to date the Kannaviou Formation where contact is 

made with the overlying neo-autochthonous sedimentary cover; 2. to date the 

sedimentary melange deposits of the Moni (Dhrousha Melange) and Kathikas 

Formations; 3. to date the base of the Lefkara Formation, Lower Member, where it 

makes conformable or unconformable contact with the underlying rocks. 

4.2 Sampling Strategy and Localities 

The sampling of the Kannaviou (KN), Kathikas (KT), Moni (MN) and Lefkara 

(Lower Member, LL) Formations (Figs 4.1,2), forms part of a wider biostratigraphical 

study on the Late Cretaceous (late Campanian) to Late Miocene sediments of S.W. 

Cyprus, involving 372 samples from 100 localities. Samples were collected as near as 

possible to the contact (conformable or unconformable) with the underlying Mamonia 

and Troodos basement terranes and their related fragments or sedimentary formations, 

apart from the Kannaviou Formation were sampling was restricted to the top, were 

contact is made with the overlying sediments. Also samples were collected at measured 

intervals at several localities (Figs 4.4,5,6). 
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Fig. 4.1. General geological map of S.W. Cyprus, displaying the relationship between 

the Mamonia and Troodos (including the associated sediment, the Kannaviou 

Fonnation) basement terranes (M and T respectively), including their related terrane 

fragments (M', T' respectively and ?' uncertain) and the overlying Kathikas Fonnation 

and Tertiary sediments (modified from Swarbrick, 1980). Sample localities: K.N = 
Kannaviou Formation; KT = Kathikas Formation; MN = The newly recognised 

Dhrousha Melange (Moni Formation). 
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Fig. 4.2. General geological map of S.W. Cyprus, displaying the relationship between 

the Mamonia and Troodos basement terranes and related fragments and the sample 

localities (LL), associated with the outcrop of the overlying Lefkara Formation, Lower 

Member (modified from Swarbrick, 1980). 
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Fig. 4.3. A schematic geological vertical section (not to scale) displaying the 

relationship between the Mamonia and Troodos (including associated sediments) 

basement terranes (Complexes), and the unconformably overlying basal formations of 

the neo-autochthonous sedimentary cover of S.W. Cyprus. 

4.3 Biostratigraphy 

The earlier micropaIaeontological data is of limited reliability, apart from 

research by Urquhart and Banner (1994) and Krasheninnikov and Kaleda (1994). 

Therefore this study attempts to develop the application of micropalaeontology, to the 

Kannaviou Formation and basal formations of the neo-autochthonous sedimentary cover 

(Fig. 4.3) of S.W. Cyprus. The study reviews the micropalaeontologicaI data, with 

respect to the biostratigraphical significance of calcareous nannofossil species observed, 

to confirm earlier findings and also provide new or refined age infonnation for the 

formations studied. This is based on samples collected from localities (Figs 4.1,2) in 

S.W. Cyprus, which are discussed below. 
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It is worthy of note, that to date there has been no published evidence to suggest 

the sedimentary melange deposits of the Moni (including the Paralimini and Dhrousha 

Melanges) and Kathikas Formations, have been seen to be emplaced over late Campanian 

(post Kannaviou Formation) chalks of the Lefkara Formation, Lower Member. They are 

at all times, where exposed, seen overlying the Mamonia and Troodos (including 

associated sediments) basement terranes and fragments. Also there have been no reports 

of pelagic chalk clasts within the matrix of the melange units which could represent 

emplacement post-dating the onset of pelagic chalk deposition. Therefore the localised 

emplacement of the sedimentary melange units pre-date the onset of calcareous 

sedimentation and continued after the onset of calcareous sedimentation, the Lefkara 

F onnation, Lower Member (pelagic chalk interbeds, seen in the Kathikas Formation and 

Dhrousha Melange). This suggests the lower horizons of the Lefkara Formation, Lower 

Member (distal sedimentation) to be coeval with the Moni (including the Dhrousha and 

?Paralimini Melanges) and Kathikas Formations (proximal sedimentation). 

The species distribution tables for the Kannaviou (KN), Moni (1\1N), Kathikas 

(KT) and Lefkara (Lower Member, LL) Formations (Figs 4.7,8), display the species 

observed within each sample, their state of preservation and overall content. The 

biostratigraphical ranges of individual species observed are displayed in Fig. 4.9, which 

have been determined from various published sources (4.5 Systematics) and are 

correlated with the calcareous nannofossil zonal scheme erected by Sissingh (1977). All 

localities are given a six figure Cyprus Grid Reference (CGR). 

4.3.1 Kannaviou Formation 

Though samples were collected from a number of localities throughout S.W. 

Cyprus, only a single locality north of Kannaviou village (Fig. 4.1, KNl), yielded a 

microfossil assemblage with an abundance of calcareous nannofossil species for 

biostratigraphical studies. 

KNI (CGR 598 650). Sample D277, was collected from the top of the exposure 

at the contact with overlying Kathikas Formation. Seventeen species were observed (Fig. 

4.7), including the presence of the biostatigraphically useful of EllipsageJosphaera 

fossacincta Black, 1971a (Bajocian to Campanian; Taylor, 1982), Sollasites horticus 

(Stradner et al. in Stradner and Adamiker, 1966) (Oxfordian to Campanian; Gtiin in 
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Griin and Allemann, 1975) and Prediscosphaera cretacea (Arkhangelsky, 1912) 

(CCI8b-CC26; Perch-Nielsen, 1985a), indicating a zonal range of CCI8b-CC23a (Fig. 

4.9), for the assemblage. 

The horizon studied, which does not contain any Maastrichtian-restricted species, 

is dated as Campanian. This concurs with research carried out by Urquhart and Banner 

(1994). 

4.3.2 Moni Formation (Dhrousha Melange) 

Previous research has not been able constrain the age of the Mom Formation 

within a biostratigraphical zonal scheme, or with any great accuracy, other than its field 

relationship with the under and overlying sediments. This is due to the matrix of the 

formation being made up entirely of derived bentonitic clay of the Kannaviou Formation, 

with no post Campanian-restricted micro fauna or flora being present (Urquhart and 

Banner, 1994). However, the Dhrousha Melange first reported here, with its type section 

seen north of Dhrousha, in a road cutting on the Polis road, shares similarities with the 

upper melange unit (Robertson, 1977 c) of the Moni Formation but differs by containing 

pelagic chalk interbeds and calcareous nannofossils within the matrix of the derived 

Kannaviou F onnation material, making it possible to age date the Moni Formation via 

this outcrop. 

The samples were collected from the matrix of the melange and pelagic chalk 

interbeds (discussed separately, below), of the newly recognised outcrop, the Dhrousha 

Melange, (Fig. 4.1, :MNl), and form part ofa measured section (Fig. 4.4, Plate 4.1). 

MN1 (CGR 455 713) 

The matrix, in the main, contains a moderate to well preserved assemblage of 

calcareous nannofossils (Fig 4.7). Sample D329, contains a sparse population with three 

species observed (Fig. 4.7). The presence of P. cretacea indicates a zonal range of 

CC18b-CC26 (perch-Nielsen, 1985a) for this small assemblage (Fig. 4.9). Sample DI64, 

contains a common population, with eleven species observed (Fig. 4.7) The presence of 

Eiffellithus gorkae Reinhardt, 1965, indicates a more restrictive zonal range of CC23-

CC26 (perch-Nielsen, 1985a) for the assemblage (Fig. 4.9). Sample D165, contains a 

common population, with eight species observed (Fig. 4.7). The presence of 

Arkhangelskiella cymbiformis Vekshina, 1959, indicates a zonal range of CC21-CC26 
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(Perch-Nielsen, 1985a) for the assemblage (Fig. 4.9). Sample D332, contains a sparse 

population, with two species observed (Fig. 4.7) . The presence of Eiffellithus 

turriseffelii (Deflandre in Deflandre and Fert, 1954), indicates a broad zonal range of 

CC8-CC26 (Fig. 4.9). 

The chalk interbeds, contain a well preserved assemblage of calcareous 

nannofossils (Fig. 4.7). Sample D167, contains a common population, with seven 

species observed (Fig. 4.7). the presence of Calculites obscurus (Deflandre, 1959) 

indicates a zonal range of CCI7-CC25a (Prins and Sissingh in Sissingh, 1977) for the 

assemblage (Fig. 4.9). Sample D336, contains a common population, with fourteen 

species observed (Fig. 4.7). The presence of A. cymbiformis (CC21-CC26; Perch­

Nielsen, 1985a) and C. obscurus (CC 17 -CC25a; Prins and Sissingh in Sissingh, 1977) 

indicates a restricted zonal range of CC21-CC25a (Fig. 4.9) for the assemblage. 
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Fig. 4.4. Geological measured vertical section, containing the newly recognised 

Dhrousha Melange (Moni Formation, Fig. 4.1, MNl, CGR 455713), overlying 

unconfonnably the Kannaviou Formation and underlying the pelagic chalks of the 

Lefkara Formation, Lower Member, with its type section exposed on the east side of a 

new road cut, north of Dhrousha, on the Polis road. 
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2.0m 

Plate 4.1. View of the south-east facing river cliff, containing the measured section (Fig. 

4.5) of the eleven pelagic chalk interbeds within the Kathikas Formation, located in the 

Xeropotamos valley (CGR 655 531) 

Plate 4.2. View of the west facing scarp, containing the measured section (Fig. 4.4 of the 

newly . recognised Dhrousha Melange (Moni Formation)), located 2kms north of 

Dhrousha in a road cut on the Polis road (CGR 455713). 
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Plate 4.3 . View of locality LLl1 (CGR 422 641) showing the Pakhna Formation (basal 

Miocene) unconformably overlying the Lefkara Formation, Lower Member (late 

Maastrichtian), with the Kannaviou Formation (late Campanian) forming the base of the 
exposure. 

Plate 4.4. View of a west facing scarp, containing the measured section (Fig. 4.6) of the 

Pakhna Formation (basal Miocene) unconformably overlying the Lefkara (Lower 

Member) and Kathikas Formations (Maastrichtian), eparated by a hard ground, located 

4kms to the west of Kathikas, on the north side of the Kathikas valley (CGR 461 629). 
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From the samples studied above and with no late Maastrichtian-restricted species 

observed, the Dhrousha Melange is dated late Campanian to early Maastrichtian. This is 

based on the combined presence of C. obscurus (CC17-CC25a; Prins and Sissingh in 

Sissingh, 1977) observed in samples D167 and D336 (Fig. 4.7), and E. gorkae (CC23-

CC26; Perch-Nielsen, 1985a) observed in sample D164 (Fig. 4.7), to support an overall 

zonal range of CC23-CC25a (Fig. 4.9). 

Discussion. Research carried out on the matrix of the Moni Formation by 

Urquhart and Banner (1994), recovered radiolaria specimens to suggest the matrix is the 

same age as the lithologically similar sediments of the underlying Kannaviou Formation, 

but differ by containing fragments and olistoliths of predominantly Mamonia basement 

terrane lithologies (Robertson, 1977c). However, the field evidence for emplacement of 

the Moni Formation suggest the melange post dates the Kannaviou Formation (late 

Campanian), with the lithologically similar sediments being reworked, and pre-dates the 

chalks of the Lefkara Formation, Lower Member of Maastrichtian age (Pantazis, 1967; 

Robertson and Woodcock, 1985). Therefore, the research carried out during this study 

on the calcareous nannofossil rich matrix and pelagic chalk interbeds of the recently 

discovered Dhrousha Melange, supports the assessment made by Robertson and 

Woodcock (1985), that the emplacement of the Moni Formation to be 'a brief period in 

the Maastrichtian'. 

4.3.3 Kathikas Formation 

Biostratigraphical research for the Kathikas Formation is of limited value. Early 

research by Swarbrick and Naylor (1980), suggested an age for the formation by its field 

relationships of being 'bracketed by the underlying Campanian/early Maastrichtian 

Kannaviou Formation (Mantis, 1970; Ealey and Knox, 1975) and the overlying 

Maastrichtian and Cenozoic chalk sequence'. 

Samples were collected from several localities, situated in the type area south­

west of Kathikas village (Fig. 4.1, KT1,2) and the Xeropotamos valley (Fig. 4.1, 

KT3,4), from the matrix of the melange and pelagic chalk interbeds, of the Kathikas 

Formation. The matrix proved to be barren of calcareous nannofossils, with the pelagic 

chalk interbeds each containing in the main, a moderate to well preserved assemblage of 

calcareous nannofossils. 
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Fig. 4.5. Geological measured section, containing eleven pelagic chalk interbeds within 

the melange of the Kathikas Formation, located in a south-east facing river cliff in the 

Xeropotamos valley (CGR 655 531). 

KT1 (CGR 470 627). Two samples were collected from the pelagic chalk 

interbeds situated west of Kathikas (Fig. 4.1). Sample D448, contains a sparse 

population, with nine species observed and sample D449, contains a common 

population, with seven species observed (Fig. 4.7). The presence of A. cymbiformis 

indicates a zonal range of CC21-CC26 (Perch-Nielsen, 1985a), for both assemblages 

(Fig. 4.9). 

KT2 (CGR 450 610). Sample D485, was collected from a pelagic chalk interbed 

situated east of Peyia and contains an abundant population, with twelve species 

observed (Fig. 4.7). The presence of Prediscosphaera grandis Perch-Nielsen, 1979, 

indicates a zonal range of CC23b-CC26 (Perch-Nielsen, 1979) for the assemblage (Fig. 

4.9). 
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KT3 (CGR 668 601). Two samples were collected from pelagic chalk interbeds 

situated west of Kilinia (Fig. 4.1). Sample D379, contains a common population, with 

ten species observed (Fig. 4.7), The combined presence of C. obscurus (CCI7-CC25a; 

Prins and Sissingh in Sissingh, 1977) and P. grandis (CC23b-CC26; Perch-Nielsen, 

1979), indicates a restricted zonal range of CC23b-CC25a for the assemblage (Fig. 4.9). 

Sample D378, contains a common population, with nine species observed (Fig. 4.7). 

The presence of A. cymbiformis indicates a zonal range of CC21-CC26 (Perch-Nielsen, 
1985a) for the assemblage (Fig. 4.9). 

KT4 (CGR 655 531). The samples were collected from eleven pelagic chalk 

interbeds, which form a measured section (Fig. 4.5, Plate 4.1), located within a south­

east facing river cliff in the Xeropotamos valley (Fig. 4.1). Samples D380 to D390 

inclusive, contain in the main, a common to abundant populations, with a poor to 

moderately diverse species content (Fig. 4.7). The age diagnostic species of C. obscurus 

(CCI7-CC25a; Prins and Sissingh in Sissingh, 1977), E. gorkae (CC23-CC26; Perch­

Nielsen, 1985a) and P. grandis (CC23b-CC26; Perch-Nielsen, 1979), occur in samples 

D380, D383, D384 and D386 (Fig. 4.7), indicate a restricted zonal range of CC23b­

CC25a (Fig. 4.9) for the Kathikas Formation at this locality. 

From the samples studied above (localities KT 1-KT 4) and with no late 

Maastrichtian-restricted species observed, the Kathikas Formation is dated early 

Maastrichtian. This is based on the combined presence of the biostratigraphically useful 

species of C. obscurus (CC 17 -CC25a; Prins and Sissingh in Sissingh, 1977) observed in 

samples D379, D380 and D384 (Fig. 4.7), E. gorkae (CC23-CC26; Perch-Nielsen, 

1985a) observed in samples D383, D387, D389 and D485 (Fig. 4.7) and P. grandis 

(CC23b-CC26; Perch-Nielsen, 1979) observed in samples D379, D386 and D485 (Fig. 

4.7), to support an overall zonal range of CC23b-CC25a (Fig. 4.9). 

Discussion. Research by Urquhart and Banner (1994), found the matrix of the 

Kathikas Formation to be poorly microfossiliferous and offered an unpublished report, 

University College London (1992), based on biostratigraphical research carried out on 

three Pelagic chalk interbeds, located west of Kathikas village in the Kathikas valley, to 

age date the Kathikas Formation as CC25-CC26, suggesting the formation was 

emplaced entirely within the mid to late Maastrichtian. By contrast the data reported 

here is based on the analyses of sixteen pelagic chalk interbeds and age dated the 

Kathikas Formation to be CC23b-CC25a, suggesting the formation was emplaced 

during the early to mid Maastrichtian. The combined evidence from this study and the 
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DeL report, suggests the emplacement for the Kathikas Formation took place during 

most of the Maastrichtian, terminating with the deposition of the upper horizons of the 

Lefkara Formation, Lower Member pelagic chalks. 

4.3.4 Letkara Formation (Lower Member) 

To date there has been little published biostratigraphical research relating to the 

Lefkara Formation, Lower Member, and is of limited value, apart from research carried 

out by Krasheninnikov and Kaleda (1994), on the Late Cretaceous (Campanian) to 

Pliocene sediments of the Perapedhi section, situated north of Limassol against the 

south western margin of the Troodos Massif. The age for the base of the Lefkara 

Formation, Lower Member is important, as it marks the start of calcareous 

sedimentation overlying the Kathikas Formation and represents the end of the 

juxtapositioning event between the Mamonia and Troodos basement terranes. 

Throughout Cyprus, the Lefkara Formation, Lower Member terminates at an 

unconformity, apart from the Perapedhi section and the southern outcrop (A. G. Davis in 

Wilson, 1959; Mantis in Pantazis, 1967; Krasheninnikov and Kaleda, 1994), where the 

sedimentary succession appears to continue without break, at the CretaceousfTertiary 

boundary. However, Krasheninnikov and Kaleda (1994) during their biostratigraphical 

study of the Perapedhi section, noted the basal layers of the Danian stage could be 

missing, and suggested this could be down to sparse sampling during their study. Like 

other outcrops, this could represent an unconformity. 

The pelagic chalk samples of the Lefkara Formation, Lower Member of S.W. 

Cyprus, were collected from 18 localities, located as near as possible to the contact with 

the underlying basement and formations. These samples contain in the main (Fig. 4.8), 

moderate to well preserved assemblages of calcareous nannofossils (Fig. 4.8), and have 

been assigned to three distinctive geographical areas: The northern area (Figs 4.2, LLl­

LL9) is associated with the Polis graben and lineament trending north-west to south­

east, separating the Mamonia basement fragments from the Troodos basement terrane. 

The western area (Figs 4.2, LLI0-LL16) is associated with the lineament arcing in a 

clockwise direction north-east of Paphos, separating the Mamonia and Troodos southern 

basement fragments. The southern area (Figs 4.2, LLI7,18) is not associated with any 

major lineaments and overlies the Mamonia basement terrane. The latter two areas have 

a regional dip towards the west, whereas the former is seen as isolated outcrops with no 

overall measurable dip. 
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The following summaries give the Locality number (LL), Cyprus Grid Reference 

(CGR) , Sample number (D), underlying formation or basement and zonal range (CC) 

which is discussed below, in biostratigraphical order. 

Northern area 

LLI (CGR 422 782), D312, Mamonia basement, CC21-CC26. 

LL2 (CGR 455713), D324, Moni Formation CC23-CC26 

(forms part of a measured section, Fig. 4.4, Plate 4.2). 

LL3 (CGR 451 696), Dl16, Mamonia basement, CC23-CC25a. 

LL4 (CGR 438 695), Dl17, Mamonia basement, CC23b. 

LLS (CGR 528 760), D254, Troodos basement, CC26. 

LL6 (CGR 550 740), D261, Kannaviou Formation, CC23-CC26. 

LL7 (CGR 545 718), D215, Kannaviou Formation, CC23-CC26. 

LLS (CGR 536678), D531, Kannaviou Formation, CC21-CC26. 

LL9 (CGR 546 670), D272, Kathikas Formation, CC21-CC26. 

Western area 

LLI0 (CGR 368 677), D538, Kathikas Formation, CC17-CC26. 

LLll (CGR 422 641), D125, Kannaviou Formation, CC26 (plate 4.3). 

LL12 (CGR 461629), D197, Kathikas Formation, CC26 

(forms part of a measured section, Fig. 4.6, Plate 4.4). 

LL13 (CGR 462629), D437, Kathikas Formation, CC21-CC26. 

LL14 (CGR 461 609) D482, Kathikas Formation, CC21-CC26. 

LL15 (CGR 468 601), D207, Kathikas Formation, CC12-CC26. 

LL16 (CGR 457563), D486, Kathikas Formation, CC21-CC26. 

Southern area 

LL17 (CGR 617455), D520, ?bentonitic c1ay/?Mamonia, CC18b-CC25a. 

LL18 (CGR 630458), D248, Mamonia basement, Late Cretaceous. 

Sample D248 (LL18), contains a sparse population, with a low diverse species 

content (Fig. 4.8). The presence of Placozygus fibuliformis (Reinhardt, 1964), indicates 

a broad zonal range of CC8-CC26 (Perch-Nielsen, 1985a) for the assemblage (Fig.4.9). 
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Sample D207 (LLIS), contains a sparse population, with a low diverse species 

content (Fig. 4.8). The presence of Micula staurophora (Gardet, 1955), indicates a broad 

zonal range of CCI2-CC26 (Stradner, 1963) for the assemblage (Fig.4.9). 

Sample D538 (LLIO), contains a sparse population, with a low diverse species 

content (Fig. 4.8). The presence of Cribrosphaerella ehrenberg;; (Arkhangelsky, 1912), 

indicates a broad zonal range of CCI7-CC26 (Stradner, 1963) for the assemblage 
(Fig.4.9). 

Sample D520 (LLI7), contains a sparse population, with a moderately diverse 

species content (Fig. 4.8). The combined presence of C. obscurus (CCI7-CC25a; Prins 

and Sissingh in Sissingh, 1977) and P. cretacea (CCI8b-CC26; Perch-Nielsen, 1985a), 

indicates a zonal range of CCI8b-CC25a, for the assemblage (Fig.4.9). 

Samples D215 (LL 7), D272 (LL9), D312 (LLI), D437 (LL13), D482(LL14) 

D486 (LL16) and D531 (LL8), contain in the main, sparse to common populations, 

with a moderately diverse species content (Fig. 4.8). The presence of A. cymbiformis, 

indicates a zonal range of CC21-CC26 (Perch-Nielsen, 1985a), for the assemblages 

(Fig. 4.9). 

Sample Dl16 (LL3), contains a common population, with a moderately diverse 

species content (Fig. 4.8). The combined presence of C. obscurus (CC 17 -CC25a; Prins 

and Sissingh in Sissingh, 1977) and E. gorkae (CC23-CC26; Perch-Nielsen, 1985a), 

indicates a restricted zonal range of CC23-CC25a, for the assemblage (Fig.4.9). 

Samples D261 (LL6) and D324 (LL2) , contain a sparse and abundant 

population respectively, both with a moderately diverse species content (Fig. 4.8). The 

presence of E. gorkae, indicates a zonal range of CC23-CC26 (perch-Nielsen, 1985a), 

for the assemblages (Fig.4.9). 

Sample Dl17 (LL4), contains an abundant population, with a moderately 

diverse species content (Fig. 4.8). The combined presence of Vagalapillia compacta 

Bukry, 1969 (Santonian to Campanian and rare in the Masstrichtian; Bukry, 1969) and 

P. grandis (CC23b-CC26; Perch-Nielsen, 1979), indicates a restricted zonal range of 

CC23b (Campanian-Maastrichtian boundary), for the assemblage (Fig.4.9). 
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Samples D125 (LLll), D197 (LL12) and D254 (LLS) contam" , a sparse to 
common populatio~ with a moderately diverse species content (FI'g 4 8) Th . . . " e presence 
of either spe~les of Micula mura (Martini, 1961) ( CC26; Perch-Nielsen, 1985a) or 

~'~la swastlca Stradner and Steinmetz, 1984 (CC26; Stradner and Steinmetz, 1984), 

IndIcates a restricted zonal range ofCC26, for the assemblages (Fig.4.9). 
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Fig. 4.6. Geological measured vertical section, containing the Pakhna Fonnation (basal 

Miocene), unconformably overlying the Lefkara (Lower Member) and Kathikas 

Fonnations (Maastrichtian), separated by a hard ground, located in a west facing scarp, 

4kms west of Kathikas, on the north side of the Kathikas valley (CGR 461 629). 

-----------------------------------------------------------------------------------------------------------
The data obtained from sample Dl17 (LU), with a restricted zonal range of 

CC23b (Campanian-Maastrichtian boundary) and samples D125 (LLll), D197 (LL12) 

and D254 (LL5), with a restricted zonal range of CC26, suggest the Lefkara Formation, 

Lower Member was continuously deposited throughout the entire Maastrichtian. 
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In the northern area (Fig. 4.2, LLI-LL9), there is a biostratigraphical zonal range 

pattern for the Lefkara Formation, Lower Member, to suggest the basal horizon is 

diachronous from west to east, overstepping both Mamonia basement fragments and 

Troodos Basement terrane, including the separating major lineament. This is based on 

data obtained from samples D116 (LL3) and D117 (LU), with a restricted zonal range 

of CC23-CC25a and CC23b respectively in the west, and sample D2S4 (LLS) , with a 

restrictive zonal range of CC26 in the east. 

In the western area (Fig. 4.2, LLIO-LL16), the age of the Lefkara Formation, 

Lower Member at contact with the underlying basement, is based on data obtained from 

samples D125 (LLll) and D197 (LL12), which have a restricted zonal range of CC26. 

The outcrop oversteps the major lineament, which separates the southern Troodos and 

Mamonia basement fragments between Lara (LL10) and Tala (LL16). 

Discussion. Krasheninnikov and Kaleda (1994), recovered benthic foraminifera 

and radiolaria from the basal horizon of the Lefkara Formation, Lower Member (their 

Lower Lefkara Formation), to suggest a date for the onset of calcareous sedimentation, 

at the Campanian-Maastrichtian boundary (CC23). This study agrees with 

Krasheninnikov and Kaleda (1994), with data from a localised outcrop at LIA (Fig. 4.2), 

were the zonal range of CC23b (DI17, Fig. 4.8) was obtained. Field evidence of past 

researchers noted the Lefkara Formation, Lower Member to overlie unconformably the 

Mamonia and Troodos basement terranes and fragments (Wilson, 1959; Gass et al., 

1994) and conformably the Kannaviou (Pantazis, 1967), Moni (Pantazis, 1967) and 

Kathikas (Swarbrick and Naylor, 1980) Formations. The conformable contacts are dated 

for the Kannaviou Formation, as no later than the latest Campanian (Urquhart and 

Banner, 1994), the Moni (Dhrousha Melange) and Kathikas Formations to range from 

the latest Campanian to early Maastrichtian (this study). The data obtained during this 

study suggests the deposition of the Lefkara Formation, Lower Member, to be 

continuous from its onset at the Campanian-Maastrichtian boundary, post-dating the 

onset of the emplacement of the Moni and Kathikas Formations and to continue distally 

during proximal emplacement of the Moni and Kathikas Formations, through to the 

Cretaceous-Tertiary boundary. This is supported by the presence of Lefkara Formation, 

Lower Member pelagic chalks seen as interbeds within the Moni (Dhrousha Melange) 

and Kathikas Formations. 
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Preservation of calcareous nannofossils. Calcareous nannofossil content (field of view = 390J.1Ill). 

G = GOOD (little or no alteration). A = ABUNDANT (>5 individuals per field of view), 

M = MODERATE (50% showing some fonn of alteration). C = COMMON (<5 individuals per field of view). 

P = POOR (all showing some form of alteration). S = SPARSE (isolated occurrences). 

LOCALITY (Fig. 4.1) 
KT = Kathikas Fonnation (chalk interbeds only), the matrix of the melange unit is barren. 

MN = Moni Formation, samples form part of a measured section (Fig. 4.4). 

KN = Kannaviou Formation, sample taken from a calcareous rich horizon. near to the contact with the overlying 

Kathikas Fonnation 

Notes 
i) Kathikas and Moni Formations are coeval, in that they are both located stratigraphically between the 

underlying Kannaviou and overlying Lefk!U"a Fonnations. 

Fig. 4.7. Distribution of calcareous nannofossils observed in samples collected 

from the Kannaviou, Moni and Kathikas Formations of S.W. Cyprus. 
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LOCALITY (Fig, 4.2) 

LL = Lefkara Formation (Lower Member). 

Note 
i) All chalk samples were collected as near as possible to the contact with the underlying rocks. 

Fig. 4.8. Distribution of calcareous nannofossils observed in samples collected from 

the Lefkara Formation (Lower Member), of S.W. Cyprus. 
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iii) The biostratigraphical ranges of individual species have been detennined from various published sources (4.5. Systematics). 

Fig. 4.9. The ranges of calcareous nannofossil species observed in samples collected 
from the Upper Cretaceous rocks, and the overall ranges of the Kannaviou, Moni, 

Kathikas and Lefkara (Lower Member, [LM]) Formations of S.W. Cyprus. 
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The current outcrop pattern displayed (Fig. 4.10) for the Lefkara Formation. 

Lower Member, suggests the southern Mamonia basement fragment has acted as a 

structural high during deposition and/or post-depositional erosion. This outcrop pattern 

also displays similarities to the outcrop pattern of the underlying Kathikas Formation 

(Swarbrick, 1993). 
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: Fig. 4.10. General geological map of S.W. Cyprus, displaying the relationship between 

the major lineaments and the current outcrop pattern (cross-hatched) of the Lefkara 

Formation, Lower Member (modified from Swarbrick, 1980). N.B. Information 

obtained from Turner (1971), Gass eta!' (1994) and this study. 

-----------------------------------------------------------------------------------------------------------

4.4 Summary 

The summary below is based on biostratigraphical data (calcareous nannofossils) 

obtained during this study, on the Late Cretaceous (Campanian-Maastrichtian) 

sedimentary cover of S.W. Cyprus. 

1). The top of the Kannaviou Formation (cover to the Troodos basement terrane 

and fragments) making contact with the overlying sediments, has a zonal range of CC 18-

CC23 a (Campanian). 
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2). The Moni Formation, based on data obtained from the Dhrousha Melange, 

has a restricted zonal range of CC23-CC25a (late Campanian to early Maastrichtian). 

3). The Kathikas Formation, based on data obtained from 16 pelagic chalk 

interbeds from localities (KT1-KT4), has a zonal range of CC23b-CC25a (early 

Maastrichtian) . 

4). The basal horizon of the Lefkara Formation, Lower Member, making 

conformable and unconformable contact with the underlying rocks, has a zonal range of 

CC23b-CC26 (Maastrichtian). 

5). Based on field and biostratigraphical data, the Moni (including the Paralimini 

and Dhrousha Melanges) and Kathikas Formations, share the same field relationships of 

being bracketed by the underlying Kannaviou and overlying Lefkara (Lower Member) 

Formations, and also similar age constraints of CC23-CC25a and CC23b- CC25a 

respectively, and are therefore considered to be coeval within a zonal range band (CC23-

CC25a), sharing the same compressional tectonic event for emplacement. 

6). Based on biostratigraphical data, the proximal Moni (Dhrousha Melange, 

zonal range of CC23-CC25a) and Kathikas (zonal range of CC23b- CC25a) Formations 

along with the lower horizons of the distal Lefkara Formation, Lower Member (zonal 

range of CC23b-CC26), suggest the chalk interbeds of the Moni (Dhrousha Melange) 

and Kathikas Formations are intercalations of the Lefkara Formation, Lower Member. 

7). There is biostratigraphical data to suggest the onset of deposition of the 

Lefkara Formation, Lower Member, may be diachronous from west (CC23b) to east 

(CC26), within the northern area (Fig. 4.2, LL1-LL9). 

8). The biostratigraphical data from the chalk interbeds of the Kathikas 

Formation, which have a zonal range ofCC25b-CC25a and overlies the major lineaments 

east and west of the southern Mamonia basement fragment, suggest there has been no 

major lateral movement along these lineaments since the early Maastrichtian. 

9). The current outcrop pattern displayed by the Lefkara Formation, Lower 

Member, suggest the southern Mamonia basement fragment may have been a structural 

high during the deposition and/or post-depositional erosion event(s). 
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4.5 Systematic Descriptions 

Family AhmueUereUaceae Reinhardt, 1965 

Genus Vagalapilla Bukry, 1969 

Type species. Vekshinella imbricata Gartner, 1968. 

Remarks. Includes species of elliptical coccoliths with a rim of one cycle of 20 to 50 

elements, which imbricate dextrally in distal view. In proximal view, a secondary cycle 

of elements is present in the rim, at the distal margin of central area. The distal surface 

is slightly abcentral, proximal surface is more strongly adcentral. Open central area 

bridged by cross aligned to axes of ellipse and stem or spine may extend from distal 

surface. Bukry (1969), felt that Vekshinella nor Staurolithites was a satisfactory 

designation for a number of species that fitted the above definition of Vagalapilla, as 

described above. 

Vagalapilla compacta Bukry, 1969 

(PI. 1, fig. 11) 

1969 Vagalapilla compacta Bukry: 56, pI. 31, figs 10,11. 

Holotype. Bukry, pI. 31, fig. 11, UI-H-3470, sample PSA-3, horizon lower Austin 

Chalk, locality South Dallas County, Texas. 

Description. Elliptical coccoliths (ellipticity of 1.3) with narrow outer rim cycle 

composed of dextrally imbricated elements. In distal view the outer margin is inclined 

abcentraly and outline slightly serrated. Inner rim comprises a narrow cycle of elongate 

elements which line distal margin of central area. Central area bridged by a cross with 

broad flanking elements which have recessed median sutures aligned to the axes of the 

ellipse. 

Dimensions. Length 4.3Jlm: Width 3.3Jlm. 

Remarks. Bukry (1969), considered a number of characters, such as the inner cycle of 

elements at the distal margin of central area, and broad stemless crossbars composed of 

few elements, to distinguish the species from others placed in Vagalapilla. 

Occurrence. Vagalapilla compacta is rare in Maastrichtian sediments (Bukry, 1969) 

and during this study was found at only one locality, north-west of Inia, S.W. Cyprus, in 

the Lefkara Fonnation (Lower Member). 

Range. Santonian to Campanian (CCI4 to CC23), Bukry (1969). 
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Genus Vekshinella Loeblich & Tappan, 1963 

Type species. Ephippium acutiferrus Vekshina, 1959. 

Description. Vekshinella differs from Vagalapilla in lacking the secondary cycle of rim 

elements seen in proximal view. Due to the name Ephippium being already occupied, 

Loeblich & Tappan (1963), transferred E. acutiferrus to Vekshinella. 

Vekshinella stradneri Rood et al., 1971 

(PI. 2, fig. 10; PI. 3, fig. 1) 

1971 Vekshinella stradneri Rood et al.: 249, pI. 1, fig. 2. 

1977 Vekshinella stradneri Rood et al.; Wise & Wind: 308, pI. 83, fig. 6; pI. 84, figs 1,3,5,6; pI. 89, 

fig. 7. 

Holotype. Rood et aI., pI. 1, fig. 2, 34.5.1, sample 4971, horizon Ampthill Clay, locality 

Millbrook, Bedfordshire. 

Description. Elongated elliptical coccoliths with narrow outer rim. Open central area 

bridged by cross aligned to the axes of ellipse, short anns of cross are slightly offset at 

centre, and are slightly enlarged at contact with rim. Between crossed polars the 

curvature of the extinction line across the rim is sinistral in distal view. 

Dimensions. Length 5.0flm: Width 3.5Jlffi. 

Remarks. At the centre of the cross the short anns are offset and is considered 

diagnostic of the species (Rood et al., 1971). 

Occurrence. Found in the Kannaviou Formation, upper part, at Kritou Marottou and 

two localities north and north-west of Kathikas in the Lefkara Fonnation, (Lower 

Member), S.W. Cyprus. 

Range. Aptian to Maastrichtian (CC7 to CC26), Wise & Wind (1977). 

Family Arkhangelskiellaceae Bukry, 1969 

Genus Arkhangelskiella (Vekshina) Bramlette & Martini, 1964 

Type species. Arkhangelskiella cymibiformis Vekshina, 1959. 

Remarks. Includes species of elliptical coccoliths, characterised by a rim consisting of 

three to five tiers composed of numerous joint elements, distal tiers are slightly larger 

than proximal tiers. Central area divided into quadrants aligned to the axes of the 

ellipse, each quadrant shows a less conspicuous radial subdivision and each subdivision 
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shows a stronger birefringence between crossed polars from the other, gIvIng the 

appearance of a windmill, (Bramlette & Martini 1964). Pores or deep pits may be 

present in well preserved specimens. No central stem or boss is present. 

Arkhangelskiella cymibiformis Vekshina, 1959 

(PI. 2, fig. 3; PI. 3, figs 2,3) 

1959 Arkhangelskiella cymibiformis Vekshina: 66, pI. 2, figs 3a-b. 

1964 Arkhangelskiella cymibiformis Vekshina; Bramlette & Martini: 297, pI. 1, figs 3-9. 

1973 Arkhangelskiella cymibiformis Vekshina; Roth: 715, pI. 19 figs 1,3,5,7. 

1990a Arkhangelskiella cymibiformis Vekshina; Pospichal & Wise: pI. 5, fig. 2. 

Holotype. Vekshina, pI. 2, figs 3a-b (line illustration). 

Description. Between crossed polars, large elliptical coccoliths with narrow outer rim 

enclosing a closed central area, which has a distinctive 'windmill' cross. Pores/deep pits 

not present, possibly due to overgrowths. 

Dimensions. Overall, length 9.6Jlm, width 7.2Jlm: Central area, length 8.0Jlm, width 

5.6Jlm. 

Remarks. Many authors consider Arkhangelskiella cymibiformis and A. specillata 

(Vekshina, 1959) to be co specific with two different preservational states, the former 

develops overgrowths which mask the central area. Between crossed polars, specimens 

observed from the Cyprus material, did not display the characteristic pores or deep pits, 

that may have allowed differentiation between A. cymibiformis and A. specillata. The 

narrow rim in relation to its large size is diagnostic of the species (Bramlette & Martini, 

1964). 

Occurrence. Arkhangelskiella cymibiformis is well documented with a world wide 

occurrence in Upper Cretaceous sediments and is used as a zonal marker in the upper 

Maastrichtian. The short vertical range of A. cymibiformis, makes this species 

stratigraphically important. It is common in the chalk inter beds of the Moni (Dhrousha 

Melange) and Kathikas Formations and the Lefkara Formation (Lower Member), of the 

studied localities in S.W. Cyprus. It is also found in middle and Late Palaeocene, and 

Mid Eocene sediments of S.W. Cyprus and is considered to be reworked. 

Range. Late Campanian to Maastrichtian (CC21 to CC26), Perch-Nielsen (1985a). 
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Family Biscutaceae Black, 1971 

Genus Biscutum Black in Black & Barnes, 1959 

Type species. Biscutum testudinarium Black in Black & Barnes, 1959. 

Remarks. Includes species of elliptical coccoliths consisting of two appressed shields, 

made up of radial, non-imbricated petaloid elements. Central area open or closed with 

various constructions. 

Biscutum constans (Gorka) Black, 1967 

(PI. 2 figs 11,12) 

1957 Discolithus constans Gorka: 257, 279, pI. 4, fig. 7. 

1959 Biscutum testudinarium Black in Black & Barnes: 325, pI. 10, fig. 1. 

1967 Biscutum constans (Gorka); Black: 139. 

1969 Biscutum testudinarium Black in Black & Barnes; Bukry: 28, pI. 8, figs 7-12. 

1973 Biscutum constans (Gorka); Thierstein: 41. 

1985a Biscutum constans (Gorka); Perch-Nielsen: 357,502, fig. 19.6,7,22; fig. 57.3,4. 

Holotype. Gorka, pI. 4, fig. 7 (line illustration). 

Description. Elliptical coccoliths consisting of a broad outer rim of elements, enclosing 

a small closed central area, occupied by an irregular group of granules. 

Dimensions. Overall, length 5.3Ilm, width 4.0J.1m: Central area, length 1. 5 J.1ID, width 

1.0J.1m 

Remarks. Biscutum cons tans and Discorhabdus ignotus are distinguished on shape, 

elliptical and circular respectively (Perch-Nielsen, 1985a). 

Occurrence. Biscutum cons tans is a common species documented within Cretaceous 

sediments world wide and is found only in the Kannaviou Formation, upper part, at 

Kritou Marottou, S.W. Cyprus. 

Range. Cretaceous (CCI to CC26), Thierstein (1973). 

Genus Discorhabdus Noel, 1965 

Type species. Rhabdolithus patulus Deflandre & Fert, 1954. 

Remarks. Includes species of circular coccoliths consisting of two appressed shields, 

made up of radial, non-imbricated petaloid elements. Whole of central area may contain 

a distal stem. 
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Discorhabdus ignotus (Gorka) Perch-Nielsen, 1968 

(PI. 1, fig. 10) 

1957 Tremalithus ignotus Gorka: 248, pI. 2, fig. 9. 

1968 Discorhabdus ignotus (Gorka); Perch-Nielsen: 81, figs 41,42, pI. 28, figs 6-8. 

Ho}otype. Gorka, pI. 2, fig. 9 (line illustration). 

Description. Circular coccoliths consisting of petaloid rim elements, with central area 

open, central stern absent, in all specimens. 

Dimensions. Diameter 2.5J.11l1. 

Remarks. Similar to Biscutum cons tans but circular in shape with large central distal 

stern, which rarely remains attached (Perch-Nielsen, 1985a). 

Occurrence. Found in the Kannaviou Formation. Also in two isolated localities, a chalk 

inter bed of the Kathikas Formation, west of Kathikas and the Lefkara Formation, 

(Lower Member), north-west of Inia, S.W. Cyprus. 

Range. Maastrichtian (CC 1 to CC26), Perch-Nielsen (1985a). 

Family Calyptroshaeraceae Boudreaux & Hay, 1969 

Genus Calculites Prins & Sissingh in Sissingh, 1977 

Type species. Tetra lith us obscurus Deflandre, 1959. 

Remarks. Including species of elliptical coccoliths, composed of a narrow rim and 

broad wall consisting of a limited number of blocks. A plate structure is absent. 

Calculites obscurus (Deflandre) Prins & Sissingh in Sissingh, 1977 

(PI. 3, fig. 4) 

1959 Tetralithus obscurus Deflandre: 138, pI. 3, figs 26-29. 

1977 Calculites obscurus (Deflandre); Prins & Sissingh in Sissingh: 60. 

Holotype. Deflandre, pI. 3, figs 26-29, sample BG5, locality Craie de Vanves, France. 

Description. Between crossed polars, elliptical coccoliths with a very narrow rim. 

Central area divided into four segments by extinction lines forming a cross 45° to the 

axes of the ellipse. 
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Dimensions. Length 8.2J.lm: Width 7.2JlIIl. 

Remarks. Calculites obscurus can be distinguished from C. ovalis (Stradner, 1963) 

between crossed polars. The extinction lines are offset to the axes of the ellipse and is 

diagnostic of the species (Perch-Nielsen, 1985a). Plus the elements forming the distal 

central surface are virtually smooth (Prins & Sissingh in Sissingh, 1977). 

Occurrence. Found at several localities, within the Kannaviou, chalk inter beds of the 

Moni (Dhrousha Melange) and Kathikas Formations and the Lefkara Fonnation (Lower 

Member), S.W. Cyprus. 

Range. Santonian to Maastrichtian (CC 14 to CC26), Deflandre (1959). Campanian to 

Maastrichtian (CC 17 to CC25a), Prins & Sissingh in Sissingh (1977). 

Family Eiffellithaceae Reinhardt, 1965 

Genus Eiffellithus Reinhardt, 1965 

Type species. Zygolithus turriseiffelii Deflandre in Deflandre & Fert, 1954. 

Remarks. Includes species of elliptical coccoliths, with narrow outer rim, composed of 

inclined, imbricated elements and inner cycle of plate elements. Central area bridged by 

elements to form a cross and supports a stem or boss. 

Eiffellithus eximius (Stover) Perch-Nielsen, 1968 

(PI. 1, fig. 2; PI. 3, fig. 5) 

1966 Clinorhabdus eximius Stover: 138, pI. 2, figs 15,16; pI. 8, fig. 15. 

1968 Eiffellithus eximius (Stover); Perch-Nielsen: 30, pI. 3, figs 8-10. 

1973 Eiffellithus eximius (Stover); Roth: 726, pI. 18, fig. 1. 

Holotype. Stover, pI. 2, fig. 15, USMN 41472, sample 2, locality Sens, France. 

Description. Between crossed polars, elliptical coccoliths, with outer rim composed of 

inclined, dextrally imbricated elements. The inner rim of elements which supports a 

cross with central boss, is aligned to the axes of the ellipse. 

Dimensions. Length 4.2J.lffi: Width 3.2J.lffi. 

Remarks. Eiffellithus eximius differs from E. turriseiffelii, in having an axial cross 

aligned to the axes of the ellipse, which Stover (1966), considered as a diagnostic 

feature of the species. The specimens seen in S.W. Cyprus are much smaller than those 

described by Stover (1966); length 10 to 12JlII1, width 7 to 9J.lffi. 
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Occurrence. Found only in the Kannaviou Fonnation, at Kritou Marottou, near 

Kannaviou, S.W. Cyprus. 

Range. Turonian to Campanian (CCI2 to CC23), Stover (1966). 

Eiffellithus gorkae Reinhardt, 1965 

(PI. 3, fig. 6) 

1965 Eiffellithus gorkae Reinhardt: 36, fig. 6, pI. 2, fig. 2. 

Holotype. Reinhardt, pI. 2, fig. 2, sample 78/19, locality Rugen, Maastricht, 

Netherlands. 

Description. Between crossed polars, elliptical coccoliths with narrow outer rim. 

Central area covered by plate elements, supporting a cross with short arms offset from 

the axes of the ellipse by 45° and is more stub like in appearance. 

Dimensions. Length 8.8Jlm: Width 7.2Jlm. 

Remarks. Eiffellithus gorkae differs from E. turriseiffelii by the full covering of the 

central area of plate elements which Perch-Nielsen (1985a) considered to be a 

diagnostic feature of the species and a stub like boss. 

Occurrence. Found at several localities in S.W. Cyprus, within the chalk inter beds of 

the Moni (Dhrousha Melange) and Kathikas Formations and the Lefkara Formation, 

(Lower Member). The short vertical range of Eiffellithus gorkae makes this species 

stratigraphicall y important. 

Range. Maastrichtian (CC23 to CC26), Reinhardt (1965) and Perch-Nielsen (1985a). 

Eiffellithus turriseiffelii (Deflandre in Deflandre & Fert), Reinhardt, 1965 

(PI. 3, fig. 7) 

1954 Zygolithus turriseiffelii Deflandre in Deflandre & Pert: 149, fig. 65, pI. 13, figs 15,16. 

1965 Eiffellithus turriseiffelii (Deflandre in Deflandre & Pert); Reinhardt: 36, fig. 5, pI. 2, fig. 3. 

1966 Clinorhabdulus turriseiffelii Deflandre in Deflandre & Pert; Stover: n. comb. 138, pI. 3, figs 

7-9. 

1969 Eiffellithus turriseiffelii (Deflandre in Deflandre & Pert); Bukry: 52, pI. 29, figs 2-5. 

1972 Eiffellithus turriseiffelii (Deflandre in Deflandre & Fert); Roth & Thierstein: pI. 4, figs 1-6,9. 
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Holotype. Deflandre, pI. 13, figs 15,16, sample BG75, locality Burham, Kent. 

Description. The stems taper inwards to a point from the distal surface. Between 

crossed polars the outer surface displays a checker-board effect about a median line or 

central cavity. 

Dimensions. Length of central stem 11.2JlIIl. 

Remarks. Perch-Nielsen (1985a), considered the long central stem supported by 

elements in the form of a cross, offset to axis of ellipse, to be diagnostic of the species. 

Central stem rarely remains attached to the distal surface. 

Occurrence. EiffeUithus turriseiffelii has a world wide geographic distribution 

throughout the Late Cretaceous. It is found at several localities throughout S.W. Cyprus. 

The chalk inter beds of the Moni (Dhrousha Melange) and Kathikas Formations and 

also the Lefkara Formation, (Lower Member). 

Range. Upper Albian to Maastrichtian (CC8 to CC26), Perch-Nielsen (1985a). 

Family Ellipsagelospbaeracae Noel, 1965 

Genus Ellipsagelospbaera Noel, 1965 

Type species. Ellipsagelosphaera britannica Stradner, 1963. 

Remarks. Includes species of elliptical coccoliths with a distinct central tube between 

the two shields. Distal shield has slight clockwise overlapping elements, whereas the 

proximal shield has radial elements. Central area can be closed or open (with or without 

a bridge). 

Ellipsagelosphaera jossacincta Black, 1971 a 

(Pl. 2, fig. 9) 

1971a Ellipsagelosphaerafossacincta Black: 399, pI. 30, fig. 8. 

1975 Ellipsagelosphaera keftalrempti Griin in Griin & Allemann: 161, fig. 7 pI. 11, figs 5,6. 

1985a Ellipsagelosphaerafossacincta Black; Perch-Nielsen: 371, fig. 37; fig. 40.12,13,31. 

Holotype. Black, pI. 30, fig. 8, sample H.710/23927, horizon Speeton Clay, locality 

Speeton. 
Description. Elliptical coccoliths, with the distal shield comprising of an outer cycle of 

slightly overlapping (clockwise) elements and sitting flush with the distal surface a 

smaller inner cycle of elements. The distal shield encloses a slightly inset elongated tube 

to form the open central area. 
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Dimensions. Length 6.7Ilm: Width 5.2JllIl. 

Remarks. Black (1971a) considered the unbridged small open central area and narrow 

groove at distal margin of central area to be distinguishing features of the species. 

Ellipsagelosphaera keftalrempti lacks a bridge and Perch-Nielsen (1985a) considered it 
a junior synonym of E. Jossacincta. 

Occurrence. Found only in the Kannaviou Formation, upper part, at Kritou Marottou, 
near Kannaviou, S.W. Cyprus. 

Range. Bajocian (Mid Jurassic) to Campanian (Late Cretaceous), Taylor (1982). 

Genus Watznaueria Reinhardt, 1964 

Type species. Watznaueria angustoralis Reinhardt, 1964. 

Remarks. Watznaueria is similar in construction to EIUpsagelosphaera, but species 

differ in lacking a central tube. Central area is therefore partially or wholly blocked by 

elements of the proximal shield. 

Watznaueria barnesae (Black in Black & Barnes) Perch-Nielsen, 1968 

(PI. 1, fig. 3; PI. 2, fig. 4; PI. 3, fig. 8) 

1959 Tremalithus bamesae Black in Black & Barnes: 325, pI. 9, figs 1,2. 

1968 Watznaueria bamesae (Black in Black & Barnes); Perch-Nielsen: 69, fig. 32, pI. 22, figs 1-7; pI. 

23, figs 1,4,5,16. 

1975 Watznaueria bamesae (Black in Black & Barnes); Grun & Allemann: 162, fig. 8, pI. 2, fig. 10. 

Holotype. Black, pI. 9, fig. 2, sample 3068, locality Weston Colville, Cambridgeshire. 

Description. Elliptical coccoliths, with distal shield which slope steeply away from 

closed central area, giving central area elevation. Central area formed by elements of the 

proximal shield, that forms a slit oriented to long axis of the ellipse. Proximal shield 

with serrated outline and similar number of elements is slightly smaller than distal 

shield. 

Dimensions. Length 9.3I1m: Width 7.2Jlffi. 

Remarks. The elements of the smaller proximal shield fill the central area, and is a 

distinguishing feature of the species (Black in black & Barnes, 1959). Watznaueria 

bamesae has a high resistance to dissolution and is therefore the most common 

Cretaceous coccolith in poorly preserved assemblages (Perch-Nielsen, 1985a). W 
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bamesae with a single perforation or elongated slit like opening, differs from W. biporta 

Bukry, 1969, which has two perforations. Both arrangements are oriented to the long 

axis of the ellipse. 

Occurrence. Watznaueria bamesae has a well documented world wide occurrence, 

throughout the Late Cretaceous and is found in all the Late Cretaceous localities studied 

in S.W. Cyprus. It is also found in middle and Late Palaeocene, Mid Eocene and 

Miocene calcareous sediments of S.W. Cyprus and is considered to be reworked. 

Range. Mid Jurassic to Late Cretaceous, Perch-Nielsen (1985a). 

Family Microrhabdulaceae Deflandre, 1963 

Genus Lithraphidites Deflandre, 1963 

Type species. Lithraphidites camiolensis Deflandre, 1963. 

Remarks. The genus includes rod-shaped calcareous nannofossil with tapering ends. 

Constructed of four keels about a central channel forming a cross in cross-section. Keels 

made up of two appressed blade like elements. Between crossed polars, elements have 

identical optical orientation. 

Lithraphidites carniolensis Deflandre, 1963 

(PI. 2, fig. 5) 

1963 Lithraphidites camiolensis Deflandre: 3486, figs-8. 

1968 Lithraphidites camiolensis Deflandre; Gartner: 43, pI. 5, fig. 4; pI. 6, fig. 8; pI. 10, figs 16,17; pI. 

12, fig. 8; pI. 22, figs 24,25; pI. 25, fig. 9. 

1969 Lithraphidites carniolensis Deflandre; Bukry: 66, non, pI. 39, fig. 12; pI. 40, figs 1,2. 

1977 Lithraphidites carniolensis Deflandre; Wise & Wind: pI. 74, fig. 6. 

Holotype. Deflandre, figs 2-4, (LN, C Ph), locality Gargasien de Camiol, France. 

Description. Blades maintain constant width, until the distal 2Jlm of each end which 

taper to a blunt end. 

Dimensions. Length 10Jlm. 
Remarks. Perch-Nielsen (l985a), considered the four long straight, smooth and slender 

blades to be diagnostic of the species. 
Occurrence. Lithraphidites camiolensis is common to the Kannaviou Formation and 

the chalk inter beds of the Moni (Dhrousha Melange) and Kathikas Formations. But is 

83 



only found at an isolated locality of the Lefkara Fonnation, (Lower Member), at Tala, 

north of Paphos, S.W. Cyprus. 

Range. Berriasian to Maastrichtian (Cel to CC26), Perch-Nielsen (l985a) 

Lithraphidites praequadratus Roth, 1978 

(PI. 3, fig. 9) 

1969 Lithraphidites camiolensis Deflandre; Bukry: 66, pI. 39, fig. 12; non pI. 40, figs 1.2. 

1978 Lithraphidites praequadratus Roth: 749, pI. 3, figs 1-3. 

1992 Lithraphidites praequadratus Roth; Bralower & Siesser: pI. 4, fig. 12; pI. 8, figs 7-10. 

Holotype. Roth, pI. 3, fig. 1, sample 44-390A-13-3 (DSDP), negative UUMM 55. 

Description. Comprises four broad keels of constant width, which have a distinctive 

taper at each end, finishing at a point. 

Dimensions. Length 7. 6J.l1Il. 

Remarks. Lithraphidites praequadratus differs from L. quadratus Bramlette & Martini, 

1964, and L. carnioiensis, by having wider keels which are more blade-like in 

appearance. L. carniolensis has a more gradual distal taper. 

Occurrence. Of the localities studied, Lithraphidites praequadratus is found in several 

localities in S.W. Cyprus. The chalk inter beds of the Moni (Dhrousha Melange) and 

Kathikas Formations and also found at an isolated locality in the Lefkara Formation, 

(Lower Member), north-west of Inia. The species appears to be more common in mid to 

high latitudes and rare to absent in equatorial regions (Roth, 1978). 

Range. Campanian to Maastrichtian (eC17 to CC26), Perch-Nielsen (1985a). 

Genus Microrhabduius Deflandre, 1959 

Type species. Microrhabdulus decoratus Deflandre, 1959. 

Remarks. The genus includes straight rod-shaped calcareous nannofossil, composed of 

small elongate elements, whose cross-section can be circular, oval, square or sub 

circular. 

Microrhabduius attenuatus (Deflandre) Deflandre, 1963 

(PI. 2, fig. 6; PI. 3, fig. 10) 

1959 Microrhabdulus decoratus var. attenuatus Deflandre: 141, pI. 4, figs 6-8. 

1963 Microrhabdulus attenuatus Deflandre; Deflandre: 3486, fig. 11. 
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1964 Microrhabdulus stradneri Bramlette & Martini: 316, pI. 6, figs 3,4. 

1968 Microrhabdulus stradneri Bramlette & Martini; Gartner: 44, pI. 12, fig. 14. 

1985a Microrhabdulus attenuatus (Deflandre); Perch-Nielsen: 374, fig. 43.10-14. 

Holotype. Deflandre, pI. 4, fig. 6, sample BZ 24, locality Detroit, Texas. 

Description. Nannofossils of constant diameter, apart from the distal 2fJ.m of each end, 

which gently taper to a blunt end. The elements form a low angle spiral about the central 

axis. Both ends are normally damaged. 

Dimensions. Length 13.3JlIIl. 

Remarks. Microrhabdulus attenuatus differs from other members of the genus, by the 

low angle spiral of the individual elements about the central axis, plus tapered ends 

(Bramlette & Martini, 1964). Perch-Nielsen (1985a) considers M. stradneri to be a 

junior synonym of M. attenuatus. 

Occurrence. Found at several localities in S.W. Cyprus, within the Kannaviou, Moni 

(Dhrousha Melange), Kathikas and Lefkara (Lower Member) Formations. 

Range. Campanian to Maastrichtian (CCI7 to CC26), Perch-Nielsen (1985a). 

Microrhabdulus decoratus Deflandre, 1959 

(PI. 1, fig. 12; PI. 3, fig. 11) 

1959 Microrhabdulus decoratus Deflandre: 140, pI. 4, figs 1-5. 

1964 Microrhabdulus decoratus Deflandre; Bramlette & Martini: 314, pI. 6, figs 1,2. 

1966 Microrhabdulus decoratus Deflandre; Stover: 152, pI. 7, figs 15,16. 

1992 Microrhabdulus decoratus Deflandre; Bralower & Siesser: pI. 8, figs 17,18. 

Holotype. Deflandre, pI. 4, figs 1,2, sample BG 38, locality Siene, France. 

Description. Nannofossil of constant diameter throughout their length. Between crossed 

polars and the addition of a sensitive tint (quartz red I plate), a distinctive alternating 

blue and yellow rectangular appearance is seen. 

Dimensions. Length 22.4JlIIl. 
Remarks. The species takes the form of small straight elongated elements of equal 

length, formed into a series of stacked bundles (Deflandre, 1959). Specimens viewed 

from the Cyprus material, comprise on average 10 stacked bundles (17max). 

Occurrence. Microrhabdulus decoratus is found in almost all of the Late Cretaceous 

localities studied in S.W. Cyprus. It is also found in middle and Late Palaeocene, and 

Mid Eocene calcareous sediments of S.W. Cyprus and is considered to be reworked. 

Range. Cenomanian to Maastrichtian (CCI0 to CC26), Perch-Nielsen (1985a). 
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Family Podorhabdaceae Noel, 1965 

Genus Cribrosphaerella Deflandre in Piveteau, 1952 

Type species. Cribrosphaera ehrenbergii Arkhangelsky, 1912. 

Remarks. The genus includes elliptical coccoliths, with narrow rim enclosing large 

central area comprising a gridwork pattern. In distal view, the rim is comprised of a 

large outer and small inner cycle of block-shaped elements. 

Cribrosphaerella ehrenbergii (Arkhangelsky) Deflandre in Piveteau, 1952 

(PI. 1, figs 4,5; PI. 3, fig. 12) 

1912 Cribrosphaera ehrenbergii Arkhangelsky: 412, pI. 6, figs 19,20. 

1952 Cribrosphaerella ehrenbergii (Arkhangelsky); Deflandre in Piveteau: 111, fig. 54. 

1964 Favocentrum laughtoni Black: 313, pI. 53, figs 1,2. 

1968 Cretadiscus colatus Gartner: 36, pI. 10, figs 7,8; pI. 12, figs 5,6; pI. 19, fig. 10. 

1968 Cretadiscus polyporus Gartner: 36, pI. 1, figs 17,19; pI. 4, fig. 13; pI. 25, fig. 5. 

1969 Cribrosphaera ehrenbergii Arkhangelsky; Bukry: 44, pI. 22, figs 7-12. 

1973 Cribrosphaera ehrenbergii Arkhangelsky; Roth: 725, pI. 20, fig. 3. 

1992 Cribrosphaerella ehrenbergii (Arkhangelsky); Bralower & Siesser: figs 3,4; pI. 4, figs 5-7. 

Holotype. Arkhangelsky, pI. 6, figs 1,2 (line illustration). 

Description. Elliptical coccoliths, when seen in distal view, comprising narrow outer 

rim cycle of large elements and inner cycle of smaller elements, both non-imbricate and 

block-shaped in appearance. Central area closed with perforations/depressions In a 

gridwork pattern. 

Dimensions. Length 7.3l1m: Width 6.0Jlffi. 

Remarks. Bukry(1969), considers the large non-imbricate outer rim elements to be 

diagnostic of the species. 

Occurrence. Cribrosphaerella ehrenbergii is found at almost all of the Late Cretaceous 

localities studied in S.W. Cyprus. It is also found in middle and Late Palaeocene, and 

Mid Eocene calcareous sediments of S.W. Cyprus and is considered to be reworked. 

Range. Turonian to Maastrichtian (CC11 to CC26), Roth (1973). 
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Genus Retecapsa Black, 1971 a 

Type species. Retecapsa brightoni Black, 1971a. 

Remarks. The genus includes elliptical coccolith, with distal shield consisting of two 

cycles of elements and proximal shield with one cycle. The genus is restricted to fonns 

with eight openings situated at the distal margin of central area. These are separated by a 

cross aligned to the axes of the ellipse and each quadrant subdivided by a lateral bar. 

The cross and lateral bars buttress a short central boss/spine. 

Retecapsa neocomiana Black, 1971 a 

(PI. I, fig. 1) 

1971a Retecapsa neocomiana Black: 410, pI. 33, fig. 2. 

Holotype. Black, pI. 33, fig. 2, sample H.710/25109, horizon Compound Nodular Bed, 

locality Speeton. 

Description. Elliptical coccoliths, with distal shield consisting of two cycles, containing 

petaloid elements in each cycle. Central area contains eight angular openings situated 

round the distal margin, separated by lateral bars supporting a central boss. 

Dimensions. Overall length 6.7flm, and width 6.0flm: Central area, length 3.0flm and 

width 2.7flm. 

Remarks. Retecapsa neocomiana differs from other species of Retecapsa by the angular 

shape of the openings, between the buttresses and lateral bars (Black, 1971 a). 

Dissolution of the outer rim elements, can give the impression that it is comprised of 

several tiers. 

Occurrence. Found in the Kannaviou Formation, and a single chalk inter bed of the 

Moni Fonnation (Dhrousha Melange), S.W. Cyprus. 

Range. Campanian to Maastrichtian (CC17 to CC26), Black (1971a). 

Genus Stradneria Reinhardt, 1964 

Type species. Stradneri limbicrassa Reinhardt, 1964. 

Remarks. The genus includes elliptical coccolith, comprising a distal shield of two 

cycles and proximal shield of one cycle. In distal view, upper cycle is smaller than lower 

cycle. A small conical central area contains a crown of large elements buttressing the 
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central structure and stem. Stradneria differs from other genera of the Podorhabdaceae, 

in having more than eight openings surrounding the distal margin of the central area 

(Gron and Allemann, 1975, fig. 19a). 

Stradneria crenulata (Bramlette & Martini) Noel, 1970 

(PI. 3, fig. 16) 

1964 Cretarhabdulus crenulata Bramlette & Martini: 300, pI. 2, figs 21-24. 

1970 Stradneri crenulata (Bramlette & Martini); Noel: pI. 13, fig. 5; pI. 17, fig. 3a-b. 

1975 Retecapsa crenulata Bramlette & Martini; Grun & Allemann: 175, fig. 19a, pI. 4, figs 4-6. 

1985a Stradneri crenulata (Bramlette & Martini); Perch-Nielsen: 386, fig. 8.88,89; fig. 43.1. 

Holotype. Bramlette & Martini, pI. 2, figs 21,22, sample USNM 648200, locality 

Bellocq, Southwest France. 

Description. Between crossed polars, elliptical coccoliths with a broad outer rim. Small 

central area shows strong suture lines (crenulate) in the form of a cross aligned to the 

axes of the ellipse, plus laterals. 

Dimensions. Length 7.2Jlm: Width 5.6fJIll. 

Remarks. Between crossed polars the small central area appears perforate, resulting in a 

crenulate appearance (Bramlette and Martini, 1964). 

Occurrence. Found in almost all localities studied, in the Moni (Dhrousha Member), 

Kathikas and Lefkara (Lower Member) Formations, of S.W. Cyprus. 

Range. Cretaceous (CC2 to CC26), Perch-Nielsen (1985a). 

Family Polcyclolithaceae Forchheimer, 1972 

Genus Micula Vekshina, 1959 

Type species. Micula decussata Vekshina, 1959. 

Remarks. The genus includes nannofossils in the shape of a cube, normally with 

concave faces, however, later forms include flat or conical types. 
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Micula decussata Vekshina, 1959 

(PI. 1, fig. 9) 

1959 Micula decussata Vekshina: 71, pI. 1, fig. 6; pI. 2, fig. 11. 

1968 Micula decussata Vekshina; Gartner: partim , 47, pI. 2, figs 5,8; pI. 4 fig. 17; pI. 9, fig. 18; pI. 

14, fig. 13; pI. 18, fig. 7; pI. 20, fig. 15. 

1969 Micula decussata Vekshina; Bukry: 67, pI. 40, figs 5,6. 

Ho}otype. Vekshina, pI. 1, fig. 6 (line illustration). 

Description. Cube-shaped nannofossils, with central depression in each face. Between 

crossed polars, crystal boundaries are seen as curving suture lines fonning a diagonal 

cross. 

Dimensions. Cube 6Jlm. 

Remarks. The diagonal suture lines on each cube face distinguishes the species from 

others (Gartner, 1968). The species is resistant to erosion and is found in Tertiary 

deposits due to reworking. 

Occurrence. Found in almost all localities studied, in the Moni (Dhrousha Melange), 

Kathikas and Lefkara (Lower Member) Formations, of S.W. Cyprus. It is also found in 

middle and Late Palaeocene, and Mid Eocene calcareous sediments of S.W. Cyprus and 

is considered to be reworked. 

Range. Santonian to Maastrichtian (CCI4 to CC26), Perch-Nielsen (1985a). 

Micula mura (Martini) Bukry, 1973b 

(PI. 3, fig. 14) 

1961 Tetralithus murus Martini: 4, pI. 1, fig. 6; pI. 4, fig. 42. 

1973b Micula mura (Martini); Bukry: 679. 

1992 Micula murus (Martini); Bralower & Siesser: pI. 7, figs 1,2. 

Holotype. Martini, pI. 1, fig. 6 (line illustration). 

Description. Between crossed polars, cube-shaped nannofossils, with straight extinction 

lines perpendicular from the cube sides, forming off-centre cross, producing a dark 

square in the centre, sides parallel to the margin. 

Dimensions. Cube 6.4Jlm. 
Remarks. Bukry (1973b), considered the elements extending from the central structure 

forming a cube shape to be diagnostic of the species. 
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Occurrence. Found at two localities west of Kathikas, S.W. Cyprus in the Lefkara 

Formation, (Lower Member).The species is well documented and is a zonal marker of 

the late Maastrichtian, and common to sub-tropical to equatorial environments. The 

short vertical range of Micula mura makes this species stratigraphically important. 

Range. Maastrichtian (CC26), Perch-Nielsen (1985a). 

Micula staurophora (Gardet) Stradner, 1963 

(PI. 3, fig. 15) 

1955 Discoaster staurophorus Gardet: 534, pI. 10, fig. 96. 

1963 Micula staurophora (Gardet); Stradner: 170, pI. 4, figs 12a-c. 

1974 Micula staurophora (Gardet); Thierstein: partim, pI. 12, figs 1-3,9-11. non, pI. 12, figs 4-8, 

1984 Micula staurophora (Gardet); Stradner & Steinmetz: pI. 31, figs 1,2. 

Holotype. Gardet, pI. 10, fig. 96. 

Description. Between crossed polars, cube-shaped nannofossils, with concave faces and 

a 'petaloid effect' forming diagonal cross. 

Dimensions. Cube 8.0flm. 

Remarks. Identical to that displayed in Thierstein (1974), cube-shaped, with elongated 

comers of the cube, giving a petaloid effect, between crossed polars. 

Occurrence. Found in several localities in the Moni (Dhrousha Melange), Kathikas and 

Lefkara (Lower Member) Formations, S.W. Cyprus. 

Range. Turonian to Maastrichtian (CC12 to CC26), ?early Tertiary, Stradner (1963). 

Micula swastica Stradner & Steinmetz, 1984 

(PI. 3, fig. 18) 

1984 Micula swastica Stradner & Steinmetz: 595, pI. 31, figs 3,5,6. 

Holotype. Stradner & Steinmetz, pI. fig. 6, sample DSDP 530A-50-2. 

Description. Between crossed polars, cube-shaped nannofossils, with internal sutures 

forming a 'swastica' effect, caused by four central interlocking square 'hook-shaped' 

elements, radiating inwardly perpendicular from the external elements. 

Dimensions. Cube 2.8Jlffi. 
Remarks. The Internal suture lines have a 'swastica' form and is a diagnostic feature of 

the species (Stradner & Steinmetz, 1984). 
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Occurrence. Found at two localities, west of Kathikas and east of Pelathousa in the 

Lefkara Formation, (Lower Member), of S.W. Cyprus. The short vertical range of 

Micula swastica makes this species stratigraphically important. 

Range. Maastrichtian (CC26), Stradner & Steinmetz (1984). 

Genus Quadrum Prins & Perch-Nielsen in Manivit et aI., 1977 

Type sp,ecies. Quadrum gartneri Prins & Perch-Nielsen in Manivit et al., 1977. 

Remarks. The genus includes cube-shaped nannofossils, composed of four large calcite 

elements in plan view, with the sutures generally perpendicular to the margins, forming 
a cross. 

Quadrum gartneri Prins & Perch-Nielsen in Manivit et aI., 1977 

(PI. 3, fig. 19) 

1974 Micula staurophora (Gardet); Stradner; Thierstein: partim, pI. 12, figs 4-8, non, pI. 12, figs 1-

3,9-11. 

1977 Quadrum gartneri Prins & Perch-Nielsen in Manivit et al.: 177, pI. 1. figs 9,10. 

1991 Quadrum ganneri Prins & Perch-Nielsen in Manivit et al.; Resiwati: pI. 8, fig. 3. 

Holotype. The specimen illustrated by Thierstein (1974), pI. 12, figs 4-8, sample DSDP 

258-10-1. 

Description. Between crossed polars, cube-shaped nannofossils, constructed from four 

calcite blocks showing curved suture lines in the form of a cross. Suture lines are 

perpendicular to the margins, making quadrants appear petaloid. 

Dimensions. Cube 4.0Jlm. 

Remarks. The species is distinguished by the four large/high calcite units, formed by 

one or two layers. these are separated by sutures that run perpendicular to the margin on 

both distal and proximal surfaces (Prins & Perch-Nielsen in Manivit et aI., 1977). Crux 

(1982), split Quadrum gartneri into two subspecies. Subspecies 1, ranges Turonian to 

Santonian (CC11 to CCI6), with elements orthogonally arranged. Subspecies 2, 

Coniacian to Maastrichtian (CC13 to CC26), with elements slightly offset and elongate. 

Occurrence. Found only in the Kannaviou Formation, at Armou, east of Paphos, S.W. 

Cyprus. 

Range. Turonian to Maastrichtian (CC 11 to CC26), Crux (1982). 
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Family Prediscosphaeraceae Rood, Hay & Barnard, 1971 

Genus Prediscosphaera Vekshina, 1959 

1964 Deflandrius Bramlette & Martini 

Type species. Prediscosphaera decoratus Vekshina, 1959. 

Remarks. Contains species with elliptical or circular coccoliths and constructed of two 

marginal shields. Each shield is composed of sixteen petaloid, non-imbricated elements. 

Central area is open with a distal marginal cycle of thin elements and bridged by a cross, 

which is oriented diagonally or aligned to the axes of the ellipse and supports a distal 
stem. 

Prediscosphaera cretacea (Arkhangelsky) Gartner, 1968 

(PI. 1, fig. 7; PI. 3, fig. 13) 

1912 Coccolithophora cretacea Arkhangelsky: 410, pI. 6, figs 12,13. 

1964 Deflandrius cretacea Arkhangelsky; Bramlette & Martini: 301, pI. 2, figs 11,12. 

1968 Prediscosphaera cretacea (Arkhangelsky); Gartner: 19, partim, pI. 2, figs 10-14; pI. 3, figs 8a-c; 

pI. 4, figs 19-24; pI. 6, figs 14,15; pI. 9, figs 1-4; pI. 12, fig. 1; pI. 14, figs 20-22; pI. 18, fig. 8; pI. 

22, figs 1-3; pI. 23, fig. 4; pI. 25, figs 12-14; pI. 26, figs 2a-c; non, pI. 23, figs 5,6. 

1970 Prediscosphaera cretacea (Arkhangelsky); Noel: 64, fig. 16, pI. 15, figs 3-6,9.11; pI. 16, figs 

2,3,7,8. 

1982 Prediscosphaera cretacea (Arkhangelsky); Crux: pI. 5.5, figs 9,10, pI. 5.8, fig. 6. 

1992 Prediscosphaera cretacea (Arkhangelsky); Bralower & Siesser: 547, pI. 3, figs 27,28; pI. 4, fig. 

2. 

Holotype. Arkhangelsky, pI. 6, figs 12,13 (line illustration). 

Description. Elliptical coccoliths, consisting of two closely appressed narrow shields, 

comprising sixteen petaloid, non-imbricate elements.. Cycle of broad elements fonn 

distal margin of open central area, bridged by double oblique cross, slightly offset from 

one another. 

Dimensions. Length 8.8Jlm: Width 6.4flITl. 

Remarks. The slightly offset double crossbar consisting of a distal and proximal set and 

the broad inner cycle of elements surrounding the distal margin of the central area. is 

diagnostic of the species (Gartner, 1968). 

Occurrence. Prediscosphaera cretacea appears to be more common to the chalk inter 

beds of the Moni (Dhrousha Melange) and Kathikas Formations. However, it is also 

92 



found in the Kannaviou Fonnation, and several localities of the Lefkara Fonnation, 

(Lower Member), of S.W. Cyprus. 

Range. Campanian to Maastrichtian (CCI8b to CC26), Perch-Nielsen (l985a). 

Prediscosphaera grandis Perch-Nielsen, 1979 

(PI. 3, fig. 17) 

1968 Deflandrius cretaceus (Arkhangelsky); Bramlette & Martini; Perch-Nielsen: 62, pI. 13, figs 

1,5,6; pI. 14, fig. 2. 

1979 Prediscosphaera grandis Perch-Nielsen: 267, pI. 2, fig. 8. 

1992 Prediscosphaera grandis Pefch-Nielsen; BraIower & Siesser: 547, pI. 3, figs 23,24. 

Ho}otype. Perch-Nielsen (1968), Deflandrius cretaceus, pI. 13, fig. 1. locality Mon's 

Klint, Denmark. 

Description. Between crossed polars, large elliptical coccoliths, with a narrow outer rim 

which comprises sixteen petaloid, non-imbricate elements, with weak birefringence. A 

cycle of broad elements showing strong birefringence form the distal margin of open 

central area, bridged by double oblique cross, slightly offset from one another. 

Dimensions. Length 12.8IJm: Width 10.4Jlll1. 

Remarks. Perch-Nielsen (1979) considered the size (10 to 15f.lm long) to be the 

diagnostic feature of the very large, broad elliptical species, which is similar in form to 

the smaller P. cretacea (6 to 8IJm long). 

Occurrence. Prediscosphaera grandis is found in several localities of the Kathikas 

(chalk inter beds) Formation and an isolated locality in the Lefkara Formation, (Lower 

Member), north-west of Inia S.W. Cyprus. The short vertical range of P. grandis makes 

this species stratigraphically important. 

Range. Maastrichtian (CC23b to CC26), Perch-Nielsen (1979). 

Family SoUasitaceae Black, 1971a 

Genus Sollasites Black, 1967 

1969 Costacentrum Bukry. 

Type species. Sollasites barringtonensis Black, 1967. 

Remarks. The genus includes elliptical coccoliths, with two shields of dextrally 

imbricated elements enclosing open central area. Central area has a cycle of sub vertical 

elements at its distal margin and bridged by crossbar aligned to short axis. Differing 
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configurations of crossbars aligned to long axlS, are species diagnostic. A partial 

covering of elements may be present within centre. 

Sollasites horticus (Stradner et al. in Stradner & Adamiker) Black, 1968 

(PI. 2, fig. 7) 

1966 Coccolithus horticus Stradner et ale in Stradner & Adamiker: 337, figs 1,2, pI. 2, fig. 4. 

1967 Sollasites barringtonensis Black: 144, fig. 4. 

1968 Sollasites horticus (Stradner et al.); Black: pI. 144, figs 1,2. 

1969 Costacentrum horticus Stradner et al.; Bukry: 44, pI. 21, fig. 12; pI. 22, figs 1-3. 

1975 Sollasites horticus (Stradner et al.); Griin in Grtin & Allemann: 189, fig. 28, pI. 7, figs 5,6. 

1990 Sollasites horticus (Stradner et al.); Mutterlose & Wise: pI. 4, fig. 3. 

Holotype. Stradner et al. in Stradner & Adamiker, pI. 2, fig. 4. 

Description. In distal view, elliptical coccoliths, with distal shield composed of 

dextrally imbricate elements. A cycle of sub vertical elements form distal margin of 

open central area, bridged by lateral bar oriented to short axis. Aligned to long axis three 

sub parallel bars intersect lateral bar. 

Dimensions. Length 6J.lffi: Width 4.5Ilm. 

Remarks. The diagnostic feature of the species is the three crossbars aligned to long 

axis of the ellipse, crossing lateral bar aligned to short axis (Gron in Gron and 

Allemann, 1975). 

Occurrence. Found only in the Kannaviou Formation, at Kritou Marottou, near 

Kannaviou, S.W. Cyprus. 

Range. Lower Oxfordian to Campanian, Griin in Griin & Allemann (1975). 

Family Stepbanolithiaceae Black, 1968 

Genus Corollithion Stradner, 1961 

Type species. Corollithion exiguum Stradner, 1961. 

Remarks. Includes rhomboidal- or polygonal-shaped coccoliths, distal shield comprised 

of sub vertical prismatic elements, inclined slightly distally and proximal shield made 

up of small blocky elements. Central area open and bridged by four or six radial to sub 

radial bars. 
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Corollithion signum Stradner, 1963 

(PI. 2, figs 1,2) 

1963 Corollithion signum Stradner: 177, pI. 1, fig. 13. 

1969 Corollithion signum Stradner; Bukry: 41, pI. 19, figs 5-8. 

1984 Corollithion signum Stradner; Stradner & Steinmetz: pI. 7 figs 6,7. 

Holotype. Stradner, pI. 1, fig. 13, sample KLB/4A, locality Klafterbrunn, Austria. 

Description. The polygonal-shaped coccoliths, when seen in distal view comprise a 

narrow rim margin of dextrally imbricate (sub vertical) elements. A cycle of narrow 

elongate elements fonn the distal margin of the open central area, bridged by a cross of 

broad plate-like elements with enlarged tips. 

Dimensions. Maximum 41lm. 

Remarks. The four radial bars present within the central area is diagnostic of the 

species (Stradner, 1963). 

Occurrence. Found only in the Kannaviou Formation, Kritou Marottou, near 

Kannaviou, S.W. Cyprus. 

Range. Upper Albian to Maastrichtian (CC9 to CC26), Perch-Nielsen (1985a). 

Family Zygodiscaceae Hay & Mohler, 1967 

Genus Glaukolithus Reinhardt, 1964 

Type species. Zygolithus diplogrammus Deflandre in Deflandre & Fert, 1954. 

Remarks. Includes elliptical coccoliths with two cycles of elements. Broad elements of 

the distal cycle are inclined and slightly dextrally imbricated. Central area bridged by 

two crossbars aligned to short axis. 

Glaukolithus compactus (Bukry) Perch-Nielsen, 1984 

(PI. 1, fig. 6; PI. 2, fig. 8) 

1969 Zygodiscus compactus Bukry: 59, pI. 34, figs 1,2. 

1970 Zygodiscus compactus Bukry; Noel: 26, figs 2,3, pI. 2, figs 2-8; pI. 3, figs 1-3. 

1982 Zygodiscus compactus Bukry; Crux: pI. 5.1, figs 13-15. 

1984 Glaukolithus compactus (Bukry); Perch-Nielsen: 43. 
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Holotype. Bukry, pI. 34, fig. 2, sample UI-H-3333, locality Meudon, France. 

Description. Elliptical coccoliths, with distal shield composed of slightly dextrally 

imbricate elements and central area almost covered with irregular ordered rhomb-shaped 
elements. 

Dimensions. Length 6.7J.lm: Width 4.6J.IID. 

Remarks. The broad crossbars aligned to short axis, consisting of inter fingering 

elements, that may cover entire central area is considered to be diagnostic of the species 

(Perch-Nielsen, 1985a). 

Occurrence. Found in the Kannaviou Formation and the chalk inter beds of the Moni 

Fonnation (Dhrousha Melange). Also found at an isolated locality in the Lefkara 

Fonnation, (Lower Member), of S.W. Cyprus. 

Range. Barremian to Maastrichtian (CC6 to CC26), Crux (1982). 

Genus Placozygus Hoffmann, 1970b 

Type species. Glaukolithus fibuliformis Reinhardt, 1964. 

Remarks. Genus includes elliptical coccoliths, characterised by rim comprising of a 

single wall, constructed of inclined to vertical, block -shaped elements. Open central area 

bridged by I-shaped crossbar aligned to short axis. 

Placozygus fibuliformis (Reinhardt) Hoffmann, 1970b 

(PI. 1, fig. 8; PI. 3, fig. 20) 

1964 Glaukolithus ?fibuliformis Reinhardt: 758, pI. 1, fig. 4. 

1964 Zygodiscus spiralis Bramlette & Martini: 303, pI. 4, figs 6-8. 

1969 Zygodiscusfibuliformis (Reinhardt); Bukry: 59, pI. 34, figs 9,10. 

1970b Placozygusfibuliformis (Reinhardt); Hoffmann: 1004, pI. 1, figs 1-4. 

Holotype. Reinhardt, pI. 1, fig. 4, 78-11, locality RUgen, Maastricht. 

Description. Elliptical coccoliths. In proximal view, outer rim cycle comprised of 

vertical, block-shaped elements. An inner rim cycle of inclined elements fonns the distal 

margin of an open central area, which is bridged by several elements aligned to short 

axis of ellipse. 

Dimensions. Length 5.6J.lm: Width 3.2J.1Ill. 

Remarks. Bukry (1969), considered the secondary inner cycle of the outer rim on the 

proximal surface to be a diagnostic feature of the species. Placozygus fibuliformis is 

distinguished from Glaukolithus compactus in side view, by having a distal cycle of sub 
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vertical elements, but inclined in the latter. Also the central I-shaped bridging structure 

is thinner in construction. 

Occurrence. Found at almost all Late Cretaceous localities studied in S.W. Cyprus. 

Range. Albian to Maastrichtian (CC8 to CC26), Perch-Nielsen (1985a). 
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PLATE 1. 

SEM photomicrographs 

Fig. 1. Retecapsa neocomiana Black, 1971, distal view, UD609 14A, D277-1113 
X4320. ' 

Fig. 2. Eiffellithus eximius (Stover, 1966), distal view, UD609 18A, D277-1113, 
X9050. 

Fig. 3. Watznaueria bamesae (Black in Black and Barnes, 1959), proximal view, 
UD609 32A, D277-1113, X4720. 

Figs 4,5. Cribrosphaerella ehrenbergii (Arkhangelsky, 1912): Fig. 4, distal view, 
UD619 41A, D277-1113, X4659; Fig. 5, distal view, UD618 26A, D336-1419, X4670. 

Fig. 6. Glaukolithus compactus (Bukry, 1969), distal view, UD618 23A, D277-1113, 
X3880. 

Fig. 7. Prediscosphaera cretacea (Arkhangelsky, 1912), distal view, UD618 41A, 
D336-1419, X3290. 

Fig. 8. Placozygusfibuliformis (Rienhardt, 1964), proximal view, UD619 35A, D277-
1113, X6070. 

Fig. 9. Micula decussata Vekshina, 1959, side view, UD618 6A, D336-1419, X4830. 

Fig. 10. Discorhadus ignotus (Gorka, 1957), distal view, UD596 3, DI17-1180, X9600. 

Fig. 11. Vagalapilla compacta Bukry, 1969, distal view, UD595 1, DI17-1180, X4880. 

Fig. 12. Microrhabdulus decoratus Deflandre, 1959, side view, UD596 1, DI17-1180, 

X2510. 
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PLATE 2. 

SEM photomicrographs 

Figs 1,2. Corollithion signum Stradner, 1963,0277-1113: Fig. 1, distal view, UD619 
4A, X8750; Fig. 2, distal view, UD619 44A, X9550. 

Fig. 3. Arkhangelskiella cymbiformis Vekshina, 1959, distal view, UD618 17A, 0336-
1419, X4600. 

Fig. 4. Watznaueria bamesae (Black in Black and Barnes, 1959), distal view, UD609 
27 A, 0277-1113, X4510. 

Fig. 5. Lithraphidites camiolensis Oeflandre, 1963, side view, UD618 35A, 0336-
1419, X5000. 

Fig. 6. Microrhabdulus attenuatus (Deflandre, 1959), side view, UD619 39A, 0277-
1113, X4510. 

Fig. 7. Sollasites horticus (Stradner, Adamiker and Maresch in Stradner and Adamiker, 
1966), distal view, UD609 19A, 0277-1113, X9160. 

Fig. 8. Glaukolithus compactus (Bukry, 1969), distal view, UD609 35A, 0277-1113, 
X8650. 

Fig. 9. EllipsagelosphaeraJossacincta Black, 1971, coccolithophore, UD609 33A, 
0277-1113, X3730. 

Fig. 10. Vekshinella stradneri Rood et al., 1971, distal view, UD609 26A, 0277-1113, 
X7540. 

Figs 11, 12. Biscutum constans (GorkaI957), 0277-1113: Fig. 11, distal view, UD609 
40A, X 7540; Fig. 12, coccolithophore, UD609 39A, X4200. 
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PLATE 3. 

Light photomicrographs 

XPL = Crossed Polarised Light 
PC = Phase Contrast Scale Bar = 5J.l1ll 

Fig. 1. Vekshinella stradneri Rood et ai., 1971, plan view, PC, UD617 15A, D125-
1216. 

Figs 2,3. Arkhangeiskiella cymbiformis Vekshina, 1959: Fig. 2, plan view, XPL, 
UD621 26A, 0261-1405; Fig. 3, plan view, PC, UD586 3, Dl15-1213. 

Fig. 4. Caculites obscurus (Deflandre, 1959), distal view, XPL, UD617 34A, D 115-
1213. 

Fig. 5. Eiffellithus eximius (Stover, 1966), distal view, XPL, UD614 19,0277-1113. 

Fig. 6. Eiffellithus gorkae Reinhardt, 1965, distal view, XPL, UD621 25A, D261-1405. 

Fig. 7. Eiffellithus turriseiffelii (Deflandre in Deflandre and Fert, 1954), side view, 
XPL, UD617 39A, D197-1038. 

Fig. 8. Watznaueria barnesae (Black in Black and Barnes, 1959), plan view, XPL, 
UD612 23A, D115-1213. 

Fig. 9. Lithraphidtes praequadratus Roth, 1978, side view, XPL, UD617 41A, D117-
1180. 

Fig. 10. Microrhabdulus attenuatus (Deflandre, 1959), side view, XPL, UD617 lA, 
D125-1216. 

Fig. 11. Microrhabdulus decoratus Deflandre, 1959, side view, XPL, UD617 3A, 

D277-1113. 

Fig. 12. Cribrosphaerella ehrenberg;; (Arkhangelsky, 1912), distal view, XPL, UD613 

36A, D277-1113. 

Fig. 13. Prediscosphaera cretacea (Arkhangelsky, 1912), distal view, XPL, UD613 

31A, D272-1105. 

Fig. 14. Micula mura (Martini, 1961), side view, XPL, UD617 35A, 0125-1216. 
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Fig. 15. Micula staurophora (Gardet, 1955), side view, XPL, UD617 7A, 0125-1216. 

Fig. 16. Stradneria crenulata (Bramlette and Martini, 1964), distal view, XPL, UD612 
22A, 0115-1213. 

Fig. 17. Prediscosphaera grandis Perch-Nielsen, 1979, distal view, XPL, UD617 12A, 
0117-1180. 

Fig. 18. Micula swastica Stradner and Steinmetz, 1984, side view, XPL, UD599 26A, 
0125-1216. 

Fig. 19. Quadrum gartneri Prins and Perch-Nielsen in Manivit et al., 1977, side view, 
XPL, UD613 37A, 0277-1113. 

Fig. 20. Placozygusfibuliformis (Rienhardt, 1964), plan view, XPL, UD617 9A, 0336-
1419. 
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BIOSTRATIGRAPHY OF THE PALAEOCENE AND 
EOCENE NEO-AUTOCHmONOUS SEDIMENTARY 

COVER OF S. W. CYPRUS: 

5.1 Introduction 

The study reported here involves micropalaeontological analyses (calcareous 

nannofossils), of 34 samples from 30 localities (Figs 5.1,2,3). It also forms part of an 

overall review of the biostratigraphy of the neo-autochthonous sedimentary cover of 

S.W. Cyprus and concentrates on the calcareous sediments of the Lefkara Fonnation, 

Middle Member (Chalk and Chert and Massive Chalk units). 

The aim of this study is to date the age of the Lefkara Formation, Middle 

Member (Chalk and Chert and Massive Chalk units), where the basal horizon makes 

unconformable contact with the underlying sedimentary members and formations of the 

neo-autochthonous sedimentary cover, and the Mamonia and Troodos (including the 

Kannaviou Formation) basement terranes and fragments (Fig. 5.4). 

5.2 Sampling Strategy and Localities 

The sampling of the Lefkara Formation (Figs 5.1,2,3), Middle Member ( Chalk 

and Chert and Massive Chalk units [ML]), forms part of a wider biostratigraphical study 

on the Late Cretaceous (late Campanian) to Late Miocene sediments of S.W. Cyprus, 

involving 372 samples from 100 localities. Samples were collected as near as possible to 

the unconformable contact with the underlying basement terranes or sedimentary 

fonnations. Also samples were collected at measured intervals from one locality at Petra-

tou-Romiou (Figs 5.5). 
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Fig. 5.1. General geological map of S.W. Cyprus, displaying the relationship between 

the Mamonia and Troodos basement terranes (M and T respectively) and their 

associated fragments (M', T' respectively and ?' uncertain). Also displaying the Late 

Palaeocene sample localities (ML1-ML 7) of the Lefkara Formation, Middle Member 

(Chalk and Chert unit) (modified from Swarbrick 1980). 
20 30 40 50 60 70 

o 10Iuns 
10-' _~ ... I 90 
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Tertiary sediments 

Kathikas Formation 
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Fig. 5.2. General geological map of S.W. Cyprus, displaying the relationship between 

the Eocene sample localities (ML8-ML15) of the Lefkara Formation, Middle Member 

(Chalk and Chert unit) and the underlying groups and formations (modified from 

Swarbrick, 1980). 
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Fig. 5.3. General geological map of S.W. Cyprus, displaying the relationship between 

the Eocene sample localities (ML16-ML30) of the Lefkara Formation, Middle Member 

(Massive Chalk unit) and the underlying groups and formations (modified from 

Swarbrick, 1980). N.B. Locality ML16 overlies unconformably the Lefkara Formation, 

Lower Member. 

5.3 Biostratigraphy 

The earlier micropalaeontological data is of limited value, apart from research by 

Krasheninnikov and Kaleda (1994), on the Late Cretaceous (Campanian) to Pliocene 

sediments of the Perapedhi section, situated north of Limassol against the south western 

margin of the Troodos Massif. Therefore the study attempts to develop the application 

of micropalaeontology, to the basal horizons of the chalk outcrop, relating to the Lefkara 

Formation, Middle Member of the neo-autochthonous sedimentary cover, which makes 

unconformable contact with the underlying rocks , in S.W. Cyprus. The study reviews 

the micropalaeontological data obtained and confirms the presence of three 

unconfonnable contacts within the Chalk and Chert unit and a fourth located at the base 

of the overlying Massive Chalk unit (Fig. 5.4). 
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1). CC (Sissingh, 1977), NP and NN (Martini, 1971) calcareous nannofossil biostratigraphical zonal schemes, indicating the 

relative ages of the unconfonnable contacts 

2). Unconfonnable contacts made with: 

CC23 Mamonia Complex only. 

NP5 Kannaviou and Kathikas Fonnations. 

NP9 Mamonia Complex, Kannaviou (?reworked) and Kathikas Formations. 

NP 13 Mamonia Complex, Kannaviou Fonnation and serpentinites . 

NP 16 Mamonia and Troodos Complexes, Kannaviou, Kathikas and Lefkara (Lower Member) Formations. 

Fig. 5.4. A schematic geological vertical section (not to scale), displaying the 

relationship between the Mamonia and Troodos (including associated fonnations) 

basement terranes (Complexes) and the overlying neo-autochthonous sedimentary cover 

of S.W. Cyprus (north-west of the line formed by the Dhiarizos valley). 
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Fig. 5.5. Geological composite measured vertical section at Petra-tou-Romiou, 

containing unconfonnities between: 1). The Pakhna and Lefkara (Middle Member, 

Massive Chalk) Fonnations; 2). The Massive Chalk and Chalk and Chert units of 

Lefkara Fonnation, Middle Member; 3). The Letkara (Middle Member, Chalk and Chert 

unit) and Kannaviou (?reworked) Formations 
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The biostratigraphical significance of calcareous nannofossils observed, within 

the samples collected from localities (Figs 5.1,2,3) in S.W. Cyprus, are discussed below. 

The species distribution tables for the Lefkara Formation, Middle Member, Chalk and 

Chert (Figs 5.6,7) and Massive Chalk (Fig. 5.8) units, display the species observed 

within each sample, including state of preservation, overall content of the assemblage 

and the presence of derived species. The biostratigraphical ranges of individual species 

observed are displayed in Figs 5.9,10,11, which have been determined from various 

published sources (5.5 Systematics), and are correlated with the calcareous nannofossil 

zonal scheme erected by Martini (1971). All localities have been given a six figure grid 

reference (CGR). 
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ML4 D276 G A X X X X X X X X X X 

ML3 D534 G A X X X X X 

ML2 D217 M A 
MLI i D532 G C 

Preservation of calcareous nannofossils. 
G = GOOD (linle or no alteration). 

X X X 

X X X X 

M = MODERATE (50% showing some fonn of alteration). 

P = POOR (all showing some fonn of alteration). 

LOCALITY (Fig. 5.1) 

X 

ML = Lefkara Fonnation (Middle Member, Chalk and Chert unit). 

X = Derived nannofossils present from Cretaceous sediments. 

Note 

X 

X X 

X X 

X X 

X X X X 

Calcareous nannofossil content (field of view = 390~). 
A = ABUNDANT (>5 individuals per field of view). 
C = COMMON (<5 individuals per field of view). 
S = SPARSE (isolated occurrences). 

i) All chalk samples were collected as near as possible to the contact with the underlying lithologies. 

Fig. 5.6. Distribution of calcareous nannofossils observed in samples collected from the 

Lefkara Formation, Middle Member, Chalk and Chert unit of Palaeocene age, of S.W. 

Cyprus. 

110 



~ 
V) 

I 
....l -

~ 
V) 

I Z , V) 
I I I I 

0 0 , , 
! I 

~ E= 0 u.. , E 
UJ I 

U 0 .., :::l 
4> 4> CI):''::: ....l < Z II> "0 ~ § ....l ....l ::I 

'" '" 
cr: '0 p., > Z u II) 

VI "0 '" '" '" 
~ 

:0 E < - .§ '" '§ V :§ ::E V) .;;; 
'" 

:::l 

~ 
.;:;; 8 :::l .., 

U cr: I < II) 

'" ' '" ... I: V VI 

-2 
cr:", 

':::l .E I: :0 '" ""I: 4> :::l "0 .... -<t: UJ V) 
Z V .~ <I:> I: C or;; ~ ,£ u 

0) ~ .c .~ o ... 
0 0 !'~ :a i 

.::2 a '" fil ~ :.0 .~ <I:> E co :0 "" c;; "0 "" V) V) "0 '" ·c E ~ 
0) >, ::I E c;; ~ :0 II) I: ~ ....l UJ u.. 0 CI:I V II) 0' .., 0 0 

'" .~ E II) .., '" 
0 ,8. E co E .= E ~ :::l ..: ,e. ::I cr: UJ '" '" '" ... "0 II) E 0 VI , 

:::l :::l E ::I o :::l II) 
, .., 0 .., :§ VI':; Z > '" II) VI I~ :::l '" p., '" :§ :§ .c :§ -.:; ,£ 

.., 
'" ~ 

:::l :::l I: :::l 

~ 
II) -5 :::I ::I:':: 

Z ;Z :::l ... :§ .... - :€ ~ -5 ' ... ::I '0 .:; ~ § ~ "0 ~ 
4> '0 <1:>- CI:I 4> :§ "0 V < 'iii '" "0 - 0 'c "0 0 '0 'iii Cl "" UJ e (II ::I E ~ e :; CI:I 

~ '0 E :-§ "0 o "" Z Q 
0 

~' '" '0 '0 '" c o VI 0 C C 0 '" I: fi~ v co l;! co .., o CI:I III .., VI .., 
~ u 

3 ~ V "" v 
:2 :2 Ie I~ i5j 

v 

~ 
.~ ,~ III 0 j 5 I~ I~I(~ is I~ ·c 

I~ 3 J J, en u.l cc:: en is 
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MLll 0235 M S X' X X X X X X X X 

ML12 0371 G I A : X' X X X X X X X X X 

ML13 D576 P S X I X X X X 

ML14 ! 0231 M C I X' X X X X X X X X X X X 

ML15 , 0240 M S X' X X X X X X X X 

Preservation of calcareous nannofossils. Calcareous nannofossil content (field of view = 3901JIll). 

G = GOOD (lit.tle or no alteration). A = ABUNDANT (>5 individuals per field of view). 

M = MODERATE (50% showing some fonn ofaltemtion). C = COMMON (<5 individuals per field of view). 

P = POOR (all showing some fo,nn of alteration). S = SPARSE (isolated occurrences). 

Derived nannofossils present from:­
X = Cretaceous sediments. 
X' = Palaeocene sediments. 
X' = Cretaceous and Palaeocene sediments 

LOCALITY (Fig. 5.2) 

ML = Lefkara Fonnation (Middle Member, Chalk and Chert unit) 

Notes 

i) All chalk samples were collected as near as possible to the contact with the underlying lithologies. 

Fig. 5.7. Distribution of calcareous nannofossils observed in samples collected from the 

Lefkara Formation, Middle Member, Chalk and Chert unit, of Eocene age, in S.W. 

Cyprus. 

--_.------------------------------------------------------------------------------_.-----------------------
The following summary, gives the Locality number (ML), Cyprus Grid 

Reference (CGR), Sample number (D), underlying formation or basement and zonal 

range (NP) which is discussed in detail below. 

--------------------------------------------------------------------------------------------------
MLI (CGR 528 688), D532, Kannaviou Formation, NP5-NP6. 

ML2 (CGR 554666), D217, Kannaviou Formation, NP5-NP9. 

ML3 (CGR 555 665), D534, Kathikas Formation, NP5. 

MIA (CGR 575 643), D276, Kathikas Fonnation, NP5. 

--------------------------------------------------------------------------------------------------
MLS (CGR 600632), D535, Kathikas Formation, NP9. 

ML6 (CGR 619449), D246, Mamonia, NP8INP9. 
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ML18 0273 P S X' x x x x x 
ML19 0274 P S x x x x x x x x 
ML20 0219 P S x x x x x x x x 
ML21 0224 p, S X' x x x x x x x 
ML22 0368 M C x x x x x x x x 
ML23 0367 M C x x x x x x x 
ML24 0364 M C X" x x x x x x x x x 
ML25 0244 M S x x x x x x x x x 
ML26 0490 M C x x x x x x x 

0489 M S x x x 
0488 M S x x x x 
0487 M C x x x x x x x x x 
0537 M S X' x x x x x x x x x 

ML27 0236 M S X' x x x x x x x x x x 
ML28 0351 G C X" x x x x x xxxxxxx 
ML29 0226 M S x x x x x x x 
ML30 0227 M: S x x x x x x x x 

Preservation of calcareous nannofossils. Calcareous nannofossil content (field of view = 390~). 
G = GOOD (little or no alteration). A = ABUNDANT (>5 individuals per field of view). 

M = MODERATE (50% showing some fonn of alteration). C = COMMON (<5 individuals per field of view). 

P = POOR (all showing some fonn of alteration). S = SPARSE (isolated occurrences). 

Derived nannofossils present from:­
X' = Palaeocene sediments. 
X" = Cretaceous and Palaeocene sediments 

LOCALITY (Fig. 5.3) 

ML = Lefkara Fonnation (Middle Member. Massive Chalks) 

ML26 = Samples represent part of a measured section (see Fig. 5.5). 

Note 

i) All chalk samples were collected as near as possible to the contact with the underlying lithologies. 

Fig. 5.8. Distribution of calcareous nannofossils observed in samples collected 
from the Lefkara Formation, Middle Member, Massive Chalk unit, of Eocene age, 

in S.W. Cyprus. 
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ML7 (CGR 662 366), D134, Kannaviou Formation, NP9 

(forms part of measured section, Fig. 5.5). 

--------------------------------------------------------------------------------------------------
MLS (CGR 682 505), D365, Mamonia, NP15-NP16. 

ML9 (CGR 682523), D366, Mamonia, NP14. 

MLI0 (CGR 630513), D237, Mamonia, NP12-NP13. 

MLll (CGR 588490), D235, Kannaviou Formation, NP14. 

ML12 (CGR 588495), D371, serpentinite, NP14-NP16. 

ML13 (CGR 539502), D576, Kannaviou Formation, NP15-NP16. 

ML14 (CGR 555 461), D231, Mamonia, NP15. 

ML15 (CGR 650390), D240, Mamonia, NP15. 

ML16 (CGR 545718), D264, Lefkara Fonnation, NP16-NP18. 

ML17 (CGR 545674), D266, Kannaviou Formation, NP16. 

ML18 (CGR 575 652), D273, Kathikas Formation, NP16. 

ML19 (CGR 596 660), D274, Kannaviou Formation, NP16-NP19. 

ML20 (CGR 653 395), D219, Mamonia, NP16. 

ML21 (CGR 648547), D224, Mamonia, NP17-NP19. 

ML22 (CGR 713543), D368, Mamonia, NP17-NP18. 

ML23 (CGR 698592), D367, MamoniaNP17-NP19. 

ML24 (CGR 657496), D364, Mamonia, NP16. 

ML25 (CGR 701458), D244, Kannaviou Formation, NP161NP17 boundary. 

ML26 (CGR 661 369), D490 (NP17-NP18), D489 (NP12-NP21), D488 (NP16-

NP21), D487 (NP16), D537 (NP16), these samples form part of a measured 

section (Fig. 5.5), Kannaviou Formation, overall NP16-NP18. 

ML27 (CGR 602478), D236, Mamonia, NP16. 

ML28 (CGR 525475), D351, Kannaviou Formation, N16. 

ML29 (CGR 541 512), D226, Troodos, NP16. 

ML30 (CGR 565 525), D227, Mamonia, NP16. 

--------------------------------------------------------------------------------------------------
5.3.1 Lefkara Formation, Middle Member, Chalk and Chert unit (palaeocene) 

Based on the micropalaeontological data discussed below, the Palaeocene dated 

horizons of the Chalk and Chert samples studied from S.W. Cyprus, which make 

unconformable contact with the underlying rocks, fall into two groups. Firstly a mid 

Palaeocene localised outcrop between the villages of Evretou and Dhrina (MLI to MIA; 

Fig. 5.2), and secondly, several Late Palaeocene localised outcrops situated either side 
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of the southern Mamonia basement fragment (ML7 to ML9, Fig. 5.2). The samples 

contain a moderate to well preserved assemblage of calcareous nannofossils. 
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Fig. 5.9. The ranges of calcareous nannofossil species observed in samples collected 

from the Late Palaeocene chalks of the Lefkara Formation, Middle Member, Chalk and 

Chert unit, of S.W. Cyprus. 

-----------------------------------------------------------------------------------------------------------
5.3.1.1 Mid Palaeocene 

Samples D534 (ML3) and D276 (ML4) , contain a common and abundant 

population, with a poor and moderately diverse species content respectively (Fig. 5.6). 

The combined presence of Neochiastozygus modestus Perch-Nielsen, 1971 a (NP3-NP5; 

Perch-Nielsen, 1985b) and Zygodiscus bramlettei Perch-Nielsen, 1981 (NP5-NP9; 

Perch-Nielsen, 1985b), indicates a zonal range of NP5 (Fig. 5.9) for both assemblages. 
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The biostratigraphical ranges of individual species have been determined from various published sources (5.5. Systematics). 

Fig. 5.10. The ranges of calcareous nannofossils observed in samples collected from the 

Eocene chalks of the Lefkara Formation, Middle Member, Chalk and Chert unit, of 

S.W. Cyprus. 

-----------------------------------------------------------------------------------------------------------
Sample D532 (MLl), contains a common population, with a moderately diverse 

species content (Fig. 5.6). The combined presence of Neoehiastozygus perfeetus Perch­

Nielsen, 1971a (NP4-NP6; P,erch-Nie}sen, 1985b), Fascieulithus pileatus Bukry, 1973a 

(NP5-NP9; Haq and Aubry, 1981) and Faseiculithus tympani/ormis Hay and Mohler in 

Hay et ai., 1967 (NP5-NP9; Perch-Nielsen, 1985b), indicates a zonal range of NP5-NP6 

(Fig. 5.9) for the assemblage. 

115 



, 

, 

UJ 
\:) 
~ 

Q) , ....-
C'tS. 

-.J 

Q) 
C -0 
Q) .-
o ~ 
o 
w 

Notes 

~: -

C/.l 

~ 
s;: 
Z 
0 -....:l 
d 
::E 

, 

39 

50 

57 

0.. 
Z 
CI) 

r.Ll z 
0 
N 

19 I I 

18 

17 
, 

16 

15 I I I 

14 

13 ,: 

12 
" 

11 I 
II 

I 

10 

Dates have been rounded to nearest Ma (Harland et al., 1989). 

I , 

I I 

T 

T T 

I 

The biostratigraphical ranges ·of individual species have been determined from various published sources (5.5. Systematics). 

Fig. 5.11. The ranges of calcareous nannofossil species observed in samples collected 

from the Eocene chalks of the Lefkara Fonnation, Middle Member, Massive Chalk unit, 

in S.W. Cyprus. 

-----------------------------------------------------------------------------------------------------------

Sample D217 (ML2) , contains an abundant population, with a poor diverse 

species content (Fig. 5.6). The presence of Z. bramlettei indicates a zonal range of NP5-

NP9 (Perch-Nielsen, 1985b) for the assemblage. 

Based on above samples, the basal horizon of the mid Palaeocene Chalk and 

Chert unit, making unconfonnable contact with the underlying rocks, has an overall 

zonal range of NP5. 
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Discussion. The unconformity which is first reported here in S. W. Cyprus, with a 

biostratigraphical zonal range within NP5, corresponds with the conformable base of the 

Lower Lefkara Formation, Member II (planktonic foraminiferal zone P3a Morozovella 

angulata; Fig. 3.4) at Perapedhi (Krasheninnikov and Kaleda 1994; Fig. 12.1, pI99), 

which is the lithological change from the underlying marls and clayey limestones of 

Member I to the calcarenites and rare cherts. It also corresponds with a similar 

unconformity reported by Baroz and Bizon (1977), between the base of the Chalk and 

Chert unit and the basement (planktonic foraminiferal zone P2 Morozovella unCinata, 

Fig. 3.4), seen against the northern margin of the Troodos Massif, near Aradiou village 
(Fig. 2.1). 

5.3.1.2 Late Palaeocene 

Sample D246 (ML6), contains a common population, with a high diversity of 

species content (Fig. 5.6). The presence of Heliolithus riedel;; Bramlette and Sullivan, 

1961 (NP8; Perch-Nielsen, 1985b) and Fasciculithus alanii Perch-Nielsen, 1971b (NP9; 

Perch-Nielsen, 1985b), indicates a zonal range at the NP81NP9 boundary, for the 

assemblage (Fig. 5.9). 

Sample »535 (ML5), has a sparse population of moderate diversity but sample 

D134 (ML7), has an abundant population with a high species diversity (Fig. 5.6). The 

combined presence of Discoaster mohleri Bukry and Percival, 1971 (NP7-NP9; Perch­

Nielsen, 1985b) and Discoaster multiradiatus Bramlette and Riedel, 1954 (NP9-NP 11; 

Perch-Nielsen 1985b), indicates a zonal range ofNP9 (Fig. 5.9) for the assemblage. 

Based on above samples, the basal horizon of the Late Palaeocene Chalk and 

Chert unit, making unconformable contact with the underlying rocks, has an overall 

zonal range at the NP8!NP9 boundary. 

Discussion. The unconformity which is first reported here in S. W. Cyprus, with a 

biostratigraphical zonal range at the NP81NP9 boundary, corresponds with the 

conformable base of the Lower Lefkara Formation, Member IT, Bed 5 (planktonic 

foraminiferal zone, P5 Morozovella velascoensis; Fig. 3.4) at Perapedhi (Krasheninnikov 

and Kaleda 1994, Fig. 12.1, p199), this is the lithological change from the underlying 

grey marly limestone with layers of silicified white biomicritic limestones of Member II, 

Bed 4 to conchoidal and coarse-grained, biomicritic marls with silicified layers. 
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5.3.1.3 Outcrop pattern 

The current outcrop pattern displayed (Fig. 5.1) for the individually dated 

Palaeocene unconformities, with a zonal range of NP5 and NP81NP9, suggests that the 

southern Mamonia basement fragment continued to act as a structural high during 

deposition and/or post-depositional erosion of the Lefkara Fonnation, Middle Member. 

This pattern is similar to the pattern displayed by the emplacement of the Kathikas 

Formation (Swarbrick, 1993) and the overlying conformable Lefkara Formation Lower 

Member (chapter 4). 

5.3.2 Leikara Formation, Middle Member, Chalk and Chert unit (Eocene) 

The samples collected from the Lefkara Formation, Middle Member (Chalk and 

Chert unit), contain in the main, a moderate to well preserved assemblages of calcareous 

nannofossils. 

Sample D237 (MLIO), contains an abundant population with a low diversity of 

species content (Fig. 5.7). The combined presence of Chiasmolithus califomicus 

(Sullivan, 1961) (NPI0-NPI3; Perch-Nielsen, 1985b) and Chiasmolithus erpansus 

(Bramlette and Sullivan, 1961) (NP12-NPI3; Perch-Nielsen, 1985b), indicates a zonal 

range ofNP12-NP13 (Fig. 5.10), for the assemblage. 

Samples D366 (ML9) and D235 (MLl1), contain a common population, with a 

moderately diverse species content (Fig. 5.7). The combined presence of Discoaster 

/odnensis Bramlette and Riedel, 1954 (NP12-NP14; Perch-Nielsen, 1985b) observed in 

both samples, Coccolithus eopelagicus (Bramlette and Riedel, 1954) (NP14-NP22; 

Bramlette and Riedel, 1954) observed in sample D366 and Discoaster wemmelensis 

Achuthan and Stradner, 1969 (NP14-NPI6; Perch-Nielsen, 1985b) observed in sample 

D235, indicate a zonal range ofNP14 (Fig. 5.10), for both assemblages. 

Sample D371 (ML12), contains an abundant population, with a moderately 

diverse species content (Fig. 5.7). The combined presence of C. expansus (NP 1 O-NP 13; 

Perch-Nielsen, 1985b) and C. eopelagicus (NP14-NP22; Bramlette and Riedel, 1954), 

indicates a zonal range ofNP14-NP16 (Fig. 5.10), for the assemblage. 
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Samples D240 (ML15) and D231 (ML14), contain a sparse and common 

population respectively, with a moderately diverse species content (Fig. 5.7). The 

combined presence of Sphenolithus furcatolithoides Locker, 1967 (NP15-NP16; Perch­

Nielsen, 1985b) and Sphenolithus spiniger Bukry, 1971 (NP14-NP1S; Perch-Nielsen, 

1985b) observed in sample D240, and the presence of Chiasmolithus medius Perch­

Nielsen, 1971c (NP1S; Perch-Nielsen, 1985b) observed in sample D231, indicates a 

zonal range ofNP1S (Fig. 5.10), for both assemblages. 

Samples D576 (MLI3) and D365 (MLS), contain a sparse and common 

population, with a low and moderately diverse species content respectively (Fig. 5.7). 

The presence of S. jurcatolithoides (NP15-NP16; Perch-Nielsen, 1985b) observed in 

sample D576, and the combined presence of D. wemmelensis (NP 14-NP 16; Perch­

Nielsen, 1985b) and Sphenolithus pseudoradians Bramlette and Wilcoxon, 1967 (NPlS­

NP24; Perch-Nielsen, 1985b) observed in sample D365, indicates a zonal range of 

NPIS-NP16, (Fig. 5.10), for both assemblages. 

The basal horizon of the Eocene dated Chalk and Chert unit samples studied, 

from S. W. Cyprus, which make unconformable contact with the underlying rocks, are 

based on micropalaeontological data discussed above, and collectively have a zonal range 

ofNP12 to NP15. 

The current outcrop pattern for the Eocene dated Chalk and Chert unit 

unconformity, suggest there has been a structural low located in the south (Fig. 5.12), 

associated with the Mamonia basement terrane and southern fragment. Also coupled 

with the ?conformable Chalk and Chert unit, with the underlying Lefkara Formation, 

Lower Member reported by Gass et al. (1994), south-east of Pano-Panayia against the 

Troodos Massif, suggest that the bulk (northern portion) of the southern Mamonia 

basement fragment has again continued to act as a structural high, during deposition 

and/or post-depositional erosion. 

When viewing the zonal ranges for the individual sample localities (Fig. 5.2,13), 

they appear to indicate the base of the Eocene dated Chalk and Chert unit is 

diachronous, from the centre (ML8; NPI2-NP13) located at the northern edge of the 

outcrop, infilling a ?semi-circular structure from the north. 

119 



Discussion. Based on the biostratigraphical data above, the Eocene (zonal range 

NP 12 to NP 16) Chalk and Chert unit outcrop corresponds with the Middle Lefkara 

Formation sediments at Perapedhi (Krasheninnikov and Kaleda 1994, Fig. 12.1, pI99). 

These sediments have a planktonic foraminifera zonal range of P9 to P 11 and when 

correlated with the calcareous nannofossil zonal scheme (Fig. 3.4), the sediments have a 

zonal range of part NP 13 to part NP 15. This corresponds with the findings of Cockbain 

(in Bear, 1960; in Gass, 1960), relating to the Chalk and Chert unit which overlies the 

basement unconformably, against the northern margin of the Troodos Massi£: and is 

Early to Mid Eocene. 
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Fig. 5.12. General geological map of S.W. Cyprus, displaying the relationship between 

the major lineaments and the current outcrop pattern (cross-hatched area) of the Lefkara 

Formation, Middle Member, Chalk and Chert unit (Eocene) (modified from Swarbrick, 

1980). N.B. Information obtained from Gass et al. (1994) and this study. 

--------------------------------------------------------------------------------------------------------

5.3.3 Lefkara Formation, Middle Member, Massive Chalk unit (Eocene) 

The samples collected from the Lefkara Formation, Middle Member (Massive 

Chalk unit), contain poor to moderate preserved assemblages of calcareous nannofossils. 
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Samples D219 (ML20), D226 (ML29), D227 (ML30), D236 (ML27), D266 

(Ml,17), D273 (ML18), D351 (ML28), D368 (ML22) and D537 (ML26), contain a 

sparse to common population, with a low to moderately diverse species content (Fig. 

5.8). The combined presence of Reticulofenestra dictyoda (Deflandre in Deflandre and 

Fert, 1954) (NPI3-NPI6; Perch-Nielsen, 1985b) observed in samples D236, D266 and 

D273, Dictyococcites scrippsae Bukry and Percival, 1971 (NP16-NN1; Lazarus et aI., 

1995) observed in samples D219, D266 and D273, Chiasmolithus expansus (Bramlette 

and Sullivan, 1961) (NP12-NP16; Perch-Nielsen, 1985b) observed in samples D219 and 

D364, Reticulofenestra umbilica (Levin, 1965) (NP16-NP22; Perch-Nielsen, 1985b) 

observed in samples D236 and D364, also the presence of Chiasmolithus modestus 

Perch-Nielsen, 1971c (NP16; Perch-Nielsen, 1985b) observed in samples D351 and 

D537 and Chiasmolithus nitidus Perch-Nielsen, 1971c (NP16; Perch-Nielsen, 1985b) 

observed in samples D226, D227 and D351, indicate a zonal range of NP16 (Fig 5.11), 

for the assemblages. 

Sample D244 (Ml,25), contains a sparse popUlation, with a moderately diverse 

species content (Fig. 5.8). The combined presence of C. expansus (NP12-NP16; Perch­

Nielsen, 1985b) and D. scrippsae (NP16-NNl; Lazarus et aI., 1995), indicates a zonal 

range at the NP161NP17 boundary (Fig. 5.11), for the assemblage. 

Sample D264 (ML16), contains a sparse population, with a low diversity of 

species content (Fig. 5.8). The combined presence of Reticulofenestra reticulata 

(Gartner and Smith, 1967) (NP15-NP18; Gallagher, 1989) and D. scrippsae (NP16-

NN1; Lazarus et aI., 1995), indicates a zonal range of NP16-NP18 (Fig. 5.11), for the 

assemblage. 

Sample D274 (ML19), contains a sparse population, with a moderately diverse 

species content (Fig. 5. 8). The presence of Cyclicargolithus marismontium (Black, 

1964), indicates a zonal range of NP16-NP19 (Perch-Nielsen, 1985b), for the 

assemblage (Fig. 5.11). 

Sample D368 (ML22), contains a common population, with a moderately 

diverse species content (Fig. 5.8). The combined presence of R. reticulata (NP15-NP18; 

Gallagher, 1989) and Dictyococcites bisectus (Hay, Mohler and Wade, 1966) (NPI7-

NN1; Lazarus et aI., 1995), indicates a zonal range of NP17-NP18 (Fig. 5.11), for the 

assemblage. 
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Samples D224 (ML21) and D367 (ML23), contain a sparse and common 

population respectively, with a moderately diverse species content (Fig. 5.8). The 

combined presence of Sphenolithus radians Deflandre in Grasse, 1952 (NP11-NP19, 

Perch-Nielsen, 1985b) and D. bisectus (NP17-NN1; Lazarus et a/., 1995), indicates a 

zonal range of NP17-NP19 (Fig. 5.11), for the assemblage. 
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Fig. 5.13. A zonal range isopleth map (dotted lines), displaying the relationship with the 

outcrop pattern and the major lineaments, for the Lefkara Formation, Middle Member, 

Chalk and Chert unit (Early Eocene outcrop). 

The samples studied from the basal horizon of the Eocene dated Massive Chalk 

unit, from S.W. Cyprus, which make ?conformable and unconformable contact with the 

underlying rocks, are based on micropalaeontological data discussed above, and 

collectively have a zonal range of NP16. However, samples D224, D368 and D367 have 

a collective zonal range of NP17-NP18, for a small localised outcrop (ML21, ML22 and 

ML23; Fig. 5.3), suggesting a localised structural high associated with the near by 

lineament, may have been present during deposition of the Massive chalk unit, or due to 

the presence of chalk talus masking the exposures, the localities may have been sampled 

further up the sedimentary sequence, from the contact. 
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The current outcrop pattern for the base of the Massive Chalk unit (Fig. 5.14), 

suggest there has been a structural low associated with the Mamonia and Troodos 

basement terranes and the southern portion of the southern Mamonia basement 

fragment, with the bulk of the fragment (northern portion), acting as a structural high, 

during deposition and/or post-depositional erosion. 

ML26 (CGR 661 369). The samples were collected from the Massive Chalk 

unit, which forms part of a measured section (Fig. 5.5) at Petra-tou-Romiou (Fig. 5.3), 

unconformably overlying the Kannaviou Formation (?reworked) and terminating at the 

unconformable contact with the Pakhna Fonnation (basal Miocene). Samples D487, 

D488, D489, D490 and D537, contain a sparse to common population, with a low to 

moderately diverse species content (Fig. 5.8). The age diagnostic species of C. nitidus 

(NPI6; Perch-Nielsen, 1985b) observed in sample D537 (Fig. 5.8), R reticulata (NPI5-

NP18; Gallagher, 1989) and D. bisectus (NP17-NN1; Lazarus et ai., 1995) observed in 

sample D490, indicate an overall zonal range of NP16-NP18 for the Massive Chalk unit 

at this locality. 

Discussion. Based on the biostratigraphical data above, the Eocene (overall 

zonal range of NP16 to NP18) Massive Chalk unit outcrop corresponds with the 

Krasheninnikov and Kaleda (1994, Fig. 12.1, p199) Upper Lefkara Formation 

sediments. These sediments have a planktonic foraminifera zonal range of P 12 to P 17 

and when correlated with the calcareous nannofossil zonal scheme (Fig. 3.4), the 

sediments have a zonal range of part NP15 to part NP2l. Also the data corresponds with 

the findings of Cockbain (in Gass, 1960) and Mantis (in Pantazis, 1967), Late Eocene. 

5.4 Summary 

1). Age dated, the two newly recognised unconformable contacts in S.W. 

Cyprus, between the Lefkara Formation, Middle Member (Chalk and Chert unit) and the 

underlying rocks, with a relative biostratigraphical zonal range of NP5 and at the 

NP8INP9 boundary, and can be correlated with the conformable boundaries reported by 

Krasheninnikov and Kaleda (1994) at Perapedhi. 

2). Age dated the newly recognised diachronous unconformable contact in S.W. 

Cyprus, between the Lefkara Formation, Middle Member (Chalk and Chert unit) and the 

underlying rocks, with a relative biostratigraphical zonal range of NP12 to NP15, 
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infilling a ?semi-circular structural low, and the unit can be correlated with the 

conformable Middle Lefkara Formation of Krasheninnikov and Kaleda (1994) at 

Perapedhi. 

3). Age dated, the unconformable contact in S.W. Cyprus, between the base of 

the Lefkara Formation, Middle Member (Massive Chalk unit) and the underlying rocks, 

with a relative biostratigraphical zonal range of NP 16, and the unit can be correlated 

with the conformable Upper Lefkara Formation of Krasheninnikov and Kaleda (1994) at 

Perapedhi. 

4). The Lefkara Formation, Middle Member (Massive Chalk unit) straddles the 

major lineaments (Fig. 5.14) and suggests there has been no major lateral movements 

along these lineaments since the onset of deposition (NPI6). 
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Fig. 5.14. General geological map of S.W. Cyprus, displaying the relationship between 

the major lineaments and the current outcrop pattern (cross-hatched area) of the Lefkara 

Formation, Middle Member, Massive Chalk unit (modified from Swarbrick, 1980). 
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5). The current outcrop patterns displayed in Figs 5.1,12,14 of the individual 

Lefkara Formation, Middle Member outcrops, suggest the southern Mamonia basement 

fragment has acted as a structural high during deposition and/or post-depositional 

erosion. The outcrop patterns also display similarity to the outcrop patterns of the 

Lefkara Formation, Lower Member (chapter 4) and also the Kathikas Formation 

(Swarbrick, 1993), by being restricted to the structural lows around the southern 

Mamonia basement fragment. 

5.5 Systematic Descriptions 

Family Biscutaceae Black, 1971a 

Genus Biscutum Black in Black & Barnes, 1959 

Type species. Biscutum testudinarium Black in Black & Barnes, 1959. 

Remarks. Includes elliptical coccoliths, consisting of two appressed shields, made of 

radial, non-imbricated, petaloid elements. Central area open or closed with various 

constructions. 

Biscutum castrorum Black in Black & Barnes, 1959 

(PI. 4, fig. 1) 

1959 Biscutum castrorum Black in Black & Barnes: 326, pI. 10, fig. 2. 

1990a Biscutum castro rum Black in Black & Barnes; Pospichal & Wise: 519, pI. 3, figs la-d. 

Holotype. Black in Black & Barnes, sample 2833, locality Shudy Camp, Cambridge. 

Description. Between crossed polars, with distal shield composed of radial petaloid 

elements. Closed central area with suture lines forms two inward pointing tooth-like 

projections, aligned to the long axis of ellipse and connected by the median extinction 

line. 

Dimensions. Length 9.6flI1l: Width 8.0flI1l. 

Remarks. Black in Black & Barnes (1959), considered the two unequal elliptical discs, 

with the segments of the two discs alternating and closely moulded, to be distinguishing 

features of the species. Biscutum castro rum differs from B. constans (Gorka, 1957), by 

having two inward pointing tooth-like projections, aligned to the long axis of the ellipse, 

between crossed polars. 
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Occurrence. During the project, the species is found at one locality in the Lefkara 

Formation (Middle Member, Chalk and Chert unit), at a quarry north of Dhrymou, near 

Kannaviou, S.W. Cyprus. 

Range. Late Cretaceous, Black in Black & Barnes (1959). Upper Maastrichtian to Early 

Palaeocene, Pospichal & Wise (1990a). 

Family Coccolithaceae Poche (1913) 

Genus Calcidiscus Kamptner, 1950 

Type species. Calcidiscus quadriforatus Kamptner, 1950. 

Remarks. The genus includes circular coccoliths, with distal shield composed of single 

cycle of elements and larger than the simple proximal shield. Central area open or 

closed. Refer to Loeblich & Tappan (1978), who have provided a detailed review of the 

genus. 

Calcidiscus protoannula (Gartner) Loeblich & Tappan, 1978 

(PI. 4, figs 2,3) 

1971 Cyclococcolithina protoannula Gartner: 109. pI. 5. figs 1a-c.2. 

1978 Calcidiscus protoannula (Gartner); Loeblich & Tappan: 1392. 

Holotype. Gartner, pI. 5, figs 1a-c, JOIDES core J-6B, 251 '. 

Description. Between crossed polars, circular coccoliths, with a rim consisting of two 

cycles of elements. Inner cycle fonns collar enclosing the large open central area, shows 

good birefringence. Outer rim cycle is less distinct. 

Dimensions. Overall diameter 6.4flm: Central area 2.4J.l1Il diameter. 

Remarks. Perch-Nielsen (1985b), considered the large central operung to be a 

distinguishing feature of the species. Calcidiscus protoannula is distinguished from C. 

kingi (Roth, 1970) by the central opening being greater than half the diameter of the 

whole coccolith. 

Occurrence. The species is found at several localities, in the Lefkara Formation 

(Middle Member, Massive Chalk unit), in S.W Cyprus. 

Range. Mid to Late Eocene (NP14 to NP20) , Gartner (1971) and Perch-Nielsen 

(1985b). 

126 



Genus Chiasmolithus Hay, Mohler & Wade, 1966 

Type species. Tremalithus oamaruensis Deflandre in Deflandre & Fert, 1954. 

Remarks. The genus Includes elliptical coccoliths, whose distal shield is larger than 

proximal shield. The latter comprises two cycles of elements. Open central area bridged 

by a cross offset to the axes of the ellipse. In distal view, elements at distal margin of 

central area normally forms a crest and partially covers distal shield, in most species of 

the genus (Perch-Nielsen, 1985b). 

Chiasmolithus californicus (Sullivan) Hay & Mohler, 1967 

(PI. 4, fig. 4) 

1961 Coccolithus aff. C. gigas Bramlette & Sullivan: 140, pI. 1, figs 7a-d. 

1964 Coccolithus califomicus Sullivan: 180, pI. 2, figs 3a-b,4a-b. 

1967 Chiasmolithus califomicus (Sullivan); Hay & Molher: 1527, pI. 196, figs 18-20; pI. 198, fig. 5. 

1978 Chiasmolithus califomicus (Sullivan); Decima et al.: pI. 10, fig. 7. 

Holotype. Sullivan, pI. 2, figs 3a-b, specimen 44411, slide A-7079, locality Media Agua 

Creek, California. 

Description. Between crossed polars, large elliptical coccoliths, with broad distal outer 

rim. In distal view, elements forming distal margin to open central area do not form a 

crest. Central area bridged by oblique cross offset to axes of ellipse. 

Dimensions. Length 14.4).1m: Width 12.0).11Il. 

Remarks. Perch-Nielsen (1985b), considered size (>12).1m) and the elements that 

surround open central area that do not form a crest, plus the oblique bridging central 

cross, to be distinguishing features of the species. Between crossed polars, 

Chiasmolithus califomicus is larger than C. consuetus, and differs from C. medius in 

lacking a crest. 
Occurrence. During the project, the species is found at one locality in the Lefkara 

Formation (Middle Member, Chalk and Chert unit), at the base of a river section 

(Xeropotamos), east of Nata, S.W. Cyprus. 

Range. Late Palaeocene to Early Eocene, Gartner (1970). Eocene (NPI0 to NP13), 

Perch-Nielsen (1985b). 
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Chiasmolithus consuetus (Bramlette & Sullivan) Hay & Mohler, 1967 

(PI. 4, figs 5,6) 

1961 Coccolithus consuetus Bramlette & Sullivan: 139, pI. 1, figs 2a-c. 

1967 Chiasmolithus consuetus (Bramlette & Sullivan); Hay & Mohler: 1526, pI. 196, figs 23-25; pI. 

198, fig. 16. 

1992 Chiasmolithus consuetus (Bramlette & Sullivan); Siesser & Bralower: pI. 2, fig. 2. 

Holotype. Bramlette & Sullivan, pI. 1, figs 2a-c (USNM 564178), sample 73, horizon 

Lodo formation, locality Frenso County, California. 

Description. Between crossed polars, elliptical coccoliths, with broad distal outer rim. 

In distal view, elements forming distal margin to small open central area that do not 

form a crest., Central area bridged by oblique cross offset to axes of ellipse. 

Dimensions. Length 9.6flm: Width 8.0J.1ffi. 

Remarks. Perch-Nielsen (1985b) considered size «12flm) and the elements 

surrounding open central area that do not form a crest, plus oblique central cross to be 

distinguishing features of Chiasmolithus consuetus. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member). 

Range. Late Palaeocene to Mid Eocene (NP6 to NP19), Perch-Nielsen (1985b). 

Chiasmolithus expansus (Bramlette & Sullivan) Gartner, 1970 

(PI. 4, fig. 17) 

1961 Coccolithus expansus Bramlette & Sullivan: 139, pI. 1, figs Sa-d. 

1970 Chiasmolithus expansus (Bramlette & Sullivan); Gartner: 943, pI. 11, figs 1,2a-h. 

1992 Chiasmolithus expansus (Bramlette & Sullivan); Siesser & Bralower: pI. 2, fig. 18. 

Holotype. Bramlette & Sullivan, pI. 1, figs 5a-d (USNM 564181), horizon Canoas 

Member, Kreyenhagen Formation, locality Oil City, California. 

Description. Between crossed polars, large elliptical coccoliths with narrow distal 

shield. Elements forming distal margin of large central opening, form a crest that 

partially covers distal shield. Central area bridged by arching cross of thin construction, 

offset to axes of ellipse. 
Dimensions. Overall, length 19.2flm, width 16.0flm: Central area, length 12.0flm, width 

8.0J.lll1. 
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Remarks. Perch-Nielsen (1985b), considered size (>17J.lm) and the elements 

surrounding open central area that form a crest, plus the arching central cross to be 

distinguishing features of the species. Between crossed polars, Chiasmolithus expansus 

differs from C. grandis, by the absence of four teeth located at the distal margin of the 

central area, oriented to the axes of the ellipse. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member Massive Chalk unit). The short vertical range of 

Chiasmolithus expansus, makes the species stratigraphically important. 

Range. Early to Mid Eocene (NP12 to NPI6), Perch-Nielsen (1985b). 

Chiasmolithus grandis (Bramlette & Riedel) Radomski, 1968 

(PI. 4, fig. 18) 

1954 Coccolithus grandis Bramlette & Riedel: 391, pI. 38, figs la-b. 

1968 Chiasmolithus grandis (Bramlette & Riedel); Radomski: 560, pI. 44, figs 3,4. 

1970 Chiasmolithus grandis (Bramlette & Riedel); Gartner: 944, pI. 11, fig. 3: pI. 14, figs 1-3. 

1992 Chiasmolithus grandis (Bramlette & Riedel); Siesser & Bralower: pI. 3, fig. 2. 

Holotype. Bramlette & Riedel, pI. 38, fig. 1 a, locality Scripps Mid-Pacific Core No. 25 

E-l 

Description. Between crossed polars, large elliptical coccoliths with narrow distal 

shield. Elements forming distal margin of large central opening, form a crest that 

partially covers distal shield. Central area bridged by arching cross, offset to axes of 

ellipse and four teeth-like projections in inter-area between bridging cross. 

Dimensions. Overall, length 23.2Jlm, width 20.0Jlm: Central area, length 14.4J.lm, width 

10.4J.lID. 

Remarks. Perch-Nielsen (1985b) considered size (>17Jlm), and four teeth-like 

projections located on the distal margin of central area, aligned to axes of ellipse to be 

distinguishing features of the species. 

Occurrence. The species appears to be restricted to several localities in the south-west 

of the area, in the Lefkara Formation (Middle Member), in S.W Cyprus. 

Range. Early to Mid Eocene (NPll to NPI7), Perch-Nielsen (1985b). 
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Chiasmolithus medius Perch-Nielsen, 1971c 

(PI. 4, figs 7,8) 

1971c Chiasmolithus medius Perch-Nielsen: 18, pI. 11, fig. 4; pI. 12, fig. 7; pI. 14, fig. 10; pI. 60, figs 

7,8. 

Holotype. Perch-Nielsen, pI. 12, fig. 7 (KPN 2815), sample MMH 11532, locality 0rby, 
Denmark. 

Description. Between crossed polars, elliptical coccoliths, with elements forming distal 

margin of central opening, that forms a crest that partially covers distal shield. Central 

area bridged by cross, offset to axes of ellipse. 

Dimensions. Length 10.4J.l1!l: Width 8.0flm. 

Remarks. Perch-Nielsen (1985b), considered the elements that surround open central 

area that form a crest, with oblique bridging cross, to be distinguishing features of the 
specIes. 

Occurrence. The species appears to be restricted to several localities west of Nata in the 

Lefkara Formation (Middle Member, Chalk and Chert unit), in S.W Cyprus. The short 

vertical range of Chiasmolithus medius, makes the species stratigraphically important. 

Range. Mid Eocene (NP15), Perch-Nielsen (l985b). 

Chiasmolithus modestus Perch-Nielsen, 1971 c 

(PI. 4, fig. 9) 

1971c Chiasmolithus modestus Perch-Nielsen: 20, pI. 8, figs 1,2; pI. 11, figs 2,3; pI. 12, fig. 6; pI. 60, 

figs 21,22. 

Holotype. Perch-Nielsen, pI. 8, fig. 1 (KPN 3538), sample MMH 11506, locality 0rby, 

Denmark. 

Description. Between crossed polars, elliptical coccoliths, with elements forming distal 

margin of central opening, that form a crest that partially covers distal shield. Central 

area bridged by cross with perpendicular arms, offset to axes of ellipse. 

Dimensions. Length 8.8J.1m: Width 7.2J.1ffi. 

Remarks. Perch-Nielsen (l985b), considered elements that surround open central area, 

to form a narrow crest and the bridging cross with perpendicular arms, to be 

distinguishing features of the species. Between crossed polars Chiasmolithus modestus 

is distinguished from C. altus Bukry & Percival, 1971, by having a narrower crest. 
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Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Massive Chalk unit). The short vertical range of 

Chiasmolithus modestus, makes the species stratigraphically important. 

Range. Mid Eocene (NP16), Perch-Nielsen (1985b). 

Chiasmolithus nitidus Perch-Nielsen, 1971c 

(PI. 4, figs 10,11) 

1971c Chiasmolithus nitidus Perch-Nielsen: 20, pI. 13, figs 5,6; pI. 60, figs 13,14. 

1989 Chiasmolithus nitidus Perch-Nielsen; Firth: pI. 1, fig. 8. 

Holotype. Perch-Nielsen, pI. 13, fig. 6 (KPN 4601), sample MMH 11538, locality 

S~vind, Denmark. 

Description. Between crossed polars, elliptical coccoliths, with elements fonning distal 

margin of large central opening, that do not fonn a crest. Central area bridged by cross 

with enlarged tips making contact with distal margin, offset to axes of ellipse. Two arms 

of the cross are offset at the centre and curve away towards the distal margin. 

Dimensions. Length 6.8J.1m: Width 4.8J.1ffi. 

Remarks. Chiasmolithus nitidus differs from C. titus Gartner, 1970, by having enlarged 

tips of central cross making contact with its distal margin. Perch-Nielsen (1985b), 

considered that the central area bridged by oblique cross, with enlarged tips making 

contact with distal central margin and two arms of the cross are offset at the centre and 

curve towards the distal margin, to be distinguishing features of the species. 

Occurrence. The species appears to be restricted to several localities in the south-west 

of the area, in the Lefkara Fonnation (Middle Member, Massive Chalk unit), in S.W 

Cyprus. The short vertical range of Chiasmolithus nitidus, makes the speCIes 

stratigraphically important. 

Range. Mid Eocene (NP16), Perch-Nielsen (1985b). 

Chiasmolithus solitus (Bramlette & Sullivan) Locker, 1968 

(PI. 4, figs 13,14) 

1961 Cocco lith us solitus Bramlette & Sullivan: 140, pI. 2, figs 4a-c. 

1968 Chiasmolithus solitus (Bramlette & Sullivan); Locker: 222, pI. 1, figs 5,6. 

1970 Chiasmolithus solitus (Bramlette & Sullivan); Gartner: 945, pI. 16, figs la-c,2. 

1992 Chiasmolithus solitus (Bramlette & Sullivan); Siesser & Bralower: pI. 4, fig. 25. 
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Holotype. Bramlette & Sullivan, pI. 2, figs 4a-c (USNM 564187), sample 62, type 

horizon Lodo formation, locality Frenso County, California. 

Description. Between crossed polars, elliptical coccoliths, with elements fonning distal 

margin of large central opening, that form a crest. Central area bridged by cross offset to 

axes of ellipse. Two arms of the cross are offset at the centre and curve away towards 

distal margin. 

Dimensions. Length 10.4Jlm: Width 8.8JlID. 

Remarks. Chiasmolithus solitus differs from C. bidens (Bramlette & Sullivan, 1961) by 

not having two teeth-like projections aligned to the short axis, projecting inwards from 

the distal margin of central area. However, this is not normally evident between crossed 

polars (Gartner, 1970), but the larger central opening and the more delicate nature of the 

oblique central cross make it easily distinguishable. Also differs from C. titus Gartner, 

1970, by having a crest formed by elements surrounding open central area. 

Occurrence. The species is restricted to only two localities in the south-west of the 

area, in the Lefkara Formation (Middle Member), in S.W Cyprus. 

Range. Early to Mid Eocene (NPIO to NP16), Perch-Nielsen (l985b). 

Genus Coccolithus Schwarz, 1894 

Type species. Coccosphaera peZagica Wallich, 1877. 

Remarks. Includes elliptical coccoliths, with distal shield comprising single cycle of 

elements. Elements at distal margin of open central area are radially oriented and do not 

form a crest above the distal surface. Bridging may be present, aligned to short axis. The 

genus tends to be used more in the Neogene, rather than in the Palaeogene were the 

genus Ericsonia is used (Perch- Nielsen, 1985b). 

Coccolith us eopelagicus (Bramlette & Riedel) Bramlette & Sullivan, 1961 

(PI. 4, fig. 19) 

1954 Tremalithus eopelagicus Bramlette & Riedel: 392, pI. 38, figs 2a-b. 

1961 Coccolithus eopelagicus (Bramlette & Riedel); Bramlette & Sullivan: 139. 

1966 Coccolithus eopelagicus (Bramlette & Riedel); Hay, Mohler & Wade: 385, pI. 1, fig. 1. 

1992 Coccolithus eopelagicus (Bramlette & Riedel); Siesser & Bralower: pI. 2, fig. 16. 

Holotype. Bramlette & Riedel, pI. 38, figs 2a-b, horizon Oceanic Formation, locality 

Bath, Barbados. 
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Description. Between crossed polars, large elliptical coccoliths, with a broad distal rim 

enclosing cycle of inclined irregular granules, forming distal margin of open central 

area. Central area in relation to overall size, long axis 56% and short axis 50% of total 

length, on average. 

Dimensions. Overall length 18.4flm, width 10.4flm: Central area, length 16.0Ilm, width 

8.0flm. 

Remarks. Coccolithus eopeZagicus in plane polarised light, is similar in appearance to 

C. miopeZagicus Bukry, 1971, and C. pliopelagicus Wise, 1973, but can be 

distinguished in the former by the size of the central area in relation to its overall size 

(long axis 59% [50%], short axis 50% [42%] of total length, maximum) and in the latter 

by the overall size (>13flm). C. eopelagicus differs from Toweius ?magnicrassus 

(Bukry, 1971), by the ,elements at the distal margin of the open central area not forming 

a crest. 

Occurrence. The species is found at almost all of the Eocene localities studied, in S.W. 

Cyprus, in the Lefkara Formation (Middle Member). 

Range. Mid Eocene to Early Oligocene, Bramlette & Riedel (1954). 

Coccolith us pelagicus (WalIich) Schiller, 1930 

(PI. 4, fig. 15; PI. 8, fig. 1) 

1877 Coccosphaera pelagica Wallich: 348, pI. 17, figs 1,2,5,11,12. 

1930 Coccolithus pelagicus (Wallich); Schiller: 246, figs 123,124. 

1973 Coccolith us pelagicus (Wallich); Roth: 730, pI. 1, fig. 1; pI. 4, figs 3,6. 

Holotype. Wallich, pI. 17, figs 1,2,5,11,12 (line illustrations). 

Description. Elliptical coccoliths, with distal shield of slightly dextral imbricating 

elements and inner cycle composed of irregular granules inclined inwards to small open 

central area. 

Dimensions. Length 10.7f.1ll1: Width 8.7,.un. 
Remarks. Coccolithus pelagicus is similar in appearance to C. eopelagicus and C. 

miopelagicus Bukry, 1971, but is much smaller in size «13flm). The species tends to 

used as a 'waste basket' for simple elliptical coccoliths of the Coccolithaceae. 

Occurrence. The species is found at almost all of the Tertiary localities studied, in S.W. 

Cyprus, in the Lefkara, Pakhna and Nicosia (Myrtou Marls) Formations. 

Range. Palaeocene to Holocene, Perch-Nielsen (1985b). 
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Genus Cruciplacolithus Hay & Mohler in Hay et al., 1967 

Type species. Heliorthus tenuis Stradner, 1961. 

Remarks. Cruciplacolithus differs from Chiasmolithus, by having the orientation of the 

central cross or elements covering central area, whose extinction lines (between crossed 

polars) form a cross, are both aligned to axes of ellipse. In distal view, elements at the 

distal margin of the central area normally do not build a crest in most species of the 
genus, (Perch-Nielsen, 1985b). 

Cruciplacolithus cribellum (Bramlette & Sullivan) Romein, 1979 

(PI. 4, fig. 12,16) 

1961 Coccolithites cribellum Bramlette & Sullivan: 151, pI. 7, figs 5a-b,6a-b. 

1979 Cruciplacolithus cribellum (Bramlette & Sullivan); Romein: 103. 

1986 Cruciplacolithus cribellum (Bramlette & Sullivan); Perch-Nielsen: pI. 1, figs 9-11. 

Holotype. Bramlette & Sullivan, pI. 7, 5a-b (USNM 564268), sample 46, horizon Lodo 

formation, locality Frenso County, California. 

Description. Between crossed polars, all specimens display weak birefringence. Narrow 

outer rim enclosing closed (perforate) central area, with weak extinction lines visible 

forming cross aligned to axes of ellipse. 

Dimensions. Length 8.8J.lm: Width 6.4fJ1Il. 

Remarks. Bramlette & Sullivan (1961), considered the closed central area with several 

rows of perforations and the cross-shaped extinction lines between crossed polars to be 

distinguishing features of the species. 

Occurrence. The species is restricted to three localities in the south-west of the area. 

Two localities north of Nikoklia in the Lefkara Formation (Middle Member, Chalk and 

Chert unit) and an unnamed horizon of locally reworked sediments (Miocene), in S.W 

Cyprus. The short vertical range of Cruciplacolithus cribellum, makes the species 

stratigraphically important. 

Range. Early Eocene, Bramlette & Sullivan (1961). Late Palaeocene to Early Eocene 

(NP9 to NP11), Perch-Nielsen (1985b). 
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Cruciplacolithus frequens (Perch-Nielsen) Romein, 1979 

(PI. 5, fig. 1) 

1977 Chiasmolithus frequens Perch-Nielsen: 746, pI. 18, figs 2,4; pI. 19, figs 1,3,5; pI. 50, figs 5,6. 

1979 Cruciplacolithusfrequens (Perch-Nielsen); Romein: 103, pI. 9, fig. 6. 

Holotype. Perch-Nielsen, pI. 19, fig 3, sample 354-16-6, locality Ceara Rise, DSDP Site 

354, South Atlantic Ocean. 

Description. Between crossed polars, elliptical coccoliths, with distal shield of very 

weak birefringence, inner cycle of elements at distal margin of open central area having 

strong birefringence and not fonning crest above distal shield. Central area bridged by 

cross slightly offset from axes of ellipse, having feet-like appendages with counter­

clockwise orientation at tips of cross at distal margin of open central area. 

Dimensions. Length 9.6Ilm: Width 7.2/lffi. 

Remarks. Cruciplacolithus frequens is distinguished from C. tenuis by having the 

central cross slightly offset from axes of ellipse of up to 15° in counter-clockwise 

direction (Perch-Nielsen, 1977). 

Occurrence. The species is restricted to one locality in the south-west of the area, at 

Petra-tou-Romiou, in the Lefkara Formation (Middle Member, Chalk and Chert unit), in 

S.W Cyprus. The short vertical range of Cruciplacolithus jrequens, makes the species 

stratigraphic all y important. 

Range. Late Palaeocene (NP6 to NP9), Perch-Nielsen (l985b). 

Crucipiacolithus tenuis (Stradner) Hay & Mohler, 1967 

(PI. 5, fig. 2) 

1961 Heliorthus tenuis Stradner: 84, figs 64,65. 

1967 Cruciplacolithus tenuis (Stradner); Hay & Mohler: 1527, pI. 196, figs 29-31; pI. 198, figs 1,17. 

1979 Cruciplacolithus tenuis (Stradner); Romein: 101. 

Holotype. Stradner, sample HA 101l1lC, horizon Oberste Kreide (Danian), locality 

Haidhof bei Emstbrunn, Niederosterreich, Haufig. 

Description. Between crossed polars, elliptical coccoliths, with distal shield of very 

weak birefringence, inner cycle of elements at distal margin of open central area having 

strong birefringence and not forming crest above distal shield. Central area bridged by 

cross aligned to axes of ellipse, having feet-like appendages with counter-clockwise 

orientation at tips of cross. 
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Dimensions. Length 12.0JlIIl: Width 10.4JlIIl. 

Remarks. Romein (1979), considered the central bridging cross aligned to axes of 

ellipse, with feet-like appendages at distal margin of open central area oriented counter­

clockwise, to be distinguishing features of the species. 

Occurrence. The species is found at almost all of the Palaeocene localities studied, in 

S.W. Cyprus, in the Lefkara Formation (Middle Member, Chalk and Chert unit). 

Range. Mid to Late Palaeocene (NP3 to NP9) Perch-Nielsen (1985b). 

Cruciplacolithus vanheckae Perch-Nielsen, 1986 

(PI. 5, fig. 3,4) 

1986 Cruciplacolithus vanheckae Perch-Nielsen: 835, pI. 1, figs 1-8. 

Holotype. Perch-Nielsen, pI. 1, figs 1,2, sample 356-9-2, locality DSDP Site 356, Sao 

Paulo Plateau, South Atlantic. 

Description. Between crossed polars, elliptical coccoliths, with narrow outer rim of 

elements displaying weak birefringence with inner cycle of elements of strong 

birefringence and serrated appearance at distal margin of large closed central area. 

Dimensions. Overall, length 9.6J.1m, width 7.2J.1m: Central area, length 7.2J.1, width 

4.8JlIIl. 

Remarks. Between crossed polars Cruciplacolithus vanheckae is distinguished from C. 

cribellum by having an inner cycle of elements with a serrated outline facing the centre 

(Perch-Nielsen, 1986). 

Occurrence. The species is restricted to several localities in the south-west of the area, 

around Marathounda, in the Lefkara Formation (Middle Member), in S.W Cyprus. The 

short vertical range of Cruciplacolithus vanheckae, makes the species stratigraphically 

important. 

Range. Mid Eocene (NP15 to NPI6), Perch-Nielsen (1986). 

Genus Ericsonia Black, 1964 

Type species. Ericsonia occidentalis Black, 1964. 

Remarks. Ericsonia differs from Coccolithus by having a proximal shield of two to 

three cycles of elements of different size, whereas in Coccolith us they are nearly of 

equal size. Open central area without distal margin of elements. The genus tends to be 

used more in the Palaeogene, rather than in the Neogene were the genus Coccolithus is 

used (Perch-Nielsen 1985b). 
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Ericsonia cava (Hay & Mohler) Perch-Nielsen, 1969 

(PI. 5, figs 5,6; PI. 8, fig. 3) 

1967 Coccolithus cavus Hay & Mohler: 1524, pI. 196, figs 1-3; pI. 197, figs 5,7,10,12. 

1969 Ericsonia cava (Hay & Mohler); Perch-Nielsen: 61, pI. 2, figs 7,8. 

1979 Ericsonia cava (Hay & Mohler);; Romein: 106, pI. 2, figs 4,5. 

1992 Ericsonia cava (Hay & Mohler);; Si'esser & Bralower: pI. I, fig. 21. 

Holotype. Hay & Mohler, pI. 197, fig. 12 (UI-N-2585), sample GAN 795, locality Pont 

Labau, near Pau, Basses Pyrenees, France. 

Description. Between c~ossed polars, sub circular coccoliths with narrow distal shield 

of weak birefringence. Inner cycle of elements of strong birefringence at distal margin of 

open central area, forming slight crest covering distal shield. 

Dimensions. Overall, length 8.8J.lm, width 8.0J.lm: Central area, length 5.6J.lm, width 

4.8J.lffi. 

Remarks. Hay & Molher (1967), considered the unusually large central area and the 40-

64 elements within the distal shield, to be distinguishing features of the species. 

Occurrence. The species is found at almost all of the Palaeocene localities studied, in 

S.W. Cyprus, in the Lefkara Formation (Middle Member, Chalk and Chert unit). 

Range. Palaeocene (NP2 to NP9), Hay & Mohler (1967). 

Ericsonia formosa (Kamptner) Haq, 1971 

(PI. 5, figs 7,8) 

1963 Cyclococcolithusjormosa Kamptner: 163, fig. 20, pI. 2, fig. 8. 

1971 Ericsoniajormosa (Kamptner); Haq: 17, pI. 4, figs 7,8. 

1992 Ericsoniajormosa (Kamptner); Siesser & Bralower: pI. 20, fig. 20. 

Holotype. Kamptner, pI. 2, fig. 8, sample 163, locality MP25-c (l9°40'N, 174°16'W), 

Pacific Ocean. 
Description. Between crossed polars, circular coccoliths with distal shield displaying 

weak birefringence and inner cycle of elements of similar width showing strong 

birefringence, forms distal margin of open central area and does not overlap the distal 

shield. 

Dimensions. Diameter 9. 6J.lID. 
Remarks. Haq (1971), considered the open central area of circular coccolith lined on 

distal side by cycle of flat elements, to be distinguishing features of the species. 
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Occurrence. The species is found at almost all of the Eocene localities studied, in S. w. 
Cyprus, in the Lefkara Formation (Middle Member). 

Range. Eocene to Early Oligocene (NP12 to NP21), Perch-Nielsen (1985b). 

Ericsonia robusta (Bramlette & Sullivan) Perch-Nielsen, 1977 

(PI. 5, fig. 9) 

1961 Cyclolithus ?robustus Bramlette & Sullivan: 141, pI. 2, figs 7a-c. 

1977 Ericsonia cf. E. robusta (Bramlette & Sullivan); Perch-Nielsen: partim, pI. 16, figs 1,4,5; non, 

pI. 16, fig. 6; pI. 50, figs 34-35. 

1977 Ericsonia robusta (Bramlette & Sullivan); Perch-Nielsen: non, pI. 16, figs 2,7; pI. 50, fig. 23. 

1979 Ericsonia robusta (Bramlette & Sullivan); Romein: 108. 

Holotype. Bramlette & Sullivan, pI. 2, 7a-c (USNM 564190), sample 7, type horizon 

Lodo formation, locality Frenso County, California. 

Description. Between crossed polars, circular coccoliths with narrow distal shield in 

relation to broad inner cycle of flat elements forming margin to open central area, that 

almost cover the distal shield. 

Dimensions. Overall diameter 6.4flm: Inner cycle diameter 4.0flm: Open central area 

1.6f.lID. 

Remarks. Ericsonia robusta is distinguished from E. formosa between crossed polars 

by the narrow distal shield and straight isogyrs displayed by the inner cycle of elements. 

Romein (1979), considered the inner cycle of elements that almost cover the distal 

shield to be a distinguishing feature of the species. 

Occurrence. The species is found at almost all of the Palaeocene localities studied, in 

S.W. Cyprus, in the Lefkara Formation (Middle Member, Chalk and Chert unit). 

Range. Mid to Late Palaeocene, Perch-Nielsen (1985b). 

Ericsonia subpertusa Hay & Mohler, 1967 

(PI. 5, figs 10,11; PI. 8, fig. 7) 

1967 Ericsonia subpertusa Hay & Mohler: 1531, pI. 198, figs 11,15,18; pI. 199, figs 1-3. 

1979 Ericsonia subpertusa Hay & Mohler; Romein: 106, pI. 2, fig. 6. 

1992 Ericsonia subpertusa Hay & Mohler; Siesser & Bralower: pI. 5, fig 3. 

Holotype. Hay & Mohler, pI. 198, fig. 18 (UI-H-2657), sample GAN 834, locality Pont 

Labau, near Pau, Basses Pyrenees, France. 
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Description. Between crossed polars, sub circular coccoliths with distal shield having 

weak birefringence, composed of elements inclined clockwise. Inner cycle having strong 

birefringence, appears to overlap the proximal margin of distal shield and enclosing 

open central area. 

Dimensions. Diameter 8.0J.1lll. 

Remarks. Between crossed polars, Ericsonia subpertusa is similar to E. formosa and E. 

robusta but can be distinguished in the former by the inner cycle overlapping the 

proximal margin of the distal shield and in the latter, by not almost covering the distal 

shield. 

Occurrence. The species is found at almost all of the Palaeocene localities studied, in 

S.W. Cyprus, in the Lefk.ara Formation (Middle Member, Chalk and Chert unit). 

Range. Palaeocene (NP2 to NP9), Hay & Mohler (1967). 

Family Discoasteraceae Tan Sin Hok, 1927 

Genus Discoaster Tan Sin Hok, 1927 

Type species. Discoaster pentaradiatus Tan Sin Hok, 1927. 

Remarks. The genus includes rosette- or star-shaped nannoliths in plan view. In side 

view species can be either bi-convex, concavo-convex or plano-convex and all species 

show radial symmetry. Central boss and/or stem may be present on distal and/or 

proximal surface. 

Discoaster barbadiensis Tan Sin Hok, 1927 

(Pi. 5, fig. 8) 

1927 Discoaster barbadiensis Tan Sin Hok: 415. 

1954 Discoaster barbadiensis Tan Sin Hok; sens. emend. Bramlette & Riedel: 398, pI. 39, figs 5a-b. 

1971c Discoaster barbadiensis Tan Sin Hok; Perch-Nielsen: 61, pI. 51, fig. 5. 

1992 Discoaster barbadiensis Tan Sin Hok; Siesser & Bralower: pI. 1, fig. 7. 

Description. In plane polarised light, rosette-shaped nannolith composed of normally 

eleven pointed rays joined along almost their length. In central area, rays bend in 

proximal direction and dextrally to form a stem. 

Dimensions. Overall diameter 16flm. 
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Remarks. Discoaster barbadiensis is distinguished from D. multiradiatus by having 

less rays and the consistent presence of a stem. Bramlette & Riedel (1954), considered 

the concavo-convex disc with central stem on its concave surface, to be distinguishing 

features of the species. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Letkara 

Formation (Middle Member). 

Range. Eocene (NPIO to NP20), Perch-Nielsen, (1985b). 

Discoaster lodoensis Bramlette & Riedel, 1954 

(PI. 7, fig. 14) 

1954 Discoaster lodoensis Bramlette & Riedel: 398, pI. 39, fig. 3. 

1961 Discoaster lodoensis Bramlette & Riedel; Bramlette & Sullivan: 161, pI. 12, figs 4,5. 

1971c Discoaster lodoensis Bramlette & Riedel; Perch-Nielsen: 64, pI. 52, fig. 2. 

1990b Discoaster lodoensis Bramlette & Riedel; Pospichal & Wise: pI. 2, fig. 7. 

Holotype. Bramlette & Riedel, pI. 39, fig. 3, horizon Lodo Formation, locality Lodo 

Gulch, Fresno County, California. 

Description. In plane polarised light, star-shaped nannoliths, composed of normally six 

pointed rays which are free for two-thirds of their length and curving anticlockwise. The 

right side of each ray is thickened and continues as a curving suture line into central 

area. 

Dimensions. Overall diameter 25.6J.1IIl. 

Remarks. In poor specimens it is still possible to distinguish Discoaster lodoensis from 

D. strictus (Stradner, 1961) by the curved and offset thickness of the rays. The Six, 

rarely 5 or 7 curved rays tapering to points that have raised ridges offset from the 

median line, are considered by Bramlette & Riedel (1954), to be distinguishing features. 

Occurrence. The species is restricted to several localities in the south-west of the area, 

in the Letkara Formation (Middle Member, Chalk and Chert unit), in S.W Cyprus. The 

short vertical range of Discoaster lodoensis, makes the species stratigraphically 

important. 
Range. Early to Mid Eocene, Bramlette & Sullivan (1961). Early Eocene (NP12 to 

NPI4), Perch-Nielsen (1985b). 
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Discoaster mohleri Bukry & Percival, 1971 

(PI. 5, fig. 16; PI. 8, fig. 2) 

1971 Discoaster mohleri Bukry & Percival: 128, pI. 3, figs 3-5. 

1979 Discoaster mohleri Bukry & Percival; Rornein: 160, pI. 5, fig. 9. 

1992 Discoaster mohleri Bukry & Percival; Siesser & Bralower: pI. 3, fig. 17. 

Holotype. Bukry & Percival, pI. 3, fig. 3 (USNM 169192), locality DSDP core 47.2-9-

6, Shatsky Rise, Pacific Ocean. 

Description. In plane polarised light, rosette-shaped nannoliths, composed of normally 

13 rays joined along their entire length, with broad rounded tips. No distinct central area 

or structure present. 

Dimensions. Diameter 7.2f.11I1 to 14.0Jlm. 

Remarks. Discoaster mohleri is distinguished from D. gemmeus Stradner, 1959, by 

having less imbrication of the rays and the presence of a median ridge. Bukry & Percival 

(1971), considered the straight rays with median ridge, no central structure and no free 

ray length to be distinguishing features of the species. 

Occurrence. The species is found at almost all of the Late Palaeocene localities studied, 

in S.W. Cyprus, in the Lefkara Formation (Middle Member, Chalk and Chert unit). The 

short vertical range of Discoaster mohleri, makes the species stratigraphically 

important. It is also found in Mid Eocene chalks of the Lefkara Formation (Middle 

Member) and is considered to be reworked. 

Range. Late Palaeocene (NP7 to NP9), Perch-Nielsen (1985b). 

Discoaster multiradiatus Bramlette & Riedel, 1954 

(PI. 5, fig. 19) 

1954 Discoaster multiradiatus Bramlette & Riedel: 396, pI. 38, fig. 10. 

1992 Discoaster multiradiatus Bramlette & Riedel; Siesser & Bralower: pI. 3, fig. 19. 

Holotype. Bramlette & Riedel, pI. 38, fig. 10, horizon Velasco shale, locality Estacion 

Velasco, nr. Tampico, Mexico. 

Description. In plane polarised light, rosette-shaped nannoliths, composed of normally 

28 rays joined along their entire length, with broad rounded tips. No distinct central area 

or structure present. 

Dimensions. Diameter 16f.11I1. 
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Remarks. In plane polarised light Discoaster multiradiatus can be distinguished from 

the morphologically similar upper Palaeocene D. mohleri by the greater number of rays 

present (>16). Bramlette & Riedel (1954), considered the large number of bluntly 

pointed rays producing a serrated margin and slightly depressed central surfaces, to be 

distinguishing features of the species. 

Occurrence. The species is found at almost all of the Late Palaeocene localities studied , 
in S.W. Cyprus, in the Lefkara Fonnation (Middle Member, Chalk and Chert unit). The 

short vertical range of Discoaster multiradiatus, makes the species stratigraphically 

important. It is also found in Mid Eocene chalks of the Lefkara Formation (Middle 

Member) and is considered to be reworked. 

Range. Late Palaeocene to Early Eocene (NP9 to NPl1), Perch-Nielsen (1985b). 

Discoaster wemmelensis Achuthan & Stradner, 1969 

(PI. 5, fig. 12) 

1969 Discoaster wemmelensis Achuthan & Stradner: 5, fig. 2, pI. 4, figs 3,4. 

Holotype. Achuthan & Stradner, pI. 4, figs 3,4, sample/preparation 26a, locality 

Wemmel, Belgium. 

Description. In plane polarised light, small rosette-shaped nannoliths, composed of 

normally 24 rays, with rounded tips giving serrated outline and joined throughout their 

length. The central area contains a second cycle of elements, appressed to the proximal 

surface of the distal cycle with same number of elements. 

Dimensions. Diameter 5.0J.1lll. 

Remarks. Discoaster wemmelensis closely resembles the form D. lenticularis Bramlette 

& Sullivan, 1961, in plane polarised light, however, the latter has a smaller cycle of 

elements appressed to the distal surface (Perch-Nielsen, 1985b). Achuthan & Stradner 

(1969), considered the 20-30 wedge-shaped rays that fonn a circular serrated outline, 

with slightly depressed central faces, to be distinguishing features of the species. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Massive Chalk unit). The short vertical range of 

Discoaster wemmelensis, makes the species stratigraphically important. 

Range. Mid Eocene (NP14 to NPI6) Perch-Nielsen (1985b). 
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Family Fasciculithaceae Hay & Mohler, 1967 

Genus Fasciculithus Bramlette & Sullivan, 1961 

Type species. Fasciculithus involutus Bramlette & Sullivan, 1961. 

Remarks. The genus includes short cylinder-like nannoliths with proximal column 

composed of short rods, forming a concave proximal surface. A disc or lateral elements 

separate the column from distal cone. In end view, shows radial symmetry. 

Fasciculithus alanii Perch-Nielsen, 1971 b 

(PI. 5, fig. 13) 

1971b Fasciculithus alanii Perch-Nielsen: 355, pI. 7, figs 1-3; pI. 9, fig. 4; pI. 14, figs 13,14. 

1971b Fasciculithus lillianae Perch-Nielsen: partim, 353, pI. 6, fig 3, non pI. 6, fig. 1; pI. 14, figs 40-

42. 

1979 Fasciculithus alanii Perch-Nielsen; Romein: 153. 

Holotype. Perch-Nielsen, pI. 9, fig. 4 (KPN 5309), MMH 11098, sample DSDP 119-27, 

locality Cantabria Seamount, Bay of Biscay. 

Description. Between crossed polars, lateral view, long conical-shaped nannoliths with 

slightly concave outline and median extinction line present. Double convex proximal 

surface separated by extinction line. 

Dimensions. Diameter 4.8J.lIIl: Length 5.6~. 

Remarks. Fasciculithus alanii can be distinguished from F. lillianae Perch-Nielsen, 

1971 b, which is smaller and the proximal part of the column is sub-parallel. Perch­

Nielsen (1985b), considered the high conical shape with slightly concave sides to be 

distinguishing features of the species. 

Occurrence. The species is found at almost all of the Late Palaeocene localities studied, 

in S.W. Cyprus, in the Lefkara Fonnation (Middle Member, Chalk and Chert unit). The 

short vertical range of F asciculithus alan ii, makes the species stratigraphically 

important. It is also found in Mid Eocene chalks of the Lefkara Formation (Middle 

Member) and is considered to be reworked. 

Range. Late Palaeocene (NP9), Perch-Nielsen (1985b). 
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Fasciculithus clinatus Bukry, 1971 

(PI. 5, fig. 14) 

1971 Fasciculithus clinatus Bukry: 318, pI. 4, figs 8,9. 

Holotype. Bukry, pI. 4, figs 8,9 (USNM 176906), locality Shatsky Rise (DSDP 47.2-9-

5), Pacific Ocean. 

Description. Between crossed polars, lateral view, short conical-shaped nannoliths. 

Straight sides slightly convex, base line straight and top rounded to produce triangular 

outline bisected by a median extinction line. 

Dimensions. Diameter 4.0J.1m: Length 4.01ffil. 

Remarks. F asciculithus clinatus is distinguished from other species of F asciculithus by 

its smallness in size and triangular outline. (Bukry, 1971). 

Occurrence. The species is found at almost all of the Late Palaeocene localities studied, 

in S.W. Cyprus, in the Lefkara Formation (Middle Member, Chalk and Chert unit). The 

short vertical range of Fasciculithus clinatus, makes the species stratigraphically 

important. It is also found in Mid Eocene chalks of the Lefkara Formation (Middle 

Member) and is considered to be reworked. 

Range. Late Palaeocene (NP7 to NP9), Perch-Nielsen (1985b). 

Fasciculithus pileatus Bukry, 1973a 

(PI. 5, fig. 15) 

1973a Fasciculithus pileatus Bukry: 307, pI. 1, figs 7-9; pI. 2, figs 1-5. 

1981 Fasciculithus stonehengei Haq & Aubry: 301, pI. 1, figs 11-13. 

1992 Fasciculithus pileatus Bukry; Siesser & Bralower: pI. 4, fig. 7. 

Holotype. Bukry, pI. 2, figs 2-5 (USNM 188514), locality Caroline Abyssal Plain 

(DSDPI99-10-2), western Pacific Ocean. 

Description. Between crossed polars, lateral view, the nannoliths are composed of two 

slightly tapering columns proximally. Distally a curved rectangular (in outline) disc caps 

and slightly overlaps the proximal columns. 

Dimensions. Diameter 7.2J.1m: Length 5.61ffil. 
Remarks. Fasciculithus stonehengei Haq and Aubry, 1981, and F. merioti Pavsic, 

1977, are considered junior synonyms of F. pileatus, which differs from F. janii Perch­

Nielsen, 1971 b, a similar form by the apical disc not greatly overlapping the proximal 

column. 
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Occurrence. The species is found at almost all of the Palaeocene localities studied in 

S.W. Cyprus, in the Lefkara Fonnation (Middle Member, Chalk and Chert unit). It is 

also found in Mid Eocene chalks of the Lefkara Formation (Middle Member) and is 

considered to be reworked. 

Range. Late Palaeocene (NP5 to NP9), Bukry (1973a); Haq & Aubry (1981). 

Fasciculithus tympaniformis Hay & Mohler in Hay et aI., 1967 

(PI. 5, fig. 17) 

1967 Fasciculithus tympaniformis Hay & Mohler in Hay etal.: 447, pI. 8, figs 1-5; pI. 9, figs 1-5. 

1992 Fasciculithus tympan.iformis Hay & Mohler in Hay et al.; Siesser & Bralower: pI. 5, fig. 10. 

Holotype. Hay & Mohler, pI. 8, fig. 1 (UI-H-3731), sample GAN 822, locality Gan, 

Basses Pyrenees, France. 

Description. Between crossed polars, in lateral view, the nannoliths are composed of 

two parallel columns, separated by median extinction line which bends to the right near 

the slightly domed distal surface. Proximal surface slightly concave 

Dimensions. Diameter 8.0fllll: Length 6.4J.lIIl. 

Remarks. In phase contrast Fasciculithus tympani/ormis is distinguished from F. 

involutus Bramlette & Sullivan, 1961, by its smooth finish (lacking depressions). 

Occurrence. The species is found at almost all of the Late Palaeocene localities studied, 

in S.W. Cyprus, in the Lefkara Fonnation (Middle Member, Chalk and Chert unit). It is 

also found in Mid Eocene chalks of the Lefkara Fonnation (Middle Member) and is 

considered to be reworked. 

Range. Late Palaeocene (NP5 to NP9), Perch-Nielsen (l985b). 

Family Heliolithaceae Hay & Mohler, 1967 

Genus Heliolithus Bramlette & Sullivan, 1961 

Type species. Heliolithus riedelii Bramlette & Sullivan, 1961. 

Remarks. The genus includes in plan view, circular coccoliths composed of two or 

three appressed discs, with same number of elements in each disc. Fonning a cylindrical 

structure in side view, with the distal disc being the largest. Between crossed polars the 

whole of the structure is bright, whereas, in the genus Bomolithus Roth, 1973, only the 

central area appears bright. 
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H eliolithus cantabriate Perch-Nielsen, 1971 a 

(PI. 6, fig. 1) 

1971a Heliolithus cantabriate Perch-Nielsen: 55, pI. 2, figs 1,3,5,7; pI. 7, figs 33-36. 

1979 Heliolithus cantabriate Perch-Nielsen; Romein: 156. 

Holotype. Perch-Nielsen, pI. 2, fig. 1 (KPN 5080), sample MMH 11399, locality DSDP 

119-32-2, Bay of Biscay. 

Description. Between crossed polars, circular coccoliths of strong birefringence, with 

distal disc composed of radiating petaloid elements, with serrated edge. Nonnally the 

proximal column/disc is visible through the thin distal disc. 

Dimensions. Distal diameter 7.2flm: Proximal diameter 5.6f..UIl. 

Remarks. Heliolithus cantabriate is distinguished from H. kZeinpeUi by having a 

proximal disc forming a column. Perch-Nielsen (1985b), considered the composition of 

three discs, with the proximal disc forming a column structure of perpendicular oriented 

elements to be distinguishing features of the species. 

Occurrence. During the project, the species is found at one locality in the Lefkara 

Fonnation (Middle Member, Chalk and Chert unit), at Petra-tou-Romiou, S.W. Cyprus. 

The short vertical range of Heliolithus cantabriate, makes the species stratigraphically 

important. 

Range. Late Palaeocene (NP6 to NP9), Perch-Nielsen (1985b). 

Heliolithus kleinpelli Sullivan, 1964 

(PI. 6, fig. 17) 

1964 Heliolithus kleinpeUi Sullivan: 193, pI. 12, figs 5a-b. 

1992 Heliolithus kleinpelli Sullivan; Siesser & Bralower: pI. 3, fig. 10. 

Holotype. Sullivan, pI. 12, figs 5a-b, 44522, slide/sample A-7616, locality Simi Valley, 

California. 
Description. Between crossed polars, large circular coccoliths of strong birefringence. 

Distal disc composed on average of 40 elements and proximal disc visible through thin 

distal disc. Extinction cross, straight arms, thin at centre but curve and flare distally. 

Dimensions. Distal disc 15.2I1m: Proximal disc lOAflID· 

146 



Remarks. Heliolithus kleinpelli is distinguished from H. cantabriae and H. riedelii by 

having three discs of approximately the same thickness, but of different diameters. 
(Perch-Nielsen, 1985b). 

Occurrence. During the project, the species is found at only one locality in the Lefkara 

Fonnation (Middle Member, Chalk and Chert unit), at Petra-tou-Romiou, S.W. Cyprus. 

The short vertical range of Heliolithus kleinpelii, makes the species stratigraphically 

important. It is also found in Mid Eocene chalks of the Lefkara Formation (Middle 

Member) and is considered to be reworked. 

Range. Late Palaeocene (NP6 to NP9), Perch-Nielsen (1985b). 

Heliolithus riedelii Bramlette & Sullivan, 1961 

(PI. 6, fig. 2) 

1961 Heliolithus riedelii Bramlette & Sullivan: 164, pI. 14, figs 9a-c,10,11. 

Holotype. Bramlette & Sullivan, pI. 14, figs 9a-c, 564380, sample 6+ 1", horizon Lodo 

Fonnation, locality Fresno County, California. 

Description. Between crossed polars, circular coccoliths of strong birefringence, with 

distal disc of rough serrated outline, composed of on average 24 elements and proximal 

disc just visible through thinner distal disc. 

Dimensions. Distal diameter 8.8tlm: Proximal diameter 8.0tlID. 

Remarks. Heliolithus riedelii is distinguished from other members of the genus by 

having a rough serrated outline, with distal disc being slightly larger and thinner than 

proximal disc (Perch-Nielsen 1985b). 

Occurrence. During the project, the species is found at one locality in the Lefkara 

Formation (Middle Member, Chalk and Chert unit), at Petra-tou-Romiou, S.W. Cyprus. 

The short vertical range of Heliolithus riedelii, makes the species stratigraphically 

important. 

Range. Late Palaeocene (NP8), Perch-Nielsen (1985b). 

Family Prinsiaceae Hay & Mohler, 1967 

Genus Cyclicargolithus Bukry, 1971 

Type species. Coccolithusfloridanus Roth & Hay in Hay et al., 1967. 

Remarks. The genus includes circular to sub circular coccoliths, with distal shield 

slightly larger than proximal shield, joined by central tube. The Inner wall at distal 
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margin of open (not spanned by grid) or closed central area, does not rise above distal 
surface. 

Cyclicargolithus floridanus (Roth & Hay in Hay et al.) Bukry, 1971 

(PI. 8, fig. 6) 

1967 Coccolithus floridanus Roth & Hay in Hay et al.: 445, pI. 6, figs 1-4. 

1970 Cyclococcolithusfloridanus (Roth & Hay in Hay et al.); Roth: 854, pI. 5, fig. 6. 

1971 Cyclicargolithusfloridanus (Roth & Hay in Hay et at.); Bukry: 312. 

1973 Cyclicargolithusfloridanus (Roth & Hay in Hay et al.); Roth: 731, pI. 6, figs 2-4. 

Ho}otype. Roth & Hay, pI. 6, fig. 1, sample IMS-J501-164, locality Blake Plateau, 

western Atlantic. 

Description. Sub circular coccoliths, with distal shield composed of slightly dextrally 

imbricate elements, forming broad rim enclosing small open central area. Proximal 

margin of distal shield forms a depression, within lies a ring of disorientated, broad, 

irregularly shaped elements, surrounding central area. 

Dimensions. Overall diameter 6.7JlIIl: Central area 2.0Jl1l1. 

Remarks. Cyclicargolithus floridanus is distinguished from C. abisectus (Muller, 

1970), which is larger and the partial covering of elements surrounding central area are 

oriented more regularly. C. marismontium is elliptical and has larger central opening 

(Roth & Hay in Hay et aI., 1967). 

Occurrence. During the project, the species is found at one locality in the Lefkara 

Formation (Middle Member, Massive Chalk unit), at Ayia Varvara, S.W. Cyprus. 

Range. Late Eocene to Oligocene, Roth (1970). Late Eocene to Mid Miocene (NP20 to 

NN7), Lazarus, et al. (1995). 

Cyclicargolithus marismontium (Black) Perch-Nielsen, 1985b 

(PI. 8, fig. 4) 

1964 Coccolithus marismontium Black: 309, pI. 51, figs 1-4; pI. 52, fig. 3. 

1985b Cyclicargolithus marismontium (Black); Perch-Nielsen: 539. 

Holotype. Black, pI. 51, fig. 3, sample 11048, locality Muir Seamount, north-east of 

Bermuda. 
Description. Elliptical coccoliths, composed of slightly dextrally imbricate elements, 

forming broad rim enclosing large elliptical open central area. Proximal margin of distal 
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shield forms a depression, within lies a ring of broad, radially arranged, polygonal 

elements. 

Dimensions. Overall, length 6.0Jlm, width 5.3Jlm: Central area, length 2.0Jlm, width 

l.0JlIIl. 

Remarks. Due to similarities between Cyclicargolithus marismontium (elliptical) and 

C. floridanus (sub-circular) it is probable that C. marismontium has been included in 

range charts as C.floridanus (Perch-Nielsen, 1985b). 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member). The short vertical range of Cyclicargolithus 

marismontium, makes the species stratigraphically important. 

Range. Mid Eocene (NP16 to NP19), Perch-Nielsen (1985b). 

Genus Dictyococcites Black, 1967 

Type species. Dictyococcites danicus Black, 1967. 

Remarks. The genus includes elliptical to sub circular coccoliths, with distal shield 

slightly larger than p~oximal shield, joined at margin of large central area. The central 

area is spanned proximally by a grid and distally by elements radially arranged on inner 

wall, at distal margin of central area to form a crest, and the elements meet along the 

major axis of ellipse to form a slit. 

Dictyococcites bisectus (Hay, Mohler & Wade) Bukry& Percival, 1971 

(PI. 6, figs 18,19; PI. 8, fig. 5) 

1966 Syracosphaera bisecta Hay, Mohler & Wade: partim, 393, pI. 10, figs 4-6. 

1971 Dictyococcites bisectus (Hay, Mohler & Wade); Bukry & Percival: 127, pI. 2, figs 12,13. 

Holotype. Hay, Mohler & Wade, pI. 10, fig. 4, sample U1-H-2094, horizon Nal 11, 

locality north-east of Nal l chik, north-west Caucasus. 

Description. Large elliptical coccoliths, with distal shield composed of dextrally 

imbricate elements, forming broad rim. Central area covered with broad imbricate 

elements within multiple cycles, forming dome structure, elements meet at the centre to 

form a slit oriented to the major axis of ellipse. 

Dimensions. Length 11.3Jlm: Width 9.3Jlffi. 

Remarks. Dictyococcites 'bisectus is the largest species of the genus (Perch-Nielsen, 

1985b). 
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Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Massive Chalk unit). 

Range. Late Eocene to Early Miocene (NP17 to NN1), Lazarus et al. (1995). 

Dictyococcites scrippsae Bukry & Percival, 1971 

(PI. 6 fig. 3) 

1971 Dictyococcites scrippsae Bukry & Percival: 128, pI. 2, figs 7,8. 

Holotype. Bukry & Percival, pI. 2, figs 7,8 (USNM 169185), horizon Red Bluff Clay, 

locality Chickasawhay River, Shubuta, Mississippi. 

Description. Between crossed polars, elliptical coccoliths, with serrated outline caused 

by blunt pointed elements of distal shield. Continuous extinction lines from outer rim to 

closed central area, where it bends sharply. In plane polarised light the elements sitting 

on distal surface, bridge the central area and meet along major axis to form a slit. 

Dimensions. Length 8.0J.lm: Width 7.2J.lffi. 

Remarks. Between crossed polars Dictyococcites scrippsae is distinguished from D. 

bisectus by having a continuous extinction line from outer rim to central area and being 

smaller (Bukry & Percival, 1971). 

Occurrence. The species is found at almost all of the Eocene localities studied, in S.W. 

Cyprus, in the Lefkara Formation (Middle Member). 

Range. Late Eocene to Early Miocene (NP16 to NN1), Lazarus et al. (1995). 

Genus Reticulofenestra Hay, Mohler & Wade, 1966 

Type species. Reticulofenestra caucasica Hay, Mohler & Wade, 1966. 

Remarks. The genus includes elliptical to sub circular coccoliths, with distal shield 

slightly larger than proximal shield, joined at margin of open central area. Inner wall at 

distal margin of central area does not rise above the distal surface, with central area 

spanned by a lacy network. 

Reticulofenestra dictyoda (Deflandre in Deflandre & Pert) 

Stradner in Stradner & Edwards, 1968 

(PI. 6, figs 4,8) 

1954 Discolithus dictyodus Deflandre in Deflandre & Fert: 140, partim, fig. 15, non, fig. 16. 
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1968 Non Reticulofenestra dictyoda (Deflandre in Deflandre & Pert); Stradner in Stradner & 

Edwards: 19, fig. 2c, pI. 12-14; pI. 22, fig. 4. 

1989 Reticulofenestra dictyoda (Deflandre in Deflandre & Pert); Gallagher: 53, pI. 3.1, fig. 5. 

1992 Reticulofenestra dictyoda (Deflandre in Deflandre & Pert); Siesser & Bralower: pI. 2, fig. 9. 

Holotype. Deflandre in Deflandre & Fert, fig. 15, locality Donzacq, France. 

Description. Between crossed polars, elliptical coccoliths, distal shield larger than 

proximal shield, composed of elements with blunt marginal points forming a serrated 

outline and broad rim enclosing small open central area. 

Dimensions. Overall, length 8.8Jlm, width 8.0Jlm: Central area, length 2.4Jlm, width 

1.6Jlm. 

Remarks. Stradner in Stradner & Edwards (1968), describes the species in detail. 

However the illustrations are not of the species. Gallagher (1989), considered the size of 

the central area (25% of whole coccolith) that contains a grill which has long holes at 

the margin and irregular holes in the centre, to be distinguishing features of the species. 

Occurrence. The species is found at almost all of the Eocene localities studied, in S.W. 

Cyprus, in the Lefkara Formation (Middle Member). The short vertical range of 

Reticulofenestra dictyoda, makes the species stratigraphically important. 

Range. Mid Eocene (NP13 to NPI6), Perch-Nielsen (1985b). 

Reticulofenestra hillae Bukry & Percival, 1971 

(PI. 6, fig. 7) 

1971 Reticulofenestra hillae Bukry & Percival: 136, pI. 6, figs 1-3. 

1989 Reticulofenestra hillae Bukry & Percival; Gallagher: 57. 

Holotype. Bukry & Percival, pI. 6, figs 1,2 (USNM 169215), horizon Shubuta Member 

of Yazoo Clay, locality Chickasawhay River, Shubuta, Mississippi USA. 

Description. Between crossed polars, large elliptical coccoliths, with distal shield 

composed of many thin radial elements with marginal blunt points that form slight 

serrated outline, surrounding a large central opening. 

Dimensions. Overall, length 12.8Jlm, width 9.8Jlm: Central area, length 4.8Jlffi, width 

4.0JlID. 
Remarks. Reticulofenestra hillae is smaller than «14Jlm) R. umbilicus (Gallagher, 

1989). 
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Occurrence. The species is restricted to several localities in the south-west of the area, 

in the Lefkara Fonnation (Middle Member, Massive Chalk unit), in S.W Cyprus. 

Range. Late Eocene to Early Oligocene (NP17 to NP22), Perch-Nielsen (1985b). 

Reticulofenestra reticulata (Gartner & Smith, 1967) Roth & Thierstein, 1972 

(PI. 6, figs 5,6) 

1967 Cyclococcolithus reticulatus Gartner & Smith: 4, pI. 5, figs 1-4a-d. 

1971c Cribrocentrum reticulata (Gartner & Smith); Perch-Nielsen: 28, pI. 25, figs 4-9. 

1972 Reticulofenestra reticulata (Gartner & Smith); Roth & Thierstein: 436. 

1989 Reticulofenestra reticulata (Gartner & Smith); Gallagher: 63, pI. 3.3, figs 7-11. 

1991 Reticulofenestra reticulata (Gartner & Smith); Wei & Thierstein: pI. 5, figs 2-4. 

Holotype. Gartner & Smith, pI. 5, fig. 2, horizon Yazoo Fonnation, locality Louisiana, 

USA. 

Description. Between crossed polars, circular coccoliths, with distal shield showing 

strong birefringence, composed of radial elements that terminate at distal margin with 

rounded points and fonns broad rim. Open central area is rectangular in shape with 

distinctive diagonal extinction cross, caused by the thin lacy network covering. 

Dimensions. Overall diameter 6.4J.llll: Central area 2.0fJIl1 square. 

Remarks. Between crossed polars, Reticulofenestra reticulata is distinguished from a 

similar fonn R. dictyoda by being circular and having a diagonal extinction cross in 

central area (Gallagher, 1989). 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Fonnation (Middle Member, Massive Chalk unit). The short vertical range of 

Reticulofenestra reticulata makes the species stratigraphically important. 

Range. Mid to Late Eocene, (NPI5 to NPI8), Gallagher (1989). 

Reticulofenestra umbilica (Levin) Martini & Ritzkowski, 1968 

(PI. 6, fig. 20) 

1965 Coccolithus umbilicus Levin: 265, pI. 41, fig. 2. 

1968 Reticulofenestra umbilica (Levin); Martini & Ritzkowski: 245, pI. 1, figs 11,12. 

1989 Reticulofenestra umbilicus (Levin); Gallagher: 66, pI. 3.1, figs 1,3,4; pI. 3.3, figs 2,5,9. 

1992 Reticulofenestra umbilica (Levin); Siesser & Bralower: pI. 5, fig. 11. 
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Holotype. Levin, pI. 41, fig. 2, sample 27-A, 42.6-109.5, WUMC 000023, horizon 

Yazoo Formation, locality Yazoo City, Mississippi, USA. 

Description. Between crossed polars, large elliptical coccoliths, with distal shield 

composed of many thin radial elements with marginal blunt points that form a slight 

serrated outline. Large open central area. 

Dimensions. Overall, length 16.0Jlm, width 14.4J.lm: Central area, length 6.4J.lm, width 

4.8Jlm. 

Remarks. Gallagher (1989), considefed the size of the area spanned by lacy network, of 

70% of the total coccolith area, to be a distinguishing feature of the species. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Massive Chalk unit). 

Range. Mid Eocene to Early Oligocene (NP16 to NP22), Perch-Nielsen (1985b). 

Genus Toweius Hay & Mohler, 1967 

Type species. Toweius craticulus Hay & Mohler, 1967. 

Remarks. The genus includes circular to sub circular coccoliths, with distal shield 

slightly larger than the double proximal shield, joined at open central area. Inner double 

wall of elements at distal margin of open central area forms a large crest that part covers 

distal surface. Central area may be bridged by coarse grid. Between crossed polars, 

proximal shield displays good birefringence, whereas, distal shield is slightly indistinct. 

Toweius gammation (Bramlette & Sullivan) Romein, 1979 

(PI. 6, fig. 9) 

1961 Coccolithus gammation Bramlette & Sullivan: 152, pI. 7, figs 7a-c,14a-b. 

1979 Toweius gammation (Bramlette & Sullivan); Romein: 126, pI. 4, figs 4,5. 

1992 Toweius gammation (Bramlette & Sullivan); Siesser & Bralower: pI. 2, fig. 23. 

Holotype. Bramlette & Sullivan, pI. 7, figs 7a-c (USNM 564271), sample 46, horizon 

Lodo formation, locality Frenso County, California. 

Description. Between crossed polars, both shields are indistinct with central area 

showing stronger birefringence and extinction cross in shape of a swastika. Distal shield 

and central wall cycle composed of on average 56 elements, with the central area closed. 

Dimensions. Overall diameter 11.2J.lIIl: Central area (inner wall) diameter 8.0J.lID. 

Remarks. Perch-Nielsen (1985b), suggested that there is some doubt as to the generic 

assignment of the species which could belong to Cyclagelosphaera. Romein, (1979) 
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considered the absence of upper centro-distal cycle and proximal cycle of distal shield in 

recognising the species. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Chalk and Chert unit). 

Range. Early to Mid Eocene (NP11 to NP15), Perch-Nielsen (1985b). 

Family Sphenolithaceae Deflandre, 1952 

Genus Sphenolithus Deflandre in Grasse, 1952 

Type species. Sphenolithus radians Deflandre in Grasse, 1952 

Remarks. The genus includes Nannoliths which have the form of a distal dome or 

cone/spine and proximal column with concave base. Proximal column/shield composed 

of radial arranged elements with triangular cross-section, capped distally by one or more 

cycles of lateral elements, radially arranged. Distally a dome structure of laterally 

arranged elements or apical spine of blade type elements that might bifurcate, is present. 

Sphenolithus ana"hopus Bukry & Bramlette, 1969 

(PI. 6, fig. 10) 

1969 Sphenolithus anarrhopus Bukry & Bramlette: 140, pI. 3, figs 5-8. 

1979 Sphenolithus anarrhopus Bukry & Bramlette; Romein: 145. 

Holotype. Bukry & Bramlette, pI. 3, figs 5-8 (USNM 651429), horizon JOIDES core 4, 

150 to 153m, locality Blake Plateau, Atlantic Ocean. 

Description. Between crossed polars, cone-shaped nannoliths. Proximally, composed of 

compact non-flaring column of elements. Distally the apical spine (not visible when 

viewed at 0°) is asymmetric when viewed at 45° 

Dimensions. Diameter 4.8Jlm: Height 5.2Jlffi. 
Remarks. The only other Palaeocene species S. primus lacks the apical spine. Perch-

Nielsen (1985b), considered the large asymmetrical apical spine to a distinguishing 

feature of the species. 
Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Chalk and Chert unit). 
Range. Late Palaeocene to Early Eocene (NP6 to NPI0), Perch-Nielsen (1985b). 
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Sphenolithus fureatolithowes Locker, 1967 

(PI. 6, fig. 11) 

1967 Sphenolithusfurcatolithoides Locker: 363 J figs 7,8, pI. 1, figs 14-16. 

1979 Sphenolithus furcatolithoides Locker; Romein: 146. 

1992 Sphenolithus furcatolithoides Locker; Siesser & Bralower: pI. 2, fig. 22. 

Holotype. Locker, pI. 1, fig. 14. 

Description. Between crossed polars, cone-shaped nannoliths in side view. Proximally, 

composed of compact non-flaring short column of elements. Distally the apical spine 

with median extinction line starts to bifurcate. However, due to delicate construction of 

the diverging arms they tend to be missing. 

Dimensions. Diameter 4.8~: Length 5.2Jlm (diverging portion missing). 

Remarks. Sphenolithus furcatolithoides is distinguished from other Eocene species by 

having a bifurcating apical spine, and is distinguished from the Late Oligocene to Early 

Miocene form S. capricomutus Bukry & Percival, 1971, by having a smaller angle 

between the diverging spines, Perch-Nielsen (1985b). 

Occurrence. The species is restricted to several localities in the south-west of the area, 

in the Lefkara Formation (Middle Member, Chalk and Chert unit), in S.W Cyprus. The 

short vertical range of Sphenolithus furcatolithoides, makes the species stratigraphically 

important. 

Range. Mid Eocene (NPI5 to NPI6), Perch-Nielsen (1985b). 

Sphenolithus mori/ormis (Bronnimann & Stradner) 

Bramlette & Wilcoxon, 1967 

(PI. 6, fig. 12) 

1960 Nannoturbella moriformis Bronnimann & Stradner: 368, figs 11-16. 

1967 Sphenolithus moriformis (Bronnimann & Stradner); Bramlette & Wilcoxon: 124, pI. 3, figs 1-6. 

1992 Sphenolithus moriformis (Bronnimann & Stradner); Siesser & Bralower: pI. 3, fig. 18. 

Holotype. Bronnimann & Stradner, figs 11-13,16, sample Prap, BRl53811 T, horizon 

Alkazar Formation, locality Reporto Capri, near Arroyo Naraujo, Cuba. 

Description. Between crossed polars, dome-shaped nannoliths in side view. Proximally, 

comprising a slightly flaring column of radial arranged elements, and distally a dome 

structure is present, both having median extinction lines and separated by a median 

extinction line, forming a cross. 
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Dimensions. Maximum oVleralllength 4.8Jlm. 

Remarks. Between crossed polars, it is sometimes difficult to distinguish several 

Palaeogene and Neogene dome-shaped sphenoliths from one another. 

Occurrence. The species is found at almost all of the Eocene localities studied, in S.W. 

Cyprus, in the Lefkara (Middle Member) and Pakhna Formations. 

Range. Mid Eocene to Mid Miocene (NP12 to NN9), Perch-Nielsen (1985b). 

Sphenolithus primus Perch-Nielsen, 1971 a 

(PI. 6, fig. 13) 

1971a Sphenolithus primus Perch-Nielsen: 357, pI. 11, fig. 4; pI. 12, figs 4,5,7-12; pI. 14, figs 22-24. 

1979 Sphenolithus primus Perch-Nielsen; Romein: 145. 

Holotype. Perch-Nielsen, pI. 12, fig. 7 (KPN 5277), MMH 11124, locality DSDP 119-

37, Bay of Biscay. 

Description. Between crossed polars, dome-shaped nannoliths. Proximally, comprising 

a column of radial arranged elements, and distally a dome structure is present, both 

having median extinction line and separated by a median extinction line, forming a 

cross. 

Dimensions. Maximum overall length 4.8J.1m. 

Remarks. Between crossed polars Sphenolithus primus is distinguished from S. 

morifonnis by having a more cylindrical proximal column. 

Occurrence. The species is found at almost all of the Palaeocene localities studied, in 

S.W. Cyprus, in the Lefkara Formation (Middle Member, Chalk and Chert unit). 

Range. Late Palaeocene to Early Eocene (NP5 to NPll), Perch-Nielsen (1985b). 

Sphenolithus pseudoradians Bramlette & Wilcoxon, 1967 

(PI. 6, figs 14,15) 

1967 Sphenolithus pseudo radians Bramlette & Wilcoxon: 126, pI. 2, figs 12-14. 

1992 Sphenolithus pseudo radians Bramlette & Wilcoxon; Xu & Wise: pI. 2, fig. 3. 

Holotype. Bramlette & Wilcoxon, pI. 2, figs 12-14 (USNM 650671), sample TT193785 

(Bolli material), locality Cipero section, Trinidad, West Indies. 

Description. Between crossed polars, cone-shaped nannoliths. Proximally, comprising 

of low cylindrical column of radially arranged elements, capped distally by lateral 

elements. Distally, long broad apical spine with median extinction line. 
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Dimensions. Diameter 4.8fl1ll: Length 8.8fl1ll. 

Remarks. Sphenolithus pseudo radians is distinguished from S. radians in having 

broader blades forming the apical spine. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member), in S.W Cyprus. 

Range. Mid Eocene to Early Oligocene (NP15 to NP24), Perch-Nielsen (1985b). 

Sphenolithus radians Deflandre in Grasse, 1952 

(PI. 6, fig. 16) 

1952 Sphenolithus radians Deflandre in Grasse: 466, fig. 343, J-K; fig. 363, A-G. 

1979 Sphenolithus radians Deflandre in Grasse; Romein: 146, pI. 7, fig. 9. 

1992 Sphenolithus radians Deflandre in Grasse; Siesser & Bralower: pI. 4, fig. 16. 

Holotype. Deflandre in Grasse, fig. 363, F-G, locality Donzacq, France. 

Description. Between crossed polars, cone-shaped nannoliths. Proximally, comprising 

of low cylindrical column of radially arranged elements, capped distally by lateral 

elements. Distally, long thin apical spine with median extinction line. 

Dimensions. Diameter 4.0Jlm: Length 8.0fllIl. 

Occurrence. The species is found at almost all of the Eocene localities studied, in S.W. 

Cyprus, in the Lefkara Formation (Middle Member). 

Range. Eocene (NP11 to NP19), Perch-Nielsen (1985b). 

Sphenolithus spiniger Bukry, 1971 

(PI. 7, figs 9,13) 

1971 Sphenolithus spiniger Bukry: 321, pI. 6, figs 10-12; pI. 7, figs 1,2. 

1979 Sphenolithus spiniger Bukry; Romein: 146. 

Holotype. Bukry, pI. 6, figs 10-12 (USNM 176916), locality DSDP 44.0-4-6, horizon 

Horizon Ridge, Pacific Ocean 
Description. Between crossed polars, cone-shaped nannoliths. Proximally, comprising a 

high slightly flaring column of radial arranged elements, and distally a shorter apical 

spine, both having median extinction lines and separated by a extinction line, fonning a 

cross; proximal quadrants taller than distal quadrants. 

Dimensions. Diameter 4.0fl1ll: Length 4.4JlIll. 
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Remarks. Between crossed polars Sphenolithus spiniger can be distinguished from S. 

orphankollensis Perch-Nielsen, 1971a, by a more rounded outline. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Chalk and Chert unit). The short vertical range of 

Sphenolithus spiniger, makes the species stratigraphically important. 

Range. Mid Eocene (NP14 to NP15), Perch-Nielsen (1985b). 

Family Thoracosphaeraceae Schiller, 1930 

Genus Thoracosphaera Kamptner, 1927 

Type species. Syracosphaera heimii Lohmann, 1920. 

Remarks. Thoracosphaerids are considered to be a calcareous dinoflagellates (Romein, 

1979). They include hollow spherical and ovoid calcareous forms, composed of 

interlocking polygonal elements. Anarchaeopyle and operCUlum may be present. 

Thoracosphaera opercuiata Bramlette & Martini, 1964 

(PI. 7, fig. 1) 

1964 Thoracosphaera operculata Bramlette & Martini: 305, pI. 5, figs 3-7. 

1979 Thoracosphaera operculata Bramlette & Martini; Romein: 182, pI. 1, fig. 1. 

1984 Thoracosphaera operculata Bramlette & Martini; Steinmetz & Stradner: pI. 45, figs 7,8. 

Holotype. Bramlette & Martini, pI. 5, 4,5 (USNM 648204), Alabama 2A, horizon 

McBryde Member, Clayton Fonnation, locality Livingston, Alabama, USA. 

Description. Between crossed polars, spherical shells comprising elements of good 

birefringence, making irregular wall pattern. In some specimens an archaeopyle was 

observed but they all lacked an operculum. 

Dimensions. Diameter 23.2fJll1. 

Remarks. Due to the overall size of the spherical shells, there is insufficient resolution 

caused by the lack of depth of field, when viewing between crossed polars. However, 

the irregular wall pattern and good birefringence distinguishes the species. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Chalk and Chert unit). 

Range. Late Cretaceous to Early Eocene, Perch-Nielsen (1985b). 
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Thoracosphaera tuberosa Kamptner, 1963 

(PI. 7, figs 2,3) 

1963 Thoracosphaera tuberosa Kamptner: 179, pI. 4, fig. 26. 

Holotype. Kamptner, pI. 4, fig. 26, sample 179, locality ST 61 (00 6'S, 1350 58W), 

Pacific Ocean. 

Description. Between crossed polars, spherical shells comprising elements of poor 

birefringence, making an irregular wall pattern, archaeopyle or operculum were not 

observed in any of the specimens. 

Dimensions. Diameter 20.0flm. 

Remarks. Between crossed polars Thoracosphaera tuberosa is distinguished by the 

'halo' effect, when the spherical outline is brought into focus. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member). 

Range. Mid Eocene and Pliocene to Holocene, Perch-Nielsen (1985b). 

Family Zygodiscaceae Hay & Mohler, 1967 

Genus Neochiastozygus Perch-Nielsen, 1971a 

Type species. Neochiastozygus perfectus Perch-Nielsen, 1971a. 

Remarks. The genus includes elliptical coccoliths, characterised by rim comprised of 

two thin walls, constructed from inclined to vertical elements. Open central area bridged 

by cross offset to axes of ellipse. 

Neochiastozygus distentus (Bramlette & Sullivan) Perch-Nielsen, 1971a 

(PI. 7, fig. 4) 

1961 Zygolithus distentus Bramlette & Sullivan: 150, pI. 6, figs 4-7. 

1971a Neochiastozygus distentus (Bramlette & Sullivan); Perch-Nielsen: 61, pI. 4, figs 1-4; pI. 7, figs 

1-3. 

Holotype. Bramlette & Sullivan, pI. 6, fig. 6a-d (USNM 564248), sample 22, horizon 

Lodo formation, locality Frenso County, California. 
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Description. Between crossed polars, elliptical coccoliths of high ellipticity, with broad 

rim enclosing small open central area, bridged by small cross, with arms formed of 

parallel blocks, offset to axes of ellipse. 

Dimensions. Length 8.8).llll: Width 5.6f..lm. 

Remarks. Between crossed polars Neochiastozygus distentus differs from N. perfectus 

and N. concinnus (Martini, 1961) by having a broader rim, and central cross, and in the 

latter, the tips of the cross do not bifurcate. (Perch-Nielsen, 1985b). 

Occurrence. The species is found at almost all of the Late Palaeocene localities in S.W. 

Cyprus, in the Lefkara Formation (Middle Member, Chalk and Chert unit). The short 

vertical range of Neochiastozygus distentus, makes the species stratigraphically 

important. 

Range. Late Palaeocene to Early Eocene (NP8 to NP11), Perch-Nielsen (1985b). 

Neochiastozygus modestus Perch-Nielsen, 1971a 

(PI. 7, figs 5,6) 

1971a Neochiastozygus modestus Perch-Nielsen: 62, pI. 5, figs 5-8; pI. 7, figs 22,23. 

1979 Neochiastozygus modestus Perch-Nielsen; Romein: 134. 

Holotype. Perch-Nielsen, pI. 5, fig. 6 (KPN 6668), sample MMH 11425, locality 

Havallszsse, Danemark. 
Description. Between crossed polars, elliptical coccoliths, with rim comprising of outer 

and inner wall, with the inner wall showing stronger birefringence. Open central area, 

bridged by cross, with arms formed of parallel blocks, offset to axes of ellipse. 

Dimensions. Length 4.8f..lm: Width 4.0fllll· 
Remarks. Between crossed polars Neochiastozygus modestus is distinguished from N. 

perfectus by being smaller and coarser in appearence. (Perch-Nielsen, 1985b). 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Chalk and Chert unit). The short vertical range of 

Neochiastozygus modestus, makes the species stratigraphically important. 

Range. Early Palaeocene (NP3 to NP5), Perch-Nielsen (1985b). 

Neochiastozygus perfectus Perch-Nielsen, 1971a 

(PI. 7, figs 7,11) 

1971a Neochiastozygus perfectus Perch-Nielsen: 63, pI. 6, figs 1,2; pI. 7, figs 24,25. 

1979 Neochiastozygus perfectus Perch-Nielsen; Romein: 135. 
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Holotype. Perch-Nielsen, pI. 6, fig. 2 (KPN 6681), sample MMH 11429, locality 

Sundkrogen, Hafen von Kopenhagen, Danemark. 

Description. Between crossed polars, elliptical coccoliths of high ellipticity, with rim 

comprising outer and inner wall, with the inner wall showing stronger birefringence. 

Open central area bridged by slender cross, offset to axes of ellipse and its acute angle 
aligned to short axis. 

Dimensions. Length 7.2Ilm: Width 4.8flIll. 

Remarks. Perch-Nielsen (1985b), considered the central cross with acute angle aligned 

to the short axis of the ellipse, to be a distinguishing feature of the species. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Chalk and Chert unit). The short vertical range of 

Neochiastozygus perfectus, makes the species stratigraphically important. 

Range. Mid Palaeocene (NP4 to NP6), Perch-Nielsen (1985b). 

Genus Zygodiscus Bramlette & Sullivan, 1961 

Type species. Zygodiscus adamas Bramlette & Sullivan, 1961. 

Remarks. The genus includes elliptical coccoliths, characterised by rim comprised of 

two thin walls, constructed of inclined to vertical elements. Open central area bridged by 

I-shape crossbar aligned to short axis. 

Zygodiscus bramlettei Perch-Nielsen, 1981 

(PI. 7, figs 8,12) 

1981 Zygodiscus bramlettei Perch-Nielsen: 843, pI. 7, fig. 6. 

Holotype. Perch-Nielsen, pI. 7, fig. 6 (KPN 6703), sample 6+ 1', horizon Lodo 

Formation, locality Frenso County, California, USA. 

Description. Between crossed polars, elliptical coccoliths, with rim comprising outer 

and inner wall, the inner wall shows stronger birefringence. Open central area bridged 

by 1- shape crossbar aligned to short axis. 

Dimensions. Length 9.61Jffi: Width 7.2flIll. 

Remarks. Between crossed polars Zygodiscus bramlettei is distinguished from 

Placozygus sigmoides (Bramlette and Sullivan, 1961) by the I-shape crossbar not being 

sigmoidal in shape. (Perch-Nielsen, 1981). 
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Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Chalk and Chert unit). 

Range. Mid to Late Palaeocene (NP5 to NP9), Perch-Nielsen (1985b). 

Incertae sedis 

Genus Ellipsolithus Sullivan, 1964 

Type species. Coccolithites macellus Bramlette & Sullivan, 1961. 

Remarks. The genus includes elliptical coccoliths with high ellipticity, with raised rim 

at proximal margin of thin distal shield, bordering open or closed central area. 

Ellipsolithus macellus (Bramlette & Sullivan) Sullivan, 1964 

(PI. 7, fig. 10) 

1961 Coccolithites macellus Bramlette &. Sullivan: 152, pI. 7, figs 1l,12,13a-d. 

1964 Ellipsolithus macellus (Bramlette & Sullivan); Sullivan: 184, pI. 5, figs 3a-b. 

1979 Ellipsolithus macellus (Bramlette & Sullivan); Romein: 188. 

1989 Ellipsolithus macellus (Bramlette & Sullivan); Firth: pI. 1, fig. 14. 

Holotype. Bramlette & Sullivan, pI. 7, figs 13a-d (USNM 564273), sample 33, horizon 

Lodo formation, locality Frenso County, California. 

Description. Between crossed polars, elliptical coccoliths of high ellipticity and good 

birefringence. Closed central area with narrow slit oriented to long axis of ellipse. 

Dimensions. Length 11.2J.lIll: Width 7.2J.lIll. 

Remarks. Due to the delicate nature of the specimens, the proximal shield is rarely 

preserved, also it is difficult to view in normal transmitted light. Bramlette & Sullivan 

(1961), considered the central area which is bisected by a narrow slit oriented to long 

axis of ellipse, to be a distinguishing feature of the species. 

Occurrence. The species is found at several localities in S.W. Cyprus, in the Lefkara 

Formation (Middle Member, Chalk and Chert unit). 

Range. Palaeocene to Early Eocene (NP4 to NP12), Perch-Nielsen (1985b). 
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PLATE 4. 

Light photomicrographs 

XPL = Crossed Polarised Light 
PC = Phase Contrast Scale Bar = 5J.1IIl 

Fig. 1. Biscutum castro rum Black in Black & Barnes, 1959, distal view, XPL UD614-
31, D276-1454. ' 

Figs 2,3. Calcidiscus protoannula (Gartner, 1971),0229-1148: Fig. 2, distal view, XPL, 
UD615-23; Fig. 3. distal view, PC, UD615-22. 

Fig. 4. Chiasmolithus califomicus (Sullivan, 1964), distal view, XPL, UD624-25, D237-
1052. 

Figs 5,6. Chiasmolithus consuetus (Bramlette & Sullivan, 1961), 0246-1179: Fig. 5, 
distal view, XPL, UD621-41A; Fig. 6, distal view, PC, UD621-0. 

Figs 7,8. Chiasmolithus medius Perch-Nielsen, 1971c, 0231-1153: Fig. 7, distal view, 
XPL, UD624-27; Fig. 8, distal view, PC, UD624-28. 

Fig. 9. Chiasmolithus modestus Perch-Nielsen, 1971c, distal view, XPL, UD621-31A, 
0226-1143. 

Figs 10,11. Chiasmolithus nitidus Perch-Nielsen, 1971c, 0351-1050: Fig. 10, distal 
view, PC, UD615-40; Fig. 11, distal view, XPL, UD615-41. 

Figs 12,16. Cruciplacolithus cribellum (Bramlette & Sullivan, 1961),0352-1429: Fig. 
12, distal view, PC, UD614-41; Fig. 16, distal view, XPL, UD614-42. 

Figs 13,14. Chiasmolithus solitus (Bramlette & Sullivan, 1961),0228-1141: Fig. 13, 
distal view, PC, UD624-30; Fig. 14, distal view, XPL, UD624-31. 

Fig. 15. Coccolith us pelagicus (Wallich, 1877), distal view, XPL, UD613-16A, 0226-

1141. 

Fig. 17. Chiasmolithus expansus (Bramlette & Sullivan, 1961), distal view, XPL, 

UD624-22A, 0349-1433. 

Fig. 18. Chiasmolithus grandis (Bramlette & Reidel, 1954), distal view, XPL, UD631-

38, D229-1148. 

Fig. 19. Coccolithus eopelagicus (Bramlette & Reidel, 1954), distal view, XPL, UD614-

40,0348-1432 (ML26). 
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PLATE 5. 

Light photomicrographs 

XPL = Crossed Polarised Light 
PC = Phase Contrast 

PPL = Plane Polarised Light 
Scale Bar = 51lfll 

Fig. 1. Cruciplacolithusfrequens (Perch-Nielsen, 1977), distal view, XPL, UD615-5 
DI34-1003. ' 

Fig. 2. Cruciplacolithus tenuis (Stradner, 1961), distal view, XPL, UD615-2, D134-
1003. 

Figs 3,4. Cruciplacolithus vanheckae Perch-Nielsen, 1986, D47 6-14 77: Fig. 3, distal 
view, XPL, UD613-34A; Fig. 4, distal view, PC, UD613-35A. 

Figs 5,6. Ericsonia cava (Hay & Mohler, 1967), D246-1179: Fig. 5, distal view, XPL, 
UD621-34A; Fig. 6, distal view, PC, UD621-35A. 

Figs 7,8. Ericsoniaformosa (Kamptner, 1963), D351-1050: Fig. 7, distal view, PC, 
UD625-3; Fig. 8, distal view, XPL, UD614-21. 

Fig. 9. Ericsonia robusta (Bramlette & Sullivan, 1961), distal view, XPL, UD614-20, 
D246-1179. 

Figs 10,11. Ericsonia subpertusa Hay & Mohler, 1967, D134-1003: Fig. 10, distal view, 
XPL, UD629-35A; Fig. 11, distal view, PC, UD629-36A. 

Fig. 12. Discoaster wemmelensis Achuthan & Stradner, 1969, plan view, PC, UD621-
lA, D349-1433. 

Fig. 13. Fasciculithus alanii Perch-Nielsen, 1971a, side view, XPL, UD625-22A, D246-
1179. 

Fig. 14. Fasciculithus clinatus Bukry, 1971, side view, XPL, UD621-3A, DI33-1004. 

Fig. 15. Fasciculithus pileatus Bukry, 1973, side view, XPL, UD616-17A, D246-1179. 

Fig. 16. Discoaster mohleri Bukry & Percival, 1971, plan view, PC, UD629-41A, D133-

1004. 

Fig. 17. Fasciculithus tympani/ormis Hay & Mohler in Hay et ai., 1967, side view, XPL, 

UD624-14A, D134-1003. 
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Fig. 18. Discoaster barbadiensis Tan, 1927, plan view, PPL, UD625-29A, D351-1050. 

Fig. 19. Discoaster multiradiatus Bramlette & Reidel, 1954, plan view, PC, UD629-
42A, D133-1004. 
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PLATE 6. 

Light photomicrographs 

XPL = Crossed Polarised Light 
PC= Phase Contrast Scale Bar = 5flIIl 

Fig. 1. Heliolithus cantabriae Perch-Nielsen, 1971a, distal view, XPL, UD615-8, D134-
1003. 

Fig. 2. Heliolithus reidelli Bramlette & Sullivan, 1961, distal view, XPL, UD616-15A, 
D246-1179. 

Fig. 3. Dictyococcites scrippsae (Hay, Mohler & Wade, 1966), distal view, XPL, 
UD631-31, D234-1156. 

Figs 4,8. Reticulofenestra dictyoda (Deflandre in Deflandre & Fert, 1954), D351-1050: 
Fig. 4, proximal view, XPL, UD625-6A; Fig. 8, proximal view, PC, UD625-7 A. 

Figs 5,6. Reticulofenestra reticulata (Gartner & Smith, 1967), D351-1050: Fig. 5, distal 
view, XPL, UD629-1A; Fig. 6, distal view, PC, UD629-2A. 

Fig. 7. Reticulofenestra hillae Bukry & Percival, 1971, distal view, XPL, UD625-14A, 
D229-1148. 

Fig. 9. Toweius gammation (Bramlette & Sullivan, 1961), distal view, XPL, UD629-3A, 
D366-1448. 

Fig. 10. Sphenolithus anarrhopus Bukry & Bramlette,1969, side view, XPL, UD624-17, 
D133-1004. 

Fig. 11. Sphenolithus furca tolitho ides Locker, 1967, side view, XPL, UD626-40A, 

D350-1434. 

Fig. 12, Sphenolithus moriformis (Bronnimann & Stradner, 1960), side view, XPL, 

UD624-24, D237-1052. 

Fig. 13. Sphenolithus primus Perch-Nielsen, 1971a, side view, XPL, UD624-14, D133-

1004. 

Figs 14,15. Sphenolithus pseudo radians Bramlette & Willcoxon, 1967: Fig. 14, side 
view, XPL, UD614-29, D351-1050; Fig. 15, side view, XPL, UD615-32, D349-1433. 

168 



Fig. 16. Sphenolithus radians Deflandre in Grasse, 1952, side view, XPL, UD615-27, 
0229-1148. 

Fig. 17. Heliolithus kleinpelli Sullivan, 1964, distal view, XPL, UD624-19 A, 0133-
1004. 

Figs 18,19. Dictyococcites bisectus (Hay, Mohler & Wade, 1966), D234-1156: Fig. 18, 
distal view, PC, UD625-8A; Fig. 19, distal view, XPL, UD625-9A. 

Fig. 20. Reticulofenestra umbilicus (Levin, 1965), distal view, XPL, UD631-39, D229-
1148. 
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PLATE 7. 

Light photomj,crographs 

XPL = Crossed Polarised Light 
PC = Phase Contrast 

PPL = Plane Polarised Light 
Scale Bar = 5JlIIl 

Fig. 1. Thoracosphaera operculata Bramlette & Martini, 1964, sphere, XPL, UD616-
lOA, D246-1179. 

Figs 2,3. Thoracosphaera tuberosa Kamptner, 1963, D229-1148: Fig. 2, sphere, XPL, 
UD615-25; Fig. 3, sphere, UD615-24. 

Fig. 4. Neochiastozygus distentus (Bramlette & Sullivan, 1961), plan view, XPL, 
UD621-8A, D246-1179. 

Figs 5,6. Neochiastozygus modestus Perch-Nielsen, 1971a, D276-1454: Fig. 5, plan 
view, XPL, UD621-12A; Fig. 6, plan view, PC, UD621-13A. 

Figs 7,11. Neochiastozygus perfectus Perch-Nielsen, 1971a, D276-1454: Fig. 7, plan 
view, PC, UD621-10A; Fig. 11, plan view, XPL, UD621-11A. 

Figs 8,12. Zygodiscus bramlettei Perch-Nielsen, 1981: Fig. 8, plan view, PC, UD624-2, 
D276-1454; Fig. 12, plan view, XPL, UD624-10, DI33-1004. 

Figs 9,13. Sphenolithus spriniger Bukry, 1971: Fig. 9, side view, XPL, UD615-21, 
D349-1433; Fig. 13, side view, XPL, UD615-36, D348-1432. 

Fig. 10. Ellipsolithus macellus Sullivan, 1964, plan view, XPL, UD615-9, D134-1003. 

Fig. 14. Discoaster lodenesis Bramlette & Reidel, 1954, plan view, PPL, UD613-32A, 
D476-1477. 
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PLATE 8. 

SEM photomicrographs 

Fig. 1. Coccolithus pelagicus (Wallich, 1877), distal view, UD601-2, DI30-1152, 
X4250. 

Fig. 2. Discoaster mohleri Bukry & Percival, 1971, plan view, UD601-22, D 134-1 003, 
X3750. 

Fig. 3. Ericsonia cava (Hay & Mohler, 1967), distal view, UD620-21, D276-1454, 
X4780. 

Fig. 4. Cyclicargolithus marismontium (Black, 1964), distal view, UD620-30, D371-
1470, X5500. 

Fig. 5. Dictyococcites bisectus (Hay, Mohler & Wade, 1966), distal view, UD620-39, 
D234-1156, X4600. 

Fig. 6. Cyclicargolithus floridanus (Roth & Hay in Hay et aI., 1967), distal view, 
UD620-37, D234-1156, X9120. 

Fig. 7. Ericsonia subpertusus Hay & Mohler, 1967, distal view, UD620-10, D133-1004, 
X9600. 
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CHAPTER 6 

BIOSTRA TIGRAPHY OF THE MIOCENE 
NEO·AUTOCHTHONOUS SED~NTARY 

COVER OF S. W. CYPRUS 

6.1 Introduction 

The study reported here involves the micropalaeontological analyses, of 57 

samples from 19 localities (Fig. 6.1), including Kottaphi Hill located near Agrokipia 

village (Fig. 2.1), against the northern margin of the Troodos Massif. It also forms part 

of an overall review of the biostratigraphy of the neo-autochthonous sedimentary cover 

of S.W. Cyprus and concentrates on the calcareous sediments of the Pakhna and 

Pissouri Formations, which underlie and overlie the evaporite sequence of the Kalavasos 

Formation respectively. 

The aim of this study is to date the Pakhna, Kalavasos and Pissouri (Myrtou 

Marls) Formations, where the basal horizon of the Pakhna and Pissouri Formations 

makes unconformable contact with the underlying older sedimentary formations of the 

neo-autochthonous sedimentary cover, and the Mamonia and Troodos basement terranes 

and fragments (Fig. 6.2). 

6.2 Sampling Strategy and Localities 

The sampling of the Pakhna (P) and Pissouri (MM; Myrtou Marls) Formations 

(Fig. 6.1), forms part of a wider biostratigraphical study, involving 372 samples from 

100 localities, on the Late Cretaceous (late Campanian) to Late Miocene sediments of 

S.W. Cyprus. The samples were collected as near as possible to the unconformable 

contact with the underlying rocks. Samples were collected from several localities, which 

form part of four measured sections (Figs 6.3,4,5,6) from S.W. Cyprus and Kottaphi 

Hill (K; Fig. 6.7), against the northern margin of the Troodos Massif. 
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Fig. 6.1. General geological map of S.W. Cyprus, displaying the relationship between 

the Mamonia and Troodos basement terranes (M and T respectively) and their 

associated fragments (M', T' respectively and ?' uncertain). Also displaying the sample 

localities of the Pakhna (PI-PIS) and Pissouri (Myrtou Marls; MMI-MM3) Formations 

(modified from Swarbrick 1980). 
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unconfonnable contacts. 

ii). Pakhna Fonnation makes unconfonnable (NP25-NNI) contact with Lefkara, Kathikas and Kannaviou Fonnations and , 
basement terranes and fragments. 

iii). UC = Unconfonnity 

Fig. 6.2. A schematic geological vertical section (not to scale), displaying the Miocene 

and Pliocene sedimentary formations of the neo-autochthonous sedimentary cover of 

S.W. Cyprus. 

6.3 Biostratigraphy 

The earlier micropalaeontological data are of limited value, apart from research 

by Krasheninnikov and Kaleda (1994}, on the Late Cretaceous (Campanian) to Pliocene 

sediments of the Perapedhi section, situated north of LimassoI against the south western 

margin of the Troodos Massif Therefore the study attempts to develop the application of 

micropalaeontology, to the basal horizons of the chalk outcrop, relating to the Pakhna 

and Pissouri Formations of the neo-autochthonous sedimentary cover, which both 

formations make unconformable contact with the underlying rocks, in S.W. Cyprus. The 

study reviews the micropalaeontological data obtained, to provide new or refined age 

information for the unconformable contacts (Fig. 6.2), and in tum constrain the age of 

the Kalavasos Formation. 
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Fig. 6.3. Geological measured vertical section from Petra-tou-Romiou (CGR 670 367), 
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Member, Massive Chalk unit) Formation. 
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Fig. 6.4. Geological measured vertical section from Tala (CGR 482 571), displaying the 

unconformity between the Pakhna and underlying Lefkara (Lower Member) Formation. 
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Fig. 6.5. Geological measured vertical section from Dhrousha (CGR 455 713), 
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Fig. 6.6. Geological measured vertical section from Kathikas valley (CGR 461 629), 

displaying the unconformity between the Pakhna and underlying Lefkara (Lower 

Member) Formations. 
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Fig. 6.7. Geological measured vertical section from Kottaphi Hill (CGR 142 785), 

displaying the major unconformities between the Pakhna and underlying Lefkara 

(Middle Member, Chalk and Chert unit) Formations, and the overlying Koronia 

Limestone Member. 
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The biostratigraphical significance of calcareous nannofossils observed, within 

the samples collected from the localities (Figs 6.1; PI-PI5 and MMI-MM3) in S.W. 

Cyprus and Kottaphi Hill (K) near Agrolcipia (Fig. 2.1), are discussed below. The 

species distribution tables for the Pakhna and Pissouri (Myrtou Marls) Fonnations (Figs 

6.8,9,10), display the species observed within each sample, including state of 

preservation and overall content of the assemblage. The biostratigraphical ranges of 

individual species observed are displayed in Fig 6.11, which have been determined from 

various published sources (6.5 Systematics), and are correlated with the calcareous 

nannofossil zonal scheme erected by Martini (1971). All localities have been given a six 

figure grid reference (CGR). 

The following summary, gives the Locality number (P = Pakhna Fonnation; MM 

= Pissouri Formation, Myrtou Marls; K = Kottaphi Hill), Cyprus Grid Reference (CGR), 

Sample number (D), underlying fonnation or basement and zonal range (NP and NN), 

with all samples discussed in detail below. 

PI (CGR 455 713), D316 (NNI-NN4) and D317 (NNl), Lefkara Fonnation, 

Lower Member, overall NNl (N.B. D319, D321 and D322 are thin sections of 

the underlying Terra Limestone Member) (fonns part of measured section, Fig. 

6.5). 

P2 (CGR 465 655), D122, Kathikas Formation, Oligo-Miocene boundary 

(NP251NN 1). 

P3 (CGR 453 653), D119, Kathikas Formation, Oligo-Miocene boundary 

(NP251NNl). 

P4 (CGR 422641), DI24, Lefkara Formation, Lower Member, NNl. 

P5 (CGR 446 642), D187, Kathikas Formation, NNl. 

P6 (CGR 461 629), D195 (NNl), D196 (NNl), D401 (Oligo-Miocene 

boundary), D198 (NNl) and D402 (NNl), Lefkara Fonnation Lower Member, 

overall NP251NN1 (forms part of measured section, Fig. 6.6). 

P7 (CGR 470 627), D404, Kathikas Fonnation, NNI. 

P8 (CGR 482 571), D599 (NNl), D581 (Oligo-Miocene boundary; thin section 

produced - Terra Limestone Member), D525 (NP24-NNl), D526 (NNI), D527 

(Oligo-Miocene boundary), D529 (NNl) and D580 (NNl), Lefkara Fonnation, 

Lower Member, overall NP251NN1 (fonns part of measured section, Fig. 6. 4). 

P9 (CGR 522 509), D344, Kathikas Fonnation, NNI-NN7. 

PI0 (CGR 539 502), D582, Lefkara Fonnation, Middle Member, NNl. 

Pll (CGR 588 505), D373, Lefkara Fonnation, Middle Member, NNI-NN4. 
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Fig. 6.8. Distribution of calcareous nannofossils observed in the basal horizon 
of the Pakhna Formation (Late Oligocene to Early Miocene). 
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Preservation of calcareous nannofossils. 

G = GOOD (little or no alteration). 

Calcareous nannofossil content (field of view = 390/JlIl). 

A = ABUNDANT (>5 individuals per field of view). 

M = MODERATE (50% showing some fonn of alteration). C = COMMON «5 individuals per field of view). 

P = POOR (all showing some fonn of alteration). s = SPARSE (isolated occurrences). 

Notes 

1) All chalk samples were collected as near as possible to the contact with the underlying lithologies. 

2) MM = Pissour Fonnation (Myrtou Marls). 

Fig. 6.9. Distribution of calcareous nannofossils observed in the basal horizon of the 

Pissouri (Myrtou Marls) Fonnation (Late Miocene) of S.W. Cyprus. 

MMI (CGR 423 773), D311, Mamonia, NNIO. 

MM2 (CGR 510447), D565, Kannaviou Formation, NNII. 

MM3 (CGR 536678), D267, Kannaviou Formation, NNIO. 

Kl (CGR 142 785), D473 (NN9-NNI5), D472 (barren) D471 (NN8-NNI8), 

D469 (NN8-NN18), D470 (NN4-NNll), D468 (NN4-NN7), D467 (NN4-NNS), 

D466 (NN4-NNS), D465 (NN4-NNS), D464 (NN4-NN7), D463 (NNI-NN8), 

D462 (NNI-NN4) D461 (NNI-NN4), D460 (NNI-NN7), D459 (NNl), D458 

(NP24-NNI), D457 (NP24-NNl), D456 (NNl), D455 (NNl), D454 (NNl) and 

D453 (NP24-NNl), Lefkara Formation, Middle Member, overall NP24-NN9. 
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6.3.1 Pakhna Formation chalks 

The samples collected from the base of the Pakhna Fonnation (chalks) of S. W. 

Cyprus, contain in the main, a poor to moderately preserved assemblage of calcareous 

nannofossils. 

Sample D119 (P3), contains an abundant population, with a low diverse species 

content (Fig. 6.8). The combined presence of Dictyococcites bisectus (Hay, Mohler and 

Wade, 1966) (NPI7-NN1; Lazarus et al., 1995) and Coccolithus miopelagicus 

Bukry,1971 (Late Oligocene-Mid Miocene; Perch-Nielsen, 1985b), Indicates a range at 

the Oligo-Miocene boundary (Fig. 6.11), for the assemblage. 

Samples D122 (P2) and D494 (P13), contain a common to abundant population, 

with a low to moderately diverse species content (Fig. 6.8). The presence of 

Cyclicargolithus abisectus (Muller, 1970) (NP24-NN1; Lazarus et aI., 1995), indicate a 

zonal range ofNP24-NNI (Fig. 6.11), for the assemblages. 

Samples D65 (P12), DI24 (P4), D187 (P5), D317 (PI), D402 (P6), D404 (P7), 

D580 (PS), D582 (PI0) and D583 (P15), contain in the main, a common to abundant 

population, with a low to moderately diverse species content (Fig. 6.8). The combined 

presence of Dictyococcites scrippsae Bukry and Percival, 1971 (NP16-NN1; Lazarus et 

aI., 1995) observed in samples DI24, D187, D317, D402 and D583, Helicosphaera 

kamptneri Hay and Mohler in Hay et aI., 1967 (NNI-NN21; Perch-Nielsen, 1985b) 

observed in samples D65, D317, D402, D582 and D583, Helicosphaera sissura Miller, 

1981 (NNI-NN4; Perch-Nielsen, 1985b) observed in samples DI24, D187 and D404, 

and C. abisectus (NP24-NN1; Lazarus et al., 1995) observed in samples D65, D404, 

D580 and D582, indicates a zonal range of NNI (Fig. 6.11), for the assemblages. 

Sample D373 (Pll), contains an abundant popUlation, with a moderately diverse 

species content (Fig. 6.8). The presence of H. sissura indicates a zonal range of NNl­

NN4 (Perch-Nielsen, 1985b), for the assemblage (Fig. 6.11). 

Sample D344 (P9), contains a sparse population, with a low diverse species 

content (Fig. 6.8). The combined presence of H. kamptneri (NNI-NN21; Perch-Nielsen, 

1985b) and Cyclicargolithus floridanus (Roth and Hay in Hay et aI., 1967) (NP20-NN7; 

Lazarus et aI., 1995), indicates a zonal range of NNI-NN7 (Fig. 6.11), for the 

assemblage. 
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Preservation of calcareous nannofossils. Calcareous nannofossil content (field of view = 390~). 
G = GOOD (little or no alteration). A = ABUNDANT (>5 individuals per field of view). 

M = MODERATE (50% showing some fonn of alteration). C = COMMON (<5 individuals per field of view). 

P = POOR (all showing some fonn of alteration). S = SPARSE (isolated occurrences). 

N=BARREN 

Fig. 6.10. Distribution of calcareous nannofossils observed in the measured section 
at Kottaphi Hill (K) (CGR 145785), near Agrokipia village, against the northern 

margin of the Troodos Massif. 

185 



981 

0 ~ ~ 0 z -, _. ::r Il) 0 
~OC/ 

n 0 0 
:T · CT '" !" 
0 0\ Cr ::r 

'" Il) · ~ < 
~ - n 
p:l - :::. g 
& · 

(JQ 

; ..., "0 ~ 

::l ::r .., 
::r 0 

p:l G 
O· c e,. ~ 

§ "'"' 
.., c.. 

p:l ~ 
n 

0. ::3 
c.. 

(JQ ... 
~OC/ n 0 

'" ~ _.0 0 i en en ..... 
en 0 5' 
0 -, c.. ... s:: (') ~::- 3: 
"'"' 0.: -. ~ ~ - c .- (') e,.-
~ p:l '" ::r: 

"'"' ~ ~ '-<::: G 
::4 0 n. ~ 

s:: n Q. 
0 '" n s:: en ::r ... 

::l 
~ Il) 

~ 
< r 

~ 
n 

::3 g -p:l 1.0 ..., ::3 00 - 0 ~ 1.0 
en c..~ 
'--" ~ n 

~ 0 en §. 0 en 

3 -. - ~ 

en n 
Q. 

p:l ~ ::;> 
~ G 
_. 

0 
0 (') 3 -. ::3 0 < en en ~. 
0 0 0 -, 0- c 

'" C/) en "0 
0 C 

~ "'"' E: <: 1;;' 
0 ::r 

n 0. n 
Q. 

'-<::: -. '" ::l 0 
"d c 

2 
,..... ~ :T n 

en G '" -
~ 

0\ 
V. _. 
en 

0 '< 
(') '" ... 

I: Oligo. Miocene Plio. AGE 

Late Early Mid Late Early 
w N ..... ..... V\ MILLION YEARS N w 0'\ 0 

Z ~. ZONES NP & NN Iot:j 
I I 

N N N ..... N W ~ V\ 0'\ -...l 00 \0 ..... ..... ..... ..... ..... 
w ~ V\ 0 ..... N w ~ Martini (1971) 

occolithus pelagicus 
--. Pontosphaera mulipora 

Sphenolithus morifonnis 
--. Reticulofenestra minuta 

Dictyococcites scrippsae 
Dictyococcites bisectus 
~yclicargolithus floridanus 
~yclicargolithus abisectus 
Dictyococcites antarcticus 
~occolithus miopelagicus 
Helicosphaera sissura 
rrhoracosphaera fossata 
Reticulofenestra haqii 
Helicosphaera kamptneri 
ralcidiscus leptoporus 
Helicosphaera granulata 

I Umbilicosphaera sibogae .. Hayaster perplex us 
Sphenolithus heteromorphus .. Reticulofenestra pseudoumbilicus r .. ..... alcidiscus macintyrei 

- -- - -- -- 1"--- Scyphosphaera apsteini 
-. ---- -- -- - Scyphosphaera canescens - -- -- -- -- - Scyphosphaera conica 

- ~-- -- -- 1"-- - Scyphosphaera recta - -- -- -- - - Scyphosphaera recurvata 

-.-- -. -- - - Scyphosphaera turris .. roccolithus pliopelagicus , 
0 n 
::3 3 
G ~ :::. 

~tinaster coalitus 
Rhabdosphaera procera 

(') 0 

'" :T -
~ 

'~nhenolithus abies 
Discoaster pentaradiatus -~ Discoaster beUus 

en .. Helicosphaera selli 
Discoaster neorectus 

". IAmaurolithus amplificus 
~phenolithus verensis 
Amaurolithus delicatus 



Sample D252 (P14), contains a common population, with a high diverse species 

content (Fig. 6.8). The combined presence of C. abisectus (NP24-NN1; Lazarus et a!., 

1995) and Helicosphaera granulata Bukry and Percival, 1971 (NN2-NN10; Perch­

Nielsen, 1985b), indicates a zonal range at the NNIINN2 boundary (Fig. 6.11), for the 

assemblage. 

The samples studied from the basal horizon of the Pakhna Formation, which 

make unconformable contact with the underlying rocks, are age dated on the 

micropalaeontological data discussed above and collectively have a zonal range of 

NP25-NNI (Oligo-Miocene boundary). However, sample D252 indicates a younger age, 

with a zonal range at the NNIINN2 boundary, this anomaly is possibly due to chalk 

talus masking the contact and the sample was collected further up the sedimentary 

sequence at outcrop. 

The outcrop pattern displayed by the base of the Pakhna Formation, which 

makes direct unconformable contact with the southern Mamonia basement fragment, 

suggest the fragment continued to act as a structural high, surrounded by structural lows. 

These lows contain older sediments of the neo-autochthonous sedimentary cover, 

overlying in the main, sediments associated with the Troodos basement terrane and 

fragments (Perapedhi and Kannaviou Formations), this ensured their preservation during 

the erosional event(s), prior to the onset of deposition - the Pakhna ?transgressive event, 

trending south-east to north-west from a deep structural low centred to the east of Petra­

tou-Romiou. 

PI (CGR 455 713). The remaining sample D316 collected from the top of the 

Dhrousha measured section (Fig. 6.5), contains a common population, with a 

moderately diverse species content (Fig. 6.8). The presence of H. sissura indicates a 

zonal range of NN 1-NN4 (Perch-Nielsen, 1985b), for the assemblage (Fig. 6.11) and the 

outcrop of the Pakhna Formation at this locality, when including the zonal range (NN 1) 

for the basal sample D317. 

P6 (CGR 461 629). Samples were collected from the Pakhna Formation (basal 

hard ground and chalks), which form part of the Kathikas measured section (Fig. 6.6), 

unconformably overlying the Lefkara Formation, Lower Member. Samples D195, D196, 

D198, D401 and D402, contain in the main, a common population, with a low to 

moderately diverse species content (Fig. 6.8). The age diagnostic species of C. abisectus 

(NP24-NN1; Lazarus et ai., 1995) observed in samples D195 and D196, D. scrippsae 
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(NP16-NN1; Lazarus et aI., 1995) observed in samples D198 and D402, and H. sissura 

(NNI-NN4; Perch-Nielsen, 1985b) observed in samples D195, D196, D198 and D402 

indicate an overall zonal range of NN 1 for the Pakhna Formation at this locality. 

P8 (CGR 482 571). Samples were collected from the Pakhna Formation, which 

form part of the Tala measured section (Fig. 6.4), unconformably overlying the Lefkara 

Formation, Lower M'ember. Samples D525, D52,6, D527, D529, D580, D581 and D599, 

contain in the main a sparse population, with a low to moderately diverse species 

content (Fig. 6.8). The age diagnostic species of C. abisectus (NP24-NNl; Lazarus et 

aI., 1995) observed in samples D525, D526, D529, D580 and D599, H. sissura (NNl­

NN4; Perch-Nielsen, 1985b) observed in samples D529 and DS99, and H. kamptneri 

(NNI-NN21; Perch-Nielsen, 1985b) observed in samples D526 and D580, indicate an 

overall zonal range of NN 1 for the Pakhna Formation chalks at this locality. 

P13 (CGR 670367). Samples were collected from the Pakhna Formation chalks, 

which form part of the Petra-tou-Romiou measured section (Fig. 6.3), unconformably 

overlying the Lefkara Formation, Middle Member, Massive Chalk unit. Samples D491, 

D492, D493 and D494, contain a common population, with a moderately diverse 

species content (Fig. 6.8). The age diagnostic species of C. abisectus (NP24-NN1; 

Lazarus et aI., 1995) observed in all samples and H. kamptneri (NNI-NN21; Perch­

Nielsen, 1985b) observed in all samples apart from D491, indicate a zonal range of 

NP24-NNl for the Pakhna Formation chalks at this locality. 

Discussion. Based on the biostratigraphical data above, the unconformable base 

of the Pakhna Formation of S.W. Cyprus, which has a zonal range of NP25-NNI 

(Oligo-Miocene boundary), can be loosely correlated with research carried out by 

Krasheninnikov and Kaleda (1994) on the Perapedhi section and corresponds with the 

conformable base of the Member ill of their Kilani Formation (planktonic foraminiferal 

zone P22 Turborotalia kugleri, Fig. 3.4). 

6.3.2 Pakhna Formation, Terra Limestone Member 

The samples were collected from three localities of the Pakhna Formation, Terra 

Limestone Member, and all form part of measured sections (Figs 6.3,4,5) located in 

S.W. Cyprus. The Tala locality (P8; CGR 482 571) with sample D581, which is 

sandwiched within the basal horizon of the Pakhna Formation chalks, with a zonal range 

of NNl and the Dhrousha locality (PI; CGR 455 713), with samples D319, D322 and 
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D321, underlying the Pakhna Fonnation chalks again with a zonal range of NN 1 and 

unconformably overlying the Lefkara Fonnation, Lower Member, and are both 

recognised localities of the Terra Limestone Member (Pantazis, 1979; Turner, 1971 

respectively). The remaining locality is the newly recognised outcrop, fIrst reported 

here, from Petra-tou-Romiou (PI3; COR 482 571) with sample D495, overlying the 

Pakhna Formation chalks with a zonal range of NN 1. Thin sections were produced for 

all samples, and using the known locality of the Terra Limestone Member at Tala 

(sample D581) as a datum and along with published research (Follows and Robertson, 

1990), the newly recognised locality was verifIed as a Terra Limestone Member locality, 

other than by its fIeld relationship of being located at or near to the base of the Pakhna 

Formation. 

The Terra Limestone Member was initially dated by Allen (1967) as Late 

Oligocene - Early Miocene, based on the presence of Benthonic foraminifera 

Loxostomum delicatum and the reef dwelling Lepidocyclina sp. and Miogypsina sp. 

Mantis (1970) also dated the member as Burdigalian, based on the presence of 

planktonic foraminiferal zones Globigerinita dissimilis, Globoquadrina dehiscens and 

Globigerinoides glomerosa. 

The presence of the reef dwelling benthonic foraminifera Lepidocyclina sp. and 

Miogypsina sp. observed in all thin sections, indicates all samples were collected from 

the Terra Limestone Member. 

6.3.3 Pakhna Formation, Kottaphi Hill measured section 

K1 (CGR 142 785). The samples were collected from the Pakhna Fonnation 

chalks, which fonn part of a measured section at Kottaphi Hill (Fig. 6.7), near Agrokipia 

village, against the northern margin of the Troodos Massif. The section unconfonnably 

overlies the Lefkara Fonnation, Middle Member, Chalk and Chert unit, and is 

unconformably overlain by the Koronia Limestone Member of the Pakhna Fonnation 

(Zomenis, 1972). 

Samples D453 - D473 inclusive, contain a poor to moderately preserved 

assemblage of calcareous nannofossils, with a sparse to common population and a low 

to moderately diverse species content (Fig. 6.10). The age diagnostic species of C. 

abisectus (NP24-NNl; Lazarus et ai., 1995) observed in samples D453 - D456 

inclusive, H. kamptneri (NNI-NN21; Perch-Nielsen, 1985b) observed in samples D454 
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and D450, and H. sissura (NNI-NN4; Perch-Nielsen, 1985b) observed in sample D456, 

indicates a zonal range of NP24-NNI (Fig. 6.11) for the base of the section (D453) and 

NN 1 (Fig. 6.11) for the remaining units of the basal horizon. The presence of 

Sphenolithus abies Deflandre in Deflandre and Fert, 1954 (NN9-NNI5; Perch-Nielsen, 

1985b), observed in sample D473, indicates the top of the section to be no older than 

NN9 (Fig. 6.11). This gives an overall zonal range of NP24-NN9 for the measured 

section at Kottaphi Hill. 

Discussion. The base of the Pakhna Formation chalks at Kottaphi Hill measured 

section, with a zonal range of NP24-NN1, is similar in age to the base of the formation 

seen in S.W. Cyprus, with a zonal range of NP25-NNI (Oligo-Miocene boundary). 

Research carried out by Bear (1960) during the initial survey, mapped the area around 

Agrokipia and noted the unconformity between the basement and Lefkara Formation 

(Lapithos Group), Middle Member (Middle Lapithos), Chalk and Chert unit, followed 

by the unconformable overlying Pakhna Formation chalks and unconformable Koronia 

Limestone Member of the Pakhna Formation. Research by Mantis in Zomenis (1972), 

placed his lower units 1 and 2, which unconformably overlie the Lefkara Formation, 

Middle Member, Chalk and Chert unit into The Lefkara Formation, Upper Member 

(Upper Lefkara) , with an age range of Late Oligocene to Early Miocene and the 

remaining higher units into the Pakhna Formation. Later research by Baroz and Bizon 

(1977) followed Bear (1960), by placing all the chalks between the Lefkara Formation 

and Koronia Limestone Member into the Pakhna Formation chalks, with an age range of 

Burdigalian to lower Messinian. Therefore the study agrees with Bear (1960) and Baroz 

and Bizon (1977), by placing all the chalks above the unconformity with the Lefkara 

Formation, Middle Member, Chalk and Chert unit, which represents the Pakhna 

?transgressive event and below the unconformity with the Koronia Limestone Member, 

into the Pakhna Formation chalks at Kottaphi Hill. 

6.3.4 Pissouri Formation (Myrtou Marls) 

The samples collected from the Pissouri Formation (Myrtou Marls) of S.W. 

Cyprus, contain a moderate to well preserved assemblage of calcareous nannofossils. 

Samples D267 (MM3) and D311 (MM1), contain an abundant population, with 

a high diversity of species content (Fig. 6.9). The combined presence of Discoaster 

neorectus Bukry, 1971 (NNI0-NN11; Perch-Nielsen, 1985b) observed in both samples, 

Discoaster bellus Bukry and Percival, 1971 (NN9-NNI0; Perch-Nielsen, 1985b) 
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observed in sample D311 and Catinaster coalitus Martini and Bramlette, 1963 (NN8-

NNI0~ Perch-Nielsen, 1985b) observed in sample D267, indicates a zonal range ofNNI0 
for both assemblages. 

Sample D565 (MM2), contains an abundant population, with a high diversity of 

species content (Fig. 6.9). The combined presence of D. neorectus (NNI0-NNll; Perch­

Nielsen, 1985b) and Amaurolithus amplificus (Bukry and Percival, 1971) (NN 11-NN12; 

Perch-Nielsen, 1985b), indicates a zonal range ofNN11 (Fig. 6.11), for the assemblage. 

The outcrop pattern displayed by the limited sampling of the Pissouri Formation 

(Myrtou Marls), basal horizon in S.W. Cyprus, which makes unconformable contact with 

the underlying rocks, is diachronous from the north (NNI0; MM:l and MM3; Fig. 6.1) to 

south (NNll~ .MM2~ Fig. 6.1), and suggest the underlying Kalavasos Formation 

(evaporites), located south-east of Dhrousha village (polemi basin), to older (Tortonian) 

than initially reported as Messinian (pantazis, 1978; Orszag-Sperber et al., 1989). 

Discussion. Based on the biostratigraphical data above, the north to south 

diachronous (NNIO to NNl1) unconformable contact of the Pissouri Formation (Myrtou 

Marls), continues southwards and can be correlated with the research carried out by 

Krasheninnikov and Kaleda (1994), on the Perapedhi section and corresponds with their 

unconformable contact of basal Pliocene (calcareous nannofossil zonal range ofNN12). 

6.4 Summary 

1). The unconformable contact between the basal horizon of the Pakhna 

F ormation chalks (pakhna transgressive event) and the underlying rocks has been dated, 

with a relative biostratigraphical zonal range of NP25-NN1 (Oligo-Miocene boundary) 

for S. W. Cyprus. 

2). The outcrop pattern displayed by the Pakhna Formation, where it makes 

direct contact with the southern Mamonia basement fragment, suggest the fragment 

continued to act as a structural high, during an erosional event prior to the onset of the 

Pakhna transgressive event 

3). A newly recognised outcrop of the Pakhna Formation, Terra Limestone 

Member has been located at Petra-tou-Romiou, conformably overlying the Pakhna 

Formation chalks, with a relative biostratigraphical zonal range ofNN1. 
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4).The study of the Pakhna Formation basal horizon, from the Kottaphi Hill 

measured section, near Agrokipia village, against the northern margin of the Troodos 

Massif, confirms the onset of the Pakhna transgressive event at this locality, with a 

relative biostratigraphical zonal range of NP24-NN1, which is similar to the zonal range 

of NP25-NN1 (Oligo-Miocene boundary), recorded for the ?transgressive event in S.W. 

Cyprus. 

5). Age dated the north to south trending diachronous unconformable contact 

between the basal horizon of the Pissouri Formation (Myrtou Marls) and the underlying 

rocks, with a relative biostratigraphical zonal range of NN lOwest of Polis, NN 11 north 

of Paphos and NN12 east of Petra-tou-Romiou (Perapedhi section of Krasheninnikov 

and Kaleda, 1994) for S.W. Cyprus. 

6). Age dated the Kalavasos Formation of S.W. Cyprus (Polemi basin) as 

Tortonian, older than initially thought (Messinian). 

6.5 Systematic Descriptions 

Family Ceratolithaceae Norris, 1965 

Genus Amaurolithus Gartner & Bukry, 1975 

Type species. Ceratolithus tricomiculatus Gartner, 1967. 

Remarks. The horseshoe-shaped genus Amaurolithus differs from the similar form 

Ceratolithus (Kamptner, 1950), by only showing weak birefringence between crossed 

polars. 

Amaurolithus amplificus (Bukry & Percival) Gartner & Bukry, 1975 

(PI. 10, fig. 1) 

1971 Ceratolithus amplificus Bukry & Percival: 125, pI. 1, figs 9-11. 

1975 Amaurolithus amplificus (Bukry & Percival); Gartner & Bukry: 454, pI. 6, figs g-I. 

1994 Amaurolithus amplificus (Bukry & Percival); Staerker: pI. 1, figs 13 a-b. 

Holotype. Bukry & Percival, pI. 1, figs 9,10, USNM 169176, sample V3-153, 531cm, 

locality Lamont core, Atlantic Ocean. 
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Description. Between crossed polars, horseshoe-shaped nannoliths of robust 

construction. Asymmetrical outline with one arm straighter and shorter than the other 

and displays a central ridge (overgrowths commonly cover node-like projections to form 

the ridge). Short apical spine on outer part of arch located above shorter arm. 

Dimensions. Length 14.4J,lm: Width 8.0Jlffi. 

Remarks. Normally viewed in plane polarised light, due to weak birefringence. Gartner 

& Bukry (1975), considered the robust arms, asymmetrical outline and small broad 

apical spine above the straight arm, to be distinguishing features of the species. 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. The short vertical range of Amaurolithus amplificus, makes the species 

stratigraphically important. 

Rang,e. Late Miocene (NN11 to NN12), Perch-Nielsen (1985b). 

Amaurolithus delicatus Gartner & Bukry, 1975 

(PI. 10, fig. 2) 

1975 Amaurolithus delicatus Gartner & Bukry: 456, pI. 7, figs a-f. 

1992 Amaurolithus delicatus Gartner & Bukry; Xu & Wise: pI. 5, figs 3,4. 

Holotype. Gartner & Bukry, pI. 7, fig. e, sample DSDP 22-214-9, 22-23cm, locality 

Indian Ocean (lat 11 °20' S.; long 88°43' E.). 

Description. In plane polarised light, horseshoe-shaped nannoliths of delicate 

construction. Slightly asymmetrical, with sub equal arms of equal thickness tapering to 

points and pointing inwards to indicate closure of open end of horseshoe. 

Dimensions. Length 12.8Jlffi: Width 9.6Jlffi. 

Remarks. Amaurolithus delicatus is distinguished from A. primus (Bukry & Percival, 

1971) and A. tricorniculatus (Gartner, 1967) by being longer than the width in the 

former and in the latter by not having apical spine on outer part of the arch. Gartner & 

Bukry (1975), considered the delicate construction and lacking an apical spine, to be 

distinguishing features of the species. 
Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. The short vertical range of Amaurolithus delicatus, makes the species 

stratigraphic all Y important. 
Range. Late Miocene to Early Pliocene (NNll to NN13), Perch-Nielsen (1985b). 
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Family Coccolithaceae Poche, 1913 

Genus Calcidiscus Kamptner, 1950 

Type species. Calcidiscus quadriforatus Kamptner, 1950. 

Remarks. The genus includes circular coccoliths, with distal shield composed of a 

single cycle of elements and larger than simple proximal shield. Central area open or 

closed. Refer to Loeblich and Tappan (1978), who have provided a detailed review of 

the genus. 

Calcidiscus leptoporus (Murray & Blackman) Loeblich & Tappan, 1978 

(PI. 10, fig. 3; PI. 11, fig. 5) 

1898 Coccosphaera leptoporus Murray & Blackman: 430,439, pI. 15, figs 1-7. 

1978 Calcidiscus leptoporus (Murray & Blackman); Loeblich & Tappan: 1391. 

1994 Calcidiscus leptoporus (Murray & Blackman); Staerker: pI. 3, fig. 2. 

Holotype. Murray & Blackman, pI. 15, figs 1-7 (line illustrations). 

Description. Circular coccoliths, with distal shield comprising a single cycle of on 

average 28 overlapping elements. Central area formed by depression with small central 

opening. 

Dimensions. Diameter 9.3J..111l. 

Remarks. Calcidiscus leptoporus is distinguished from C. macintyrei by having less 

elements in distal shield «34) and being smaller «IOflIll), (Perch-Nielsen, 1985b). 

Occurrence. The species observed at several Early and Late Miocene localities, in the 

Pakhna and Pissouri (Myrtou Marls) Formations, of S.W. Cyprus. 

Range. Miocene to Holocene, Perch-Nielsen (1985b). 

Calcidiscus macintyrei (Bukry & Bramlette) Loeblich & Tappan, 1978 

(PI. 10, fig. 4; PI. 11, fig. 8) 

1969 Cyclococcolithus macintyrei Bukry & Bramlette: 132, pI. 1, figs 1-3. 

1978 Calcidiscus macintyrei (Bukry & Bramlette); Loeblich & Tappan: 1392. 

1992 Calcidiscus macintyrei (Bukry & Bramlette); Wei & Wise: pI. 1, figs 1,2. 

Holotype. Bukry & Bramlette, pI. 1, fig. 1, USNM 651407, locality south of 

Lugagnano, Torrente Arda, south of Piacenza, Po Valley, Italy. 
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Description. Circular coccoliths, with distal shield composed of on average 40 

overlapping elements. Small central opening. 

Dimensions. Diameter 10.4fJlIl. 

Remarks. Perch-Nielsen (1985b), considered the distal shield comprising not less than 

40 elements and small central opening, to be distinguishing features of the species. 

Occurrence. The species observed at several Early and Late Miocene localities, in the 

Pakhna and Pissouri (Myrtou Marls) Formations, of S.W. Cyprus. 

Range. Miocene to Pliocene (NN4 to NN18), Perch-Nielsen (1985b). 

Genus Coccolith us Schwarz, 1984 

Type species. Coccosphaera peZagica Wallich, 1877. 

Remarks. The genus includes elliptical coccoliths, with distal shield comprising a 

single cycle of elements. Elements at distal margin of open central area are radially 

oriented and do not form a crest above distal surface. A bridge may be present, aligned 

to the short axis. 

Coccolith us miopelagicus Bukry, 1971 

(PI. 10 fig. 7) 

1971 Coccolithus miopelagicus Bukry: 1971: 310, pI. 2, figs 6-9. 

1973 Coccolithus miopelagicus Bukry; Wise: emend 593, pI. 8, figs 9-11. 

Holotype. Bukry, pI. 2, figs 7,8, USNM 176888, sample DSDP 63.0-3-4, 80-81cm, 

locality East Caroline Basin, western equatorial Pacific Ocean. 

Description. In plane polarised light, large elliptical coccoliths. In distal view, broad 

rim enclosing cycle of inclined irregular granules, forming distal margin of open central 

area. Central area in relation to overall size, long axis 47% and short axis 35% of total 

length, on average. 

Dimensions. Overall length 15.2Jlm, width 13.6Jlm: Central area, length 7.2Jlm, width 

4.8JlIll. 

Remarks. In plane polarised light, Coccolithus miopeZagicus is similar in appearance to 

C. eopeZagicus (Bramlette & Riedel, 1954) and C. pliopelagicus, but can be 

distinguished in the former by size of central area in relation to its overall size (Bukry, 

1971), with the long axis at 50% [59%], and the short axis at 42% [50%] of total length, 

maximum (Wise (1973), emended the short axis measurement to include down to 30%), 

and in the latter by overall size (> 13f.lIl1). 
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Occurrence. The species is observed at almost all of the Early Miocene localities, in the 

Pakhna Fonnation, of S.W. Cyprus. 

Range. Late Oligocene to Mid Miocene, Perch-Nielsen (1985b). 

Coccolith us pelagicus (Wallich) Schiller, 1930 

(PI. 10, fig. 5) 

1877 Coccosphaera pelagica Wallich: 348, pI. 17, figs 1,2,5,11,12. 

1930 Coccolithus pelagicus (Wallich); Schiller: 246, figs 123,124. 

1973 Coccolithus pelagicus (WalIich); Roth: 730, pI. 1, fig. 1; pI. 4, figs 3,6. 

Holotype. Wallich, pl. 17, figs 1,2,5,11,12 (line illustrations). 

Description. Between crossed polars and plane polarised light, elliptical coccoliths, 

with a distal shield of weak birefringence, composed of slightly dextral imbricating 

elements and inner cycle with stronger birefringence forming distal margin to small 

open central area, sometimes bridged by a crossbar aligned to short axis of the ellipse. 

Dimensions. Length 8.0J.lm: Width 6.4Jllll. 

Remarks. Coccolithus peZagicus is similar in appearance to C. eopelagicus (Bramlette 

& Riedel, 1954), C. miopeZagicus and C. pliopelagicus but is much smaller in size 

« 13f.1m) and lacks an elongate central area. Tends to be used as a 'waste basket' for 

simple elliptical coccoliths of the Coccolithaceae family(Perch-Nielsen, 1985b). 

Occurrence. The species is observed at almost all of the Tertiary localities, of S.W. 

Cyprus, in the Lefkara, Pakhna and Pissouri (Myrtou Marls) Fonnations. 

Range. Palaeocene to Holocene, Perch-Nielsen (1985b). 

Coccolith us pliopelagicus Wise, 1973 

(PI. 10, fig. 6) 

1973 Coccolithus pliopelagicus Wise: 593, pI. 8, figs 1-6. 

Holotype. Wise, pI. 8, figs 1-3, USNM 186174, sample DSDP 176-5, (l20cm), locality 

Oregon continental shelf, Pacific Ocean. 

Description. In plane polarised light, large elliptical coccoliths, with a broad rim 

enclosing cycle of inclined irregular granules, forming distal margin of open elongate 

central area. Central area in relation to overall size, long axis 53% and short axis 46% of 

total length. 

196 



Dimensions. Overall length 12.0J,lm, width 10.4J,lm: Central area, length 6.4J.1m, width 

4.8Jlffi. 

Remarks. The central area of specimen described, on average has a short axis length 

greater than 40% of total length. However, Wise (1973) noted forms from the Miocene, 

that resemble the specimens described, by having central area less elongate and more 

oval in shape and suggests that those forms may be ancestor to Coccolithus 

pliopeZagicus. 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. 

Range. Mid Miocene to Pliocene (NN5 to NNI8), Wise (1973). 

Genus Umbilicosphaera Lohmann, 1902 

Type species. Coccosphaera sihogae Weber-van Bosse, 1901. 

Remarks. The genus includes elliptical or circular coccoliths, with distal shield 

comprising a single cycle of radially arranged elements. Between crossed polars, central 

tube or inner cycle of elements shows strong birefringence, giving a collar appearance at 

distal margin of open central area. 

Umbilicosphaera sibogae (Weber-van Bosse) Gaarder, 1970 

(PI. 10, fig. 7,8) 

1901 Coccosphaera sibogae Weber-van Bosse: 137, 140, pI. 17, figs 1,2. 

1902 Umbilicosphaera mirabilis Lohmann: 139, pI. 5, figs 66,66a. 

1970 Umbilicosphaera sibogae (Weber-van Bosse); Gaarder: 126. figs 8e,9c-d. 

1991 Umbilicosphaera sibogae (Weber-van Bosse); Shyu & Muller: pI. 3, fig. 10. 

Holotype. Weber-van Bosse, pI. 17, figs 1,2 (line illustrations). 

Description. Circular coccoliths, with distal shield composed of on average 40 radial 

elements. At distal margin of open central area, elements of central tube form a collar, 

showing good birefringence when seen between crossed polars. 

Dimensions. Overall diameter 8.0JlIIl: Central area 2.4!lffi. 

Remarks. Perch-Nielsen (1985b), considered the circular shape and the relatively large 

central opening to be distinguishing features of the species. 
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Occurrence. The species observed at several Early and Late Miocene localities, in the 

Pakhna and Pissouri (Myrtou Marls) Formations, of S.W. Cyprus. 

Range. Mid Miocene to Holocene, Perch-Nielsen (1985b). 

Family Discoasteraceae Tan Sin Hok, 1927 

Genus Catinaster Martini & Bramlette, 1963 

Type species. Catinaster coalitus Martini & Bramlette, 1963. 

Remarks. The genus includes basket-shaped nannoliths, composed of rays that may 

extend beyond the central section. The inter areas between the rays may be thin or 
partially open. 

Catinaster coalitus Martini & Bramlette, 1963 

(PI. 11, fig. 5) 

1963 Catinaster coalitus Martini & Bramlette: 851, pI. 103, figs 7-10. 

1975a Catinaster coalitus Martini & Bramlette; Jafar: 53, pI. 6, figs 13-16. 

1992 Catinaster coalitus Martini & Bramlette; Xu & Wise: pI. 5, figs 9,10,17. 

Holotype. Martini & Bramlette, pI. 103, fig. 7, USNM 647856, horizon Lengue 

Formation, locality Lengue Settlement, Trinidad. 

Description. Basket-shaped nannoliths, sub circular- to hexagonal-shaped in plan view, 

formed by six bent rays that appear to bifurcate perpendicular to the ray at the tips, to 

form outer rim. The inter areas between rays are partially open. 

Dimensions. Diameter 12J..Ul1. 

Remarks. Catinaster coalitus differs from C. calyculus Martini & Bramlette, 1963, by 

the rays not extending beyond the basket. The species is distinguished by the form of six 

rays that bifurcate at right angles at the tips, to form distal outer rim (Martini & 

Bramlette, 1963). 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. The short vertical range of Catinaster coalitus, makes the species 

stratigraphically important. 

Range. Late Miocene (NN8 to NNI0), Perch-Nielsen (1985b). 
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Genus Discoaster Tan Sin Hok, 1927 

Type species. Discoaster pentaradiatus Tan Sin Hok, 1927. 

Remarks. The genus includes rosette- or star-shaped nannoliths in plan view. In side 

view, species can be either bi-convex, concavo-convex or plano-convex and all species 

show radial symmetry. Central boss and/or stem may be present on distal and/or 
proximal surface. 

Discoaster cf bellus Bukry & Percival, 1971 

(PI. 10, fig. 9) 

1971 Discoaster bellus Bukry & Percival: 128, pI. 3, figs 1,2. 

Holotype. Bukry & Percival, pI. 3, fig. 1, USNM 169189, sample DSDP core 55.0-4-1, 

130-131cm, locality Caroline Rise, Pacific Ocean. 

Description. In plane polarised light, star-shaped nannoliths, all showing dissolution. 

Composed of five slightly tapering arms that terminate as blunt points. Suture lines 

visible between crossed polars from centre to inter-areas between anTIS, no central 

structure present. 

Dimensions. Diameter 10AJ.UIl. 

Remarks. Discoaster bellus is distinguished from D. hamatus Martini & Bramlette, 

1963, by being consistently smaller in size, broader rays and lacking ray-tip spur. Bukry 

& Percival (1971), considered the simple five rays with no central structure, to be 

distinguishing features of the species. 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. The short vertical range of Discoaster be llus , makes the species 

stratigraphically important. 

Range. Late Miocene (NN9 to NNIO), Perch-Nielsen (1985b). 

Discoaster pentaradiatus (Tan Sin Hok) emend Bramlette & Riedel, 1954 

(PI. 10, fig. 18) 

1927 Discoaster pentaradiatus Tan Sin Hok: 416, fig. 14. 

1954 Discoaster pentaradiatus (Tan Sin Hok); emend Bramlette & Riedel: 401, figs 2a-b, pI. 39, fig. 

11. 

1991 Discoaster pentaradiatus (Tan Sin Hok); Spaulding: pI. 3, figs 7,8. 
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Holotype. Tan, 416, fig. 14 (line illustration). 

Description. In plane polarised light, star-shaped nannoliths. Composed of five thin 

tapering arms with tenninal bifurcation that is thin and delicate. 

Dimensions. Diameter 16~. 

Remarks. Bramlette & Riedel (1954), considered the five thin tapering arms with 

delicate tenninal bifurcation to be distinguishing features of the species. 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Fonnation of S.W. Cyprus, which makes contact with the underlying rocks 
unconfonnably. 

Range. Late Miocene to Pliocene (NN9 to NNI7), Perch-Nielsen (1985b). 

Discoaster cf neorectus Bukry, 1971 

(PI. 10, fig. 19) 

1971 Discoaster neorectus Bukry: 316, pI. 4, figs 6,7. 

Holotype. Bukry, pI. 4, fig. 7, USNM 176905, sample DSDP 72.0-3-4, 63-64cm, 

locality western flank East Pacific Rise, Equatorial Pacific Ocean. 

Description. In plane polarised light, large star-shaped nannoliths, composed of six long 

straight to slightly convex arms, that terminate in simple points. 

Dimensions. Diameter 17 .O~. 

Remarks. Possible due to dissolution, specimens described are smaller than that 

described by Bukry (1971),which are >20.0~ in diameter. 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Fonnation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. The short vertical range of Discoaster neorectus, makes the species 

stratigraphically important. 

Range. Late Miocene (NNIO to NNl1), Perch-Nielsen (1985b). 

Discoaster variabilis Martini & Bramlette, 1963 

(PI. 10 fig. 13) 

1963 Discoaster variabilis Martini & Bramlette: 854, pI. 104, figs 4-9. 

1992 Discoaster variabilis Martini & Bramlette; Siesser & Bralower: pI. 5, fig. 12. 

Holotype. Martini & Bramlette, pI. 104, figs 4,5, USNM 647860, horizon Tortonian 

type locality, locality Rio Mazzapiedi-Castellania, near Tortona, Italy. 
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Description. In plane polarised light, star-shaped nannoliths, comprising six broad 

slightly tapered arms, thinning distally and terminate with bifurcation to form angle of 

approximately 900
• Centrally, stellate knob is present, with tips extending into median 

line of the arms. 

Dimensions. Diameter 12f.1Ill. 

Remarks. Discoaster variabilis is distinguished from D. exilis Martini & Bramlette, 

1963, by having more robustlbroad rays and D. challengeri (Bramlette & Riedel, 1954) 

by having smaller central area. 

Occurrence. The species is observed at several Mid Miocene localities, in the Pakhna 

Formation, of S.W. Cyprus .. 

Range. Mid Miocene to Early Pliocene (NN3 to NN16), Perch-Nielsen (1985b). 

Family Helicosphaeraceae Black, 1971 b 

Genus Helicosphaera Kamptner, 1954 

Synonym: Helicopontosphaera Hay & Mohler in Hay et at. (1967). 

Type species. Coccosphaera carteri Wallich, 1877. 

Remarks. The genus includes helical-rimmed, elliptical coccoliths, usually with an 

asymmetrical flange, constructed of radial elements. Central area, open with or without 

bridge or closed and may display median slit oriented to long axis. 

Helicosphaera granulata Bukry & Percival, 1971 

(PI. 10, figs 10,14) 

1971 Helicopontosphaera granulata Bukry & Percival: 132, pI. 5, figs 1,2. 

1991 Helicosphaera granulata Bukry & Percival; Shyu & MUller: pI. 2, fig. 3. 

Holotype. Bukry & Percival, pI. 5, figs 1,2, USNM 169208, sample DSDP core 15-3-2, 

78-79cm, locality Mid-Atlantic Ridge, Atlantic Ocean. 

Description. Between crossed polars, elliptical coccoliths, with distal shield forming 

helix about central shield and terminal flange protrudes below base-line. In plane 

polarised light central area displays a granular texture. 

Dimensions. Overall length 13.6J,lm, width 10.0J,lm: Central area, length 6.4J,lm, width 

4.8flIl1: Flange protrudes below the base-line by 2.5flIl1. 
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Remarks. Between crossed polars Helicosphaera granulata is distinguished from H. 

burkei Black, 1971 b, by the terminal flange protruding below base-line (Perch-Nielsen, 
1985b). 

Occurrence. The species is observed at a single locality in the Pakhna Formation (Early 

Miocene), south of Arkhimandrita, S.W. Cyprus. 

Range. Miocene (NN2 to NNI0), Perch-Nielsen (1985b). 

Helicosphaera kamptneri Hay & Mohler in Hay et ai., 1967 

(PI. 10, fig. 12; PI. 11, fig. 7) 

1967 Helicopontosphaera kamptneri Hay & Mohler in Hay et al.: 448, pI. 10, fig. 5; pI. 11, fig. 5. 

1992 Helicosphaera kamptneri Hay & Mohler in Hay et al.; Xu & Wise: pI. 4, figs 6,7. 

Holotype. Hay & Mohler, pI. 10, fig. 5; pI. 11, fig. 5, sample UI-H-3730, locality Core 

CG-9, Lat. 17°12' N, Long. 65°45' W, eastern Venezuelan Basin. 

Description. Between crossed polars, elliptical coccoliths, with distal shield fonning 

helix about central shield with small terminal flange. Closed central area, with median 

slit oriented to long axis and both ends terminating at a small perforation. 

Dimensions. Overall length 12.0Jlm, width 7.2Jlm: Central area, length 7.2Jlm, width 

4.8Jl1ll. 

Remarks. Between crossed polars Helicosphaera kamptneri is distinguished from H. 

orientalis Black, 1971b, by its size (>5fllll). 

Occurrence. The species is observed at almost all of the Early and Late Miocene 

localities, in the Pakhna and Pissouri (Myrtou Marls) Formations, of S.W. Cyprus. 

Range. Miocene to Pleistocene (NN1 to NN21), Perch-Nielsen (1985). 

Helicosphaera selli Bukry & Bramlette, 1969 

(PI. 10 figs 11,15) 

1969 Helicopontosphaera selli Bukry & Bramlette: 134, pI. 2, figs 3-7. 

1991 Helicosphaera seW Bukry & Bramlette; Spaulding: pI. 1, figs 15-17. 

Holotype. Bukry & Bramlette, pI. 2, figs 3,4, USNM 651416, locality Le Castella 81, 

Calabria, southern Italy. 
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Des,cription. Between crossed polars, elliptical coccoliths, with distal shield forming 

helix about central shield with terminal flange. Open central area, bridged by continuos 

oblique (leaning towards terminal flange in relation to base-line) crossbar, aligned to 

short axis. 

Dimensions. Overall length 13.6flm, width 8.8flm: Central area, length 7.2flm, width 

4.0flm. 

Remarks. Between crossed polars, Helicosphaera selli differs from H. kamptneri by 

having an oblique central crossbar. in poorly preserved specimens, calcite overgrowth 

reduces the central opening and enlarges the central crossbar. 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. 

Range. Late Miocene to Pliocene (NNI0 to NN19), Perch-Nielsen (1985b). 

Helicosphaera sissura Miller, 1981 

(PI. 10, fig. 16) 

1981 Helicosphaera sissura Miller: 433, pI. 3, figs 10a-c,11a-c. 

Holotype. Miller, pI. 3, figs 10a-c, sample Chevron CN02B, 513-94 horizon Galloway 

Formation, locality Galloway Creek, Point Arena, California. 

Description. Between crossed polars, long elliptical coccoliths, with distal shield which 

displays a small rounded terminal flange. Central area with narrow elongate opening 

oriented to long axis. 

Dimensions. Length 11.2J.llll: Width 7.2Jlffi. 
Remarks. Between crossed polars Helicosphaera sissura is distinguished from H. 

ampliaperata Bramlette & Wilcoxon, 1967, and H. californiana Bukry, 1981, by its 

moderate size and the elongate central opening. 
Occurrence. The species is observed at several Lower Miocene localities, in the Pakhna 

Formation, of S.W. Cyprus. The short vertical range of Helicosphaera sissura, makes 

the species stratigraphically important. 
Range. Early Miocene (NN1 to NN4), Perch-Nielsen (1985b). 
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Family Pontosphaeraceae Lemmermann, 1908 

Genus Pontosphaera Lohmann, 1902 

Type species. Pontosphaera syracusana Lohmann, 1902. 

Remarks. The genus includes elliptical coccoliths, composed of two concavo-convex 

appressed plates, forming low to medium high walls in side view, the distal shield being 

the convex surface. Distally a flange cycle may be present. Central area may have one 

large opening or completely covered, few or many perforations/depressions may be 
present. 

Pontosphaera multipora (Kamptner) Roth, 1970 

(PI. 9, fig. 18) 

1948 Discolithus multipora Kamptner: 5, pI. 1, fig. 9. 

1970 Pontosphaera multipora (Kamptner); Roth: 860. 

1979 Pontosphaera multipora (Kamptner); Romein: 177. 

1982 Pontosphaera multipora (Kamptner); Hamilton & Hojjatzadak: pI. 6.3, figs 5,6; pI. 6, figs 20-23. 

Holotype. Kamptner, pI. 1, fig. 9 (line illustration). 

Description. Between crossed polars, large elliptical coccoliths. When seen in distal 

view, a narrow rim surrounds a large closed central area containing >20 pores. 

Dimensions. Length 10.0IJm: Width 6.7J.l1ll. 

Occurrence. The species is observed at almost all of the Early and Late Miocene 

localities, of S.W. Cyprus, in the Pakhna and Pissouri (Myrtou Marls) Formations. 

Range. Palaeocene to Pleistocene, Hamilton and Hojjatzadak (1982). 

Genus Scyphosphaera Lohmann, 1902 

Type species. Scyphosphaera apsteini Lohmann, 1902. 

Remarks. The genus includes large, high barrel-shaped coccoliths, with a proximal 

plate, similar to that seen in the central area of the genus Pontosphaera. 
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Scyphosphaera apsteini Lohmann, 1902 

(PI. 9, figs 1,2) 

1902 Scyphosphaera apsteini Lohmann: 132, pI. 4, figs 26-30. 

1955 Scyphosphaera apsteini Lohmann; Kamptner: 22, pI. 8, figs 109-112. 

1975a Scyphosphaera apsteini Lohmann; Jafar: 27, pI. 1, figs 1,4-7,9. 

Holotype. Lohmann, pI. 4, figs 26-30 (line illustrations). 

Description. Between crossed polars, barrel-shaped coccoliths, in side view, with 

proximal surface slightly concave, side wall slightly convex and side wall terminating 

simply at distal opening. 

Dimensions. Height 12.0J.1IIl: Diameter 10.0J.1IIl. 

Remarks. A simple barrel-shaped coccolith, were height is slightly smaller or greater 

than the maximum width and is considered by Jafar (1975a), to be a distinguishing 

feature of the species. 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. 

Range. Mid Miocene to Early Pliocene, Perch-Nielsen (1985b). 

Scyphosphaera canescens Kamptner, 1955 

(PI. 9, fig. 3) 

1955 Scyphosphaera canescens Kamptner: 24, pI. 9, fig. 120. 

1975b Scyphosphaera canescens Kamptner; Jafar: 370, pI. 1, fig. 2. 

Holotype. Kamptner, pI. 9, fig. 120 (line illustration). 

Description. Between crossed polars, cylindrical-shaped coccoliths, in side view, with 

concave proximal surface and side wall more or less vertical. 

Dimensions. Height 16Jlm: Diameter 7.2J.1IIl. 

Remarks. Between crossed polars Scyphosphaera canescens differs from S. conica by 

having more or less parallel sides, with apical opening and proximal base of similar 

size, which is considered a distinguishing feature of the species by Jafar (1975b). 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. 
Range. Mid Miocene to Early Pliocene, Perch-Nielsen (1985b). 
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Scyphosphaera conica Kamptner, 1955 

(PI. 9, fig. 5) 

1955 Scyphosphaera conica Kamptner: 26, pI. 9, figs 130,131. 

1975b Scyphosphaera conica Kamptner; Jafar: 370. pI. 2, fig. 8. 

Holotype. Kamptner, pI. 9, figs 130,131 (line illustrations). 

Description. Between crossed polars, cylindrical-shaped coccoliths, in side view. Flat 

proximal surface, with converging side wall, terminating simply at apical openIng, 

which is smaller than the proximal base. 

Dimensions. Height 16.0J.lIIl: Proximal base 6.4J.lIIl: Apical opening 4.8Jl11l. 

Remarks. The Large cylindrical-shaped coccolith, with converging side wall is 

considered to be a distinguishing feature of the species, by J afar (197 5b ). 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Fonnation of S.W. Cyprus, which makes contact with the underlying rocks 
unconformably. 

Range. Mid Miocene to Early Pliocene, Perch-Nielsen (1985b). 

Scyphosphaera recta (Deflandre) Kamptner, 1955 

(PI. 9, fig. 4) 

1942 Scyphosphaera apsteini Deflandre: 131, fig. 16. 

1955 Scyphosphaera recta (Deflandre); Kamptner: 23, pI. 8, figs 115,116. 

1975a Scyphosphaera recta (Deflandre); Jafar: 30, pI. 2, figs 5,6. 

Holotype. Deflandre, fig. 16 (line illustration). 

Description. Between crossed polars, barrel-shaped coccoliths, in side view. Broad 

proximal surface slightly concave, wall rises from proximal surface and diverges 

distally, then terminates with inward curve to form apical opening of similar dimensions 

to proximal surface. Position of maximum width just below apical opening. 

Dimensions. Height 16J.1IIl: Diameter 11.2Jl11l. 

Remarks. Between crossed polars Scyphosphaera recta is distinguished from S. 

recurvata and S. piriformis Kamptner, 1955, by having in the former an apical opening 

and proximal base of similar size, and in latter by being smaller in overall size. 
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Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 
unconformably. 

Range. Mid Miocene to Early Pliocene, Perch-Nielsen (1985b). 

Scyphosphaera recurvata Deflandre, 1942 

(pI. 9, fig. 6) 

1942 Scyphosphaera recurvata Deflandre: 132, figs 17-20. 

1955 Scyphosphaera recurvata Deflandre; Kamptner: 24, fig. 121. 

1975a Scyphosphaera recurvata Deflandre; Jafar: 31, pI. 3, figs 4-7. 

Holotype. Deflandre, figs 17-20. 

Description. Between crossed polars, pear-shaped coccoliths, in side view. Proximal 

surface slightly concave, wall rises from proximal surface diverging with slight 

concavity, becoming convex distally, then terminates with inward and downward curve 

to form apical opening smaller than proximal base. Position of maximum width just 

below apical opening. 

Dimensions. Length 16.0Jlm: Diameter 12.0Jlm: Proximal surface 6.4Jlm: Apical 

opening 4.8Jlffi. 

Remarks. The pear-shaped coccolith with apical opening formed by inward and 

downward curve of side wall, is considered to be a distinguishing feature of the species, 

by Jafar (1975a). 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S. w. Cyprus, which makes contact with the underlying rocks 

unconformably. 

Range. Mid Miocene to Early Pliocene, Perch-Nielsen (1985b). 

Scyphosphaera tuTTis Kamptner, 1955 

(PI. 9, fig. 7) 

1955 Scyphosphaera turris Kamptner: 26, pI. 9, fig. 132. 

1975a Scyphosphaera turns Kamptner; Jafar: 35, pI. 3, figs 2,3. 

Holotype. Kamptner, pI. 9, fig. 132 (line illustration). 

Description. Between crossed polars, flask-shaped coccoliths. In side view, concave 

proximal surface, with side wall diverging slightly outwards from base and then 
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converges sharply and fonns a gentle concave profile. The wall terminates simply at 

apical opening. Position of maximum width, just above base. 

Dimensions. Height 14.4flm: Diameter 8.4flm: Proximal base 6.4flm: Apical opening 

4.0flm. 

Remarks. Between crossed polars Scyphosphaera turris differs from S. intermedia 

Deflandre, 1942, and S. lagena Kamptner, 1955, by having in the fonner, less concave 

walls and not having divergent bend at apical opening, and in the latter, by having less 

parallel sides terminating at apical opening. 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. 

Range. Mid Miocene to Early Pliocene, Perch-Nielsen (1985b). 

Family Prinsiaceae Hay & Mohler, 1967 

Genus Cyclicargolithus Bukry, 1971 

Type species. Coccolithusfloridanus Roth & Hay in Hay et al. (1967). 

Remarks. The genus includes circular to sub circular coccoliths, with distal shield 

slightly larger than proximal shield, joined by central tube. Inner wall at distal margin of 

open (not spanned by grid) or closed central area, does not rise above distal surface. 

Cyciicargolithus abisectus (Muller) Wise, 1973 

(PI. 9, figs 8,12) 

1970 Coccolithus abisectus Muller: 112, pI. 9, figs 1,2. 

1973 Cyclicargolithus abisectus (Muller); Wise: 594. 

1980 Cyclicargolithus abisectus (Muller); Backman: pI. 1, figs 8,9. 

Holotype. Muller, pI. 9, figs 1,2. 

Description. Between crossed polars, sub circular coccoliths, with distal shield 

composed of on average 48 radial elements, forming broad rim. At distal margin of 

central area with small opening, wall/tube displays extinction lines which forms a 

square structure. 

Dimensions. Diameter 10.4Jlm: Central area 4.8Jlffi. 

Remarks. Cyclicargolithus abisectus is distinguished from C. floridanus, by the partial 

covering of regularly arranged elements surrounding central area, size (>9Jlm) and 
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between crossed polars, extinction lines of central tube are disjunct (perch-Nielsen, 
1985b). 

Occurrence. The species is observed at almost all of the Early Miocene localities, in the 

Pakhna Formation, of S.W. Cyprus. The short vertical range of Cyclicargolithus 

abisectus, makes the species stratigraphically important. 

Range. OligocenelMiocene boundary (NP24 to NNl), Lazarus et al. (1995). 

Cyclicargolithus floridanus (Roth & Hay in Hay et al.) Bukry, 1971 

(PI. 11, fig. 1) 

1967 Coccolithusfloridanus Roth & Hay in Hay etal.: 445, pI. 6, figs 1-4. 

1970 Cyclococcolithusfloridanus (Roth & Hay in Hay et at.) Roth: 854, pI. 5, fig. 6. 

1971 Cyclicargolithusfloridanus (Roth & Hay in Hay et at.) Bukry: 312. 

Holotype. Roth & Hay, pI. 6, fig. 1, sample IMS-J501-164, locality Blake Plateau, 

western Atlantic. 

Description. Sub circular coccoliths, with distal shield composed of slightly dextrally 

imbricate elements, forming broad rim enclosing small open central area, partially 

covered by irregular shaped and oriented elements attached to proximal margin of distal 

shield. 

Dimensions. Overall diameter 6.7f1II1: Central a~ea 2.0JlIIl. 

Remarks. Cyclicargolithus floridanus is distinguished from similar form C. 

marismontium (Black, 1964) which is elliptical and has larger central opening. 

Occurrence. The species is observed at almost all of the Early Miocene localities, in the 

Pakhna Formation, of S.W. Cyprus. 

Range. Late Eocene to Oligocene, Roth (1970). Late Eocene to Mid Miocene (NP20 to 

NN7), Lazarus et al. (1995). 

Genus Dictyococcites Black, 1967 

Type species. Dictyococcites danicus Black, 1967. 

Remarks. The genus includes elliptical to sub circular coccoliths, with distal shield 

slightly larger than proximal shield, joined at margin of large central area. Central area 

is spanned proximally by a grid and distally by elements radially arranged on inner wall, 

at distal margin of central area to form a crest, and meet along the major axis of ellipse 

to form a slit. 
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Dictyococcites antarcticus Haq, 1976 

(PI. 9, fig. 11) 

1976 Dictyococcites antarcticus Haq: 561, pI. 3, figs 1-5,7,8. 

Holotype. Haq, pI. 3, fig. 3, sample DSDP site 325, core 8, section 2, interval 132-

134cm. locality Antarctica Continental Rise, west of Antarctica Peninsula. 

Description. Between crossed polars, elliptical coccoliths, with distal shield with 

serrated outline caused by blunt pointed elements. Continuous extinction lines from 

closed central area to outer rim, where it bends sharply, curving anti-clockwise. In plane 

polarised light the elements of central area meet along major axis to form a long 

furrow/slit. 

Dimensions. Length 6.0Ilm: Width 4.0JllIl. 

Remarks. In plane polarised light Dictyococcites antarcticus differs from the older 

fonn D. scrippsae by the longer furrow/slit and generally smaller size, which Haq 

(1976) considered to be a distinguishing feature of the species. 

Occurrence. The species is observed at almost all of the Early Miocene localities, in the 

Pakhna Fonnation, of S.W. Cyprus. 

Range. Late Oligocene to Mid Miocene, Haq (1976). Miocene, Perch-Nielsen, 

(1985b). 

Dictyococcites bisectus (Hay, Mohler & Wade) Bukry & Percival, 1971 

(PI. 11, fig. 4) 

1966 Syracosphaera bisecta Hay, Mohler & Wade: partim, 393, pI. 10, figs 4-6. 

1971 Dictyococcites bisectus (Hay, Mohler & Wade); Bukry & Percival: 127, pI. 2, figs 12,13. 

Holotype. Hay, Mohler & Wade, pI. 10, fig. 4, sample UI-H-2094, horizon Nal 11, 

locality north-east of Nal' chik, north-west Caucasus. 

Description. Large elliptical coccoliths, with distal shield composed of dextrally 

imbricate elements, forming a broad rim. Central area covered with broad imbricate 

elements within multiple cycles, forming dome structure and meet at the centre to form 

a slit oriented to the major axis of the ellipse. 

Dimensions. Length 11.3Jl1l1: Width 9.3Jllll. 
Remarks. Dictyococcites bisectus is the largest species of the genus (Perch-Nielsen, 

1985b). 
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Occurrence. The species is observed at almost all of the Early Miocene localities, in the 

Pakhna Formation, of S.W. Cyprus. 

Range. Late Eocene to Early Miocene (NP17 to NNl), Lazarus et al. (1995). 

Dictyococcites scrippsae Bukry & Percival, 1971 

(PI. 9, fig. 10) 

1971 Dictyococcites scrippsae Bukry & Percival: 128, pI. 2, figs 7<8. 

Holotype. Bukry & Percival, pI. 2, figs 7,8, USNM 169185, horizon Red Bluff Clay, 

locality Chickasawhay River, Shubuta, Mississippi. 

Description. Between crossed polars, elliptical coccoliths with distal shield, of serrated 

outline caused by blunt pointed elements. Continuous extinction lines from outer rim to 

closed central area, where it bends sharply. In plane polarised light the elements of 

central area meet along major axis to form a slit. 

Dimensions. Length 8.0Jlm: Width 6.4Jlffi. 

Remarks. Between crossed polars Dictyococcites scrippsae is distinguished from D. 

bisectus by having a continuous extinction line from outer rim to central area and being 

smaller (Bukry & Percival, 1971). 

Occurrence. The species is observed at almost all of the Early Miocene localities, in the 

Pakhna Formation, of S.W. Cyprus. 

Range. Late Eocene to Early Miocene (NPI6 to NNl), Lazarus et ai. (1995). 

Genus Reticulofenestra Hay, Mohler & Wade, 1966 

Type species. Reticuiofenestra caucasica Hay, Mohler & Wade, 1966. 

Remarks. The genus includes elliptical to sub circular coccoliths, with distal shield 

slightly larger than proximal shield, joined at margin of open central area. Inner wall at 

distal margin of central area does not rise above the distal surface, with central area 

spanned by a lacy network. 

Reticulofenestra haqii Backman, 1978 

(PI. 11, fig. 2) 

1978 Reticulofenestra haqii Backman: 110, pI. 1, figs 1-4; pI. 2, fig. 10. 

1989 Reticulofenestra haqii Backman; Gallagher: 56. 
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Holotype. Backman, pI. 1, figs 1-4, sample 11, locality Vera Basin, Spain, Atlantic 
Ocean. 

Description. Small elliptical coccoliths, with distal shield composed of slightly 

dextrally imbricate elements. Distal margin of open central area consists of coarse 

radiating elements that do not form a crest above the distal surface. 

Dimensions. Overall length 4.0Jlm, width 3.0Jlm: Central area, length 1.0Jlm, width 
O.3flm. 

Remarks. Reticulofenestra haqii is distinguished from R. minuta and R. minutula 

(Gartner, 1967), by being larger in former (>3.0flm) and in latter, a central opening 

longer than 1.5JlDl (Gallagher, 1989). 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 
unconformably. 

Range. Miocene to Pliocene (NNI to NN18), Gallagher (1989). 

Reticulofenestra minuta Roth, 1970 

(PI. 11, fig. 3) 

1970 Reticulofenestra minuta Roth: 850, pI. 5, figs 3,4. 

1989 Reticulofenestra minuta Roth; Gallagher: 59, pI. 3.1, fig. 7. 

Holotype. Roth, pI. 5, fig. 3, sample IMS-A 610130 (A833), horizon Red Bluff 

Formation, locality The Lone Star Cement Quarry, St. Stephens, Alabama, USA. 

Description. Small elliptical coccoliths, with distal shield composed of on average 24 

slightly dextrally imbricate elements. Distal margin of open central area consists of 

coarse radiating elements that do not form a crest above the distal surface. 

Dimensions. Overall Length 2.5flm, width 2.0flm: Central area, length 0.83/lm, width 

O.30flm. 

Remarks. Reticulofenestra minuta is distinguished from R. minutula (Gartner, 1967), 

by being smaller «3.0JlDl) in size (Gallagher, 1989). 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconfonnably. 

Range. early Eocene to Pliocene (NP13 to NNI8), Gallagher (1989). 
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Reticulofenestra pseudoumbilicus (Gartner) Gartner, 1969 

(PI. 9, fig. 9) 

1967 Coccolithus pseudoumbilicus Gartner: 4, pI. 6, figs 1-4. 

1969 Reticulofenestra pseudoumbilica (Gartner); Gartner: 587-589. 

1989 Reticulofenestra pseudo umbilicus (Gartner); Gallagher: 63, pI. 3.2, fig. 6. 

Holotype. Gartner (1967), pI. 6, fig. 3, sample core 64-A-9-5E, 250cm, locality Sigsbee 

knolls, Gulf of Mexico. 

Description. Between crossed polars, elliptical coccoliths, with distal shield composed 

of many thin radial elements, forming slight serrated outline. Large open central area. 

Dimensions. Overall diameter 6.4flm: Central area, diameter 2.4flID. 

Remarks. The large central opening is normally spanned by a lacy network, which 

rarely survives, and therefore between crossed polars is seen dark. The large central 

area/opening «50% of total coccolith area) distinguishes the species (Gallagher, 1989). 

Occurrence. The species is observed at several Early and Late Miocene localities in the 

Pakhna and Pissouri (Myrtou Marls) Formations, of S.W. Cyprus. 

Range. Mid Miocene to Pliocene (NN4 to NN18), Gallagher (1989). 

Family Rbabdosphaeraceae Lemmermann, 1908 

Genus Rhabdosphaera Haeckel, 1894 

Type species. Rhabdosphaera claviger Murray & Blackman, 1898. 

Remarks. The genus includes coccoliths with a relatively high central process which 

mayor may not be hollow, attached to distal surface of basal plate, with or with out 

collar. Basal plate composed of one or more cycle of elements, with concave proximal 

surface. 

Rhabdosphaera procera Martini, 1969 

(PI. 9, fig. 13) 

1969 Rhabdosphaera procera Martini: 289, pI. 26, figs 10,11. 

1975a Rhabdosphaera procera Martini; Jafar: 59, pI. 7, figs 3,4,23,24. 

1992 Rhabdosphaera procera Martini; Siesser & Bralower: pI. 4, fig. 11. 
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Holotype. Martini, pI. 26, figs 10-11, sample 5MB 10701, locality YB-l, near Port 

Gentil, Gabon, West Africa. 

Description. Between crossed polars, coccoliths seen in side view. Comprising a small 

simple sub circular basal plate, with concave proximal surface. Long hollow slender 

central process attached to distal surface of basal plate, with parallel sides. 

Dimensions. Basal plate, diameter 5.2flll1: Central Process, length 11.6flll1. 

Remarks. The species is distinguished by the slender hollow process, with parallel sides 

that display a gradual thickening towards the distal end (Jafar, 1975a). 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. 

Range. Mid Miocene to Early Pliocene (NN8 to NNI5), Jafar (1975a). 

Family Sphenolithaceae Deflandre, 1952 

Genus Sphenolithus Deflandre in Grasse, 1952 

Type species. Sphenolithus radians Deflandre in Grasse, 1952 

Remarks. The genus includes nannoliths having the form of a distal dome or cone/spine 

and proximal column with concave base. Proximal column/shield composed of radial 

arranged elements with triangular cross-section, capped distally by one or more cycles 

of lateral elements, radially arranged. Distally a dome structure of laterally arranged 

elements or apical spine of blade type elements that might bifurcate is present. 

Sphenolithus abies Deflandre in Deflandre & Fert, 1954 

(PI. 9, fig. 15) 

1954 Sphenolithus abies Deflandre in Deflandre & Fert: 50, pI. 10, figs 1-4. 

1975a Sphenolithus abies Deflandre in Deflandre & Fert; Jafar: 62, pI. 7, figs 17,18. 

1991 Sphenolithus abies Deflandre in Deflandre & Fert; Spaulding: pI. 2, figs 7-9. 

Holotype. Deflandre in Deflandre & Fert, pI. 10, figs 1-4. 

Description. Between crossed polars, dome-shaped nannoliths, normally seen in side 

view. Proximally, comprising flaring column of radially arranged elements, with an 

inter-angle slightly greater than 900
• Distally a dome structure is present. Column and 

dome structures both having median extinction line and separated by a median 

extinction line, forming a cross. 
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Dimensions. Height 4.8JllIl: Width 4.0Jlm. 

Remarks. Between crossed polars Sphenolithus abies is distinguished from S. verensis 

by being more uniformly bright and not having a broad proximal base. 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. 

Range. Late Miocene to Early Pliocene (NN9 to NNI5), Perch-Nielsen (1985b). 

Sphenolithus heteromorphus Deflandre, 1953 

(PI. 9, fig. 16) 

1953 Sphenolithus heteromorphus Deflandre: 1786, figs 1,2, 

1967 Sphenolithus heteromorphus Deflandre; Bramlette & Wilcoxon: 122, pI. 2, figs 6-9. 

1992 Sphenolithus heteromorphus Deflandre; Siesser & Bralower: pI. 3, fig. 4. 

Holotype. Deflandre, figs 1,2 (line illustrations). 

Description. Between crossed polars, cone-shaped nannoliths, normally seen in side 

view. Proximally, a compact column of slightly flaring radially arranged elements, 

capped distally by lateral elements of equal thickness and robust apical spine. 

Dimensions. Length 7.2JllIl: Diameter 5.6Jlffi. 

Remarks. Sphenolithus heteromorphus differs from S. conicus (Bukry, 1971) and S. 

belemnos (Bramlette & Wilcoxon, 1967) by having a more robust apical spine. 

Occurrence. The species is observed at several Early to Mid Miocene localities, in the 

Pakhna Formation, of S.W. Cyprus. The short vertical range of Sphenolithus 

heteromorphus, makes the species stratigraphically important. 

Range. Early to Mid Miocene (NN4 to NN5), Perch-Nielsen (1985b). 

Sphenolithus morl/ormis (Bronnimann & Stradner) 

Bramlette & Wilcoxon, 1967 

(PI. 9 fig. 19) 

1960 Nannoturbella moriformis Bronnimann & Stradner: 368, figs 11-16. 

1967 Sphenolithus moriformis (Bronnimann & Stradner); Bramlette & Wilcoxon: 124, pI. 3, figs 1-6. 

1992 Sphenolithus moriformis (Bronnimann & Stradner); Siesser & Bralower: pI. 3, fig. 18. 
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Holotype. Bronnimann & Stradner, figs 11-13,16, sample Prap, BRJ53811 T, horizon 

Alkazar Formation, locality Reporto Capri, near Arroyo Naraujo, Cuba. 

Description. Between crossed polars, dome-shaped nannoliths, normally seen in side 

view. Proximally, comprising a slightly flaring column of radial arranged elements, and 

distally a dome structure is present, both having median extinction line and separated by 

a median extinction line, forming a cross. 

Dimensions. Maximum overall length 4.8J.1m. 

Remarks. Between crossed polars, sometimes it is difficult to distinguish several 

Palaeogene and Neogene dome-shaped sphenoliths from one another. 

Occurrence. The species is observed at almost all of the Early Miocene localities, in the 

Pakhna Formation, of S.W. Cyprus. 

Range. Mid Eocene to Mid Miocene (NP12 to NN9), Perch-Nielsen(1985b). 

Sphenolithus verensis Backman, 1978 

(PI. 9, fig. 20) 

1978 Sphenolithus verensis Backman: 111, pI. 2, figs 4-6,11,12. 

Holotype. Backman, pI. 2, figs 4-6, sample 11, locality Vera basin, Spain, Atlantic 

Ocean. 
Description. Between crossed polars, dome-shaped nannoliths, normally seen in side 

view. Proximally, comprising a pronounced flaring column of radially arranged 

elements, with an inter-angle greater than 90°. Distally a dome structure is present. 

Column and dome structures both having median extinction line and separated by a 

median extinction line, forming a cross. 

Dimensions. Length 8J.1m: Diameter 6.4f.1I11.· 
Remarks. Between crossed polars Sphenolithus verensis can be distinguished from S. 

abies by the pronounced flaring of the proximal elements. 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation of S.W. Cyprus, which makes contact with the underlying rocks 

unconformably. The short vertical range of Sphenolithus verensis, makes the species 

stratigraphically important. 
Range. Late Miocene to Early Pliocene (NNII to NNI3), Perch-Nielsen (1985b). 
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Family Thoracosphaeraceae Schiller, 1930 

Genus Thoracosphaera Kamptner, 1927 

Type species. Syracosphaera heimii Lohmann, 1920. 

Remarks. Thoracosphaerids are considered to be a calcareous dinoflagellates (Romein, 

1979). They include hollow spherical and ovoid calcareous forms, composed of 

interlocking polygonal elements. Anarchaeopyle and operculum may be present. 

Thoracosphaerajossata Jafar, 1975a 

(PI. 9, fig. 14) 

1975a ThoracosphaeraJossata Jafar: 83, pI. 11, figs 1,2. 

Holotype. Jafar, pI. 11, figs 1,2, sample 168, SM.B 125 93 16, locality Bebalain, Rotti, 

Indonesia. 

Description. Between crossed polars, slightly ovoid shells comprising finger-like 

elements of good birefringence, interwoven in complex manner producing irregular wall 

pattern. Anarchaeopyle and operculum was not observed in any of the specimens. 

Dimensions. Diameter 20.8JllIl. 

Remarks. Normally when viewing with light microscope, there is insufficient 

resolution across the whole specimen due to problems with depth of field. However, 

when focused centrally on the specimen it is possible to recognise the wall pattern, 

which is a distinguishing feature of the species (Jafar, 1975a). 

Occurrence. The species is observed at several of all the Early and Late Miocene 

localities, in the Pakhna and Pissouri (Myrtou Marls) Formations, of S.W. Cyprus. 

Range. Miocene (NNI to NNll), Perch-Nielsen (1985b). 

Incertae sedis 

Genus Hayaster Bukry, 1973a 

Type species. Discoaster perplexus Bramlette & Riedel, 1954. 

Remarks. The genus includes sub circular nannoliths, in the form of a flat disc. 

Composed of several radiating arms from simple central area. The inter-areas between 

the arms are uniform and closed with straight peripheral edges. Small proximal shield 

present, with both shields remaining dark between crossed polars. 
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Hayaster perplexus (Bramlette & Riedel) Bukry, 1973a 

(PI. 9, fig. 17) 

1954 Discoaster perplexus Bramlette & Riedel: 400, pI. 39, fig. 9. 

1973a Hayaster perplexus (Bramlette & Riedel); Bukry: 308. 

Holotype. Bramlette & Riedel, pI. 39, fig. 9, sample 555, horizon Cipero Formation, 

locality Retrench Quarry, Trinidad. 

Description. In plane polarised light, sub circular nannoliths, in the form of a flat disc. 

Composed of ten thin radiating arms from central point. The inter-areas between the 

arms are uniform and closed with straight peripheral edges. The disc is non-birefringent 

and is dark between crossed polars. 

Dimensions. Diameter 9.6J.1m. 

Remarks. Originally described as a Discoaster species, however, SEM investigations 

revealed a small proximal shield (Bukry, 1973a). 

Occurrence. The species is observed in the basal section of the Myrtou Marls, Pissouri 

Formation, of S.W. Cyprus. 

Range. Miocene to Pleistocene (NN2 to NN21), Perch-Nielsen (1985b). 
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PLATE 9. 

Light photomicrographs 

XPL = Crossed Polarised Light 
PC = Phase Contrast Scale Bar = 5flm 

Figs 1,2. Syphosphaera apsteini Lohmann, 1902, 0565-1801: Fig. 1, side view, XPL, 
UD630-4; Fig. 2, side view, XPL, UD630-11. 

Fig. 3. Syphosphaera canescens Kamptner, 1955, side view, XPL, UD630-37, 0565-
1801. 

Fig. 4. Syphosphaera recta (Deflandre, 1942), side view, XPL, UD630-37, D565-1801. 

Fig. 5. Syphosphaera conica Kamptner, 1955, side view, XPL, UD630-35, D565-1801. 

Fig. 6. Syphosphaera recuvata Deflandre, 1942, side view, XPL, UD630-42, D565-
1801. 

Fig. 7. Syphosphaera turris Kamptner, 1955, side view, XPL, UD630-7, D565-1801. 

Figs 8,12. Cyclicargolithus abisectus (Muller, 1970), D252-1165: Fig. 8, distal view, 
XPL, UD632-24; Fig. 12, distal view, PC, UD632-23. 

Fig. 9. ReticuloJenestra pseudo umbilicus (Gartner, 1967), proximal view, XPL, UD631-
10, D565-1801. 

Fig. 10. Dictyococcites scrippsae Bukry & Percival, 1971, distal view, XPL, UD632-26, 
D252-1165. 

Fig. 11. Dictyococcites antarcticus Haq, 1976, proximal view, XPL, UD630-1, D565-
1801. 

Fig. 13. Rhabdosphaera procera Martini, 1969, side view, XPL, UD629-18A, 0565-
1801. 

Fig. 14. ThoracosphaeraJossata Jafar, 1975a, sphere, XPL, UD630-2, 0565-1801. 

Fig. 15. Sphenolithus abies Deflandre in Deflandre & Fert, 1954, side view, XPL, 
UD629-6A, D565-180 1. 

Fig. 16. Sphenolithus heteromorphus Oeflandre, 1953, side view, XPL, UD614-32, 
D353-1431. 
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Fig. 17. Hayaster perplexus (Bramlette & Reidel, 1954), plan view, PC, UD629-19A, 
0565-1801. 

Fig. 18. Pontosphaera multipora (Kamptner, 1948), distal view, XPL, UD625-18A, 
0343-1442. 

Fig. 19. Sphenolithus moriformis (Bronnimann & Stradner, 1960), side view, XPL, 
UD613-29A, 0373-1474. 

Fig. 20. Sphenolithus verensis Backman, 1978, side view, XPL, UD630-17, 0565-1801. 
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PLATE 10. 

Light photomicrographs 

XPL = Crossed Polarised Light 
PC = Phase Contrast 

PPL = Plane Polarised Light 
Scale Bar = 5JlI11 

Fig. 1. Amaurolithus amplijicus (Bukry & Percival, 1971), side view, XPL, UD631-
13, D565-1801. 

Fig. 2. Amaurolithus delicatus Gartner & Bukry, 1975, side view, PPL, UD630-38, 
D565-1801. 

Fig. 3. Calcidiscus leptoporous (Murray & Blackman, 1898), distal view, PC, 
UD626-4A, D311-1437. 

Fig. 4. Calcidiscus macintyrei (Bukry & Bramlette, 1969), proximal view, PC, 
UD631-14, D565-1801. 

Fig. 5. Coccolithus pelagicus (Wallich, 1877), distal view, PPL, UD613-22A, 0225-
1145. 

Fig. 6. Coccolithus pliopelagicus Wise, 1973, distal view, PPL, UD631-11, 0565-
1801. 

Figs 7,8. Umbilicosphaera sibogae (Weber-van-Bosse, 1901), D252-1165: Fig. 7, 
distal view, PC, UD626-23A; Fig. 8, distal view, XPL, UD626-21A. 

Fig. 9. Discoaster bellus Bukry & Percival, 1971, plan view, PPL, UD626-8A, D311-
1437. 

Figs 10,14. Helicosphaera granulata Bukry & Percival, 1971,0252-1165: Fig. 10, 
proximal view, XPL, UD631-1; Fig. 14, proximal view, PC, UD631-2. 

Figs 11,15. Helicosphaera selli Bukry & Bramlette, 1969, D565-1801: Fig. 11, 
proximal view, PC, UD630-14; Fig. 15, proximal view, XPL, UD630-15. 

Fig. 12. Helicosphaera kamptneri Hay & Mohler in Hay et aZ., 1967, proximal view, 
XPL, UD630-12, 0565-1801. 

Fig. 13. Discoaster variabilis Martini & Bramlette, 1963, plan view, PPL, UD614-
23, D360-1147. 

Fig. 16. Helicosphaera sissura Miller, 1981, distal view, XPL, UD631-17, D252-
1165. 
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Fig. 17. Coccolithus miopeZagicus Bukry, 1971, distal view, PC, UD631-7, D252-
1165. 

Fig. 18. Discoaster pentaradiatus (Tan, 1927), plan view, PPL, UD629-14A, D565-
1801. 

Fig. 19. Discoaster neorectus Bukry, 1971, plan view, PPL, UD631-19, D565-180 1. 
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PLATE 11. 

SEM photomicrographs 

Fig. 1. Cyclicargolithus floridanus (Roth & Hay in Hay et al., 1967), distal view, 
UD603-12A, DI24-1217, X5220. 

Fig. 2. Reticulofenestra haqii (bottom) Backman, 1978; Coccolithus pelagicus (top) 
(Wallich, 1877), distal view, UD627-5A, D311-1437, X4750. 

Fig. 3. Reticulofenestra minuta Roth, 1970, distal view, UD627-8A, D311-1437, 
X11200. 

Fig. 4. Dictyococcites bisectus (Hay, Mohler & Wade, 1966), distal view, UD628-4A, 
D252-1165, X4400. 

Fig. 5. Calcidiscus leptoporus (Murray & Black, 1898), distal view, UD627-41A, D311-
1437, X4630. 

Fig. 6. Cantinaster coalitus Martini & Bramlette, plan view, UD622-29, D267-1410, 
X2420. 

Fig. 7. Helicosphaera burkei Black, 1971b, proximal view, UD628-8A, D252-1165, 
X3920. 

Fig. 8. Calcidiscus macintyrei (Bukry & Bramlette, 1969), proximal view, UD627-15A, 
D311-1437, X4330. 
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CHAPTER 7 

DISCUSSION AND IMPLICATIONS 

7.1 Introduction 

The data obtained during the project and reported in this thesis (chapters 4, 5 and 

6), provide a number of relative biostratigraphical ( calcareous nannofossils) age dates, 

for the conformable (Kannaviou Formation only) and unconformable lithological 

contacts seen in S.W. Cyprus, between the Late Cretaceous (late Campanian) and Late 

Miocene. These contacts are between the juxtaposed Mamonia and Troodos (including 

the associated sediments of the Perapedhi and Kannaviou Formations) basement 

terranes, plus related fragments and the overlying basal horizon of the Late Cretaceous 

(late Campanian) to Late Miocene sedimentary formations, which in part, make up the 

neo-autochthonous sedimentary cover. Also included are the unconformable contacts 

between the older and younger formations of the neo-autochthonous sedimentary cover. 

The biostratigraphically (i. e. relative) dated unconformities, which indicate gaps 

in the sedimentary succession and the outcrop patterns produced by the surviving 

sedimentary packages bounded by these unconfomtities, can show that differential uplift 

and subsidence, including ?lateral movement, has occurred between the individual 

terranes and fragments of S. W. Cyprus, with the tectonic movement taking place at their 

boundaries (major lineaments), and are related to a subduction zone located to the south 

of Cyprus. Hence the tectonic events which have occurred between the Late Cretaceous 

(late Campanian) to Late Miocene in S. W. Cyprus, can be constrained and related to the 

overall geological evolution of Cyprus and offshore area. 

7.2 Conformable and Unconformable Contacts 

The conformable (between the Kannaviou and Letkara [Lower Member] 

F ormations only) and unconformable contacts are summarised in Fig. 7.1, and are 

correlated with their respective biostratigraphical (calcareous nannofossil) age-dates. 

Each contact has been designated by a letter, in ascending order from A (Campanian) to 

G (Late Miocene), to avoid descriptive repetition and for ease of comparison between 

diagrams. A cycle length between the start of each ?transgressive event (contacts B, C, 

227 



D, E, F and G) and the onset of calcareous sedimentation (contact A), is given in Ma. All 

cycles include an erosionaJ/nondepositional event of unknown time span. 

The ?transgressive and erosional/nondepositional events, may represent a 

tectonic release or compressional event (isostatic sea level rise and fall), eustatic sea level 

rise and fall, or a combination of both respectively. 

The cycle lengths (Fig. 7.1) between the start of each ?transgressive event, 

suggest the relative rise and fall of sea level, was tectonically driven. The evidence for 

this suggestion is where the overlying chalks are seen to make unconformable contact 

with the older sediments of the neo-autochthonous sedimentary cover and/or basement 

(Chapter 4, loclities LL2, LL11 and LLI7; Chapter 5, localities :ML7, ML21 and ML28; 

Chapter 6, localities P4, P6, PIO, P13, PI5 and MM2), the contacts are sharp and 

without a reworked basal conglomerate/breccia horizon, suggesting rapid subsidence 

(tectonic release event) had taken place, resulting in isostatic sea level rise. In tum this 

would suggest a compressive event is responsible for isostatic sea level fall, for the 

period (unknown time span) of erosion/nondeposition. However, it must be noted that 

microscopal studies did detect derived calcareous nannofossils (Figs 5.6,7,8), indicating 

older chalks were available for reworking, during the deposition of the Lefkara 

Formation, Middle Member (Chalk and Chert and Massive Chalk units) . 

. 
A possible cause for the driving force behind these tectonic release and 

compressional events noted in S. W. Cyprus, is the interaction between the Afiican and 

European plates in the eastern Mediterranean. Where Cyprus is situated at or near to the 

plate boundary, by subjecting the individual allochthonous basement terranes and 

fragments to tensional and compressional forces, involving subduction, local (Cyprus) 

and/or regional (eastern Mediterranean) movement along one or more of the major 

lineaments (Kempler, 1994), or a combination of both, during the ?Late Cretaceous to 

Holocene. 

When correlating the schematic geological vertical section (Fig. 7.1) of this 

study, with past research (Fig. 7.2), the overall observation of the outcrop pattern is that 

the succession of the neo-autochthonous sedimentary cover of S.W. Cyprus, becomes 

progressively less and less complete in a north westerly direction, with the younger 

formations and their members overstepping one another (Figs 4.10, 5.1,12,14) to rest 

unconformably on the basement (Fig. 7.3) from the Perapedhi section (Krasheninnikov 

and Kaleda, 1994) to the PolislKathikas area (Turner, 1969). 
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Fig. 7.2. Composite geological vertical sections modified from Cyprus Memoirs, publications 

and this thesis, which relate to the south western margin of the Troodos Massif and Mamonia 

COlnplex, showing the contact relationship between the individual sedimentary formations 

and their overstepping nature onto the basement (for localities see Fig.7 .6) . 

230 



N 
W --

Myrtou Marls. 

Koronia Limestone. 

Pakhna Formation. 

Lefkara Formation, 
'---.-.-I' Upper Member. 

uc 

Lefkara Formation, 
~~I Middle Member (Massive Chalk unit). 

Lefkara Formation (Early-Mid Eocene), 
I .~ " I Middle Member (Chalk and Chert unit) . 

Lefkara Formation (Palaeocene), 
~--II Middle Member (Chalk and Chert unit). 

Lefkara Formation, 
Lower Member. 

UC = Unconformable. 
C = Conformable. 

Pakhna 
area 

o'~ 
oS .- -- ' ,- ' .. :... ., 

6 
-,--," -q ~ "'"'-... " ~ '- l!,ci --. ;c.:~ ,,~, '. Uc I t A/ ',' - " _. 

Polis 
area 

Kannaviou 
area 

b SOlJtherfl A1 
aSerneflt fr arnOflia 

Q9'hent 

Fig. 7.3 . A schematic cross-section, which runs sub-parallel to the south western and southern margins of the 
Troodos Massif (Fig. 7.6), displaying the overstepping nature (diachronous trends are not implied) of the 
neo-autochthonous sedimentary cover from Episkopi (south-east) to Polis (north-west), separated by 
conformable and unconformable boundaries representing gaps in the sedimentary succession (Fig. 7.2). 
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The pattern of deposition displayed by the sedimentary succession seen in S.W. 

Cyprus (Figs 7.2,3), is similar to that displayed by the sedimentary succession seen 

against the northern margin of the Troodos Massif and including the Troulli Inlier (Fig. 

7.4), with the neo-autochthonous sedimentary cover again becoming progressively less 

and less complete in a westerly direction, with the younger formations and their members 

in the main, overstepping one another to rest unconformably onto the basement (Fig. 

7.5), from Troulli (Lilljequist, 1969) to Xeros (Wtlson, 1959). 

The major difference between the two cross-sections (figs 7.3,5), is that the 

cross-section of S.W. Cyprus (Fig. 7.3), has been complicated by the presence of 

basement fragments reacting differentially to the tectonic events, especially the southern 

Mamonia basement fragment. It has remained structurally high, preserving the older 

sediments of the neo-autochthonous sedimentary cover (Kathikas Formation; Lefkara 

Formation, Lower and Middle [Chalk and Chert and Massive Chalk units] Members) 

within the surrounding structural lows. Whereas the cross-section of the northern margin 

of the Troodos Massif (Fig. 7.5), which overlies the southern margin of the Mesaoria 

Basin basement (Troodos basement lithologies), has reacted to the ?same tectonic events 

as one whole unit, resulting in a more simplified outcrop pattern. 

7.3 Sedimentary Outcrop Patterns of S. W. Cyprus 

7.3.1 Kannaviou Formation 

Apart from the basement rocks, the Kannaviou Formation forms part of the 

underlying sediment of contact A (Fig. 7.1), and is thought to be exclusively associated 

with the Troodos basement terrane and fragments, with the outcrop pattern (Fig. 7.7) 

based on field evidence, displaying this trend in S. W. Cyprus. However, there is a small 

localised outcrop, unconformably overlying pillow lavas of the Mamonia basement 

terrane (Dhiarizos Group) which may be reworked, located at Petra-tou-Romiou. 

7.3.2 Kathikas Formation and Dhrousha Melange 

With the onset of transpressional activity during the late Campanian, involving 

the final phase of the juxtapositioning event, between the Mamonia and Troodos 

basement terranes and related fragments (Swarbrick, 1993), the southern Mamonia 
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Plio = Pliocene. 

Fm = Formation. 

G = Gypsum. 

M = Member. 

Broken line = Inlerred age. 

Fig. 7.4. Composite geological vertical sections modified from Cyprus Memoirs and Bulletins, 

which relate to the northern margin of the Troodos Massif and Troulli Inlier, showing the 

contact relationship between the individual sedimentary formations and their overstepping 

nature on to the basement (for local ities see Fig. 7.6). 
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Captions for figures 7.7 to 7.12. 

N.B. 1). The base map is a simplified geological map of S.W. Cyprus, modified from 
Swarbrick (1980). 

2). Figs 7.7,8. The cross-hatched areas represent inferred maximum depositional 
areas, which have been subjected to erosional events, resulting in localised outcrops 
observed in S.W. Cyprus. 

3). Figs 7.9,10,11,12. The boundaries of the cross-hatched areas represent the 
maximum possible regression line, based on the current preserved localised outcrops, 
observed during the project and research by Turner (1971) and G:ass et al. (1994). 

Fig. 7.7. Map displaying the inferred major depositional areas (cross-hatched), of the 
Kannaviou Formation (part of contact A), including its relationship with the Mamonia 
and Troodos basement terranes (M and T respectively) and their related fragments (M' 
and T' respectively). 

Fig. 7.8. Map displaying the inferred major depositional areas (cross-hatched), of the 
Dhrousha Melange (Moni Formation) and Kathikas Formation (part of contact A), and 
their relationship to the major lineament~. 

Fig. 7.9. Map displaying the relationship between the major lineaments and the inferred 
current outcrop pattern (cross-hatched), of the Lefkara Formation, Lower Member (part 
of contact A). N.B. Information is based on research by Turner (1971), Gass et al. (1994) 
and from this project. 

Fig. 7.10. Map displaying the relationship between the major lineaments and the inferred 
current outcrop patterns (cross-hatched), of the Lefkara Formation, Middle Member, 
Chalk and Chert unit of Palaeocene age (contacts B and C). N.B. Consult Fig 7.1 for the 
relationship between the sediments above the contacts Band C. 

Fig. 7.11. Map displaying the relationship between the major lineaments and the current 
outcrop pattern (cross-hatched), of the Lefkara Formation, Middle Member, Chalk and 
Chert unit of Eocene age (contact D). N.B. Information is based on research by Gass et 
al. (1994) and from this project. 

Fig. 7.12. Map displaying the relationship between the major lineaments and the current 
outcrop pattern (cross-hatched), of the Lefkara Formation, Middle Member, Massive 

Chalk unit (contact E). 
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basement fragment 'flowered'. It formed a structural high bounded by fault scarps, these 

being the source areas for the debris flows of the Kathikas Formation, to be deposited 

into the structural lows, formed on either side of the fragment and straddling the 

contacts (Fig. 7.8), to rest unconformably on the underlying basements and sediments. 

The Dhrousha Melange (Moni Formation) is associated with the 'flowering' of 

the northern Mamonia basement fragment, with the debris flows of the Dhrousha 

Melange being sourced from the northern fragment and deposited into a localised 

structural low (Fig. 7.8), to the east of the fragment, unconformably overlying the 

Kannaviou Formation. The 'flowering' of the northern fragment appears to be less 

pronounced than that of the southern Mamonia basement fragment, with little or no 

evidence of large scale debris flows. 

Both the Kathikas Formation and the Dhrousha Melange form the proximal 

sediments of contact A (Fig. 7.1), which unconformably overlie the Kannaviou 

Formation and basements. 

7.3.3 Lefkara Formation, Lower Member 

The preserved outcrop pattern displayed by the Lefkara Formation, Lower 

Member (Fig. 7.9), suggest the Mamonia basement fragments have continued to act as 

structural highs, during its deposition and/or post-depositional erosion event(s). 

During the early Maastrichtian, the chalks of the Lower Member form the distal 

depositional portion of contact A, overlying conformably the Kannaviou Formation and 

unconformably the basement. The lower horizon of the Lower Member is coeval with 

the proximal deposition of the debris flows of the Kathikas Formation and Dhrousha 

Melange (Lower Member intercalating to form chalk interbeds). When the area became 

tectonically quiescent, during the latter part of the Maastrichtian, the debris flows 

(proximal) ceased, with the chalks of the Lower Member continuing to be deposited 

across the entire area. 

7.3.4 Lefkara Formation, Middle Member, Chalk and Chert unit 

The preserved outcrop patterns of the chalks unconformably overlying contacts 

B, C and D (Fig. 7.1), of the Lefkara Formation, Middle Member, Chalk and Chert unit 

(Figs 7. 10,11), suggest the whole of the southern Mamonia basement fragment again 
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continued to act as a structural high, during its deposition and/or post-depositional 

erosion event(s), with respect to the chalks overlying contacts B and C, which are 

located in structural lows either side of the southern fragment (Fig. 7.10). The chalks 

which overlie contact D (Fig. 7.11), are seen to carpet the southern portion of the 

southern Mamonia fragment, with only the northern and central portions of the fragment 

remaining as a structural high, during its deposition and/or post-depositional erosion 
event(s). 

7.3.5 Letkara Formation, Middle Member, Massive Chalk unit 

The preserved outcrop pattern displayed by the chalks of the Lefkara Formation, 

Middle Member, Massive Chalk unit, unconformably overlying contact E (Fig. 7.1), 

suggest again that only the northern and central portions of the southern Mamonia 

basement fragment acted as a structural high, during its the deposition and/or post­

depositional erosion event(s). The outcrop carpets a greater part of the southern portion 

of the fragment (Fig. 7.12), than that of the chalks above contact D (Fig. 7.11). 

7.3.6 Lefkara Formation, Upper Member 

The Lefkara Formation, Upper Member, was not seen/present north-west of a 

line trending SW-NE, from the coast to the Troodos Massif through the village of 

Mamonia, approximately following the Dhiarizos valley. Any marls which were 

sampled above the contact F (Pakhna Transgressive event), which may have been 

attributed to the Upper Member by other researchers, are considered to be part of the 

Pakhna Formation during this study. 

7.3.7 Pakhna Formation 

The Pakhna Formation (Figs 7.13A,B) blankets the entire area of S.W. Cyprus, 

unconformably (Fig. 7.1; contact F) overlying all older sediments and basement rocks. 

After the start of the Pakhna transgressive event, the southern Mamonia basement 

fragment no longer played an active role, relating to the depositional history of the neo­

autochthonous sedimentary cover. By Late Miocene the northern and central portions of 

S.W. Cyprus (Figs 7.13B,C) were in a tensional environment (Chapter 2 section 2.4.6) 

to form the north - south asymmetrical Polis graben structure (Payne and Robertson, 

1995). 
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A). Early Miocene. The outcrop pattern for the Terra Limestone Member of the Pakhna Formation, in 
relation to the formation chalks (contact F). 

B). Late Miocene. The outcrop pattern for the Koronia Limestone Member of the Pakhna Formation in 
relation to the formation chalks. 

C) Late Miocene. The outcrop pattern of the Kalavasos Formation (evaporites). 

D) MiolPliocene. The outcrop pattern displayed by the marls, chalks and calcarenites of the Pissouri 

Formation (contact G). 

N.B. 1). The areas free of ornamentation are subaerially exposed. 
2). Scale, 10km = 25mm 

Fig. 7.13. Palaeogeographic reconstruction of the Miocene fonnations and related 
members of S.W. Cyprus (modified from Payne and Robertson, 1995). 
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7.3.8 Kalavasos Formation 

The evaporite deposits of the Kalavasos Formation are situated in the Polemi 

and Pissouri sub basins, located in the central and southern areas (Fig. 7.13C) of S.W. 

Cyprus respectively, and both outcrops conformably overlie sediments of the Pakhna 
Formation. 

7.3.9 Pissouri Formation 

The calcareous sediments of the Pissouri Formation (Fig. 7.13D) are situated 

within the infant Polis graben structure, unconformably overlying sediments of the 

Pakhna Formation and located north of Paphos of unknown extent, unconformably 

overlying the Kannaviou Formation (Fig. 7.1; contact G). 

7.3.10 General observations 

7.3.10.1 Kannaviou Formation 

The Kannaviou Formation is thought to be exclusively associated with the 

Troodos basement terrane and fragments, based on field evidence, with little evidence 

(Fig. 7.7 at Petra-tou-Romiou) to suggest the sediments of the Kannaviou Formation 

have ever overlain the Mamonia basement terranes and fragments. 

However, there is much circumstantial evidence to suggest the Kannaviou 

Formation was deposited across the entire area, overlying both Mamonia and Troodos 

basement terranes and related fragments. When viewing the outcrop patterns (Figs 

7.8,9,10,11,12) of the preserved neo-autochthonous sedimentary cover, with respect to 

the sediments overlying contacts A to E, the outcrops are found to be limited to the 

structural lows surrounding the Mamonia basement fragments and the sediments 

overlying contacts D and E are also carpeting the southern portion of the southern 

Mamonia basement fragment. Therefore the circumstantial field evidence would suggest 

that after six erosional events (Fig. 7.1), especially after the first, when the Mamonia 

basement fragments 'flowered', there would be little or no chance of any of the 

sediments relating to the Kannaviou Formation ever being preserved. Apart from the 

outcrop at Petra-tou-Romiou, which may have been reworked. 
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Other circumstantial evidence is the mixing of Mamonia related olistoliths and 

clasts with the bentonitic clays of the Kannaviou Formation, to form the sedimentary 

melanges of the Moni Formation, Dhrousha and Paralimini Melanges. If as suggested 

the Kannaviou Formation is exclusively associated with the Troodos basement terrane 

and fragments, the more complex situation of two separate source areas are required for 

the mixing event. Whereas if the Kannaviou Formation was also deposited over the 

Mamonia basement terranes and fragments, then the more simplified situation of a 

single source area would only be required. 

Further circumstantial evidence is seen at locality LL17 (Chapter 4; CGR 617 

455), where the Maastrichtian chalks of the Lefkara Formation. Lower Member are seen 

to overlie a bentonitic clay type material (further research required), which in tum 

overlies the Mamonia basement terrane. 

To confirm the circumstantial evidence that the Kannaviou Formation has been 

deposited overlying the Mamonia basement terranes and fragments, is to locate outcrops 

of the Lefkara Formation, Lower Member (Maastrichtian) overlying Mamonia 

Basement, which may be sandwiching bentonitic clays or volcaniclastic sediments. 

7.3.10.2 Southern Mamonia basement fragment 

From the onset of the transpressional activity, during the late Campanian, which 

caused the Mamonia basement fragments to 'flower' and form structural highs, the 

southern basement fragment continued to remain structurally high until the ?Late 

Oligocene and played an important role in the depositional history of the neo­

autochthonous sedimentary cover, in S.W. Cyprus. When viewing the preserved current 

outcrop patterns of the Lefkara Formation (Figs 7.9,10,11,12), the southern basement 

fragment is becoming more progressively less pronounced, during the deposition and/or 

post-depositional erosion event(s), which have affected the individual members and 

units of the Lefkara Formation. 

7.3.10.3 Overall observation of the outcrop pattern 

The surviving sedimentary packages (Figs 7.8,9,10,11,12,13) of the neo­

autochthonous sedimentary cover, which are bounded by unconformities (Fig. 7.3) and 

overstep one another in the main, younging in a north westerly direction, to overlie 

unconformably the basement rocks of S.W. Cyprus, is generally correct. However, the 
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micro floral data (Chapter 6) for the base of the Pissouri Fonnation (Myrtou Marls), 

suggest contact G is diachronous, younging from north to south fo]]owing the axis of the 

Polis graben (Fig 7 .13D), which is oppos·ite to the overall south-east to north-west trend. 

7.4 ·Lateral Movement (Major Lineaments) 
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A = Lineaments overlain by relatively undisturbed sediments of the Kathikas (A' = Dhrousha 
Melange) and Leikara (Lower Member) Formations, with a calcareous nannofossil zonal range of CC23b­
CC25a (early Maastrichtian; Chapter 4). 

B = Lineaments overlain by undisturbed sediments of the Lefkara Formation, Middle Member, 
Massive Chalk, with a calcareous nannofossil zonal range of NP16 (Mid Eocene; Chapter 5). 

7.14. Simplified geological map of Cyprus, displaying the age of sediments which 

straddle the major lineaments 
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The mtcro floral data will give relative biostratigraphical ( calcareous 

nannofossils) dates, for the sediments which immediately overlie the major lineaments. 

These dates could only infer the cessation of movements along these major lineaments. 

No inferences may be drawn as to the start of these movements, distance travelled or 

whether there was any movement along these lineaments. These problems were outside 

the bounds of the project. 

The major lineaments which separates the Troodos basement terrane and 

Mamonia and Troodos basement fragments from one another in S.W. Cyprus, are 

overlain by the Dhrousha Melange (Fig. 7.14, A'), Kathikas and Lefkara (Lower 

Member) Formations (Fig. 7.14, A). The predominant sediments which straddle these 

major lineaments are the debris flows of the Kathikas Formation, which they themselves 

may be separated by the intercalation of the Lefkara Formation, Lower Member, pelagic 

chalks (chalk interbeds). The chalk interbeds have an overall relative biostratigraphical 

zonal range of CC23b-CC2Sa (early Maastrichtian; Chapter 4), dating the cessation of 

any movement, which might have taken place along these major lineaments. 

The major lineament which separates the Mamonia basement terrane from the 

Mamonia and Troodos basement fragments (Fig. 7.14, B) in S.W. Cyprus, is overlain by 

the Lefkara Formation, Middle Member, Massive Chalk unit. The base of the Massive 

Chalk has a relative biostratigraphical zonal range of NP 16 (Mid Eocene; Chapter 5), 

dating the cessation of any possible movement, which may have taken place along this 

southern lineament. 

7.5 The Juxtapositioning and Anticlockwise Rotation Events 

The juxtapositioning event between the Mamoniaand Troodos basement terranes 

and the first phase of anti clockwise rotation «60°, Morris et aI., 1990) of the Troodos 

micro plate, are thought to be interrelated by several researchers (e.g. Moores et aI., 

1984; Clube and Robertson, 1986; Murton, 1990; Swarbrick, 1993 etc.) and therefore 

are related to the many proposed mechanisms involving strike slip and subduction 

scenarios, which attempt to explain the juxtapositioning event. 

What is generally accepted by most researchers is that: 1) Two dissimilar 

basement terranes have been brought together side by side; 2) where the contact is 

exposed, the two terranes are separated by high angle to vertical faults, containing 

screens of serpentinite; 3) 90° of anticlockwise rotation of the Troodos micro plate has 
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taken place between the Late Cretaceous (Campanian) to Early Eocene; 4) The first 60° 

of anticlockwise rotation had occurred by the Maastrichtian; 5) The size of the rotated 

unit is within the boundaries of Cyprus. 

The micro floral data of the project infers that the juxtapositioning event had 

ended by the end of the early Maastrichtian, dated by the presence of chalk interbeds 

within the Kathikas Formation, overlying the major lineaments (Fig. 7.14, A, A'). 

If the anticlockwise rotation is related to the juxtapositioning event, then the 

rotation probably took place along all of the major lineaments, seen in S.W. Cyprus. The 

micro floral data could infer that the first phase of anticlockwise rotation «60°, Morris 

et aI., 1990) and the juxtapositioning event had ended at the same time (early 

Maastrichtian), when all but one of the major lineaments (Fig. 7.14, A, A') became 

frozen. The remaining southern major lineament (Fig. 7.14, B) could be associated with 

the final phase (30°) of the anticlockwise rotation, were the micro floral data infers a 

Mid Eocene age for the ending of movement along this lineament, based on the 

presence of the Lefkara Formation. Middle Member, Massive Chalk unit overlying the 

major lineament. 

The juxtapositioning and ?anticlockwise rotation events are related to the ?first 

erosional/compressional event (Fig. 7.1), which resulted in the Mamonia basement 

terranes and fragments (oceanic and continental margin lithologies) to be uplifted in 

relation to the Troodos basement terrane and fragments (oceanic lithologies). It resulted 

in the f flowering of the Mamonia basement fragments, to produce the melange units 

(debris flows) of the Kathikas and Moni (Dhrousha Melange) Formations (Fig. 7.8) and 

uplifting the Mamonia basement terranes (Fig. 1.1) to produce the Moni Formation 

located south-east of Apsiou village, and the Paralimini Melange of S .E. Cyprus (Fig. 

7.6). 

7.6 Subduction Zone History of Cyprus 

The active plate margin between the African and European plates, have played 

an important role in the geological evolution of Cyprus, which is located at or near to 

the boundary. Subduction with respect to the area of Cyprus, was first noted when the 

geochemical signature of the Troodos ophiolite extrusives, suggested the Troodos 

oceanic micro plate had formed above a subduction zone (Pearce, 1975,1980; Smewing 
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et aJ., 1975}, during the Late Cretaceous (Cenomanian-Turonian; 91.6 Ma, Mukasa and 

Ludden, 1987). 

Robertson and Woodcock (1986), suggested from the field evidence relating to 

the K yrenia - D 1 tectonic event (Fig. 2.7), which includes metamorphism, uplift, 

brecciation and erosion, to represent pervasive ?dextral strike slip at a closing northward 

dipping subduction zone, within the Kyrenia lineament (Fig. 2.1), during the late 

Cretaceous (?Santonian-Campanain; ?>73 Ma., Fig. 3.2). Eaton and Robertson (1993), 

thought the present northward subduction zone south of Cyprus to have commenced 

during the Late Oligocene-Early Miocene (?NN1, ?>23 Ma., Fig. 3.3), when the 

convergent plate boundary migrated southwards from the K yrenia lineament. Between 

the closing subduction event of the late Campanian (Robertson and Woodcock, 1986) 

and the commencement of the poorly constrained subduction event of the Late 

Oligocene-Early Miocene (Eaton and Robertson, 1993), there appears to be an hiatus of 

50 Ma. in subduction zone activity, suggesting the African and European plates were 

passive, in the region of Cyprus. 

However, there is circumstantial evidence obtained through this study, and past 

research (Fig. 7.4), to suggest that the African and European plates continued to be an 

active convergent margin in the region of Cyprus, resulting in the migration of the 

subduction zone from within the K yrenia lineament to the south of Cyprus, during the 

Early Palaeocene (Fig. 7.1, calcareous nannofossil zonal range of NP1-NP4, tectonic 

release event resulting in calcareous sedimentation at NP5). 

When viewing the composite geological vertical sections (Fig. 7.2), the schematic 

cross-section (Fig. 7.3) and the outcrop patterns (Figs 7.9,10,11,12), for S.W. Cyprus, 

the boundary lines of the outcrop patterns which make unconformable contact with the 

basement, are the 'maximum regression lines' for the individual sedimentary packages, 

which are bounded by unconformities. These 'maximum regression lines' overstep one 

another in the main (Fig. 7.3), younging in a north westerly direction, with each 

overlying sedimentary package preserving the last regression event. A similar simplified 

pattern occurs against the northern margin of the Troodos Massif (Figs 7.4,5). 

The sedimentary package which shows evidence of the greatest amount of 

erosional activity during one event, is the Lefkara F onnation, Lower Member (Fig. 7.1, 

Maastrichtian, calcareous nannofossil zonal range ofCC23b-CC26). In S.W. Cyprus the 

'maximum regression line' is inferred south of the Pakhna area (Fig. 7.3) and is seen 
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outcropping west of Perapedhi village (Fig. 7.6) against the Troodos Massif, and is 

protected from further erosional activity, by the sediments overlying contact D (Fig. 

7.1,3). This excludes the Lefkara Formation, Lower Member outcrops seen to the north­

west of the 'maximum regression line', because they have been preserved in structural 

lows surrounding the structural highs of the Mamonia basement fragments. Against the 

northern margin of the Troodos Massif, the 'maximum regression line' of the Lefkara 

Formation is seen to the south of Dhali village (Fig. 7.5) and again is protected by the 

sediments overlying a type D contact (Fig. 7.1,4,5; Gass, 1960). 

Between the base of the preserving sedimentary package which overlies contact 

D and the underlying erosion surface (?Maastrichtian), of the outcrops seen in S.W 

Cyprus and against the northern margin of the Troodos Massif, an age of Early 

Palaeocene to Early Eocene (Fig.7.1, calcareous nannofossil zonal range ofNPI-NPI2), 

can be inferred for the migration of the subduction zone to the south of Cyprus. 

However, in S.W. Cyprus a sedimentary package unconformably overlying the 

basement at contact B (Fig. 7.1, calcareous nannofossil zonal range NP5), has been 

noted. Also around the margins of the Troulli Inlier, field work (Lilljequist, 1969) has 

located an unconformable contact between the Lower and Middle (Chalk and Chert 

unit) Members of the Lefkara Formation, which can be inferred as a type B contact. 

Therefore the evidence from the contact B localities, refines the initial date of Early 

Palaeocene to Early Eocene for the migration of the subduction zone to Early 

Palaeocene (Fig. 7.1, calcareous nannofossil zonal range of NP 1-NP4) and represents 

the tectonic release event for the onset of calcareous sedimentation above contact B 

(Fig. 7.1). 

The mechanics behind the migration of the subduction zone to the south of 

Cyprus, occurred after its closure at the Kyrenia lineament, during the late Campanian 

(Robertson and Woodcock, 1986). The African plate continued to exert northward 

pressure against the European plate in the region of Cyprus, causing the European plate 

to bulge ?north of the plate contact, uplifting the western edge of Cyprus into an 

erosional environment (?subaerially), subjecting the Lefkara Formation, Lower Member 

pelagic chalks to erosional forces, which was eroded back to the preserved 'maximum 

regression line'. The presence of Mamonia basement terranes and fragments (continental 

rocks), forming the south and south-west portion of the basement in Cyprus and the 

continued northward pressure of the African plate, caused the African plate (oceanic) to 

subduct, dipping northwards under Cyprus, causing a tectonic release event, resulting in 
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the subsidence of the European plate at the plate boundary, followed by a transgressive 
event at NP5 (Fig. 7.1). 

After the migration of the subduction zone to the south of Cyprus, resulting in 

the first tectonic release and transgressive events, the African plate continued to exert a 

?northward pressure against the western edge of Cyprus (European plate), resulting in 

eventual uplift at the overriding margin. However, the younging north westward and 

westward overstepping nature of the sedimentary packages, which overlie and protect 

the last erosional event ('maximum regression line'), in S.W. Cyprus and against the 

northern margin of the Troodos Massif respectively, suggest the uplifting effect of the 

subducting plate and its ability to stick, was becoming progressively less pronounced, 

between the Early Palaeocene to Late Oligocene-Early Miocene (?Late Miocene-Early 

Pliocene). 

In the Late Miocene the subduction zone directly to the south of Cyprus may 

have undergone 'roll-back' caused by pulsed accelerated subduction, resulting in the 

subduction zone migrating further south and causing extensional forces in S.W. Cyprus, 

to form the Polis graben system (Payne and Robertson, 1995). The migration event is 

thought to be connected to a change in convergence direction between the African and 

European plates (Dewey et al., 1989). 

The micro floral data obtained through this study (Chapters 4, 5 and 6) and the 

fieldwork of past researchers, has adequately demonstrated that the differential uplift 

and subsidence history, experienced by the allochthonous basement terranes and 

fragments forming the western edge of Cyprus, was caused by a north dipping 

subduction zone to the south/south-west of Cyprus, being present since the Early 

Palaeocene. These tectonic events ultimately affected the depositional history of the 

neo-autochthonous sedimentary cover, between the Late Cretaceous (late Campanian) 

and Holocene. The subducting African plate continues at the present day to exert 

compressional forces, causing the overriding European plate to uplift at the western 

margin of Cyprus, with the arcuate allochthonous basement terranes having a regional 

dip towards the Levant coastline of northern Syria and south-east Turkey (Fig. 2.1). The 

overall picture is further complicated by the Rapid Plio-Pleistocene uplift, attributed to 

the progressive serpentinisation of the mantle sequence underlying the Troodos Massif 

in the region of Mt. Olympus (1951 m), If the pillow lavas were at sea level at the start 

serpentinisation, the overall uplift to date would be ?>6 km. 
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7.7 Conclusions 

The relative biostratigraphical data obtained during the project and reported in 

chapters 4, 5 and 6, have provided age dates (calcareous nannofossil zonal ranges) for 

the following sedimentary formations and members, and conformable and 
unconformable contacts. 

1). The top of the Kannaviou Formation making contact with the overlying 

sediments, has a zonal range of CC18-CC23a (Campanian). 

2). The newly recognised Dhrousha Melange, with its type locality situated to 

the north of Dhrousha, in a road cut on the Polis road, shows similarities to the upper 

melange unit of the Moni Formation and has a zonal range of CC23-CC25a (late 

Campanian to early Maastrichtian). 

3). The Kathikas Formation based on data obtained from the pelagic chalk 

interbeds, has a zonal range of CC23b-CC25a (early Maastrichtian). 

4). The basal horizon of the Lefk.ara Formation, Lower Member making 

conformable contact with the Kannaviou and Kathikas Formations and unconformable 

contact with the basement rocks, has a zonal range of CC23b-CC26 (Maastrichtian). 

5). Three newly recognised unconformable contacts, between the basal horizon 

of the Lefk.ara Formation, Middle Member, Chalk and Chert unit and the underlying 

rocks, have a zonal range of NP5, NP8INP9 boundary and NP12-NP15 (diachronous 

contact) (mid and Late Palaeocene and Early Eocene respectively). 

6). The basal horizon of the Lefk.ara Formation, Middle Member, Massive Chalk 

unit making unconformable contact with the underlying rocks, has a zonal range of 

NP16 (early Late Eocene). 

7). The basal horizon of the Pakhna Formation chalks making unconformable 

contact with the underlying rocks, has a zonal range of NP25-NNl (Oligo-Miocene 

boundary). 
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8). A newly recognised outcrop of the Pakhna Formation Terra Limestone 

Member, has been located at Petra-tou-Romiou, conformably overlying Pakhna 

Formation chalks, with a zonal range of NNI (Miocene). 

9). A study of the basal horizon of the Pakhna Formation located at Kottaphi 

Hill on the northern side of the Troodos Massif, making unconformable contact with the 

Lefkara Formation, Middle Member, Chalk and Chert unit, was found to have a zonal 

range of NP24-NNl, which is similar in age to the basal horizon of S.W. Cyprus (NP25-
NNl). 

10). The basal horizon of the Pissouri Formation (Myrtou Marls), has made a 

north to south (Polis to Paphos), diachronous unconformable contact with the 

underlying rocks, with a zonal range of NN10 to NN11 (NN12 at the Perapedhi section 

of Krasheninnikov and Kaleda, 1994). 

Based on the relative biostratigraphical age dates, obtained for the sedimentary 

formations and their members seen in S.W. Cyprus, a number of implications are noted. 

1). The field and biostratigraphical data suggests the Moni (Dhrousha and 

?Paralimini Melanges) and the Kathikas Formations are coeval within a zonal range 

band of CC23-CC25a, (late Campanian to early Maastrichtian), and therefore share the 

same compressive event. 

2). The biostratigraphical data suggests the chalk interbeds of the proximal Moni 

(Dhrousha Melange) and Kathikas Fonnations (zonal range CC23-CC25a), are part of 

the intercalating distal Lefkara Formation, Lower Member (zonal range CC23b-CC26). 

3). The sediments of the Kathikas Formation, with a zonal range of CC23b­

CC25a (early Maastrichtian), overlie two major lineaments in S.W. Cyprus, suggesting 

if there was any lateral movement, little or no movement occurred after the onset of 

deposition. 

4). The presence of the Kathikas Fonnation straddling the major lineaments, 

indicates a possible age (CC23b-cc25a), for the cessation of the juxtapositioning event 

between the Mamonia and Troodos basement terranes and their related fragments. 
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5). If the first phase of anticlockwise rotation of the Troodos micro plate is 

related to the juxtapositioning event, then it is possible that lateral movement may have 

occurred along all of the major lineaments, in S.W. Cyprus. This would imply the first 

60° of anticlockwise rotation ended at the same time as the juxtapositioning event 
(CC23b-CC25a). 

6). The basal horizon of the Lefkara Formation may be diachronous, from west 

(CC23b) to east (CC26) within the structural low, east of the northern Mamonia 

basement fragment. 

7). The basal horizon of the Letkara Formation, Middle Member, Massive 

Chalks, with a zonal range of NP16, overlies the southern major lineaments of S.W. 

Cyprus, suggesting that if there was any lateral movement, little or no movement 

occurred after the onset of deposition. 

8). The presence of the Letkara Formation, Middle Member, Massive Chalk unit 

straddling the southern major lineaments, indicates a possible age (NP 16) for the 

cessation of the final phase (30°) of anticlockwise rotation of the Troodos micro plate, 

providing the lateral movement is associated with southern lineament. 

9). Based on the age of the overlying Pissouri Formation (Myrtou Marls), the 

evaporites of the Kalavasos F onnation in the Polomi basin are Tortonian, older than 

initially thought (Messinian, Late Miocene). 

The outcrop patterns of the preserved neo-autochthonous sedimentary cover, 

suggest several tectonic implications, which mayor may not include differential uplift 

and subsidence. 

1). The onset of transpressional activity in the area of S.W. Cyprus, during the 

late Campanian, caused the Mamonia basement fragments to 'flower' and form structural 

highs. The southern fragment remained structurally high through to the Oligo-Miocene 

boundary and played an important role in the depositional history of the neo­

autochthonous sedimentary cover. The outcrop patterns of the preserved sedimentary 

packages, show the southern fragment becoming less pronounced, during deposition 

and/or post-depositional erosion of the Letkara Formation, until the Pakhna 

transgressive event, were it no longer plays a part in the depositional history. 
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2). The preserved sedimentary packages, bounded by unconformities, overstep 

one another in the main, younging in a north westerly direction, similar to that seen 

against the northern margin of the Troodos Massif, where the sediments overstep one 

another in a westerly direction. 

3). The boundary lines of the preserved sedimentary packages are 'maximum 

regression lines', for the sediments which have survived the last erosional event. These 

regression lines are preserved by the next overstepping sedimentary package. 

The biostratigraphical data, the implications derived from the data, the outcrop 

patterns of the preserved sedimentary packages and the fieldwork of past research, 

offers circumstantial evidence to suggest that the Kannaviou Formation was deposited 

across both Mamonia and Troodos basements in the region of S.W. Cyprus, and the 

migration of the subduction zone from the Kyrenia lineament to the south of Cyprus, 

occurred during the Early Palaeocene (pre-NP5). 
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Purpose of the Investigation 

The unconformable contact between the neo-autochthonous calcareous 
sedimentary cover and the basement lithologies of the Mamonia and Troodos Complexes 
in S.W. Cyprus is poorly constrained and understood. It is thought to be diachronous or 
consisting of a number of unconformities between the Late Cretaceous and Late 
Pliocene, younging or overstepping on to the basement respectively in a north-westerly 
direction away from a ?depositional basin centred south ofPerapedhi village. 

To solve the problem, it was decided to collect as many samples as possible, of 
the sedimentary cover, with the main criteria being that they were collected as close to 
the contact with the basement, throughout S.W. Cyprus (See locality map, Appendix E, 
Fig. E.1) and not collected for their abundance or high diversity of calcareous 
nannofossils. 

At several measured sections located in S.W. Cyprus, samples were collected to 
search for breaks in the sedimentary record. Measured sections were also provided by 
Dr. R. E. Swarbrick (Petra-tou-Romiou, S.W. Cyprus) and Dr. H. A. Armstrong 
(Kottaphi Hill, Agrokipia, northern flank of the Troodos Massif). These localities were 
chosen because they were considered to be free of tectonic breaks. 

The samples collected were processed so that the calcareous nannofossil evidence 
could be released from the rock and be recognised via light and scanning electron 
microscopy. Then using species of known range, the samples could be dated, so that a 
pattern may be determined for S. W. Cyprus and if possible be related to the rest of 
Cyprus. 

Fieldwork 

The Late Cretaceous to Late Miocene succession of S.W. Cyprus, which makes 
contact with the basement, outcrops along the south-westerly flank of the Troodos 
Massif, at the edge of several basement windows and were major drainage cuts the 
landscape. Sampling of these outcrops was carried out over several field seasons: 1992 
based at Mamonia (8 weeks); 1993 based at Polis (2 weeks) and 1994 based at Paphos 
(2 weeks). 

The samples were collected as near as possible to the contact with the basement 
or the underlying calcareous lithological unit, where it was thought there might be a 
break in the sedimentary record. When contact was actually seen, a second sample was 
collected 0.5 or 1. Om above the contact. All samples collected were fresh with 
unweathered surfaces, each sample, were possible was fist-sized (100gms). 

To avoid major contamination during the collecting stage, the hammer head and 
chisel point was cleaned prior to the taking of each sample. The sample was double 
bagged for shipment. 

A total of 372 samples were collected and processed during the project and 
information concerning these samples can be found in Appendix E. 
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Preparation of the Study Material 

During the course of the project, two disaggregation techniques were employed. 
The crushing technique which was primarily used for reconnaissance work and the 
solvent soak technique, both techniques released the calcareous nannofossils from the 
sample. The resulting material was then mounted so that the calcareous nannofossils 
could be viewed under Light and Scanning Electron Microscopy (LM and SEM 
respectively) conditions. Prior to disaggregation the sample was washed, so as to remove 
any possible contamination, that may have occurred during collecting in the field. 

Crushing Technique 

1). Using a spatula, break off a few small fragments from the washed sample, 
then using an pestle and mortar, grind the small fragments into a fine powder. 

NB. To avoid contamination from previous samples, wash and dry the spatula, 
pestle and mortar prior to use. 

2). Add the fine powder to a disposable vial, containing distilled water and 
agitate, allow the heavies to settle out (60-90secs). 

3). Using a glass pipette, extract the supernatant and place into a second 
disposable vial, then add cello size and agitate. The cello size breaks down the surface 
tension of the fluid, so that it can be more easily worked when transferring to the 
coverslips. 

NB. To avoid contamination when using the pipette, wash the pipette out three 
times using distilled water prior to use. 

4). Fluid is now ready to be mounted onto coverslips. 

Solvent Soak Technique 

I). Take three large clean polythene sample bags and triple bag the washed 
sample (IOOgms). Using a hammer and crushing surface, crush the sample into large 

fragments. 

2). Place the crushed material into a clean beaker, then remove half of the sample 
(50gms) and bag ready for further possible investigations. 

NB. Contamination during the first two stages of the technique can be avoided 
by washing and drying crushing surfaces and hands prior to handling the sample. 

3). Cover the remaining sample in the beaker with fresh solvent and allow to soak 
into the sample for 60-120mins. Cover beaker with glass plate. 

4). After soaking, decant and filter the excess solvent (not to be reused in further 
calcareous nannofossil work) from the beaker, then pour boiling water over the sample 
half filling the beaker. The boiling water makes the solvent within the sample expand 
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faster than the resulting pressure can be released through the pore spaces, causing minute 
explosions, which breakdown the sample and release the calcareous nannofossils into the 
water, allow the heavies to settle. 

NB. Sections three and four must be carried out in a fume cupboard. 

5). Using a glass pipette, extract the supernatant from the beaker and place into a 
disposable vial, then add cello size and agitate. 

NB. To avoid contamination when using the pipette, wash the pipette out three 
times using distilled water prior to use. 

6). Fluid is now ready to be mounted onto coverslips. 

Mounting coverslip for LM Investigation 

1). From either the crushing or solvent soak disaggregation techniques, transfer 
the resulting fluid from the vial using a glass pipette and cover three coverslips 
(32x22mm), leaving to dry on hot plate. 

NB. To avoid contamination when using the pipette, wash the pipette out three 
times using distilled water prior to use. 

2). Using Canada balsam take two of the coverslips and fix onto two glass slides, 
to make permanent mounts. The coverslips are now ready for examination under LM 
conditions. 

NB. The remaining coverslip is stored in readiness for examination under SEM 
conditions. 

Mounting coverslip for SEM Investigations. 

Due to financial constraints, not all coverslips were mounted onto an SEM stub. 
Only after examination under Light Microscopy conditions had taken place, and the 
abundance (Abundant) and preservation (Good to Moderate) of calcareous nannofossils 
had been noted, would a coverslip (if required) be examined under SEM conditions. 

Preservation 
Good (Little or no alteration). 
Moderate (50% showing some form of alteration). 
Poor (All showing some form of alteration). ** 

Calcareous nannofossil content. 
(Field of view = 390flm) 

Abundant (> 5 individuals per field of view). 
Common « 5 individuals per field of view). ** 
Sparse (Isolated occurrences). * * 

**Not considered good enough for SEM Investigations. 
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'!he coverslip is glued to an aluminium SEM stub, using a colloidal silver type 
conductmg adhesive which allows the transmission of electrons. The surfaces of the 
coverslip and stub are then coated in a thin layer of gold, to make the specimen 
conductive. 

Methods of Investigation 

Two methods of investigation were employed during the course of the project 
LM and SEM techniques. 

LM Technique 

F or the recognition of calcareous nannofossil species via the LM, the Olympus 
BH-2 biological microscope, fitted with analyser and port for sensitive tint was employed 
(maximum magnification x12S0). Also fitted was a micrometer stage allowing specimens 
to be relocated, phase contrast condenser with associated objectives and a trinocular 
viewing head that sits on the analyser housing, allowing photomicrographs to be taken 
via Olympus OM4Ti camera with spot metering. 

Plane polarised light, crossed polarised light with sensitive tint availability and 
phase contrast, allowed the maximum amount of information to be obtained. So via the 
two LM slides produced from each sample processed, it was possible to identify species, 
note occurrence, distribution and calcareous nannofossil content for each sample. 

SEM Technique 

Due to the inability of the SEM at the University of Durham to provide 
publication quality photomicrographs during the early stages of the project, the SEM at 
the Biomedical Electron Microscope Unit, University of Newcastle was used. During this 
period costs were minimal, with photographic charges only. However, during the latter 
part of the project, new costing arrangements at the University of Newcastle came into 
effect, coupled with a worsening financial environment for Universities in general, plus a 
lack of additional funding from NERC to cover the new costs, the use of the SEM was 
kept to a minimum, with costs borne by the Department of Geological Sciences, 
University of Durham. 

The SEM employed was a Cambridge 600 Stereoscan, fitted with a 3Smm Pentax 
camera. The technique gives high definition images of calcareous nannofossils and 
photomicrographs which assist in describing the species under examination with the 
minimum of misinterpretation of the morphological features. It also provided the 
opportunity to gain experience in the operation of the microscope to operator level. 
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INTRODUCTION 

GENERAL INFORMATION 

The calcareous nannofossil identification key for use in biostratigraphy, has been 
formulated to assist undergraduates and academics with little or no experience in 
identifying calcareous nannofossils. There are approximately 37 recognised calcareous 
nannofossil families, that are to varying degrees of suitability) biostratigraphically 
important (perch-Nielsen, 1985 and Siesser, 1993). It is hoped that the identification key 
will assist the researcher in placing the specimen under examination into the correct 
family, in readiness for further identification to genus and species level. 

The search pattern employed by the identification key is shown in Fig. B.I. This 
process takes the researcher through four levels of search, to identify the specimen under 
examination to family level. The first level of search is based on the overall shape, with 
the second level dealing with the distinguishing features. From the first and second levels 
of searc~ it should be possible to obtain a number of families that might make a near fit. 
All that remains, is to use the third level search section to make the final identification to 
family level. Within this section there are detailed descriptions of the 37 families, and it is 
in alphabetical order. If, after the first three l,evels of search, it has not been possible to 
make a satisfactory identification, a fourth level search section, covering the family 
Calyptrosphaeraceae (holococcoliths) and Incertae seclis can be utilised. It is worth 
noting at this point, that if there is difficulty in making a successful identification after use 
of the fourth level search section within the identification key, then it might be safe to 
assume that the specimen under examination is not biostratigraphically important, and 
that no further time should be taken up in attempting to identify the specimen. 

Direction is given within the third level search section, for the identification of the 
specimen under examination to genus and species level, by making reference to page 
numbers from chapters 10 & 11 from the publication 'Plankton Stratigraphy' (perch­
Nielsen, 1985). 

With reference to calcareous nannofossils, the publications 'Fossil Prokaryotes 
and Protists' (Siesser, 1993) and 'Plankton Stratigraphy' (perch-Nielsen, 1985) make 
reference to many scientific papers, broad based publications and DSDP/ODP reports, 
which will further assist in making the identification to species level. 

Fig. B.2. shows the range of the 37 calcareous nannofossil families mentioned in 
the identification key (Late Triassic to Holocene). If an approximate geological age is 
known of the horizon from which the specimen under examination has been extracted, it 
is possible to narrow the search to either side of the KIT extinction boundary event. 
Therefore some of the first and second level search figures have been ordered into 
Mesozoic, KIf (this includes families which exist either side of the boundary) and 

Cenozoic sections. 

13 



~ 

FmST LEVEL SEARCH • SECO .. 
Based on overall shape ND LEVEL SEARCH - - - .... 

~ 

Heterococcoliths 
~ 

CONSTRUCTION 
(Seen underEM only) 

Holococcoliths 
I ~ 

Based on morprlOgiCal features 

THIRD LEVEL SEARCH 
Detailed description of each 
calcareous nannofossil family 
in alphabetical Jder 

If identification is not made 

~ 
FOURTH LEVEL SEARCH 
Calyptrosphaeraceae (holococcoliths) 
or Incertae sedis 

If not possible tt make a satisfactory 
identification, assume that the calcareous 
nannofossil is not biostratigraphically 
important 

Fig. B.l. Search pattern employed within the Identification Key. 

Second level search is split into sections 
based on shape, and within each section there 
may be a further split into Mesozoic, KIT and 
Cenozoic family sections, or the ranges included. 

For coccolith identification, the figures in the 
second level search are ordered from top to 
bottom, describing the coccolith morphology, 
starting with the outer rim/wall arrangement, 
then the central area followed by the central 
process if present. 

For nannoliths only the general morphology 
is used. 



DISSOLUTION, OVERGROWTHS, DAMAGE and DEBRIS 

It is important that the researcher should be aware that dissolution, overgrowths, 
damage and debris might have taken place and this will hinder the successful 
identification of the calcareous nannofossil under examination. Where possible whole and 
clean specimens in good condition should be used. 

DERIVED, REWORKED and CAVING 

Due to their size «30Jlm), deriv,ed, reworked and caving within samples is a 
major problem with respect to calcareous nannofossil studies and the researcher should 
always be aware that the these major problems exist. This may cause inexperienced 
researchers to wrongly date the horizon under investigation. 

Mesozoic Palaeogene N~ene I Quat-
FAMILY Triassic Jurassic Cret. Palaeo. Eo. Oli o. Mio. Plio. PI. R 

L M U L M U L M U L M U L M U L M U L M U L M U 
~chizosphaereI1aceae X X X X 
19!.iastozygaceae X X X X X X X X X 
~culaoeae X X X 
lPodotbabdaceae X X X X X X 
lS!ePhenolithiaceae X X X X X X , 

~repidolithaceae X X X X X X 
lArkbangelskiellaceae X X X X X X I 
~uellerellaceae X X X X X X 
l!!iscutaceae X X X X X X X 
~~elosphaeraceae X X X X X X X , 

~ollasitaceae X X X X X X X X 
~odiscaceae X X X X X X X X X X X X X 
~annoconaceae X X X X 
jMiaomabdulaceae X X X X 
rCal' aeraoeae I X X X X X X X X X X X XiX X X X! X X X X X 
'Iboracosphaeraceae X X X X X X X X X X X X X X X X X X X X X 
Prediscospbaeraceae X X X 
iPolycyclolithaoeae X X X 
~~odiscaceae X X X 
[!!raarudosphaeraceae 'X X X X X X X X X X X X'X X X X X X X X 
~alciosoleniaoeae X X X X X X Xi X X X X X X IX X X X X X X 
lEiffellithaoeae X, X. , I 
Qoniolithaoeae X X X X X X X 
jCoccolithaceae X X X X X X X X X X X X X X X X X X 
\Prinsiaceae X X X X X X X X X X,X X X X X X X X 
!pontosphaeraoeae X, X X X X X X X X X X X X X X X X 
[. asciculithaceae X X 
I!!eliolithaceae X X 
IQiscoasteraceae X X X X X X X X X X X X X X 
ISphenolithaceae X X X X X X X X X X X X X X 
ILithostromationaoeae X X X X X X X X X X X X 

l!!eI~aeraceae X X IX. X X X X X X X X X X X 
!IQtabdosphaeraceae X X X X X X X X X X X X X X 
[riqueUorbabdulaceae X X X X X X X X 

lCeratolithaceae X X X X X X X X X 
1<', ...haeraceae 1 X X X X X X X X X 
~~ 

X X X X X. ~utschlandiaceae 

Fig. B.2. Ranges for the calcareous nannofossil families. 
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CONT AMINATION 

Contamination is a separate problem to those mentioned above in the last section, 
but giving similar results. However, care taken during the collecting and processing 
stages can minimise its effects. 

CONSTRUCTION 

Calcareous nannofossils are generally divided into two groups based on their 
calcite construction, holococcoliths and heterococcoliths. Holococcoliths are constructed 
with calcite crystals of identical size and shape, whereas heterococcoliths are constructed 
with calcite crystals of differing shapes and sizes. It is easy to distinguish between the 
two under the SEM and for the holococcoliths (Fig. B.1), to be routed to the fourth level 
of search section. However, under the LM this is not possible and therefore the route to 
identification for holococcoliths, is the same as the heterococcoliths. 

DIMORPHIC, DITHECATISM and PLEOMORPHIC 

There are several miscellaneous problems which are defined below, but do not 
pose any biostratigraphical problems. 

NOTE 

Dimorphic: possessing more than one kind of calcareous nannofossil shape. 

Dithecatism: constructed of a double layer of coccoliths, each layer may contain 
different ,calcareous nannofossil shape. 

Pleomorphic: calcareous nannofossil having both a holococcolith and 
heterococcolith stage throughout its life cycle. 

It is not the intention of the identification key to address any of the problems 
mentioned above, but merely to make the inexperienced researcher aware that they 
exist and that they will have to be addressed, if encountered during the course of 

their studies. 
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FIRST LEVEL SEARCH 

(Based on overall shape) 

17 



FIRST LEVEL SECOND THIRD LEVEL 
SEARCH LEVEL SEARCH 

(SHAPE) SEARCH FAMILY REMARKS 

fig. 
ELLIPTICAL B.5 
CIRCULAR B.6 i 

SPHERICAL/OVOID B.7 

ROD/SPINDLE B.8 
CYLINDER B.9 
CONE B.IO 
HELICAL/SPIRAL Helicosphaeraceae 
PENTAGONAL Braarudosphaeraceae Central area nongranulated - made up of five plates 

Goniolithaceae Central area granulated 

I-" 
HEXAGONAL Lithostromationaceae 

00 TRIANGULAR Lithostromationaceae 
RHOMBOIDAL Calciosoleniaceae 

BLOCK Polycyclolithaceae Mesozoic species 
Sphenolithaceae Cenozoic species 

BASKET Discoasteraceae 

HORSESHOE Ceratolithaceae 

POLYGONAL Stephenolithaceae 

VASE Calyculaceae Mesozoic species 
Pontosphaeraceae Cenozoic species 

ROETTE/ST AR Polycyc1olithaceae Mesozoic species 
Discoasteraceae Cenozoic species 

- --

Fig. B. 3. Primary search based on overall shape. 



SECOND LEVEL SEARCH 

SCANNING ELECTRON & LIGHT 

MICROSCOPY 

(Distinguishing Features) 

NB. 

Figure B.4. will assist in identification. 

If identification is not made within this sectio~ go to the Fourth Level Search section 
which includes the family Calyptrosphaeraceae and Incertae sedis. 
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RTh1/0UTER WALL CONSTRUCTION 

A proximal view B c 

apical aperturE -------, 

wedges of a row 

o E F 

SHIELD CONSTRUCTION 

distal view 

H J G 
proximal view 

Fig. B.4. Sketches showing the typical types of rim/outer wall and shield constructions, 
I 

with respect to the descriptive terms used in Figs B.S. and B.6. (modified from Perch-
Nielsen, 1985a,b). A. inclined elements. B. vertically arranged elements. C. narrow rim. 
D. complex. E. tiers. F. wedge type plates. G. concentrically arranged elements. H. 
radiating petaloid elements. I. overlapping petaloid elements. J. rays. 

w 



ELLIPTICAL SHAPE 

RIM/OUTER WALL CONSTRUCTION 
!Inclined elements. 

VerticalJy arranged elements. 

Narrow rim «l.!!m). 
('~Jex arrangement of elements. 

• Consisting of3 to 5 tiers of elements. 
Consisting of2 to 3 tiers of elements. 

l"'ontaining 2 CYcles of elements. 

SHIELD CONSTRUCTION 
Distal elements,ooncentric. 

Distal elements, radiating petaloid. 

" ~stal elements, overlapping petaloid. 
~oximal elements, radiating petaloid. 

~oximal elements, overlapping petaloid. 
Proximal shield noticeably smallerthan distal shield 
~ closely appressed shields. 
Inner cycle of plate elements. 

Ring of calcite sectors without imbrication. 

CENTRAL AREA CONSTRUCTION 
Bridging crossbar 'I' present. 

~ridging crossbars 'H' present. 
Bridging crossbars 'X' present. 

~ridging crossbars '+' present. 
Grid/mesh work covering. 

9r.mular surfare covering. 
Perforationslholes. 

Thirmed by ~essions. 
Spanned by radially arranged elements. 
Several cycles of elements. 

Partial cover of plates in distal view. 
Closed with no process. 

Partially closed by lath-sh~ elements. 
ILarge central area (>75% of total surface area). 

CENTRAL STRUCTURE 

Process present (if attached). 

Mav have a process (if V~LI attached). 

MISCELLANEOUS FEATURES 

Relatively thick (>3 JlI11). 
16 elements in both shieJds. 

Radial spines may project from rim. 
Lacking a floor (open central area). 

LIGHT MICROSCOPY FEATURES 

Whole of specimen has poQr birefringence. 

Distal shield only, has poor birefringence. 

Dextrogyre interference figure in distal view. 

Central area shows a 'windmill' effect. 
Duetothidmess.. not all ofsoecimen in focus. 

MESOZOIC 

x x X 
x i X 

x X X x X X X X 

X 

x 

x 

x 

X, 

x 
x 

x X 
x X X, 

x 
X 

X 

X 

X 

X X 
x XXX 

x 
x 

X i 

x 

X 
x 

x 

XI 

x 
x 

x X 
x 
X 

X X 
x. 

x 
x 

x 

x 

CENO. 

X I 

! X 
X X 

X 

x 

X 

x 
X 

x 
x 

x 
x 
x 

,X 

xx 
X 

X 
x 

x 
X 

x 
X 

x 

X 

Fig. B. 5. Distinguishing features of elliptical-shaped calcareous nannofossils. 
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MESOZOIC Krr CENOZOIC 
I 

~ I 
~ 

~ ~ v 
~ u ~ 

~ 
~ ~ ~ ~ ~ ~ 

~, u ... ~ u v ~' ~ ~ 
~ ~ e u: ~ ~ ~ c: u 
~ ~ ~ u ~ 

CIRCULAR SHAPE g, ~ ~ ~ ~ .c: ~ ~ ~ .g ... 
~ I ~ :E ~ c.. :0 ~ 

~ ~ g '" u ~I ~ 
:§ 

, .c: ... ~ u ~ ~ c.. .- c:s ~ 0 a u E ~ "§ u c: '" (5 ~ -s Q) 
... 

~ ~ 
~ (5 0 0 u :2 £ :§ g ~ , :; u c: 01) 

'" u '" u c:s' - 0 

~ 
"'0 0 '" 

I!.l - 0 0 u ~ 
(5 II) ~ "'0 's.. !~ :0 .c: ::I '" '" 0 .;;; 

c. u u c.. :; u .- 0 .0 

18 Ie ~ B .~ 
u ._ 

'" Q) oS c: ~ 

8 ffi ~ '1:: .c: 
~ tI) co 0, 0 ::r: ::3 ~ .0::: 

RIM/OUTER WALL CONSTRUCTION 
Vertically arranged elements. X X 
Narrow rim «hun). X X X 
lWedges/plates oriented perpendicular to axis. ·X I 

iwedl!es/olates soiral around axis. X 
SIDELD CONSTRUCfION 

Distal elements, radiating petaloid. X X X 
Distal elements, overlapping petaloid. X X 
Proximal elements, radiating petaloid. X X I 
Proximal elements, overlapping petaloid. X X 

'- Proximal shield noticeably smaller than the distal shield. X 
3 closely appressed shields. I IX I 

2 closely appressed shields. X X 
Single shield made UP of rays. X X. 
Shields made up of thin elements. X 

, Ring of calcite sectors without imbrication. X I 

CENTRAL AREA CONSTRUCfION 
Bridging structure 'x' present. X 
Bridging structure '+' present. X 
Grid/mesh work present. X X 
Perforationslholes present. XI i 

Spanned by radially arranged elements. X 
Several cycles of elements. X 
!Partial cover of plates in distal view. X 

I Inner cycle of elements. X 
, 

I Symmetrically arranged depressions. X 
Arranl!ement of ridl!es mav be Dresent. X 

CENTRAL STRUCTURE 
Process present (if attached). X X 
May have a process (if present/attached). X X 
Proximal knob may be present. X 
Distal knob may be present. X 

!Cone will be present. X 
Central cavity/canal Dresent. 'X ! 

MISCELLANEOUS FEA TIJRES 
Relatively thick (>31lID). ' X X 

16 elements in both shields. X 

Radial spines may prolect from rim. X 
, I I 

Shape due to dissolution. X XI 

Can be relativelv larl!e l<30umt X X 

LIGHT MICROSCOPY FEATURES 
IWhole specimen has poor birefringence. X 

Distal shield only, has poor birefringence. X 

Dextrogyre interference figure in distal view. X 

Due to thickness not all of soecimen in focus. X X 

Fig. B.6. Distinguishing features of circular-shaped calcareous nannofossils. 
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'I) 
'I) 

8 ~ ~ 
~ 

() ... <t: 
~ 

SPHERICAL/OVOID SHAPE 
ij) ~ 
~ ~ c.. 
<t: ~ 

0 
..::: :€ 
~ 8 § 2 , <t: 

. - ... 
-£ ! 0 0 

~ u 
C/.l <I-

OVERALL SHAPE 
Generally sub-sPherical in shape. X 
More spherical/ellipsoid in shape. X 
Relatively large (>20J.Ull). X X 
Iover-lapping/interlockin~ hemispheres. X 
Bell- or cup-like in shape. X 

MISCELLANEOUS FEATURES 
Large opening at the pole may be present. X 
Lid may be present, covering the opening. , X 
SUV'"JI""I ivheral groove. X 
lone or more keels may be present. X 
!External spines may be present X 
*Covered in shields (elliptical/circular). X 

RANGE 
Late Triassic to Late Jurassic. X 
[.ate Jurassic to Dresent day. X 

LIGHT MICROSCOPY FEATURES 
lDue to thickness. not all of soecime:n in focus. X X 

* Return to second level search and make identification using a single shield 

Fig. B. 7. Distinguishing features of spherical/ovoid-shaped 

calcareous nannofossils, including range. 

C!.I 
C!.I 8 8 <t: 
(II ~ 

ROD/SPINDLE SHAPE -; '..: 
~ ..::: 
~ ~ (II 

-E 8 
g en 

:g 
~ ... 

0.-

ONCE PART OF CENTRAL STRUcruRE 

!central process has _~arated from shield X 

lGmerally bulbous at distal end 
! lAt least. one end may appear damaged. X 

STRUCTURAL ARRANGEMENT 

iThree concave blades. 
Uniform arrangement about a central axis. X X 

Not Wlifonn along length. 
Cruciform cross-section. X 

Triradial cross-section. 

MISCELLANEOUS FEATURES 

Ridges may be present on blade surfaces. 

Simple arrangement of elements. X 

Complex arraDeernent of elements. X 

RANGE 

IL3te Jurassic to Late Cretaceous. X 

IEarly to Late Cretaceous. X, 

, 1EM1y Eocene to present day. 
Middle Eocene to Late Miocene. 

LIGHT MICROSCOPY FEATURES 

~tral canal may be present X 

~ol1lDlex extinction lines visible. X 

Fig. B.S. Distinguishing features of rod/spindle-shaped 

calcareous nannofossils, including range. 
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I 
IJ) 

IJ) 8 8 ('.) 

CYLINDRICAL SHAPE IJ) ~ 8 8 ..: ... 
:€ "'0 ..: 

.J:J I C ..: (5 .f 8 "6 "'0 ' 0' 0 I 

~ ! o § 
..: .- ..: 

U ~ Z 
OVERALL SHAPE 

!More squat than cylindrical. 

Can be relatively large «30/llIl). X 
In side view only. X 
Could be described as a vase-like shape. X 
Slightly tapered sides. X 
Tapered sides. X 

OUTER WALL 
Vertically arranged elements. X 
Vertical to slightly imbricated elements. 
puter layer with vertically arranged thin elements. X 
Wedges/plates orientated perpendicular to axial cavity. X 
Wedges/plates spiral around the axial cavity. X 
Ring of calcite sectors without imbrication. X 
Distal cone or dome present. 

Disc of lateral elements may be I 

Two to three cycles of elements. 
Proximal colunm present. 

MISCELLANEOUS FEATURES , 

Inner cycle of inclined elements. X 
Axial cavity/canal present. i 

I X 
Simple arrangement of elements. X 
Lip maybe present. X 

RANGE 
~urassic only. X 
!Jurassic to Late Cretaceous. X X X 

ICretaceous only. 
lPalaeocene onlv. 

LIGHT MICROSCOPY FEATURES 
Due to thickness, not all of _roift'len in focus. X X 

Central canal may be visible. X 

Fig. B. 9. Distinguishing features of cylindrical-shaped 

calcareous nannofossils, including range. 
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II) 

CONE SHAPE B 
~ 

§ 
0 
!§ 

12 
GENERAL CONSTRUCTION 

Can be relatively large «30,..I.m). X 
Wedges/plates orientated perpendicular to axial cavity. X 
Wedges/plates spiral around the axial cavity. X 
Distal cone present. 

Proximal shield of vertical elements. 

Proximal oolunm present. 

MISCELLANEOUS FEATURES 
Axial cavity/central canal present. X 
Disc oflateral elements may be present. 
Apical spine may be present. 

RANGE 
Late Jurassic to Late Cretaceous. X 
Palaeocene only. 

Middle Palaeocene to Upper Pliocene. 

LIGHT MICROSCOPY FEATURES 
Central canal may be visible (median line). 

Crucifix extinction line may be present. 
X' or '+' extinction line maybej)resent. 

Fig. B.1 o. Distinguishing features of cone-shaped 

calcareous nannofossils, including range. 
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THIRD LEVEL SEARCH 

This section contains a detailed description of each calcareous nannofossil family 
in alphabetical order. However, if there is not a description that fits and therefore 
identification cannot be made within this section, go to the Fourth Level Search section 
which includes the family Calyptrosphaeraceae and Incertae sedis. 

The page number is given for the publication 'Plankton Stratigraphy' (Perch­
Nielsen, 1985) to aid possible identification to genus and species level. 

SEM & LM distinguishing features is a breakdown of the initial overall 
description, to assist in making a correct identification. 

Figures within this section are not intended to imply genera or species within a 
particular family, but to give an idea of shape and construction to aid with identification. 
Also scale is not shown. However, it can be assumed that size of the long axis does not 
exceed 15 J.lm - remember there will be exceptions. 

With reference to 'Shape', there will be at least one and may be more overall 
descriptive shapes mentioned. This indicates that the family is mentioned under that 
shape within the First or Second Level Search sections. 

Additional information relating to the families biostratigraphical range and its 
importance to biostratigraphy is given. 

26 



Description 

Plankton Stratigraphy : 

SEM Distinguishing 
features 

Ahmuellerellaceae 
Reinhardt (1965) 

The Ahmuellerellaceae include elliptical coccoliths, in 
which the narrow rim is formed by a wall of inclined 
elements, with the central area bridged by a cross (+) 
aligned with the axis of the ellipse or of composite 
construction (Fig. B.II). 

page 349. 

* elliptical. 
*narrow wall/rim of inclined elements. 
*central area bridged by a cross (+), aligned with the 

axis of the ellipse or of composite construction. 

Fig. B. 11. Typical Ahmuellerellace structural arrangements 
(modified from Perch-Nielsen, I985a). 

LM Distinguishing 
features 

Shape , 

Range 

B iostatigraphical 

Description 

*similar to that seen under SEM conditions. However, it 
may be not possible to distinguish the inclined nature of 
wall/rim elements. 

ELLIPTICAL 

Early Jurassic to Late Cretaceous. 

poor to moderate. 

Arkhangelskiellaceae 
Bukry (1969) 

The Arkhangelskiellaceae include elliptical coccoliths with 
a complex narrow rim consisting of 3 to 5 tiers. Two are 
visible in distal view with two to four being visible in 
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Plankton Stratigraphy : 

SEM Distinguishing 
features 

proximal view. The central area generally being enclosed 
by a variety of constructions, lacking a central process 
(Fig. B .12). 

page 352. 

* elliptical. 
*narrow rim consisting of three to five tiers, 

- two to four visible from proximal view, 
- two visible from distal view. 

*lacks a central process. 
*central area closed with a few exceptions. 

DISTAL VIEWS PROXIMAL VIE WS 

III 

outer rim 
inner rii : 1 IV 

perforation -------.. 
rim 
diagonal suture 
long suture 
oblique suture 
central knob/spine 
short suture 

~.o:;;:i~=-4--4--- short cross bar ----=~ .;:;:::; ..... ____ ~--=-~~ 
~I:.-f--- long cross bar 
'---.R--- central opening 

central plate --~ 
crown elements­

..I.-.---4.~~->-

crown void ----~_f++~ 
flange -----

-~~ 
~.~~- zeugoid rim 

'------ central net 

118 III I I 

Fig. B.12. Terminology of the Arkhangelskiellaceae 
(after Perch-Nielsen, 1985a) 

LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

*elliptical. 
*narrow rim 
*enclosed central area shows up as four equal quadrants 

with the cross (+) aligned to the axis of the ellipse, each 
quadrant is further divided in two, which are displayed 
by alternating good and poor birefiingence to produce a 
'windmill' effect. 

*lacks a central process. 
*central area closed with a few exceptions. 

ELLIPTICAL 

Early to Late Cretaceous. 

moderate. 
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Description 

Plankton Stratigraphy : 

SEM Distinguishing 
features 

LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

Biscutaceae 
Black (1971) 

The Biscutaceae contain both circular and elliptical 
coccoliths and are constructed of two closely appressed 
shields. These are formed of radial, non-imbricate and 
petaloid elements. Both shields usually remain dark 
between crossed polars, with the central area sometimes 
birefringent. Central process may be present, attached to 
the distal surface (Fig. B. 13). 

page 356. 

* circular. 
* elliptical. 
*two closely appressed shields. 
*each shield constructed of-

radial ) 
non-imbricated ) elements. 
petaloid ) 

*variety of crystal constructions within the central area. 

distal cross-section 

Fig. B.13. Biscutum, typical genus ofBiscutaceae showing 
structural arrangement (after Reinhardt, 1965). 

*similar to that seen under SEM conditions. However, it 
may not be possible to note the appressed nature of the 
distal and proximal shields. 

*poor birefringence. 

ELLIPTICAL & CIRCULAR 

Early Jurassic to Early Palaeocene. 

poor to moderate. 
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Description 

Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

thorn ------.. - - ----- . ---

penta.lith IV'.-----:rJ....:. 
negative angle ----t-->r­

opening - -->.-~ 

Braarudosphaeraceae 
Deflandre (1947) 

The Braarudosphaeraceae include pentolith-shaped 
nannoliths, normally made up of five equal segments 
(Fig. B.14). 

pages 358 & 452. 

*pentolith in shape. 
* normally five equally shaped segments. 

-"r-------'--+--- positive ang Ie 

penta lith 

,---......),,----.+--- negative angle 

-*-~-+- overlap 

_-1---+--- ridge 

_-I---hole 

-/----+-- segment 
overlap - -~;,...c:;...H---"-...... ~ 
'd ~ 

Braarudosphaera 
rI ge -- - III "c-----t-! 

hole ~~ 

segment ----/ 
distal side 

positive angl~------~ \D7 Micrantholithus 

proximal side 
Pemma 

Pentaster 

Fig. B .14. Tenninology of the Braarudosphaeraceae 
(after Perch-Nielsen, 1985a & b). 

Shape 

\ 

Range 

Biostatigraphical 

Description 

PENTAGONAL 

Early Cretaceous to present day. 

moderate in the Late Mesozoic. 

Calciosoleniaceae 
Kamptner (1927) 

The Calciosoleniaceae include rhomboidal coccoliths, 
with calcite laths extending inward from the outer walls. 
Laths may meet along a central line. 
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Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy : 

pages 358 & 452. 

*rhomboidal in shape. 

RHOMBOIDAL 

Early Cretaceous to present day. 

poor. 

Calyculaceae 
Noel (1973) 

The Calyculaceae include elliptical and circular coccoliths 
with an overall shape in side view of a chalice-like-cup 
(cylinder) with a horizontal lip, the central area is covered 
with a grid (Fig. B.15). 

page 358. 

Fig. B.15. Typical Calyculaceae structural arrangements 
(modified from Perch-Nielsen, 1985a). 

SEM Diagnostic 
features 

LM Distinguishing 
features 

*ellipticallsub circular. 
* chalice-like-shape (vase). 
* cylindrical. 
*narrow rim. 
*central area covered by a grid. 

*similar to that seen under SEM conditions However, it 
may be difficult to note the chalice-like-shape of the 
coccolith. 
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Shape 

Range 

Biostratigraphical 

Description 

Note 

Plankton Stratigraphy: 

SEM&LM 
Distinguishing features 

Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

Shape 

Range 

Biostratigraphical 

ELLIPTICAL, CIRCULAR, CYLINDER & VASE 

Early to Late Jurassic. 

poor. 

Calyptrosphaeraceae 
Boudreaux and Hay (1969) 

The Calyptrosphaeraceae include coccoliths and nannoliths 
of varying design, and are made up of uniform, small 
calcite crystals (holococcoliths). 

Due to the type of construction, holococcoliths have a 
poor survival rate within the geological record. 

pages 359 & 453. 

Due to the number of various designs, it is felt that this 
family should be considered along with Incertae sedis 
within the fourth search level section. 

VARIOUS 

Late Jurassic to present day. 

poor, owing to the type of construction. 

Ceratolithaceae 
Norris (1965) 

The Ceratolithaceae includes horse-shaped nannoliths 
(Fig. B.16). 

page 454. 

*horseshoe-shape. 

HORSESHOE 

Very Late Oligocene to present day. 

moderate to good. 
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--------spine 

----- rod 

I-f--- apical lump 

~-4--arch 

~~-\I--- interior curvature 

------f~~-keel. ridge 

~+---node 

-7-+-+-- horn 

L""---- .+4-- hook 

-+---rod 

Fig. B. 16. Terminology of the Ceratolithaceae 
(after Perch-Nielsen, 1985b). 

Description 

Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

Shape 

, 
Range 

Biostratigraphical 

Description 

Chiastozygaceae 
Rood, Hay and Barnard (1973) 

The Chiastozygaceae include elliptical coccoliths with a 
rim of inclined elements and has a 'X' or an H' bridging the 
central area. 

page 361. 

* elliptical. 
*narrow rim of inclined elements. 
* central structure formed by a 'X' or an 'HI. 

ELLIPTICAL 

TriassiclEarly Jurassic to Palaeocene. 

poor to moderate. 

Coccolithaceae 
Poche (1913) 

The Coccolithaceae includes both elliptical and circular 
coccoliths, with a distal shield consisting of radial 
petaloid type elements, which is not birefringent under 
crossed polars. The proximal shield is smaller 
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Plankton Stratigraphy : 

SEM Distinguishing 
features 

consisting of one or two cycles and normally shows 
strong birefringence. The central area may be open or 
closed and possess or lack a central structure (Fig. B.17). 

page 456. 

*distal shield made up of radiating petaloid elements. 
* elliptical. 
* circular. 

*proximal shield smaller than the distal shield and is 
constructed of two or more cycles of overlapping 
petaloid elements. 

-0_- distal shield 

~--- wall 

opening 

arm, bar 

central structure 

perforation 

~~!-+--+-- plate 

~:f"t-r+-~~- wall 

15t cycle 
proximal shield 

---- 2nd cycle 

-- distal shield 

Fig. B.17. Terminology of the Coccolithaceae 
(after Perch-Nielsen, 1985b). 

LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

*distal shield does not show birefringence under crossed 
polars. 

*proximal shield shows strong birefringence. 
*elliptical. 
* circular. 
* appears smaller under crossed polars, best seen under 

plane polars or phase contrast. 

ELLIPTICAL & CIRCULAR 

Late Cretaceous to present day. 

very good. 
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Description 

Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

-. 

Crepidolithaceae 
Black (1971) 

The Crepidolithaceae includes elliptical-, circular- and 
cylindrical-shaped coccoliths/nannoliths of substantial 
thickness, were the outer rim consists of a ring of calcite 
sectors without appreciable imbrication. A proximal floor 
and massive distal process may be present (Fig. B.18). 

page 364. 

* elliptical. 
* circular. 
*large distal process (if present/attached). 
:~ cylindrical. 
*relatively thick. 

Fig. B. 18. Typical Crepidolithaceae structural arrangements 
(modified from Perch-Nielsen, 1985a). 

Shape 

\ 

Range 

Biostratigraphical 

Description 

ELLIPTICAL, CIRCULAR & CYLINDRICAL 

Early Jurassic to Late Cretaceous. 

poor to moderate. 

Deutschlandiaceae 
Kamptner (1928) 

The Deutschlandiaceae include circular nannoliths with 
just a single shield that lacks birefringence under crossed 
polars, and a small central cone where the ring of elements 
around the cone is birefringent. 
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Plankton Stratigraphy : page 466. 

SEM Distinguishing 
features 

LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

Description 

* circular. 
*single shield. 
* small central cone. 

*similar to that seen under SEM conditions. However, 
the single shield is of poor birefringence, with the ring of 
elements surrounding the central cone being birefringent, 
best viewed under plane polars or phase contrast. 

CIRCULAR 

Early Pliocene to present day. 

poor. 

Discoasteraceae 
Tan (1927) 

The Discoasteraceae include star -, rosette-, circular-and 
basket-shaped nannoliths which when lying flat remain 
dark whilst under crossed polars (Fig. B.19). 

~-+---- ridge 
-r---""'-- arm 

--+-+--- interray area 
L.-...~--=::"'"'r-- central area 

~~~~--suture 

-+-~--- knob 
branch 

distal knob --~ 
. ray 

proximal knob 

node 
side views 

distal views proximal views 

Fig. B.19. Terminology of the Discoasteraceae 
(after Perch-Nielsen, 1985b). 
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Plankton Stratigraphy : 

SEM Distinguishing 
features 

LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy: 

SEM Distinguishing 
features 

page 467. 

* star. 
*rosette. 
* circular. 
*basket. 

*similar to that seen under SEM conditions. However, 
the nannolith is not birefringent and therefore best viewed 
under plane polars or phase contrast. 

STAR, ROSETTE, CIRCULAR & BASKET 

Late Palaeocene to Late Pliocene. 

very good. 

Eiffellithaceae 
Reinhardt (1965) 

The Eiffellithaceae includes elliptical coccoliths with a 
narrow rim of inclined elements and an inner cycle of plate 
type elements. Within the central area there is a central 'X' 
or '+', and may support a central process (Fig. B.20). 

page 368. 

* elliptical. 
*thin outer rim. 
*inclined elements (rim). 
*inner cycle consisting of plate type elements. 
* central 'X' or '+'. 
*central process may be present. 

Fig. B.20. Eiffellithus, typical genus of Eiffellithaceae showing 
structural arrangement (after Reinhardt, 1965). 
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LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy : 

SEM Distinguishing 
features 

*similar to that seen under SEM conditions. However, it 
may be not possible to distinguish the inclined nature of 
the rim elements. 

ELLIPTICAL 

Late Cretaceous. 

moderate. 

Ellipsogelospbaeraceae 
Noel (1965) 

The Ellipsogelosphaeraceae include both elliptical and 
circular coccoliths, the distal shield has slightly 
overlapping elements, whereas the proximal shield has 
radial arranged elements. The central area can be ope~ 
closed or bridged (Fig. B.2l). 

page 369. 

* elliptical. 
* circular. 
*distal shield has slightly overlapping elements. 
*proximal shield has radial arranged elements. 
*central area may be open, closed or bridged. 

Fig. B.21 . Typical Ellipsogelosphaeraceae structural arrangements 
(modified from Perch-Nielsen, 1985a). 
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LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

*similar to that seen under SEM conditions. However, it 
may be not possible to distinguish the overlapping nature 
of the elements of the distal shield. 

ELLIPTICAL & CIRCULAR 

Early Jurassic to Palaeocene. 

moderate. 

Fasciculithaceae 
Hay and Mohler (1967) 

The Fasciculithaceae include cylindrical nannoliths with a 
proximal column and a distal disc and cone (Fig. B.22). 

page 481. 

* cylindrical. 
*proximal column. 
*a disk or lateral elements. 
*distal cone. 

\--- cone, dome ---­

Shape 

Range 

~~~~----Iateral elements 

disc 

~-+- depressions 

proximal column -....-.l 

~+- central body 

I----+__ median extinction line 

Fig. B.ZZ. Terminology of the Fasciculithaceae 
(after Perch-Nielsen, 198 5b ). 

CYLINDRICAL & CONE 

Palaeocene. 

Biostratigraphical very good. 
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Description 

Goniolithaceae 
Deflandre (1957) 

The Goniolithaceae includes pentagonal-shaped composite 
coccoliths which have a wall composed of vertical 
elements enclosing a granular central area. 

Plankton Stratigraphy: pages 372 & 484. 

SEM&LM 
Distinguishing features 

* pentagonal. 
*granular centre. 

Shape PENTAGONAL 

Range Late Cretaceous to Eocene. 

Biostratigraphical poor. 

Description 

Helicospbaeraceae 
Black (1971) 

The Helicosphaeraceae include spirallhelical-walled 
coccoliths usually with a flange. The central area can either 
be bridged, open or closed/filled (Fig. B.23). 

Plankton Stratigraphy : page 485. 

SEM&LM 
Distinguishing features 

distal shield 

*elliptical. 
* spirallhelical. 
* flange. 
* central area 

-bridge 
-open 
-filled/closed. 

proximal shield -.-I-:"'-"~ 

central area 

centra,1 bridge 

central opening --'\---- - __ 

term i na I fl a nge --.=:::::====:::::=-~ 

Fig. B.23. Terminology of the Helicosphaeraceae 
(after Perch-Nielsen, 1985b). 

40 



Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy : 

SEM Distinguishing 
features 

SPIRAL or HELICAL 

Eocene to present day. 

good. 

Heliolithaceae 
Hay and Mohler (1967) 

The Heliolithaceae include circular coccoliths which have 
two to three appressed cycles of elements, fonning a 
cylindrical structure were the proximal is the largest and 
slimmest (Fig. B.24). 

page 481. 

* circular. 
*cylindrical in side view. 
*two to three appressed cycles of elements. 

( ~- dist.a.1 cycle 
median cycle 

.- column 

Fig. B.24. Terminology of the Heliolithaceae 
( after Perch-Nielsen, 1985b) 

LM Distinguishing 
features 

Shape 

, 
Range 

Biostratigraphical 

Description 

*similar to that seen under SEM conditions. However, 
may have difficulty distinguishing the appressed nature of 
the cycles. 

CIRCULAR & CYLINDRICAL 

Late Palaeocene. 

moderate to good. 

Lithostromationaceae 
Deflandre (1959) 

The Lithostromationaceae includes triangular, hexagonal 
or nearly circular nannoliths which are relatively large and 
have symmetrically arranged depressions. 
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Plankton Stratigraphy : 

SEM Distinguishing 
features 

LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

page 494. 

*triangular. 
* hexagonal. 
* sub-circular. 
*relatively large. 
*symmetrically arranged depressions. 

*due to height, difficult to focus and photograph at high 
magnification. 

*if lying flat, not birefringent under crossed polars. 

TRIANGULAR, HEXAGONAL or CIRCULAR 

Early Eocene to Late Pliocene. 

poor. 

Microrha bdulaceae 
Deflandre (1963) 

Description The Microrhabdulaceae include cylindrical-, rod- or 
spindle-shaped nannoliths (Fig. B.2S). 

Plankton Stratigraphy: 

SEM&LM 
Distinguishing features 

Lithraphidites 

Microrhabdulus 

Pseudolithraphidites 

Pseudomicula 

page 372. 

* cylindrical. 
*rod. 
* spindle. 

L. bollii L. c. serratus L. c. carniol. L. grossopect. L. quadratus M. decorarus 

Shape 

Range 

L. pseudoqu. L. acutus ! L. alatus L. praequadr. L. kennethii Pm. quadrata l M. attenuatu M. belgicus P. Quattuorba. 

Fig. B.2S. Typical Microrhabdulaceae structural arrangements 
(modified from Perch-Nielsen, 1985a). 

CYLINDRICAL, ROD & SPINDLE 

Late Jurassic to Late Cretaceous. 

Biostratigraphical moderate to good. 
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Description 

Plankton Stratigraphy : 

SEM Distinguishing 
features 

Nannoconaceae 
Deflandre (1959) 

The Nannoconaceae include cylindrical-, cone- or circular­
shaped (end view) nannoliths, which are made up of a 
thick wall of wedges or plates, oriented perpendicular 
and spiral around an axial cavity or canal (Fig. B.26). 

page 375. 

*cylindrical. 
* cone-shaped. 
*circular (end view). 

apical aperture ---~~-- apex of test 

pointed inner end 
("'":::6-~-

of wedge 

wedges of a spiral-LV' ,..---~- wedge 

~~-wall 

-f--.;,--+- axial canal 
wedges of a row 

central cavity 

--==>-_ '---- basal aperture 

basal part of test 

Fig. B.26. Terminology of the Nannoconaceae 
(after Perch-Nielsen, 1985a). 

LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 
\ 

Description 

*similar to that seen under S.E.M. conditions, however, 
under crossed polars, the central cavity is visible. 

CYLINDER, CONE or CIRCULAR 

Late Jurassic to Late Cretaceous. 

moderate to good. 

Podorhabdaceae 
Noel (1965) 

The Podorhabdaceae includes elliptical coccoliths which 
have a narrow rim of two to three jointive petaloid or 
sub quadrate elements, enclosing a variety of structures, 
composed of many fine calcite crystals spanning a large 
central area. The central process, if present, may be hollow 
or solid (Fig. B.27). 
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Subfamilies Podorhabdoideae 

Retacapsoideae 

Cribrosphaerelloideae 

*tubular central process. 
*when broken leaves a 
hole in central area. 

* distal shield with two 
cycles of elements. 

*proximal shield with one 
cycle of elements. 

*if present, a solid central 
process. 

*when broken leaves a 
closed central area. 

*central area with a grid. 
*no process. 

Plankton Stratigraphy : page 378. 

SEM Distinguishing 
features 

*narrow rim. 
*two to three layers of jointive petaloid or subquadrate 
elements. 

*wide central area. 
*variety of structures within the central area. 
* a solid or hollow central process, commonly arising 
out of the centre. 

P o c.J n~ h<lt)doideae Rctecapsoideae 

- - - --. _ . ..,... lower cycle 
--\:::;~-+--~ .. ~ .- - --.--- distal shield (ele~en t s l 

- - .-L upper cycle 

;;:it'l't-71'-m~;:t-··- opening 

~~@~~~~~~-.-- r hollow - :-. - . - central process. stem 
~'df----"'" - - - solId 

- . . . perforation 

... inner ring of openings 

---. outer ring of openings 

. crown {clements: 

Fig. B.27. Terminology of the Podorhabdaceae 
(after Perch-Nielsen, 1985a). 

LM Distinguishing 
features 

*similar to that seen under SEM conditions. However, it 
may be not possible to view the detailed layering of the 
petaloid elements. 

*under crossed polars, a black cross with straight arms is 
seen 
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Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

ELLIPTICAL 

Early Jurassic to Late Cretaceous. 

poor. 

Polycyclolithaceae 
Forchheimer (1972) 

The Polycyclolithaceae include cylindrical-, block-, star­
or rosette-shaped nannoliths (Fig. B.28). 

page 387. 

*cyliodrical. 
*block 
* star. 
*rosette. 

Eprolirhu$ 

Lirhasrrinus 

Mica/a 
Ouadrum 
Radiolithus 

~ ffi 00 ~ EE ~ ~ ~.~~ 
(/ffi) wOO, w OJ r;g{ [g] [J:J ~ ~ 

Shape 

\ 

Range 

M. prinsii Micu/a sp. M. decuss. O. trifidum . gothicu Ouadr.sp. 1 E. tlora/is E. flora/is E. anriquus H. a/biensis L. septenar. 

~~W@ rnoo®@~@ 
~ cGQ CO 83rn.~'~ ~ZlJ~ 

M. conc:ava M. murus M. priJemu. M. quadr. O. sissingh. O. garcneri Epro/. sp. 1 Epro/. sp. R. planus £ septentr. L. moratus L. grillii 

Fig. B.28. Typical Polycyclolithaceae structural arrangements 
. (modified from Perch-Nielsen, 1985a). 

CYLINDRICAL, BLOCK, STAR & ROSETTE 

Early to Late Cretaceous. 

Biostratigraphical moderate to good. 

Description 

Pontosphaeraceae 
Lerrunermann(1908) 

The Pontosphaeraceae include elliptical coccoliths, with a 
wall/rim containing two cycles of elements of varying 
height and a large central area. In proximal view the 
elements are radially arranged and in the distal view the 
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elements are concentrically arranged. The floor of the 
central area is pierced by perforationslholes or thinned by 
depressions (Fig. B.29). 

proximal view 

~-----wall 

central area, floor 
radially oriented 
elements 

't7'""7::::=~--+-- perforation 

-t~mr~~~clJ===~~~~1h==--1 bridge 
--t:~~~~--+- hole 

~~~~~~~~7}?~--~ depression 
concentrically 

distal view 

side views 

, oriented elements 

, r- 2nd CYCle} wal I 
'i--JJ-- 1 st cycle 

o Scyphosphaera 

r---t--C=~-L distal (apical) opening -----, 

. ~. tube --------1 
II .. . pit 
'( rr=:~~-- rib (usually longitudinal) 

(( = .-node 
~'---a~~:ff -- maximal width -----;---1"-, 

~. wall (2nd cycle) 
wall (1 st cycle) 

D7"lHW---=t- oblique elements 
,''-'~.. perforation 

'------ proximal plate, floor 

Fig. B.29. Tenninology of the Pontosphaeraceae 
(after Perch-Nielsen, 1985b). 

Plankton Stratigraphy : 

SEM Distinguishing 
features 

page 495. 

* elliptical. 
*vase. 
*large central area. 
*wall containing two cycles of elements 

-proximal, elements are radial. 
-distal, elements are concentric. 

*wall can be low or high. 
*floor of central area pierced by perforations/holes or 

thinned by depressions. 
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LM Distinguishing 
features 

*similar to that seen under SEM conditions. However, it 
may be not possible to note that there are two cycles of 
wall elements. 

Shape ELLIPTICAL & VASE 

Range Palaeocene to present day. 

Biostratigraphical poor to moderate. 

Description 

Prediscosphaeraceae 
Rood, Hay and Barnard (1971) 

The Prediscosphaeraceae includes elliptical and circular 
coccoliths which nearly always have 16 elements in both 
shields. The open central area is spanned by a '+' or a 'X', 
supporting a central process if present (Fig. B.30). 

Plankton Stratigraphy : page 393. 

SEM&LM 
Distinguishing features 

* elliptical. 
* circular. 
* open central area spanned by a '+' or a 'X'. 
*central process may be present. 
* 16 elements in both shields. 

}--- crown 
~..=.:=~- blade I 1-- distal stem --l 

J/""median stem-[ 

-++---+- stem element -+-_.-t;t-

cretacea·type stem spinosa-type stem 

____ interfingering shield element 
~~~~~~ -_. wall element. side by side 

~~q.-r~--......::::::f""<c\-- -- eiongated shield element 
r---W~2x.;~===~~-- plate structure (central cross) 

.c~---==~~;;;o;-t- bars of plate structure 
I-*~+--overlapping wall element 

_______ c.;:--- - distal shield element (segment) 
-------- proximal shield element 

(usually 16 shield elements) 

Fig. B.30. Terminology of the Prediscosphaeraceae 
(after Perch-Nielsen, 1985a). 
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Shape 

Range 

Biostratigraphical 

Description 

ELLIPTICAL CIRCULAR & ROD 

Early to Late Cretaceous. 

moderate to good. 

Prinsiaceae 
Hay and Mohler (1967) 

The Prinsiaceae include elliptical and circular coccoliths, 
with both the proximal and distal shields being 
birefringent in crossed polars, and the interference figure 
being dextrogyre in distal view (Fig. B.31). 

Plankton Stratigraphy : page 501. 

----- distal shield 

L.-+-~...---.- 1st wall 

-wall 

·-4rL-.,...·-H+-~4 -- 2nd wall 

~....-"lt-"~-perforation 

-- cover plates 

proximal shield --''<:?''-r*f-J 

(lor 2 cycles) 

distal view proximal view 

~:t i· --Z~· -~ wall - --- - - --_. .. - - distal shield 
_-=.= -:0 =. __ .__ -- - - proximal shield 

side view 

Fig. B.31. Terminology of the Prinsiaceae 
(after Perch-Nielsen, 198 5b ). 

SEM Distinguishing 
features 

LM Distinguishing 
features 

* elliptical. 
* circular. 
*proximal shield smaller than the distal shield 
* central area 

-perforations! grid/net_ 
-open. 
-obliquely bridged. 

* similar to that seen under SEM conditions. However, it 
may be not possible to see that the proximal shield is 
smaller than the distal shield 

48 



Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy 

SEM Distinguishing 
features 

distal view 

proximal view 

*interference figure between crossed polars is dextrogyre 
in distal view. 

*both proximal and distal shields are birefringent and 
therefore appear as correct size under polarised and 
normal light, unlike the family Coccolithaceae which 
appears smaller under crossed polars. 

CIRCULAR & ELLIPTICAL 

Late Cretaceous to present day. 

moderate. 

Flbabdospbaeraceae 
Lenunennann(1908) 

The Rhabdosphaeraceae includes elliptical and circular 
nannoliths, with a base containing one to several cycle of 
elements, the long/large central process rises from the 
base (Fig. B.32). 

page 515 

* elliptical. 
* circular. 
*rod (large central process, broken oft). 
*one or two shields. 
*central area with one to several cycles of elements. 
*long/large central process. 

shield -

central area.J..---- -'--"'---

~A O\l!V{J 
side views of central process 

Fig. B.32. Ternrinology of the Rbabdospbaeraceae 
(after Perch-Nielsen, 1985b). 
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LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy: 

SEM Distinguishing 
features 

LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy : 

*similar to that seen under SEM conditions. However, it 
may be not possible to see if there is one or two shields 
and the detail of the central area. 

ELLIPTICAL, CIRCULAR & ROD 

Late Palaeocene to present day. 

poor. 

Rbagodiscaceae 
Hay (1977) 

The Rhagodiscaceae includes elliptical coccoliths, with a 
rimlwall composed of inclined elements and a central area 
covered by approximately equal sized granules, a central 
process may be present. 

page 394. 

* elliptical. 
*narrow rim of inclined elements. 
*central area covered by approximately equal size 
granules. 

*central process may be present. 

*similar to that seen under SEM conditions. However, it 
may be not possible to see the detail of the central area. 

ELLIPTICAL 

Early to Late Cretaceous. 

poor. 

ScbizospbaereUaceae 
Deflandre (1959) 

The Schizosphaerellaceae includes spherical to 
sub spherical nannoliths, consisting of two 
overlapping/interlocking hemispheres. 

page 394. 
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SEM&LM 
Distinguishing features 

Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

S. havi 

*spherical/sub spherical. 
*two overlapping/interlocking hemispheres. 

SPHERICAL 

Late Triassic to Late Jurassic. 

poor. 

Sollasitaceae 
Black (1971) 

The Sollasitaceae includes elliptical coccoliths consisting 
of two shields, with a large, open central area containing 
grids, bars, granules or a meshwork, but with no central 
process (Fig. B.33). 

page 396. 

* elliptical. 
*large open central area. 
* occupied by a grid, bars, granules or meshwork. 
*no central process or spine. 

falkland G. granulif. 

" 

Fig. B.33. Typical Sollasitaceae structural arrangements 
(modified from Perch-Nielsen, 1985a). 

Shape ELLIPTICAL 

Range Early Jurassic to Palaeocene. 

Biostratigraphical poor. 
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Description 

Plankton Stratigraphy : 

SEM Distinguishing 
features 

Sphenolithaceae 
Deflandre (1952) 

The Sphenolithaceae includes nannofossils which have a 
proximal shield/column supporting one to several tiers of 
lateral elements and capped by an apical or distal structure 
which may be elongated and/or bifurcating (Fig. B.34). 

page 517. 

*proximal shield/column. 
* supporting one to several tiers of lateral elements. 
*capped by an apical or distal structure. 
*elongated or bifurcating . 

• "noh -------~~V 
median suture .. __ . -- .. - -1 ( 

lateral elements r 
proximal column--L 

\ 
width ____ ..L---.J 

proximal}-$ 
element : 

\: ~ 

length -- '\ 

proximal view 

median axis ___ -----i 

Fig. B.34. Terminology of the Sphenolithaceae 
(after Perch-Nielsen, 1985b). 

LM Distinguishing 
features 

\ 

Shape 

Range 

Biostratigraphical 

Description 

*similar to that seen under SEM conditions. However, it 
may be not possible to see the detail of the lateral 
elements. 

CONE & BLOCK 

Late Palaeocene to Late Pliocene. 

moderate to good. 

Stephenolithiaceae 
Black (1968) and related genera 

The Stephenolithiaceae includes circular, elliptical and 
polygonal coccoliths, were the rim! outer wall is made up 
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Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

of vertically arranged elements. The central area is 
spanned by variously arranged elements which may 
support a central process. Radial spines may project from 
the marginal rim/outer wall (Fig. B.35). 

page 397. 

* circular. 
*elliptical. 
*polygonal. 
*narrow rim/outer wall made up of vertically arranged 

elements. 
*central area spanned by radially or otherwise arranged 

elements. 
*central process may be present. 
*radial spines may project from the rim! outer wall. 

-t-----. latera,/ spine 

--.-- spinu/e 

-- .... - radial bars 

.-- diagonal bar 
-=-6~'- - opening 

~~r--'--- - -"- stem, knob 
r:g~~ 

Shape 

Range 

---- - --- central cross 
.. pilate element 

_ -- - - - .. perforation 
>---J.I---,f---- additional bars 

. .. inner (cycle) 
j- --- wall 

.. outer (cycle) 

Fig. B.35. Tenninology of the Stephenolithiaceae 
(after Perch-Nielsen, 1985a). 

CIRCULAR, ELLIPTICAL & POL YGONAL 

Early Jurassic to Late Cretaceous. 

Biostratigraphical moderate to good. 

Description 

Syracospbaeraceae 
Lemmermann (1908) 

The Syracosphaeraceae includes elliptical coccoliths 
which have a complex rim/outer wall, with a central 
area partially closed by lath-shaped elements. 
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Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy : 

SEM&LM 
Distinguishing features 

Shape 

Range 

Biostratigraphical 

Description 

Plankton Stratigraphy : 

page 523. 

* elliptical. 
*a complex rimlouter wall. 
*central area partially closed by lath-shaped elements. 
*central process may be available. 

ELLIPTICAL 

Late Oligocene to present day. 

poor. 

Thoracosphaeraceae 
Schiller (1930) 

The Thoracosphaeraceae includes spherical and ovoid 
calcareous forms, composed of interlocking polygonal 
elements. An opening and/or lid may be present. 

pages 406 & 524. 

*spherica1. 
* ovoid. 
*one or more keels may be present. 
*large opening may be present at one pole, lid also may be 
present. 

SPHERICAL & OVOID 

Late Jurassic to present day. 

poor to moderate. 

Triquetrorhabdulaceae 
Lipps (1969) 

The Triquetrorhabdulaceae include spindle-shaped rods 
which are made up of three concave blades with triradial 
cross-section. 

page 526. 

54 



SEM&LM 
Distinguishing features 

*rod. 
* spindle-shape. 
*concave sides. 

Shape ROD 

Range Mid Eocene to Late Miocene. 

Biostratigraphical poor. 

Description 

Zygodiscaceae 
Hay and Mohler (1969) 

The Zygodiscaceae includes elliptical coccoliths which 
have a narrow rirnlouter wall made up of narrow steeply 
inclined laths (elements). The central area which has no 
floor is spanned by either'!', 'X' or'H' type structures 
(Fig. B.36). 

Plankton Stratigraphy : pages 406 & 526. 

* elliptical. SEM Distinguishing 
features *narrow rim! outer wall. 

*rim!outer wall made up of one or two cycles of steeply 
inclined laths (elements). 

*'1' - 'X' - 'H' structures bridging the central area. 
*lacking a floor to the placolith. 

~---lstwall 

+~~- 2nd wall 

. .....n::,.~~==-"rl - central structure 

.....:.....-c...+---1-d71ff--~T-- central process 
bridge 

,..---IJrl-.- opening ----t~r-­

lath 

~::::v"~tr-- rim 

distal view side view proximal view 

Fig. B.36. Terminology of the Zygodiscaceae 
(after Perch-Nielsen, 1985b). 

55 



LM Distinguishing 
features 

Shape 

Range 

Biostratigraphical 

*similar to that seen under SEM conditions. However, it 
may be not possible to see the detail of the rimlouter 
wall. 

ELLIPTICAL 

Early Jurassic to Early Oligocene. 

poor to moderate. 
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NB. 

FOURTH LEVEL SEARCH 

Calyptrosphaeraceae 
(Holococcoliths of various constructions) 

and 

Incertae sedis 
(Various constructions) 

If it is not possible to make a satisfactory identification at this level, especially after 
failing to identify at the lower levels of search, assume that the calcareous nannofossil 
under investigation may not be biostratigraphically important. 
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Description 

Notes 

Calyptrosphaeraceae 
Boudreaux and Hay (1969) 

The Calyptrosphaeraceae include coccoliths and nannoliths 
of varying design, and are made up of uniform, small 
calcite crystals (holococcoliths). 

Due to the type of construction, holococcoliths have a 
poor survival rate within the geological record. 

Apart from viewing figures B.37 and B.38, it is important 
to consult the relevant pages within the publication 
'Plankton Stratigraphy'. 

Plankton Stratigraphy : pages 359 & 453. 

rim .~ 

wall- stem -------T 
plate structure t ' 

(composite or . I 
simple- plug) 

opening i 
wall segment ----y-- ,.,-,_J,...-" 

suture ---

~ Acururris 

C:) Anfractus 

A rhenagalea 

Calculites 

I socrvsrallithus 

Lucianorhabdus 

Metadoga 

Multiparris 

Munarinus 

Octolirhus 

Okkolirhus 

Orastrum 

Ottavianus 

Pharus 

Ramsava 

Russellia 

Sen7l'hololirhus 

Tetralirhus 

Fig. B.37. Some genera structural arrangeme~ts of the 
Calyptrosphaeraceae (modified from Perch-N leI sen, 1985a). 
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SEM&LM 
Distinguishing features 

Due to the number of various designs, it is difficult to note 
any diagnostic features that would prove useful within the 
Identification Key. 

o veil ow 

~btue 

• dark 

Acuturris 

Allu.-,',lgalc.l 

CJlcu/itcs 

/socrvstallit"us 

L ClcianorhalxJlIs 

Ocro/ithus 

OraStfunl 

$e"Jlholo/it"us 

stem 

flm 

-' - proxImal plilte 

00E9ffiffi 
C. obscurus 08. 4Sn C. ova/is 0 & 45° Or. campancnsls Or. aSiJrO(U/1) 

u·· ··:· 
.: " .. 

"" ". ,. . 
, .," .;' ~'. 

At. robusta 
~\ 
" i i 

ill 
S. priscus S. bicornis Ac. scows L. arborius L. infJatus 

L. ma/cformis 0 & 45° L. cavcuxii 

~~ 1T 
I . compactus 0 & 45° L. quMirifidus 0 8. 45° L. qui1drifidus 

Fig. B.38. Terminology of Lucianorhabdus and other genera of 
the Calyptrosphaeraceae (modified from Perch-Nielse~ 1985a). 

Shape 

Range 

Biostratigraphical 

Notes 

Plankton Stratigraphy : 

VARIOUS 

Late Jurassic to present day. 

poor, owing to the type of construction. 

Incertae sedis 

Within this grouping are calcareous nannofossils that 
belong to unrelated families. 

Apart from viewing figures B.39 and B.40; it is important 
to consult the relevant pages within the publication 
'Plankton Stratigraphy'. 

pages 409 & 533. 
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TERMINOLOGY for Ceratolithoides 

' ---ap!cal spur I 
:. apical suture . J1 cone -

keel-----­~;nte"'.,cu"'.tu'e t 
~ < 900 L horns (2.6) " . 

/JJ:\ 
((\) 

C. kamptned~~ 
(\ / C. clculeus 

. /K <90
0 

~: /{j\:J ~ 
/ c. aculeus v--'V 

. C. arcuatus 

C. aculeus ." '-A\\. . >9~ ® 
n .. ·.· .... /Jl[; ;':beek:' hl U C. verbeek II v 0 

Ceratolithoides sp. Ceratolichina hamata 

Fig. B.39. Tenninology for Ceratolithoides 
(modified from Perch-Nielsen, 1985a). 

Lapideacassis/ScampanelJa 

~-:;;:::z::.. __ arm 

- ---- apical spine 

-"1- apical cone 
! 
~-- 2nd distal tier 
I 

.. -~ ... - perforation 

r- bOdy 
1-- 1st distal tier 

- - _ ..• ----- lath 

t-- proximal collar/incisure 

1---- proximal tier 
.-.J 

Fig. B.40. Terminology for Lapideacassis/Scampane lla 
(after Perch-Nielsen, 1985b). 
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APPENDIX C 

Deep Sea Drilling Project and Ocean Drilling Project 
Chapters Relating to Calcareous Nannofossils 
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Notes 

DSDP 

ODP 

NOT AVAILABLE 

I I II I I 

Deep Sea Drilling Project 

Ocean Drilling Project 

Up to the date of submission of this thesis, the author has 
not been able to view the volume. 

There is no chapter within the volume refering to 
calcareous nannofossils. 
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DSDP Range of calcareous nannofossils Author(s) 
or 

ODP Year Chapt.lPageIPlates 

DSDP 
1. 1969 15/369/7 Eocene to Holocene Bukry & Bramlette 

16/388/0 Eocene to Holocene Hay 
2. 1970 13/349/0 Late Cretaceous to Pliocene Bukry 
3. 1970 18/589/0 Cretaceous to Holocene Bukry & Bramlette 

19/613/0 Cretaceous to Holocene Gartner 
4. 1970 17/375/0 Eocene to Pleistocene Bukry 

23/455/0 Cretaceous to Pleistocene Hay 
5. 1970 18/487/0 Neogene Bukry & Bramlette 

19/495/0 Neogene Gartner 

0\ 6. 1971 29/965/8 Cretaceous to Pleistocene Bukry 
Vl 30/1005/0 Palaeogene & Neogene Hay 

7. 1971 291147113 Tertiary Martini & Worsley 
3011509/0 Tertiary Gartner 
31/1513/0 Tertiary Bukry 

8. 1971 13/777/6 Oligocene to Quaternary Hag & Lipps 
14/79110 Oligocene to Quaternary Bukry 

9. 1972 14/817/0 Eocene to Pleistocene Bukry 
15/833/0 Eocene to Pleistocene Gartner 

10. 1973 16/375/0 Late Cretaceous to Pleistocene Hay 
17/385/0 Late Cretaceous to Pleistocene Bukry 

11. 1972 11/427112 Early Cretaceous Wilcoxon 
12/459/0 Early Cretaceous to Holocene Wilcoxon 
13/475/0 Late Jurassic to Holocene Bukry 

12. 1972 15/1003/22 Late Cretaceous to Pleistocene Perch-Nielsen 
161107110 Late Cretaceous to Pleistocene Bukry 



DSDP Range of calcareous nannofossils Author(s) 
or 

ODP Year Chapt./PagelPlates 

13. 1973 33/817/0 Miocene to Pleistocene Bukry & Gartner 
14. 1972 14/421/16 Cretaceous to Pliocene Roth & Thierstein 
15. 1973 15/625/2 Cretaceous to Pleistocene Hay & Beaudry 

16/685/0 Cretaceous to Pleistocene Bukry 
16. 1973 26/653/5 Cretaceous to Pliocene Bukry 

31/883/0 Cretaceous to Pliocene Gartner 
17. 1973 23/695/27 Cretaceous to Holocene Roth 
18. 1973 15/569110 Oligocene to Pleistocene Wise 
19. 1973 26/741/0 Early Cretaceous to Pleistocene Worsley 
20. 1973 12/221/6 Cretaceous to Pleistocene Hekel 

0\ 14/307/2 Cenozoic Bukry 
0\ 

21. 1973 18/641115 Late Cretaceous to Pleistocene Edwards 
22. 1974 26/577/0 Late Cretaceous to Holocene Gartner 
23. 1974 40/1073/0 Palaeocene to Pleistocene Boudreaux 

411109110 Palaeocene to Pleistocene Bukry 
24. 1974 23/969/0 Palaeocene to Holocene Roth 

24/995/0 Palaeocene to Holocene Bukry 
25. NOT AVAILABLE 
26. 1974 28/619112 Cretaceous to Holocvene Thierstein 

29/669/0 Cretaceous to Palaeogene Bukry 
27. 1974 30/589/10 Late Cretaceous to Pleistocene Decima 

31/623/0 Late Cretaceous to Pleistocene Bukry 
28. 1975 15/589/0 Neogene Bums 

20/709/0 Neogene Bukry 
29. 1975 13/469/21 Palaeocene to Pleistocene Edwards & Perch-Nielsen 
30. 1975 17/549/0 Late Cretaceous to Pleistocene Shafik 



DSDP Range of calcareous nannofossils Author(s) 
or 

ODP Year Chapt.lPagelPlates 

31. 1975 20/53111 Neogene Rezak & Henry 
34/655/0 Eocene to Pleistocene Ellis 

32. 1975 24/67711 Palaeocene to Holocene Bukry 
33. 1976 15/49311 Cretaceous to Pliocene Bukry 
34. 1976 58/705/0 Eocene to Pliocene Blechschmidt 
35. 1976 34/557/3 Mesozoic to Cenozoic Haq 
36. 1977 8/269/89 Mesozoic to Cenozoic Wise & Wind 

14/745/0 Cenozoic Bilal et ai. 
37. 1977 74/909/0 Neogene Howe 
38. 1976 26/823/0 Palaeogene to Holocene Muller 

0\ 27/843/0 Tertiary Bukry 
-.J 

39. 1977 31/699/50 Cretaceous to Pleistocene Perch-Nielsen 
40. 1978 12/571116 Mesozoic to Cenozoic Decima et ai. 

13/635/3 Cenozoic Bukry 
41. 1978 14/667/3 Mesozoic Cepek 

15/689/0 Cenozoic Bukry 

It is important to note that volumes 38 to 41 inclusive have a joint supplement volume. 
38. 1978 14114111 Oligocene Bilal et ai. 
39. 1978 ++++++++++++++++++++ 
40. 1978 ++++++++++++++++++++ 
41. 1978 6/913/5 Pliocene to Pleistocene Samtleben 

42. 1978 32/727/0 Neogene Muller 
43. 1979 17/507119 Palaeocene to Pleistocene Okada & Thierstein 

23/617/2 Palaeocene to Eocene Hag, Okada & Lohmann 



0\ 
00 

DSDP 
or 

ODP Year 

44. 1978 

45. 1979 
46. 1979 
47 Cptl). 1979 

47 (pt2). 1979 
48. 1979 
49. 1979 

50. 1980 

Chapt.lPagelPlates 

33/703/5 
34/731/3 
35/76111 

3/221111 
7/289/7 
6/327/0 
25/589/9 
16/519/0 
17/533/2 
7/333/0 
8/345/0 

Range of calcareous nannofossils 

Cretaceous to Holocene 
Cretaceous 
Jurassic 
++++++++++++++++++++ 
++++++++++++++++++++ 
Earl y Cretaceous 
Neogene to Holocene 
Palaeocene to Pleistocene 
Early Cretaceous to Holocene 
Oligocene to Holocene 
Miocene to Holocene 
Cenozoic 
Mesozoic 

It is important to note that volumes 51, 52 & 53 were published together as one volume. 
5 1 . 1980 15/815/1 Mid-Cretaceous 

54. 
55. 

1980 
1980 

16/823/8 Cretaceous to Pleistocene 

20/535/0 
10/349/0 

Late Pliocene to Quaternary 
Palaeocene to Pleistocene 

It is important to note that volumes 56 & 57 were published together as one volume. 
56. 1980 25/867/2 Pliocene 

26/875/0 Miocene to Pleistocene 

58. 1980 7/549/0 Eocene to Pleistocene 

Author(s) 

Schmidt 
Roth 
Wind 

Wind & Cepek 
Cepek& Wind 
Blechschmidt 
Muller 
Steinmetz 
Martini 
Cepek & Gartner 
Cepek, Gartner & Cool 

Gartner 
Siesser 

Bukry 
Takayama 

Haq & Goreau 
Shaffer 

Okada 



DSDP Range of calcareous nannofossils Author(s) 
or 

ODP Year Chapt.lPagelPlates 

59. NOT AVAll..ABLE 
60. 1982 26/507/2 Eocene to Pleistocene Ellis 
61. 1981 6/475/7 Various Thierstein & Manivit 
62. 1981 111397/0 Mesozoic Cepek 

13/471/1 Mid Cretaceous Roth 
63. 1981 11/445/6 Tertiary Bukry 
64. 1982 411955/1 Miocene to Pleistocene Aubry 
65. 1983 22/487/0 Neogene Hattner 
66. 1982 23/589/14 Neogene Stradner & Allram 
67. 1982 10/383/1 Cretaceous to Pleistocene Muzylov 

0\ 68. 1982 9/325/4 Pliocene to Pleistocene Rio 
..0 

69. NOT AVAll..ABLE 
70. NOT AVAll..ABLE 
71. 1983 21/481135 Mesozoic to Cenozoic Wise 

22/55115 Late Cretaceous Wind & Wise 
72. 1983 ++++++++++++++++++++ 
73. 1984 9/39110 Cretaceous to Pleistocene Percival 

10/425/0 Miocene A K von Salis 
74. 1984 8/475/12 Cretaceous to Palaeogene Manivit 

14/56110 Neogene to Quaternary Jiang & Gartner 
75. 1984 111565/52 Cretaceous Stradner & Steinmetz 

14/671/54 Tertiary to Holocene Steinmetz & Stradner 
76. 1983 23/573/0 Jurassic Roth et al. 

25/587/6 Jurassic to Early Cretaceous Roth 
77. 1984 26/629/0 Cenozoic Lang & Watkins 

27/649/7 Cretaceous Watkins & Bowdler 



DSDP Range of calcareous nannofossils Author(s) 
or 

ODP Year Chapt.lPagelPlates 

78. 1984 20/411111 Cretaceous & Miocene to Pleistocene Bergen 
79. 1984 21/563/1 Cretaceous Wiegand 

25/657/3 Jurassic Wiegand 
80. 1985 29/767/4 Quaternary Pujos 
8l. 1984 5/403/0 Cenozoic Backman 
82. NOT A V AILABLE 
83. NOT A V AILABLE 
84. 1985 8/339/1 Late Cretaceous to Tertiary Filenice 
85. 1985 13/553/3 Quaternary Pujos 

14/581/3 Cenozoic Pujos 
-...J 15/609/0 Cenozoic Gartner & Chow 
0 

86. NOT A V AILABLE 
87. NOT AVAILABLE 

It is important to note that volumes 88 and 91 were published together as one volume 
88. 1987 ++++++++++++++++++++ 

89. 1986 5/285/2 Late Cretaceous Bergen 
90. 1986 111747/2 Palaeogene Martini 

12/763/0 Miocene to Pleistocene Lohmann 
92. 1986 10/255111 Late Cretaceous to Pleistocene Knuttel 
93. 1987 15/593/1 Neogene Muza, Wise & Covington 

16/617/23 Cretaceous to Pleistocene Covington & Wise 
17/661/0 Cretaceous to Palaeocene & Neogene Lang & Wise 
18/685/5 Eocene Applegate & Wise 
19/699/0 Palaeocene to Eocene Jiang & Wise 



DSDP Range of calcareous nannofossils Author(s) 
or 

ODP Year Chapt.IPageIPlates 

94. 1987 13/651/8 Miocene to Pleistocene Takayama 
95. 1987 11/359/14 Early Eocene Valentine 
96. t986 32/60114 Quaternary Constans & Parker 

ODP I = Initial Report S = Scientific Report 

1011. 1986 ++++++++++++++++++++ 
lOtS. NOT AVAILABLE 
1021. NOT AVAILABLE 
102S. NOT AVAILABLE 

-.l 1031. 1987 ++++++++++++++++++++ 
-' 

t03S. 1988 19/279/0 Cenozoic Wei et ai. 
20/293/29 Cretaceous Applegate & Bergen 

1041. 1987 ++++++++++++++++++++ 
104S. 1987 26/459/5 Oligocene to Holocene Donn ally 
1051. ++++++++++++++++++++ 
105S. 1989 16/245/2 Neogene Knuttel et al. 

17/263/5 Cretaceous and Eocene/Oligocene Firth 
1061. NOT AVAILABLE 
106S. NOT AVAILABLE 
1071. NOT AVAILABLE 
107S 1990 31/495/0 MiolPliocene Muller 

32/513/0 PliolPleistocene Rio et al. 
1081 1988 ++++++++++++++++++++ 
108S 1989 2/9/1 Oligocene to Mid-Miocene Olafsson 

4/35/4 Cretaceous and Cenozoic Manivit 



DSDP Year Range of calcareous nannofossils Authors 
or 

ODP Chapt./Page/Ptates 

1091. NOT AVAILABLE 
109S. NOT AVAILABLE 
110!. NOT AVAILABLE 
110S. 1990 9/129/0 Cenozoic Clark 
111 I. NOT AVAILABLE 
IllS. NOT AVAILABLE 
1121. 1988 ++++++++++++++++++++ 
112S. 1990 14/217/2 Cenozoic Martini 
1131. 1988 ++++++++++++++++++++ 
113S NOT AVAILABLE 

-.....l 1141. NOT AVAILABLE 
N 

114S. 1991 7/155/0 Cretaceous to Holocene Crux 
8/179/2 Late Eocene to Early Oligocene Madice & Monechi 
9/193/0 Quaternary Gard & Crux 

115!. NOT AVAILABLE 
115S. 1990 141129/3 Palaeogene and Quaternary Okada 

151175/14 Late Oligocene to Pleistocene Rio et al. 
16/237/3 Oligo/Miocene Fornaciari e tal. 
17/255/4 Quaternary Matsuoka & Okada 

1161. 1989 ++++++++++++++++++++ 
116S. 1990 15/165/0 Neogene Gartner 
1171. NOT AVAILABLE 
117S. 1991 1/5/5 Neogene Spaulding 

2/37/2 ' Pliocene to Quaternary Sato et al. 
1 181. 1989 ++++++++++++++++++++ 
118S. 1991 ++++++++++++++++++++ 



DSDP Range of calcareous nannofossils Author(s) 
or 

ODP Year Chapt.lPagelPlates 

1191. 1989 ++++++++++++++++++++ 
119S 1991 26/495/6 Late Cretaceous & Cenozoic Wei & Thierstein 

27/495/4 Early Palaeocene Wei & Pospichal 
1201. 1989 ++++++++++++++++++++ 
120S. 1992 211345/5 part 1. Late Cretaceous Watkins 

25/451/0 part 2. Cretaceousffertiary Ehrendorfer & Aubry 
26/47110 Palaeogene Aubry 
27/493/2 Mid-Eocene to Oligocene Firth & Wise 
28/509/2 Oligocene to Pleistocene Wei & Wise 
29/523/2 Neogene Wei & Wise 

-.J 30/539/0 Miocene Beaufort & Aubry 
V.J 

121!. 1989 ++++++++++++++++++++ 
121S. 1991 5/141/8 Late Cretaceous Resiwati 
122!. 1990 ++++++++++++++++++++ 
122S. 1992 25/437/4 Late Triassic Bralower et al. 

32/529/8 Cretaceous Bralower & Siesser 
36/60115 Cenozoic Siesser & Bralower 
38/653/0 Mid-Tertiary (Braarudosphaera) Siesser et al. 
40/677/0 Late Miocene to Quaternary Siesser et al. 

1231. 1990 ++++++++++++++++++++ 
123S. 1992 16/343/6 Late Cretaceous Mutterlose 

17/369/2 Pliocene to Pleistocene Sato et al. 
124!. 1990 ++++++++++++++++++++ 
124S. 1991 10/133/5 Eocene to Holocene Shyu & Muller 
1251. 1990 ++++++++++++++++++++ 
125S. NOT AVAILABLE 



DSDP Range of calcareous nannofossils Author(s) 
or 

ODP Year Chapt.IPageIPlates 

1261. 1990 ++++++++++++++++++++ 
126S. NOT AVAILABLE 
1271. 1990 ++++++++++++++++++++ 
127S. WITH VOLUME 128 
1281. NOT AVAILABLE 
128S. 1992 10/155/0 Pleistocene Muza 

11/17110 PliolPleistocene Rahman 
1291. 1990 ++++++++++++++++++++ 
129S. 1992 8/179/0 Mesozoic Erba & Covington 

9/189/0 Mid-Cretaceous Ebra 

......J 1301. 1991 ++++++++++++++++++++ 
~ 130S. 1993 6/85/1 Mesozoic Mao & Wise 

111179/0 Neogene Takayama 
1311. 1991 ++++++++++++++++++++ 
131S. 1993 1/3/0 Miocene to Holocene Olafsson 
1321. 1991 ++++++++++++++++++++ 
132S. 1993 ++++++++++++++++++++ 
133I. 1991 ++++++++++++++++++++ 
133S. 1993 1/3/0 Neogene Gartner et al. 

2/19/3 Neogene Wei & Gartner 
1341. 1992 ++++++++++++++++++++ 
134S. 1994 101179/3 Eocene to Pleistocene Staerker 
1351. 1992 ++++++++++++++++++++ 
135S. 1994 13/19113 PliolPleistocene Styzen 
1361. 1992 ++++++++++++++++++++ 
136S. 1993 ++++++++++++++++++++ 
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GLOSSARY 

CALCAREOUSNANNOFossas 

NB. The glossary has been formulated from the descriptive tenns used in the thesis and 
also from glossaries an~ text of other publications (Bukry, 1969; Brasier, 1980; Perch­
Nielsen, 1985a,b and Slesser, 1993) by extracting entries which describe calcareous 
nannofossils. It is not the intention of this glossary to redefine any of those terms that 
have been extracted. 

Shape Terminology" 

Abcentral. Inclination of the surface (element or rim) away from the centre point of the 
coccosphere. 
Adcentral. Inclination of the surface (element or rim) in toward centre point of the 
cocco sphere. 
Appressed shields. No gap between the distal and proximal shields. 
Arcbaeopyle. An opening on a spherical surface (Thoracosphaeraceae, see also 
operculum). 
Arm. Portion of crossbar between rim and centre of coccolith. 
Asterolith. * Star- or rosette-shaped; projecting anns are called 'rays'. 
Bar. Skeletal element crossing central area that does not pass through the centre of 
coccolith. 
Birefringence. When a beam of light passes through a thin plate of calcite between 
crossed polars, the light splits into two beams, one 'fast' the other 'slow'. The difference 
between the corresponding relative indices will vary from poor to good, according to the 
direction in which the calcite is oriented relative to the crystallographic axes. 
Block. Cubical or tabulate coccolith element. 
Boss. Width equal to, or greater than the height. 
Buttress. Calcite elements that support central stem or spine. 
Calcareous nannofossils. A collective term for all the minute carbonate plates and rods 
Calcareous nannoplankton. Planktic algae that bear carbonate plates and rods at some 
time in their life-cycle. 
Calyptrolith. * Holococcolith; basket-shaped, open proximalIy. 
Caneolitb. * Disk-shaped; lath-filled central area. 
Central area. Part of coccolith enclosed by rim cycle. 
Central tube. Calcite elements in the form of a tube that join the distal and proximal 
shields together. 
Ceratolitb. * Horseshoe- or wishbone-shaped 
Checker board effect. Alternating square to oblong areas which are in and out of 
extinction, 
Clockwise inclination. With sutures of elements inclined rightward as they proceed to 
the periphery. 
Coccolith. Calcite plates fonning the exterior covering of coccolithophores. 
Coccolithopbore. A minute, marine planktic alga belonging to the chrysophytes with 
two flagella and covering of minuscule calcareous plates.. . . 
Coccosbere. The more or less spherical cell covering of a coccolithophore, COnslstIng of 
interlocking coccoliths . . 
CoUar. When calcite elements form a distinctive circular ring around the distal margm of 
an open central area. 
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Counter clockwise inclination. With sutures of elements inclined leftward as they 
proceed to the periphery. 
Crenulate. A uniform rough outline. 
Cribrilith. * Disk-shaped; numerous central-area perforations. 
Cricolith. * Elliptical ring-shape. 

Crossba~. A series of elements t~t Cf?SS the central area through the central point. 
Crys~alltte. Larg~st structural urnt actmg as a single crystallographically homogeneous 
domam. These uruts lack the true crystal form of their constituent mineral - calcite. 
Cycle. Ring of skeletal elements. 
Cycolith. * Circular ring-shape. 
Cyrtolith. * Basket-shaped, commonly with a projecting central process. 
Dextral imbrication. Each element overlapping one to the right when viewed from the 
centre of the cycle 
Dimorphic. A species with two distinct morphologic forms. 
Distal view. Outward facing convex side of coccolith. 
Dithecate. A coccolithophore constructed of two layers of coccoliths; each layer may 
contain coccoliths of different shapes. 
Discolitb. * Disk-shaped; thickened, raised rim; mayor may not have central area 
perforations; definitions for this term may vary; synonymous in part with cribriIith. 
Eccentricity. The measure of the variance of coccolith outline from a perfect circle: long 
axis/short axis. 
Element. Base structural unit of coccolith, skeleton consisting of a single calcite 
'crystallite. 
Extinction line. It is part of the optic pattern fonned when the calcareous nannofossil is 
viewed between crossed polars. 
Flagellum. A relatively thin and long, protoplasmic extension from the cell of a protist or 
metazoan. 
Form genus. A genus based on plant or algal parts with the same fonn or morphology. 
Furrow. Long thin elongate depression, normally aligned to the long axis. 
Golgi body. A membranous organelle within the cell of a eukaryote, usually containing 
various products of cell synthesis. 
Granules. Normally found within the central area as disordered calcite elements. 
Baptonema. A relatively thin and long, protoplasmic extension which may be straight or 
coiled and may serve for temporary attachment in the haptophyce an algae. 
Belicolitb. * Spiralling, overlapping marginal flange. 
Beterococcolitbs. A coccolith constructed of calcite crystals that differ in size and 
shape. 
Holococcolitbs. A coccolith constructed of calcite crystals that are essentially identical in 
size and shape. 
ICBN. (See also Organ genus and Fonn genus), International Code of Botanical . 
Nomenclature the rules for naming and fecogniSing the proper names of plant spectes, , . 
accepted by all botanists; used to govern the use of names in algal prottst~. 
ICZN. International Code of Zoological Nomenclature, the rules for nammg and 
recognising the proper names of animal species, accepted by all zoologists; used also to 
govern the use of names in protozoan protists. 
Imbricate. See dextral and sinistral imbrication. 
Inclination. See clockwise and counter clockwise inclination. 
Lopadolitb.* Basket-, cup-, or vase-shaped, ~th hi~ rim, op~ning distally. 
Lath. Skeletal dement with one large dimensIOn, one mtermediate and one small. 
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Mit?ch.ondria. Conspicuous double membrane organelles within cell functioning in cell 
resprratlon. 
Nannoconid.* Cone- or cylinder-shaped, with an axial canal. 
N annoliths. One of a variety of minuscule calcareous plates, probably from a planktic 
alga. 
Operculum. A lid to cover opening on a spherical surface (Thoracosphaeraceae, see 
also archaeopyle). 
Optic axes. The direction in crystals along which there is no double refraction. 
Optic extinction patterns. The dark pattern formed by areas of a rock or fossil skeleton 
perpendicular or parallel to the crossed nicols of a polarising microscope that do not 
transmit light. 
Organ genus. A generic name based on morphology of an organ from a fossil, in 
particular the organ of a plant, such as a leaf, flower, stem, etc., or parts of algae. 
Pellicle. The external, non mineralised covering of the cell of a protist. 
Pentolith. * Five four sided crystals joined to form a pentagon. 
Petaloid. Petal in shape with no imbrication, but can overlap. 
Placolith. * Two shields joined by a central tube. 
Pleomorphic. A species with two distinct morphologic forms at different phases of the 
life cycle. 
Prismatolith." Polygonal prisms, solid or perforate. 
Proximal view. Inward facing concave side of coccolith. 
Rabdolith." Single shield, surmounted by a stem. 
Radial. Suture corresponding to radius in circular fonn or to straight line drawn through 
nearest focus or line connecting foci of elliptical form. 
Rim. Peripheral cycle or cycles of elements in coccolith skeletons surrounding central 
area. 
Scapolith. * Rhombohedral-shaped, with parallel laths in central area. 
Secondary cycle. Accessory circlet of elements which instead of being concentrically 
within the rim cycle rests on the rim cycle, seen only in proximal view. 
Shield. Single layer of elements forming entire coccolith surface. 
Sinistral imbrication. Each element overlapping one to the left when viewed from the 
centre of the cycle. 
Slit. Thin elongate opening normally oriented to the long axis 
Sphenolith. * Prismatic base formed of radial crystals, surmounted by cone. 
Spine. An outward protrusion from the rim or see stem for alternative description. 
Stelolith. * Cylinder- or column-shaped. 
Stem. Complex of elements in the fonn of a cylindrical prism, which may be hollow or 
solid and extends from the centre of the distal side of some coccoliths. 
Stephanolith. * Polygonal- or cylindrical-shaped; hollow with radiating spokes. 

Stub. See boss 
Suture. Boundary between skeletal elements. 
Vacuoles. A globular structure in the cytoplasm of a cell; may contain food particles, 
fats, oils, etc., or may function to expel material from the cell. 
Vesicles. See golgi body. 
Zygolith. * Elliptical ring with a crossbar supporting a central process. 
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Data Tables 
In numerical order 

Introduction 
Fig. E.2. 
Fig. E.3. 
Fig. E.4. 

Distribution Tables 

CONTENTS 

Processing Number (D. No.) 
Sampling Number (Fieldwork) 
Locality Number (Fig. E.1.) 

In numerical order (D. No.) 

Miscellaneous 

Introduction 
Fig. E.5. 
Fig, E.6. 
Fig. E.7. 
Fig. E.8. 
Fig. E.9 

Fig. E.10. 

Late Cretaceous 
Palaeocene 
Mid to Late Eocene 
Early Miocene 
Late Miocene 

Samples processed to reconnaissance level only 
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INTRODUCTION 

Appendix E is split into three sections of formalised data; Data Tables, 
Distribution Tables and a Miscellaneous section, which were obtained during the course 
of the project. The headings common to all tables are explained in detail below. 

Processing Number (D. No.) 

The D. No. is assigned in strict numerical order from the Department of 
Geological Science's Micropalaeontological Laboratory processing record file, at the 
start of processing the sample. The sample may have multiple processing numbers 
assigned to itself, but a D. No. may only be assigned one sample. 

New Locality Number 

The New Locality Number has been assigned to assist the reader to determine 
the locality of samples processed from S.W. Cyprus (Fig. E.l). However, samples 
collected by Dr. H. A. Armstrong at the umber quarry, Margi and Kottaphi Hill, 
Agrokipia, north of the Troodos Massif, have been assigned numbers 101 and 102 
respectively. 

Localities 12 and 19 are noted on Fig. E.l., however, even though samples are 
available, none were processed and therefore no information is available for those 
localities in the Data Tables. 
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Fig. E.1. Geological map of S.W. Cyprus, displaying the sample localities. 

82 



DATA TABLES 
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Introduction 

For information relating to headings, Processing Number, New Locality Number 
and Chapter, see introduction to Appendix E. Headings relating to the Data Tables only, 
are explained in detail below. 

Old Locality Number (Fieldwork) 

The first field season samples were collected within a field slip designation. 
However, this was found to be unworkable when processing data became available and 
the information needed to be filed in a more satisfactory manner. To overcome the 
problem, S.W. Cyprus was split into 12 field areas (A to L) and field area M for sample 
localities that were outside S.W. Cyprus. 

CY 
AtoEA 
1 to 12 

CP 
AtoM 
1 to 12 

Sample Number 

Prefix represents localities visited during the first field season. 
The following letter(s) is the field slip identifier. 
The following number(s) is the locality with the field slip. 

Prefix represents localities visited after the first field season. 
The following letter is the field area identifier. 
The following number( s) is the locality within the field area. 

All samples collected during the project were given a four figure number starting 
at 1001, with each separate field season visit having its own numerical identifier. 

1992 1000,1100 and 1200 numbers for samples collected during the first field 
season based at the village of Mamonia. 

1300 numbers for samples collected by Dr. H. A. Armstrong from the 
umber quarry, near the village of Margi. 

1993 1400 numbers for samples collected during the second field season based 

at the village of Polis. 

1500 numbers for samples collected by Dr. H. A. Armstrong from the 
Kottaphi Hill locality , near the village of Agrokipia. 

1994 1600 numbers for samples collected during the third field season based at 

Paphos. 

1994 1700 numbers for samples collected during the third year undergraduate 

Cyprus field visit, based at Limasol. 
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Grid Reference 

. Sampling localities are given a six figure grid reference based on th C . 
Grid Reference System. e ypnot 

Lithological Key 

CK 
EVAP 
HG 
!NT 
KN 
KT 
LST 
LST.B 
ML 
MN 
REW 
R.MVD 
S 
SERP 
SL.ST 
T.INT 
TR 

Calcareous sediments 
Evaporites 
Hard ground 
Chalk interbeds 
Kannaviou Formation 
Kathikas Formation (including chalk interbeds) 
Limestone 
Limestone breccia 
Marl 
'Moni Melange' type deposit 
Reworked horizon 
Red mudstone 
Sandstone (unconsolidated) 
Serpentinite 
Siltstone 
Calcareous interbed within Troodos pillow lava 
Troodos Complex (undifferentiated) 

Age of sample relative to the Distribution Tables 

UC Late Cretaceous 
P Palaeocene 
E Eocene 
LM Early Miocene 
UM Late Miocene 
X Reconnaissance only 

Thinsection and Smearslides 

X = Availability 
NB. During the production of smearslides, a coverslip was produced and stored 
for SEM investigations, if required. 

Area (Records) 

Based on the CP system of Old Locality Identifiers, the letter that follows the CP 
prefix, which represents the area identifier within S.W. Cyprus (A to M), is also the 
same identifier for the record files of processed data, collected from CY and CP sample 
localities. 
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60 CYBbl 1007 701454 KN UC 37 X J 
61 CYBbl 1008 701454 KN UC 37 X X J 
62 CYBbl 1010 701454 KN UC 37 X J 
63 CYBbl 1012 701454 KN UC 37 X J 
64 CYBbl 1013 701454 I KN UC 37 I X J 
65 CYDI 1014 630437 CK LM 44 X X i H P12 
67 CYD2 1016 622447 CK P 47 X X H 
68 CYFI 1017 394805 SERP UC 96 X A 
69 CYFI 1018 I 394805 LST UM 96 X A 
70 CYFI 1019 394805 LST UM 96 X A 
71 CYFI 1020 394805 LST UM 96 X I A 
73 CYFI 1021 394805 LST UM 96 I X A 
74 CYGI 1023 386774 LST UM 97 X A 
75 CYGI 1024 386774 LST UM 97 X A 
76 CYGI 1025 386774 LST UM 97 X A 
77 CYGI 1026 386774 LST UM 97 I X A· 
78 CYG2 1027 387764 SERP UC 98 X X A 
79 CYG2 1030 387764 LST LM 98 X X A 

80 CYG2 1031 387764 LST LM 98 X X A 
86 CYDAS 1057 470627 KT X I 74 X C 
87 CYBbl 1060 701454 KN VC 37 X J 

88 CYIl 1062 545775 TR VC 1 X B 

89 CYIl 1064 545775 TR UC 1 I X I B 

90 CYIl 1065 545775 LST ' UM 1 X, X B ! 

91 CYIl 1066 545775 LST UM 1 X B 

93 CYI3 1070 532750 CK X 4 X B 

94 CYE5 1151 522478 cr X 59 X E 

95 CYD3 1154 555461 cr X 57 X G 

96 CYBal 1163 650390 LST X 40 X, L 

97 MT2 , 1187 648547 CT X 26 X F 

98 CYG2 1255 387764 LST UM, 98 X X AI 

99 I CYG2 1256 387764 LST UM 98 X X A 

100 CYG2 1257 387764 LST UM 98 X X A 

101 CYG2 1258 387764 LST UM 98 X X' A 
I 

102 CYG2 1259 387764 LST LM 98 X X A 

103 CYG2 1262 387764 LST UM 98 X X A 

104 ' CYG2 1029 387764 ML X 98 X X A 

105 CYG2 1260 387764 I LST.B UM 98 X X A 

106 CYG2 1261 387764 LST.B UM 98 X X A. 

107 CYG2 1028 387764 SL.ST X 98 X A 

112 CYHI 1205 455713 • CK LM 90 X A 

113 CYHI 1204 455713 CK LM 90 X A 

114 CYHI 1211 455713 INT UC 90 X A 

115 CYH2 1213 451696 CK UC 89 X A 

116 I CYH2 1212 451696 CK UC 89 , X A LL3 

117 CYQl 1180 438695 CK UC 87 X A LL4 

118 CYCA3 1227 453653 CK LM 85 X C 

119 CYCA3 1226 453653 CK LM ! 85 X, C P3 

120 CYCA3 1225 453653 CK LM 85 'I X! C' I 

121 CYCA3 1224 453653 CK LM 85 X C 
i 

Fig. E.2. Data table in numerical order based on Processing Number (D. No.). 
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122 CYCA5 1237 465655 CK LM 86 X C P2 
123 CYBA3 1218 422641 CK LM 80 X C 
124 CYBA3 1217 422641 CK LM 80 X C P4 
125 CYBA3 1216 422641 CK UC, 80 I XI C LL11 

I 126 CYBA3 1215 422641 CK UC 80 X C 
127 CYDA3 1137 461629 HG LM 78 X C 
128 CYDA3 1040 461629 HG LM 78 X C 
129 CYDA3 1039 461629 HG LM I 78 X C 
130 CYE5 I 1152 522478 : CK E 59 X E, 
131 CYE5 1151 522478 CK E 59 ,x E 
132 CYE5 1150 522478 REW E 59 X E 
133 CYAI 1004 662366 CK P 42 X L 

I 134 I CYA1 1003 662366 CK I P I 42 X L W,,7 
163 CYHI 1206 455713 MN UC! 90 X A' 
164 CYH1 1207 455713 MN UC 90 X A MNI 
165 CYHI 1208 455713 MN UC 90 X A MNI 

I 

166 CYHI 1209 455713 !NT UC 90 X A 
167 CYHI 1210 455713 I !NT UC 90 X A MNI 

184 CYCAI 1181 451658 CK LM 84 X C 
185 CYCAI 1182 451658 CK LM 84 X C 
186 CYBA6 1236 446643 CK LM 79 X C 
187 CYBA6 1235 446643 CK LM 79 X C P5 
188 CYBA6 1233 446643 HG LM I 79 X C 
189 CYBA6 1232 446643 HG LM I 79 X C 
190 CYBA6 1231 446643 HG LM 79 X C 
191 CYBA2 1214 437648 CK LM 83 X C 

192 CYBAI 1184 422646 CK LM i 81 X C 

193 CYBA5 1221 I 421651 I CK LM 82 X C 

194 CYDA3 1044 461629 CK LM 78 X C 

195 CYDA3 1043 461629 CK LM 78 X C P6 

196 CYDA3 1042 461629 CK LM 78 X C 

197 CYDA3 1038 461629 CK UC 78 X C LL12 

198 CYDA3 1139 461629 I HG LM i 78 X C 

199 CYDAlO 1116 463629 , CK LM 76 X C 

200 CYDA10 1117 463629 CK LM 76 X C 

201 CYDA9 1101 465629 CK LM 75 X C 

202 CYDA8 1100 468630 CK LM 75 ' X C 

204 CYEAl ' 1301 295765 KN UC 101 X, M 

205 I CYCA4 1230 454654 CK LM 85 X C 

206 CYCA4 1229 454654 CK LM 85 X C 

207 CYLI 1238 468601 CK UC 69 Xl C LL15 

215 CYJ1 1074 545718 CK UC 6 X B LL7 

216 CYS2 I 1106 546670 CK E 11 X B 

217 CYS3 1109 554666 CK P 13 X B ML2 

218 CYS4 1111 575652 CK E 14 X B 

219 MT2 1191 653395 CK E 22 X F ML20 

220 MT2 1188 655585 CK E 23 X F 

221 MT2 1185 639557 CK E 25 X F 

222 MTI 1174 712538 CK E 28 X I 

223 MTI 1175 707533 CK E 29 X 1 

Fig. E.2 (cont.). Data table in numerical order based on Processing Number (D. No.). 
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224' MT2 1186 648547 CK E 26 ' I X I ML21 
, 

225 CYE3 1145 525510 CK LM 65 X D 
226 CYM3 1143 541512 CK 1 E 64 X 0 ML29 
227 CYM2 1142 565525 CK E 63 I X D ML30 
228 CYMI 1141 ' 562503 CK E 62 X 0 
229 CYE4 1148 522478 CK E 60 X E I 

230 CYE4 1146 522478 REW E 60 X E 
231 CYD3 1153 555461 CK E 57 X, E ML14 
232 CYNI 1157 588495 CK E 55 X F' 

233 CYN2 1159 588492 CK E 54 X F 
234 CYD4 1156 562460 CK E 56 X G 

235 CYN3 1160 588490 CK E 53 X F MLII' 

I 
236 CYN5 1162 602478 CK E 51 X G ML27 
237 CYN6 1052 630513 CK E 52 X F' MLlO 
238 CYA2 1006 669369 CK E I 43 X L 
239 CYA3 1264 665367 CK E 42 Xi L 
240 CYBal 1164 650390 CK E 40 X L ! ML151 

I 

241 CYBbl 1011 701454 KN UC 37 X J ! , 

242 CYBbl 1059 I 701454 KN I UC 37 ' X' J 

243 CYBb2 1166 694448 CK LM 38 X K, 
244 CYCI 1240 701458 ' CK E 36 X J ML25 

I 245 CYBbl 1060 701454 CK E 37 X J 

246 ' MTl 1179 619449 CK P 47 X H ML6 

247 MTl 1178 625451 I CK UC' 46 , ! X H I 

248 i MTl , 1177 630458 CK UC 45 X H, LL18 

249 MTI 1176 657495 CK E I 31 X I 

250 MTI 1173 700512 CK E 33 X I 

251 MTl 1172 701513 CK E 33 X I 

252 CYBb2 1165 694448 CK LM I 38 X K P14 ! 

I 253 I CYIl 1067 545775 LST 'I UM 1 X B, 

254 CYI2 1068 528760 CK ,I UC 2 X B, LL5 

255 CYI2 1069 528760 CK DC 2 X B 

256 CPBl 1401 528760 ' CK LM 2 X B 

257 CPB2 1402 529757 CK UC 3 X B 

258 CPB3 1404 532750 . T.INT . X 4 X BI 

259 CYI3 1071 532750 T.INT X 4 X, B 

260 CYI3 , 1072 532750 T.INT X 4 • X B I 

261 CPB4 1405 550740 CK UC 1 5 X B LL6 

262 CPB4 1406 550740 CK UC 5 " X B 

263 CYJI 1073 545718 KN UC 6 X B 

264 CPB5 1407 545718 CK E 6 X B ML16 

265 I CPB5 1408 545718 I CK E 6 ' X B 

266 CPB6 1409 545674 CK E 10 ' X B ML17 

, 267 CPB7 1410 536678 CK I UM, 9 ' X B. MM3 

268 CPB8 1451 560705 KN UC 7 X B 

269 CPB8 1452 I 560705 KN UC 7 X B 

270 CYSI 1103 542674 CK UM 9 X B 

271 CYSl 1104 542674 CK E ; 9 X B 

272 CYS2 1105 546670 CK UC 11 X B'I LL9 

273 CYS4 1110 575652 CK E 14 X BIMLl8 

Fig. E.2 (cant.). Data table in numerical order based on Processing Number (D. No.). 
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274 CYTI 1112 596660 CK E 15 X B MLl9 
276 CPBlO 1454 575643 CK I P 18 X B MIA, 
277 CYT2 1113 598650 • KN UC 16 . X B KNI 
278 CYT2 1114 I 598650 KN UC 16 X B 
279 CYT2 1115 598650 ! KN UC 16 Xi B 
280 CYS2 1107 I 

546570 KN UC 11 X B 
281 CYS2 1108 546570 KN UC 11 X B 
282 MT2 1192 585640 KN UC. 17 X B 
291 CYAI 1002 662366 KN UC 41 X B 
292 CYAI 'I 1003 662366 I KN UC 41 X L 
293 CYA2 1005 669368 KN UC 43 X, L 
294 CYA3 1265 I 662366 KN ' UC 42 , X, L 

! 306, CYBb3 1168 684459 CK E 39 X K 
307 CYBb3 1169 684459 KN UC 39 X K I 

• 308 CYBb2 1167 694448 KN UC 38 X K 
309 CYBbl 1009 701454 KN UC 37 X J 

310 CYCI 1241 701458 KN UC 36 X J 

311 CPA7 1437 423773 CK UM 92 X A MMI' 
312 CPA6 1436 422782 CK UC 93 X A LLI 
313 CPAS 1435 402796 CK LM 94 X A 
314 CYF2 1022 400799 CK E 95 X A 

I 

315 CPA4 1428 435733 CK LM 91 X A 
316 CPA 1 1455 455713 I CK LM 90 , X A PI 
317 CPA 1 1456 455713 CK LM 90 X A' 

318 I CPA 1 1459 455713 LST LM 90 X A 

319 CPAI 1458 455713 LST LM 90 X A, 

320 CPA 1 1457 455713 CK LM 90 X A 

321 CPA 1 1425 455713 I LST LM 90 X, X A 
322 ' CPA 1 1424 455713 LST LM 90 X X A 

323 CPA 1 1423 455713 LST LM 90 X A 

324 CPA 1 1421 455713 CK UC 90 ! 

, 

X A' LL2 
, 

325 CPA 1 1411 455713 CK UC 90 X A 

i 
326 CPA 1 1412 455713 CK UC 90 X A 

328 CPA3 1427 439695 CK LM 88 X A 

329 CPA 1 1414 455713 MN UC 90 X A MNI 
, 

330 CPA 1 1415 455713 I MN UC 90 X A 

331 CPA 1 1417 455713 MN UC 90 I X A 

332 CPA 1 1420 455713 MN UC, 90 . X. A MN1 

333 CPAI 1413 455713 INT UC 90 X A 

334 CPAl 1416 455713 INT UC 90 X A 

335 CPAl 1418 455713 INT UC 90 I X A 

336 CPAl 1419 455713 MN UC 90 X A MNI 

342 CPDl 1441 512547 CK LM 67 X D 

343 CPD2 1442 505537 CK LM 67 ' X 0 

344 CYE6 1252 522509 CK LM 66 X D P9 

345, CYE7 1254 523510 CK LM 66 X D 

346 CYE6 1253 522509 ' KN UC 66 X D 

348 CPEI 1432 522478 CK E 60 , X' E 
I, 

60 X E 
349 CPEI 1433 522478 CK E 

350, CPE2 1434 522478 CK E 60 X E 

Fig. B.2 (cont.). Data table in numerical order based on Processing Number (D. No.). 
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351 CYE! 1050 525475 CK E 58 X E ML2S 
352 CPEl 1429 522478 REW LM ' 60 X, E 
353 CPEI 1431 I 522478 , REW LM 60 X E 
354 CPEl 1430 522478 !NT LM 60 I X E 
355 CYEl 1051 525475 KN UC 58 X E 
356 CYES 1149 522478 REW UC 59 X E, 
357 CYD3 1155 555461 CK E 57 X G 
358 CYN4 1161 596479 CK E ! 50 X' G 
360 CYE4 1147 522478 REW LM 60 X E 
361 CPHI I 1443 618448 CK P 47 X , H 
362 CPH2 1444 623453 I CK P 46 X H 
363 CPH2 I 1445 623453 CK P 46 I X H 
364 CPIl 1446 657496 CK E 31 X I ML24 
365 CPI2 1447 682505 ' CK E 32 X I ML8 
366 CPI3 I 1448 I 682523 CK E 30 • X, I ML9 

367 CPI4 1449 I 
I 698592 , CK E 29 X I ML23 

368 CPI5 1450 713543 CK E 28 X I ML22 
369 MTl 1171 711512 I CK E 34 ' X I ' 
370 MTI 1170 717507 CK E 35 X I 

371 CPFI 1470 I 588495 CK E 55 X F ML12 
372 CPFI 1471 589498 CK E 55 I X F 

373 CPFI 1 1472 588505 CK LM ' 55 X F Pll 

374 CPFI 1473 588508 CK UM 55 X F 

375 CPFI 1474 588508 CK UM 55 X F 

376 CPFI 1475 589509 EVAP UM 55 X FI 

377 i CPFI 1476 589512 CK UM 55 X F 

I 378 !NT 1189 I 668601 !NT UC 24 X F KT3 

379 !NT I 1190 668601 !NT UC I 24 X F' KT3 

380 !NT 1193 655531 KT UC 27 X" F KT4, 

1 381 !NT 1194 655531 KT UC 27 X F KT4 

382 INT 1195 655531 KT UC 27 X F KT4 

383 INT 1196 655531 I KT UC 27 X F KT4 I 

384 !NT 1197 655531 KT UC 27 X F KT4 

385 !NT 1198 655531 I KT UC 27 ' XI F KT4 

386 INT 1199 655531 KT UC 27 X F KT4 

387 !NT 
, 

1200 655531 I KT UC 27 I I X, F KT4 
I KT41 388 INT 1201 655531 KT UC 27 X F 

389 INT 1202 655531 KT UC I 27 X F KT41 

390 INT 1203 655531 KT UC 27 ' X F KT4 

! 391 ' CYN2 1158 588492 • KN UC 54 ,x F 

393 CYBA6 1234 446643 HG LM I 79 X C 

394 CYCA3 1223 453653 CK LM 85 X C 

395 CYCA41 1228 454654 CK LM ' 85 IX C 

396 CYDAI 1035 468623 CK LM 73 X C 

397 CYDAI 1034 468623 , CK LM ' 73 X C 

398 CYDAI 1033 468623 CK LM 73 X C 

400 CYDA3 I 1041 461629 S I LM 78 IX C 

401 CYDA3 1140 461629 HG LM 78 X C 

402 CYDA3 1138 461629 HG LM 78 X C 
C 

, 

403 CYDAS 1078 470627 CK LM 74 X 

Fig. E.2 (cont.). Data table in numerical order based on Processing Number (D. No.). 
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404 CYDA5 1077 470627 CK LM 74 X C P7 
405 CYDA5. 1082 470627 ! CK LM 74 X C 
406 CYDAS 1081 470627 I CK LM ! 74 ' X C 
407 CYDA5 1080 470627 CK LM 74 X C 
408 CYDAS 1079 470627 CK LM 74 X C 
409 CYDA6 1090 470627 CK LM 74 ' X, C 
410 CYDA6 1089 470627 CK LM 74 X C 
411 CYDA6 1091 470627 CK LM 74 IX C 
412 CYDA6 1088 470627 CK LM 74 X C 

I 
413 CYDA6 1087 470627 CK I LM: 74 X C 
414 CYDA6 1086 470627 CK LM 74 X C 
415 CYDA6 1085 470627 CK LM 74 X C 
416 CYDA7 1098 470627 CK LM 74 X C 
417 CYDA7 1096 470627 CK LM 74 X C 
418 CYDA7 1095 470627 CK LM 74 X C 
419 CYDA7 1097 470627 CK LM 74 X C 
420 CYDA12 1128 462629 CK LM , 77 X C 
421 CYDA12 1127 462629 CK LM 77 X C 
422 CYDA12 1126 462629 CK LM 77 X C 
423 CYDA12 1125 462629 CK LM 77 X C 
424 CYDA12 1136 462629 HG LM 77 X C 

, 

425 CYDA12 1135 462629 HG LM 77 X C 
426 CYDA12 1134 462629 HG LM 77 X C 
427 CYDA12 1133 462629 HG LM 77 X C 
428 CYDA12 1132 462629 HG LM 77 X C 
429 CYDA12 1131 462629 HG LM 77 X C 
430 CYDA12 1129 462629 HG LM 77 X C 
431 CYDA12 1130 462629 HG LM 77 X C 

432 CYDAll 1124 462629 CK LM 77 X C 

433 CYDA11 1123 462629 CK LM 77 X C 

434 CYDA11 , 1122 462629 HG LM 77 I X C 

435 CYDAll 1121 462629 HG LM 77 X C 

436 CYDAll 1120 462629 I HG LM 77 X C! 

437 CYDA11 1119 462629 CK UC 77 X C LL13 

4381 CYDAll 1118 462629 CK UC 77 X C I' 

439 CYDA1 1032 468623 R.MVD X 73 I X C 

440 CYDA1 1036 468623 KT UC 73 X C 

441 CYDA2 1037 468623 KT UC 73 X C 

442 CYDAS 1076 470627 KT UC 74 X C 

443 CYDA5 1075 470627 KT UC 74 I X C 

444 CYDAS 1084 470627 KT UC 74 ' X C 

445 CYDA5 1094 470627 KT UC 74 X C 

446 CYDA7. 1093 470627 KT UC 74 I X C 

447 CYDA7 1092 470627 KT UC I 74 I X C 

448 CYDA4 1053 470627 INT UC 72 X C KTl 

449 CYDA4 1054 470627 INT UC 72 X C KTl 

450 CYBAI 1182 422646 KN UC 81 X C 

451 CYBAS 1183 422646 KN UC 82 X C 

452 CYBA4 1219 426648 KN UC 82 X C 

Fig. E.2 (cont.). Data table in numerical order based on Processing Number (D. No.). 
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453 CYEA2 

454 CYEA2 
455 CYEA2 
456 CYEA2 

457 CYEA2 
458. CYEA2 
459 CYEA2 
460 CYEA2 

1501 145785 CK LM 102 
1502 145785 CK LM 102 
1503 145785 CK LM 102 
1504 145785 CK LM 102 
1505 i 145785 CK LM 102 
1506 I 145785. CK LM 102 
1507 145785 CK LM 102 
1508 145785 CK LM 102 

461 CYEA2 1509 145785 CK LM 102 
462 CYEA2 1510 145785 CK LM 102 
463 CYEA2 1511 145785 CK LM 102 
464 CYEA2 1512 145785 CK LM 102 
465 CYEA2 I 1514 145785 CK LM 102 
466 CYEA2 1515 145785 CK LM 102 
467 CYEA2 1516 145785 CK LM 102 
468 CYEA2 1517 145785 CK LM 102 
469 CYEA2 1518 145785 CK UM 102 
470 CYEA2 1519 145785 CK UM 102 
471 CYEA2 1520 145785 CK UM 102 
472 CYEA2 1521 145785 CK 

, 

UM 102 

X M 
XiM 

X M 
X M 
X M 
X M 
X M 
X M 
X M 

X M 
X M 
X M 
X M 
X M 
X M 
X M 
X M 
X M 
X M 

I 473 CYEA2 1522 145785 CK UM 102 X M 
476 CPD3 1477 539502 REW E 61 X D 
,,-~~~~+-~~~~~~~~~~~~~~~~---I 

481 CPCl 1478 455612 CK LM 70 X C 
482 I CPCl 1479 461609 CK UC 70 X C LL14 

483 CPCl 1480 463610 CK UC 70 I X C 
484 CPCl 1481 454609 CK UC 70 X C 
485 CPCl 1482 450610 INT UC 71 X C KT2 
486 CPC2 1483 475563 CK UC 68 X C LL16 I 

487 CPLl 1484 670367 CK E 43 X L ML26 
488 CPLl 1485 670367 CK E 43 X L ML26 
489 CPLl 1486 670367 CK E 43 X L ML26 
490 CPLl 1487 670367 CK E 43 XL, ML26 
491 CPLI 1488 670367 CK LM 43 X L P13 

492 CPLl 1489 670367 CK LM 43 X L 
I 493 CPLI 1490 670367 CK LM 43' X L 

494 CPLl 1491 670367 CK LM 43 X L 

495 CPLl 1492 670367 CK LM 43 X X L 

517 CPD3 1716 539502 CK X 61 X D 

518 CPD3 1718 539502 CK X I 61 X 0 

519 CPL2 1715 661369 CK E 41 X L 

520 CPH5 1714 617455 CK UC 48 X H LL17 

521 CPB14 1634 555665 CK P 13 X B 

522 CPB14 1633 555665 CK P 13 X B 
CK 
CK 

LM 49 
P 41 

X H 
X H 

I 523 CPH4 1645 605442 
524 CPL2 1655 661369 
525 CPC3 1623 482571 CK LM 68 X C 

526 CPC3 1624 482571 CK LM 68 X C 

527 CPC3 1625 482571 CK LM 68 X C 

CK X 68 X C 
X C 

529 CPC3 1627 482571 II CK LM 68 
528 CPC3 1626 482571 

Fig. E.2 (cont.). Data table in numerical order based on Processing Number (D. No.). 
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530 CPB12 1631 536678 CK UM 9 X B 

531 CPB12 1632 536678 CK UC 9 X B LL8 
532 CPB11 1630 528688 CK P 8 X B MLI 
533 CPB14 1635 555665 CK P 13 X B 

534 CPB14 1636 555665 CK P 13 X B ML3 
535 CPB16 1638 600632 CK P 20 X B ML5 
536 CPL2 1656 661369 CK E 41 X L 
537 CPL2 1654 661369 CK E 41 X L ML26 
538 CPA 11 1629 368677 CK UC 99 X A LLIO 

539 CPL2 1652 661369 CK E 41 X L 
540 CPL2 1651 661369 CK E 41 X L 
541 CPL2 1650 661369 CK E 41 X L 
565 CPC5 1801 510447 CK UM 100 X C MM2 
576 CPD5 1605 539502 CK E 61 X D ML13 

580 CPC3 1602 482571 CK LM 68 X C P8 

581 CPC3 1622 482571 LST LM 68 X X C 

582 CPC5 1606 539502 CK LM 61 X D PIO 

583 CPF2 1639 620594 CK LM 21 X F PI5 

597 CPC3 1619 482571 CK LM 68 X C 

598 CPC3 1620 482571 CK LM 68 X C 

599 CPC3 1621 482571 CK LM 68 X C 

600 CPH4 1644 605442 CK LM 49 X H 

601 CPF2 1643 620594 CK LM 21 X F 

Fig. E.2 (cont.). Data table in numerical order based on Processing Number (D. No.). 
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1002 291 ! CYA1 662366 KN UC 41 X B. 
1003 134 CYAI 662366 CK P 42 X L ML7 
1003 292 CYA1 662366 • KN UC 41 I X L' 
1004 133 CYA1 662366 CK P 42 X L 

I 1005 293 CYA2 669368 KN UC 43 xl L, 
1006 238 CYA2 669369 CK E 43 X L 
1007 60 CYBb1 701454 KN UC 37 X ] 

1008 61 CYBb1 701454 KN UC' 37 X X J 
1009 309 CYBbl 701454 KN UC 37 X J 
1010 62 CYBbl 701454 KN UC 37 X J 

I 1011 241, CYBb1 701454 KN UC 37 X J 
1012 63 CYBbl 701454 KN UC 37 X J 

I 
1013 64 CYBbl 701454 KN UC 37 I XI J 

1014 65 CYDI 630437 CK LM 44 X X H P12 
1016 67 CYD2 622447 CK P 47 IX X I H 
1017 I 68 CYF1 394805 SERP UC 96 X A I 

1018 69 CYF1 394805 LST UM 96 X A 

1019 70 CYF1 394805 LST UM 96 X, A 

1020 71 CYFI 394805 LST I UM 96 X A 
1021 73 CYFI 394805 LST UM 96 X A 
1022 314 CYF2 400799 CK E 95 X A 
1023 74 CYGI 386774 LST UM 97 X A 
1024 75 I CYGI 386774 LST UM 97 I X. I A 

1025 76 CYGI 386774 LST UM 97 X A 
1026 77 CYGI 386774 LST UM 97 : X A 
1027 78 CYG2 387764 SERP UC 98 X X A 
1028 107 CYG2 387764 SL.ST X 98 X A 

I 1029 104 CYG2 387764 ML XI 98 X X AI 

1030 79 CYG2 387764 . LST LM 98 X X A 

1031 80 CYG2 387764 LST LM 98 X X A 

1032 439 CYDA1 468623 R.MUD X 73 I X C 

1033 398 CYDAI 468623 CK LM 73 X C 

1034 397 CYDA1 468623 I CK LM 73 X C 

1035 396 CYDA1 468623 CK LM 73 X C 

1036 440 CYDA1 468623 KT UC 73 IX C 
I 

1037 441 CYDA2 • 468623 KT UC 73 X C 

1038 197 CYDA3 461629 ' CK UC 78 X C LL12 

1039 129 I CYDA3 461629 HG I LM 78 I X C I 

1040 128 CYDA3 I 461629 HG LM ! 78 X C 

1041 400 CYDA3 461629 S LM 78 X C 

1042 196 CYDA3 461629 CK LM 78 . X C 

1043 195 CYDA3 461629 CK : LM 78 X C P6 

1044 194 I CYDA3 461629 CK LM 78 ,X C 

1050 351 CYEI 525475 CK E 58 I X E ML28 

I 
1051 355 CYE! 525475 KN UC I 58 X E 

1052 237 CYN6 630513 CK E 52 X F MLIO 

1053 448 CYDA4 470627 !NT UC 72 X C KTll 
I CYDA4 470627 !NT UC 72 X C KTI 

1054 449 
1057 86 CYDA5 470627 KT X 74 X C 

I 1059 242 CYBbl 701454 KN UC 37 X J 

Fig. E.3. Data table in numerical order based on Sampling Number (Fieldwork). 
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1060 87 CYBbl 701454 KN I UC 37 X I J 
1060 245 CYBbl 701454 CK I E 37 I X! J 
1062 88 CYIl 545775 TR I UC 1 X B I 

1064 89 CYII 545775 TR UC 1 X B I 
1065 90 I CYIl 545775 LST UM 1 X X B 
1066 91 CYIl 545775 LST UM 1 ! xl B I 

, 

1067 253 CYIl 545775 LST UM 1 X B 
1068 254 CYI2 528760 CK UC 2 X B LLS 
1069 255 CYI2 528760 CK UC 2 X B 
1070 93 CYI3 532750 CK X 4 X B 
1071 259 ! CYI3 532750 T.INT X 4 X B 
1072 260 CYI3 I 532750 T.INT X 4 X B ! 

1073 263 CYJ1 545718 KN UC 6 X B 
1074 215 CYJ1 545718 • CK UC 6 I X, B LL7 
1075 443 i CYDAS 470627 KT UC 74 X C 
1076 442 CYDA5 470627 KT UC 74 X C 

, 1077 ' 404 CYDA5 470627 CK I LM 74 X C P7 I 

1078 403 CYDAS 470627 CK LM 74 X C 
1079 408 CYDAS 470627 CK LM 74 I X C 
1080 I 407 CYDA5 470627 CK LM 74 X, C 
1081 4,06 CYDA5 470627 ! CK LM 74 X C 
1082 405 CYDA5 470627 CK LM 74 X C, 
1084 444 CYDA5 470627 KT UC 74 X C' 

1085 415 CYDA6 470627 CK LM 74 X C 
1086 I 414 CYDA61 470627 CK LM 74 X C 
1087 413 CYDA6 470627 CK LM ' 74 X C 
1088 412 CYDA6 470627 CK I LM 74 X C 
1089 410 CYDA6 470627 CK LM 74 ,X C 
1090 409 CYDA6 470627 CK LM 74 X C 

1091 411 CYDA6 470627 CK LM 74 X C 

1092 I 447 CYDA7 470627 KT UC 74 X C 

1093 446 CYDA7 470627 KT UC 74 X C 

1094 445 CYDA5 470627 KT UC 74 I X C' 

1095 418 CYDA7 470627 CK LM 74 X C 

1096 417 CYDA7 470627 CK LM I 74 X C 

1097 419 CYDA7 470627 CK LM 74 X C 

1098 416 CYDA7 470627 CK LM 74 X C 

1100 202 CYDA8 468630 CK LM 75 I X C 

1101 201 CYDA9 465629 CK LM I 75 X C 

1103 270 CYSI 542674 I CK UM 9 X B 

1104 271 CYSI 542674 CK E 9 X B 

1105 ! 272 CYS2 ! 546670 CK UC 11 I XI B LL9 

1106 216 CYS2 546670 CK E 11 X B 

1107 280 CYS2 , 546570 KN UC 11 X B 

1108 281 CYS2 546570 KN UC 11 X B 

1109 217 CYS3 554666 CK P 13 X B I ML2' 

1110 273 CYS4 575652 CK I, E 14 X B ML18 

1111 218 CYS4 575652 CK E 14 X B 

1112 274 CYTI 596660 CK E 15 X B ML19 

1113 277 CYT2 598650 KN UC 16 X B KNI 

Fig. E.3 (cont). Data table in numerical order based on Sampling Number (Fieldwork). 
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1114 278 CYT2 598650 KN UC 16 X B 
1115 279 CYT2 598650 KN UC 16 X B 
1116 199 CYDAI0 463629 CK LM 76 X C 

I 

1117 200 CYDAI0 463629 . CK LM 76 ! X, C 
1118 438 CYDA11 462629 CK UC 77 X C 
1119 437 CYDAll 462629 CK UC 77 X C, LL13 
1120 436 CYDAII 462629 HG LM ' 77 X C 
1121 435 CYDAII 462629 ' HG LM 77 X C 

I 1122 434 CYDAII 462629 HG LM 77 X C 

I 1123 433 CYDAII 462629 CK I LM 77 X C 
1124 432 CYDAII 462629 CK LM 77 X C 
1125 423 CYDAl2 462629 CK I LM 77 I X C I 

1126 422 CYDA12 462629 CK LM 77 X C 
1127 421 CYDAI2' 462629 CK LM ! 77 X, C 

1128 420 CYDA12 462629 CK LM 77 X C 
1129 430 CYDAI2 462629 HG LM . 77 X'· C 

1130 431 CYDA12 462629 HG LM 77 X C I 

1131 429 CYDAI2 462629 HG LM 77 ! X, C 
1132 428 CYDAI2 462629 HG LM 77 X C 
1133 427 CYDAI2, 462629 I HG LM 77 IX CI 
1134 426 CYDA12 462629 HG LM 77 X C! 
1135 , 425 , CYDAI2 462629 HG LM ! 77 . X C 
1136 ! 424 CYDA12 462629 HG LM 77 XI C 
1137 127 CYDA3 461629 HG LM I 78 X C 

1138 402 CYDA3 ! 461629 HG I LM 78 X C 

1139 I 198 CYDA3 461629 , HG LM 78 X C 
I 1140 401 CYDA3 461629 HG LM 78 X C 

1141 228 CYMI 562503 • CK E 62 ' X D I 

1142 227 I CYM2 565525 CK E 63 ' X D ML30 

1143 226 CYM3 541512 CK E 64 X D, ML29 

1145 225 CYE3 525510 CK LM 65 . X, D 

1146 230 CYE4 522478 REW E 60 X, E 

1147 360 CYE4 522478 REW' LM 60 X E 

1148 '. 229 CYE4 522478 CK E 60 X E 

1149 356 CYES 522478 I REW UC 59 X E 

1150 132 CYES 522478 I REW E 59 X E 

1151 94 . CYES 522478 cr X 59 I. X IE 

1151 131 CYE5 522478 CK E 59 X E 

1152 130 CYES 522478 CK E 59 X E 

1153 231 CYD3 555461 CK , E 57 X E ML14 

1154 95 CYD3 555461 cr X I 57 X' G 

1155 357 CYD3 555461 CK E 57 X G 

I 1156 234 CYD4 562460 CK E 56 I X G 

1157 232 CYNI 588495 CK E 55 X F 

1158 391 CYN2 588492 KN UC 54 X F' 

1159 233 I CYN2 588492 CK E 54 X F 

1160 235 CYN3 588490 CK E 53 X F MLl1 

1161 358 CYN4 596479 CK E 50 X G 

1162 ' 236 CYN5 I 602478 CK E 51 X. G ML27 

CYBaIJ 650390 LST X 40 X L , 

1163 96 

Fig. E.3 (cont). Data table in numerical order based on Sampling Number (Fieldwork). 
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I 1164 240 CYBal 650390 CK E 40 X L ML1S 
1165 252 CYBb2 694448 CK I LM I 38 I X K P14 
1166 243 CYBb2 694448 CK LM 38 X K 

I 

1167 308 CYBb2 694448 KN UC 38 X K 
1168 306 CYBb3 684459 CK E 39 X K 
1169 307 CYBb3 684459 KN UC 39 X K 
1170 370 MTI 717507 CK E 35 X I 
1171 369 MTl 711512 CK ! E 34 X I I 

un 251 MTl 701513 ! CK E 33 X I 

1173 250 MTl 700512 CK E 33 X I 

1174 222 MTl 712538 CK E I 28 " X I 

1175 223 MTl 707533 I CK 
I 

E 29 X 1 
1176 , 249 MTl I 657495 CK E 31 X I 

1177 248 MTI 630458 CK UC 45 X H LL18 
1178 247 MTl 625451 CK UC 46 X H, 

1179 246 MTl 619449 CK P 47 X H ML6 

1180 117 CYQl 438695 CK UC 87 X, A LL4 

1181 184 ! CYCAI 451658 CK LM 84 XI C 
1182 185 CYCAI 451658 CK LM I 84 X C 
1182 450 CYBAI 422646 KN UC 81 X C 
1183 451 CYBA5 422646 KN UC 82 X C 
1184 192 CYBAI 422646 CK LM 81 , X C 

I 

1185 221 MT2 639557 ' CK E 25 X F 

1186 224 MT2 648547 CK E 26 X I ML21 

1187 97 MT2 648547 • cr X 26 X F 

1188 220 MT2 655585 CK E 23 X F 

1189 , 378 !NT 668601 !NT UC I 24 X F KT3 

1190 I 379 !NT 668601 !NT UC 24 X, F KT3 

1191 219 MT2 653395 CK E 22 X F ML20 

1192 282 MT2 585640 KN UC 17 X B 

1193 380 !NT 655531 KT UC' 27 X' F KT4 

1194 381 !NT 655531 I KT UC 27 X F KT4, 

I 1195 382 !NT 655531 KT UC 27 X F KT4 

1196 383, !NT 655531 KT UC 27 X F KT4 

1197 384 !NT 655531 KT UC 27 X F KT4 

1198 385 !NT 655531 KT UC 27 X F KT4' 

1199 386 !NT 655531 KT UC 27 X F KT4 

1200 ' 387 !NT 655531 KT UC 27 X F KT4 

1201 388 !NT 655531 KT UC 27 X F KT4 

1202 389 !NT 655531 KT UC I 27 ! X! F KT4 

1203 390 !NT 655531 KT UC 27 X F KT4 

1204 113 CYHI 455713 CK LM 90 X A, I 

1205 112 CYHI 455713 CK LM 90 X A 

1206 163 CYHI 455713 MN UC I 90 X A 

1207 164 CYHI I 455713 MN UC 90 X A MNI 
I 455713 MN UC 90 X A MNI 

1208 165 CYHI 

1209 166 CYHI 455713 !NT UC 90 X A 

1210 167 CYHI 455713 !NT UC 90 I X A MNlI 

1211 114 CYHI 455713 INT UC 90 X, A 

1212 116 CYH2 451696 CK UC 89 xl A LL3 

Fig. E.3 (cont). Data table in numerical order based on Sampling Number (Fieldwork). 
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1213 115 CYH2 451696 CK UC 89 X A 
1214 191 CYBA2 437648 CK LM 83 X C 
1215 126 CYBA3 422641 CK UC 80 X C 
1216 125 CYBA3 422641 CK UC 80 X C LL11 
1217 124 CYBA3 422641 CK LM 80 X C P4 
1218 123 CYBA3 422641 CK LM 80 X C 
1219 452 CYBA4 426648 KN UC 82 X C 
1221 193 CYBA5 421651 CK LM 82 X C 
1223 394 CYCA3 453653 CK LM 85 X C 
1224 121 CYCA3 453653 CK LM 85 X C 
1225 120 CYCA3 453653 CK LM 85 X C 
1226 119 CYCA3 453653 CK LM 85 X C P3 
1227 118 CYCA3 453653 CK LM 85 X C 
1228 395 CYCA4 454654 CK LM 85 X C 
1229 206 CYCA4 454654 CK LM 85 X C 
1230 205 CYCA4 454654 CK LM 85 X C 
1231 190 CYBA6 446643 HG LM 79 X C 
1232 189 CYBA6 446643 HG LM 79 X C 
1233 188 CYBA6 446643 HG LM 79 X C 
1234 393 CYBA6 446643 HG LM 79 X C 
1235 187 CYBA6 446643 CK LM 79 X C P5 
1236 186 CYBA6 446643 CK LM 79 X C 
1237 122 CYCA5 465655 CK LM 86 X C P2 
1238 207 CYLI 468601 CK UC 69 X C LL15 
1240 244 CYCI 701458 CK E 36 X J ML25 

1241 310 CYCI 701458 KN UC 36 X J 

1252 344 CYE6 522509 CK LM 66 X D P9! 

1253 346 CYE6 522509 KN UC 66 X D 

1254 345 CYE7 523510 CK LM 66 X D 

1255 98 CYG2 387764 LST UM 98 X X A 

1256 99 CYG2 387764 LST UM 98 X X A 

1257 100 CYG2 387764 LST UM 98 X X A 

1258 101 CYG2 387764 LST UM 98 X X A 

1259 102 CYG2 387764 LST UM 98 X X A 

1260 105 CYG2 387764 LST.B UM 98 X X A 

1261 106 CYG2 387764 LST.B UM 98 X X A 

1262 103 CYG2 387764 LST LM 98 X X A 

1264 239 CYA3 665367 CK E 42 X' L 

1265 294 CYA3 662366 KN UC 42 X L 

1301 204 CYEAl 295765 KN UC 101 X M 

1401 256 CPBl 528760 CK LM 2 X B 

1402 257 CPB2 529757 CK UC 3 X B 

1404 258 CPB3 532750 T.lNT X 4 X B 

1405 261 CPB4 550740 CK UC 5 X B LL6 

1406 262 CPB4 550740 CK UC 5 X B 

1407 264 CPB5 545718 CK E 6 X B ML16 

1408 265 CPB5 545718 CK E 6 X B 

1409 266 CPB6 545674 CK E 10 X B ML17 

1410 267 CPB7 536678 CK UM 9 X B MM3' 

F
· E 3 ( t) Data table in numerical order based on Sampling Number (Fieldwork). 19. . con .. 
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1411 325 CPA 1 455713 CK UC 90 X A 
1412 326 I CPA! 455713 CK UC 90· X A 
1413 333 CPAI 455713 i, INT UC I 90 ,X A 
1414 329 CPA! 455713 I MN UC 90 X A MNI 
1415 330 CPA 1 455713 MN UC 90 X A 
1416 334 CPA!' 455713 !NT UC 90 X A 
1417 331 CPAl 455713. MN UC 90 X A 
1418 335 CPA! 455713 !NT UC 90 
1419 336 CPAl 455713 MN UC 90 X A MNI 
1420 332 CPA 1 I 455713 MN UC 90 X AI MNI 
1421 324 CPA! 455713 CK UC 90 X, A LL2 
1423 323 CPA 1 455713 I LST LM 90 I X A 
1424 322 CPA 1 455713 LST LM 90 XXA 
1425 321 CPA 1 455713 LST LM ' 90 X!X A 
1427 328 CPA3 439695 CK LM 88 XA 
1428 315 CPA4 435733 CK LM 91 X A 

1429 352 CPEI 522478 REW I LM 60 X E 

1430 354 CPE! 522478' INT LM 60 X E 
1431 . 353 CPEI I 522478 REW 1M 60 X E 

1432 348· CPEI 522478 CK E ' 60 X E 
i 1433 349 CPEI 522478 CK E 60 X E 
I 1434 350 CPE2 522478 CK E 60 X E! 

1435 313 CPA5 402796 CK LM 94 I X, A 

1436 312 CPA6 422782 CK UC 93 X A LLI 

1437 311 CPA7 423773 CK UM I 92 X A MMI 

1441 342 CPDl 512547 CK LM 67 X D 
1442 343 CPD2 505537! CK LM 67 X D 
1443 361 CPHI 618448 CK P 47 X H 
1444 362 CPH2 623453 CK P 46 X H 
1445 363. CPH2 623453 CK P 46 X H 
1446 364 CPU 657496 CK E 31 X I ML24 

1447 365 CPI2 682505 CK E 32 X I ML8 
1448 I 366 CPI3! 682523 CK E 30 ! X I ML9 

!~1~44;:;9~...:3;.::6.:..7 +-.::C::.P:.:I4~~69~8;:;.59;.:2=-+-.;;C.:.:K~-.;;E~_2;;;;9-+-t~X~~I+ML~2~3 
1450 368 CPI5 713543 CK E 28: X I I ML22 

1451 ! 268 I CPB8 I 560705 KN UC 7 X I B 
1452 269 CPB8 560705 KN UC 7 X B 
1454 . 276. CPBIO 575643 CK P 18 X B ML4 
1455 316 CPA 1 I 455713 CK LM 90 ! X· A PI 

1456 317 CPA 1 455713 CK LM 90 ~ ,X A 
1457 320 CPA 1 455713 CK 1M I. 90 X A I 

1458 , 319, CPA 1 455713 LST LM 90 X A 
1459 318 CPA 1 455713 LST LM 90 I X A 
1470 371 CPFI 588495. CK E' 55 I X F ML12 

1471 372 I CPFI 589498 CK E 55 X F 
1472 373 CPFI 588505 CK LM 55 X F Pl1 
1473 374 CPFI 588508 ~ CK UM 55! X F I 

1474 375 CPFI 588508 CK UM 55 X F 
1475 376 I. CPFI 589509 EVAP UM 55 X F 
1476 377 I CPFI 589512' CK UM 55 I X F 

Fig. E.3 (cont.). Data table in numerical order based on Sampling Number (Fieldwork). 
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1477 476 CPD3 539502 REW E 61 X, 0 
1478 481 CPCl 455612 CK LM 70 IX C 

I 1479 482 CPCl 461609 CK UC 70 X C LL14 
1480 483 CPCl 463610 CK UC 70 X C 
1481 I 484 CPCl 454609 CK UC 70 X C I, 

1482 485 CPCl 450610 I INT UC 71 i X C KT2 
1483 486 CPC2 475563 CK UC 68 X C LL16 
1484 487 CPLl 670367 CK E 43 X L ML26 
1485 488 CPLl 670367 CK E 43 I X L ML26 
1486 489 CPLI 670367 CK E 43 X L ML26 
1487 490 CPLl 670367 CK E 43 X L ML26 
1488 491 CPLl 670367 CK LM 43 I I X L PI3 
1489 492 CPU 670367 CK LM 43 I X L I 

1490 493, CPLl 670367 CK LM 43 X, L 
I 

1491 494 CPLI 670367 CK LM 43 X L 
1492 495 CPLl 670367 CK LM 43 X X L 
1501 I 453 CYEA2 145785 CK LM 102 X M, 

I 1502 454 CYEA2 145785 CK LM 102 X M 
1503 455 CYEA2 145785 CK LM 102 X M 
1504 456 CYEA2 145785 CK LM I 102 X M 

1505 457 CYEA2 145785 CK LM 102 X M 
1506 458 CYEA2 145785 CK LM 102 I X M 
1507 459 I CYEA2 145785 CK LM 102 X M 
1508 460 CYEA2 145785 CK LM 102 X M 
1509 " 461 CYEA2 145785 CK LM 102 X M 

I 

1510 462 CYEA2 I 145785 CK LM 102 X M 

1511 463 CYEA2 145785 CK LM I 102 I X M 

1512 464 CYEA2 145785 CK LM 102 X M 

1514 I 465 CYEA2 145785 CK LM 102 X M 

1515 466 CYEA2 145785 CK LM 102 X M! 

1516 467 CYEA2 145785 CK LM 102 X M 

1517 468 CYEA2 145785 CK LM 102 X M 

1518 469 CYEA2 145785 ' CK UM 102 X MI 

1519 470 CYEA2 145785 CK UM 102 X M 

1520 471 CYEA2 145785 CK UM 102 X M 

1521 472 CYEA2 145785 CK UM 102 X M, 

1522 I 473 CYEA2 145785 CK I UM 102 X, M 

1602 580 CPC3 482571 CK LM 68 X C P8 

1605 576 CPD5 539502 CK E 61 X D ML13 

1606 582 CPC5 539502 CK LM I 61 I X D PIO 

1619 597 CPC3 482571 CK LM 68 I X C 

1620 598 CPC3 482571 CK LM 68 X, C I 

1621 599 CPC3 482571 CK LM 68 X C 

1622 581 CPC3 482571 LST LM 68 X X C 

1623 525 CPC3 482571 CK LM 68 X C 
I 

1624 526 CPC3 482571 I CK LM 68 X C 

1625 527 CPC3 482571 CK LM' 68 X CI 

1626 528 CPC3 482571 CK X I 68 I X CI 
I 

482571 CK LM 68 X C 
1627 529 CPC3 

1629 538 CPA 11 368677 CK UC 99 X A LLlO 

Fig. E.3 (cont.). Data table in numerical order based on Sampling Number (fieldworK). 
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1630 532 CPBll 528688 CK P 8 X B MLl i 

1631 530 CPB12 536678 CK UM 9 X B 
1632 531 CPB12 536678 CK UC 9 X B LL8 
1633 522 CPB14 I 555665 CK P 13 X B 
1634 521 CPB14 555665 CK P 13 X B 
1635 533 CPB14 555665 i CK P 13 X B 
1636 534 CPB14 555665 CK P 13 X! B ML3 
1638 535 CPB16 600632 CK P 20 X B ML5 
1639 583 CPF2 620594 CK LM 21 X F P15 
1643 I 601 CPF2 620594 CK LM 21 X F 

1644 600 CPH4 605442 CK LM 49 X H 

1645 523 CPH4 605442 CK LM 49 X H 

1650 541 CPL2 661369 CK E 41 i X L I 

1651 540 CPL2 661369 CK E 41 X L 
1652 539 CPL2 661369 CK E 41 X L 
1654 537 CPL2 661369 CK E 41 X L ML26 
1655 524 CPL2 661369 CK P 41 X H 

1656 536 CPL2 661369 CK E 41 X L 
1714 520 CPHS 617455 CK UC 48 X H LL17 
1715 519 CPL2 661369 CK E 41 X L 
1716 517 CP03 539502 CK X 61 X 0 
1718 518 CP03 539502 CK X 61 X D 

1801 565 CPC5 510447 CK UM 100 X C MM2 

Fig. E.3 (cont.). Data table in numerical order based on Sampling Number (Fieldwork). 
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1 88 CYIl 1062 545775 TR UC X B 

89 CYIl 1064 545775 TR UC X B 
90 CYIl 1065 545775 LST UM X X B 

! 91 CYIl 1066 545775 LST UM X B 
253 CYII 1067 545775 LST UM X B 

I 2 254, CYI2 1068 528760 CK UC X B, LL5 
255 CYI2 1069 528760 CK UC X B 
256 CPBl 1401 528760 CK LM X B 

3 257 CPB2 1402 529757 CK UC X B 
4 93 CYI3 1070 532750 CK X I X B 

! 258, CPB3 1404 532750 T.INT X X B: 
259 CYI3 1071 532750 , T.INT X X, B 
260 CYI3 1072 532750 T.INT X X B 

5 261 CPB4 1405 550740 CK UC X B LL6 
262 CPB4 1406 550740 CK UC X B 

6 215 CYJl 1074 545718 CK UC X, B LL7 
263 CYJ1 I 1073 545718 KN UC X B 
264 CPB5 1407 545718 CK E X B ML16 
265 CPB5 1408 545718 CK E X B 

7 268 CPB8 1451 560705 KN UC X B 

269 CPB8 1452 560705 KN UC X B I 

8 532 CPB11 1630 528688 CK P X, B ML1 

9 267 CPB7 1410 536678 CK UM X B MM3 

270 CYSI 1103 542674 CK UM X B 
271 CYSI 1104 542674 CK E X B' 

530 CPB12 1631 536678 CK UM X B 

531 CPB12 1632 536678 CK , UC X B LL8 

10 266 CPB6 1409 545674 CK E X B ML17 

11 216 CYS2 1106 546670 CK E X B 

272 CYS2 1105 546670 CK UC !X B LL9 

I 280 CYS2 1107 546570 KN UC X B 

. 281 CYS2 I 1108 546570 KN UC X B 

13 217 CYS3 1109 554666 CK P X B ML2 

521 CPB14 1634 555665 CK P X B 

522 CPB14 1633 555665 . CK P X! B 

533 ' CPB14 1635 555665 CK P XI B 

534 CPB14 1636 555665 CK P X B ML3 

14 218 CYS4 1111 575652 CK E X B 

273 CYS4 1110 575652 CK E X B ML18 

15 274 CYTI 1112 596660 CK E X B ML19 

16 277 CYT2 1113 598650 KN UC • X B KNI 

278 CYT2 1114 598650 KN UC X B. 

279, CYT2 1115 598650 KN UC X B 

17 282 MT2 1192 585640 KN UC X B 

Fig. E.4. Data table in numerical order based on New Locality Number (Fig. E.l.). 
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18 276 CPBlO 1454 575643 CK P ,X B MIAi 
20 535 CPB16 1638 600632 CK P X B ML5 
21 583 CPF2 1639 620594 CK LM X, F P15 

601 CPF2 1643 620594 CK LM X F 
22 219 MT2 1191 653395 I CK E !X F ML20 
23 220 MT2 1188 655585 CK E X F 

I 

24 378 INT 1189 668601 INT UC X F KT3 
379 INT 1190 668601 INT UC I X F KTI I 

25 221 MT2 1185 639557 CK E X F 
26 97 MT2 1187 648547 CT X X F 

224 MT2 1186 648547 CK E X I ML21 
27 380 !NT 1193 655531 KT UC X F KT4 

381 INT 1194 I 655531 KT UC X F KT4 
382 INT 1195 655531 KT UC X F KT4 
383 INT 1196 655531 KT UC X F KT4 
384 INT 1197 655531 KT UC X F KT4 
385 INT 1198 655531 KT UC 'X F KT4 
386 INT I 1199 655531 KT UC I X F KT4 
387 INT 1200 655531 KT UC X F KT4 

, 388 !NT 1201 655531 KT UC X F KT4, 
389 INT 1202 655531 KT UC X F KT4 
390 !NT 1203 655531 KT UC X F KT4 

28 222 MTl 1174 712538 CK E X I 
368 CPI5 1450 713543 CK E X I ML22 

29 223 MTl 1175 707533 ' CK E X 1 I 

367 CPI4 1449 698592 CK E I Xl I ML23 

30 366, CPI3 1448 682523 CK E X I ML9 

31 249 MTl 1176 657495 CK E X I 

364 CPU 1446 657496 CK E X I ML24 

32 365 CP12 1447 667667 CK E X I ML8 

33 250 MTI 1173 700512 CK E X I 

251 MTl 1172 701513 CK E X I I 

34 369 MTl 1171 711512 CK E I X I 

35 370 MTI 1170 717507 CK E X I 

36 244 CYCI 1240 701458 CK E X J ML25, 

310 I CYCI 1241 701458 KN UC X J 

37 60 CYBbl 1007 701454 KN UC Xl J : 

61 CYBbl 1008 701454 KN UC X X J 

62 CYBb1 1010 I 701454 KN UC X J 

63 CYBbl 1012 701454 KN UC X J 

64 CYBbl 1013 701454 KN UC X J 

I 87 I CYBbl 1060 701454 KN UC X J 

241 CYBb1 1011 701454 KN UC X J I 

242 CYBbl 1059 701454 KN UC X J 

Fig. E.4 (cont.). Data table in numerical order based on New Locality Number (Fig. E.1.). 
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37 245 CYBbl 1060 I 701454 CK E X J ' 
I 309 CYBbl 1009 701454 : 
i 

KN UC X J 

38 243 CYBb2 1166 694448 CK LM X K 
252 CYBb2 1165 694448 CK LM X K P14 
308 CYBb2 1167 694448 KN UC X K 

39 306 CYBb3 1168 684459 CK E X K 
307 CYBb3 i 1169 684459 KN UC X K 

40 96 CYBal 1163 650390 LST X X L 
240 CYBal 1164 650390 I CK E X L MLl5 

I 41 291 CYAI 1002 662366 KN UC X B 
292 CYAI 1003 662366 KN UC X L 
519 CPL2 1715 661369 CK E X L 
524 CPL2 1655 661369 CK P I X H 
536 CPL2 1656 661369 CK E X L 

I 537 CPL2 ! 1654 661369 ' CK E X L ML26 
539 CPL2 1652 661369 CK E X L 
540 CPL2 1651 661369 CK E X L 

541 CPL2 1650 661369 CK I E X L 

42 133 CYAI 1004 662366 CK P ,X L 
134 CYAI 1003 662366 CK P X L ML7 

, 239 CYA3 1264 665367 CK E X L 

294 ' CYA3 1265 662366 KN UC X L 

43 238 CYA2 1006 669369 CK E X L 

293 CYA2 1005 669368 KN UC' X, L 

487 CPU 1484 670367 ' CK E X L ML26 

488 CPU 1485 670367 • CK E X L ML26 

489 CPU , 1486 670367 CK E X L ML26 

490 CPU 1487 670367 CK E X L ML26 

491 CPU 1488 670367 CK I LM X L' P13 

, 492 CPU 1489 670367 CK LM X L 

493 CPU 1490 670367 CK LM X L 

I 494 CPU 1491 670367 CK LM X L 

495 CPU 1492 670367 CK LM X X L 

44 65 CYDI 1014 630437 CK LM X X H' P12 

45 248 MTl 1177 I 630458 CK UC, ,X H LL18 

46 247 MTI 1178 625451 I CK UC X H 

362 CPH2 ! 1444 623453 I CK P X H 

363 CPH2 1445 623453 CK P X HI 

47 67 CYD2 1016 622447 CK P X X H 

246 MTI 1179 619449 CK P X H ML6 

361 CPHI 1443 618448 CK P X H' 

48 520 CPH5 1714 617455 CK UC X H LL17 

I 49 523 CPH4 1645 605442 CK LM X H 

I 600 CPH4 1644 605442 CK LM ,X H 

Fig. E.4 (cont.). Data table in numerical. order based on New Locality Number (Fig. E.I.). 
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50 358 CYN4 ,1161 596479 CK E X G 
51 236 CYN5 1162' 602478 CK E X G ML27 
52 237 CYN6 1052 630513 CK I E X F ML10 

! 53 , 235 CYN3 1160 588490 CK E X F MLll 
54 233 CYN2 1159 588492 CK E X F, 

• 391 CYN2 1158 588492 KN UC X F 

55 232 CYN1 1157 ' 588495 CK E X F 
371 CPFI 1470 588495 CK E X F ML12 
372 I CPF1 1471 589498 CK E X F 
373 CPFI 1472 588505 CK LM X F I PI! 
374 CPFI 1473 588508 CK UM' X F 
375 CPFI 1474 588508 CK UM X F 
376 CPFI 1475 589509 EVAP UM X F 
377 CPFI 1476 589512 CK UM X F 

56 234 CYD4 1156 562460 CK E X G 

57 95 CYD3 1154 555461 cr X X G 
231 CYD3 1153 555461 CK E X E ML14 
357 CYD3 1155 555461 CK E X G 

58 351 CYE1 1050 525475 I CK E X E ML28 
I 355, CYEI 1051 525475 KN UC X E 

I 59 94 CYE5 1151 522478 cr X X, E 

130 CYE5 1152 522478 CK E X E 
131 CYE5 I 1151 522478 CK E I X E 

132 CYES 1150! 522478 REW E X E 
356 CYES 1149 522478 REW UC X E 

60 229 CYE4 1148 522478 CK E X E 
230 CYE4 1146 522478 REW E X E 
348 CPE! 1432 522478 CK E X E 

349 CPEI 1433 ' 522478 CK E X E 
350 CPE2 1434 522478 CK E X E 
352 CPEI 1429 522478 REW LM, X E 
353 CPE1 1431 522478 REW LM X Ell 

354 CPEI 1430 522478 !NT LM X ET 
360 CYE4 1147 522478 REW LM I X' E 

61 476 CPD3 1471 539502 REW E X D 

517 CPD3 1716 539502 CK , X X D 

518 CPD3 1718 539502 CK X X D 

576 CPD5 1605 539502, CK E X, D ML13 

I 582 CPC5 1606 539502 CK LM X D P10 

62 228 CYMI 1141 ' 562503 CK E X D 

63 227 CYM2 1142 565525 CK E X D ML30 

64 226 CYM3 1143 541512 CK E X D ML29 

I 65 225 CYE3 1145 525510 CK LM 

66 344 CYE6 1252 522509 CK LM X D P9 

Fig. EA (cont.). Data table in numerical order based on New Locality Number (Fig. E.1.). 
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66 345 CYE7 1254 523510 CK LM X 0 
346 CYE6 1253 522509 KN UC I X 0 

67 342 CPDl 1441 512547 CK LM X 0 
343 I CPD2 1442 505537 CK LM X 0 

, 

68 486 CPC2 , 1483 I 475563 CK UC X C. LL16 
525 CPC3 1623 482571 CK LM !I X C 
526 CPC3 1624 482571 CK LM X C 
527 CPC3 1625 482571 CK LM I, X C 
528 CPC3 1626 482571 CK X X C 
529 CPC3 i 1627 482571 CK LM X C 

, 580 CPC3 1602 482571 CK LM X C P8 
581 CPC3 1622 482571 LST LM X X C 
597 CPC3 1619 482571 CK LM X C 
598 CPC3 1620 482571 CK LM X, C 

I 
599 CPC3 1621 , 482571 CK LM X C 

69 207 CYLI 1238 468601 CK UC ,X C LLI5 
70 481 CPCl 1478 455612 CK I LM X C 

482 CPCl 1479 461609 CK UC X C LL14, 
483 CPCl 1480 463610 CK UC X C 
484 CPCl 1481 454609 CK UC X, C 

71 , 485 CPCl 1482 450610 !NT UC X C KT2 

72 448 CYDA4 1053 470627 ' !NT UC X C KTl 
449 CYDA4 1054 470627 , !NT UC ,X C, KTl 

73 396 CYDAI 1035 468623' CK LM X C 
397 CYDAI 1034 468623 CK LM X C 

, 398 CYDAI ' 1033 468623 CK LM X' C 
439 CYDAI 1032 468623 , R.MUD X X C 
440 CYDAI 1036 468623 KT UC !X C' 

441 , CYDA2 1037 468623 KT UC X C I 

I 
74 I 86 CYDA5 1057 470627 KT X X C 

! 
403 CYDAS 1078 470627 CK I LM X C I 

404 CYDA5 1077 470627 : CK LM X C P7 

405 CYDA5 1082 470627 CK LM X C 

406 1 CYDA5 1081 1 470627 CK LM 'X C 

407 CYDAS 1080 470627 CK LM X C 

408 CYDA5 1079 470627 CK LM X C 

409 CYDA6 1090 470627 I CK LM X C 

410 CYDA6 1089 470627 CK LM X, C 

411 CYDA6 1091 470627 CK LM I X C 

I 412 CYDA6 1088 470627 CK LM X C 
, 

413 CYDA6 1087 470627 CK LM X C! 

414 CYDA6 1086 470627 CK LM X C 

415 CYDA6 1085 470627 CK LM X C 

416 'CYDA7 1098 470627 CK LM X C 

Fig. E.4 (cont.). Data table in numerical order based on New Locality Number (Fig. E.I.). 
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74 417 CYDA7 1096 470627 CK LM X C 
418 ! CYDA7 1095 470627 CK ! LM !X C ' 

I 

419 CYDA7 1097 470627 CK LM X C 
442 CYDAS 1076 470627 KT DC X C 
443 CYDAS 1075 470627 KT DC X C 
444 CYDAS 1084 470627 KT DC X C 
445 CYDAS 1094 470627 KT DC X C 
446 CYDA7 1093 470627 KT DC X C 
447 CYDA7 1092 470627 KT UC X C 

i 75 201 CYDA9 1101 465629 CK LM X C 
202 CYDA8 1100 468630 CK LM X C 

76 199 CYDAI0 1116 463629 CK LM I X C 
200 CYDAlO 1117 463629 CK LM X C. 

77 420 CYDA12 1128 462629 CK LM X C I 

421 CYDA12 , 1127 462629 ' CK LM I X C! 
422 CYDA12 1126 462629 CK LM I X' C 
423 CYDA12 1125 462629 CK LM X C 
424 CYDA12 1136 462629 HG LM X C 
425 CYDA12 1135 462629 HG LM X C 
426 CYDA12 1134 462629 HG LM X C 

I 427 CYDA12 1133 462629 HG LM . X C 

I 428 CYDA12 1132 I 462629 HG LM I X C 
429 I CYDA12 1131 462629 HG LM X CI 

430 CYDA12 1129 462629 HG LM X C 
431 CYDA12 1130 462629 HG LM X C 
432 CYDA11 1124 462629 CK LM X C 
433 CYDAll 1123 462629 CK LM X C 
434, CYDA11 1122 462629 HG LM X C 

I 435 I CYDA11 1121 462629 HG LM X C 

436 CYDA11 1120 462629 HG I LM X C 

437 CYDA11 1119 462629 CK DC X C LL13 

438 CYDAll 1118 462629 CK UC X C 

78 127 CYDA3 1137 461629 HG LM X C 
I 461629 HG LM X C 128 CYDA3 1040 

129 CYDA3 1039 461629 HG LM X C 

194 CYDA3 1044 461629 CK LM X C 

195 CYDA3 1043 461629 CK LM X C P6 

1961 CYDA3 1,042 461629 : CK LM X C 

197 CYDA3 1038 461629 CK UC X C LL12 

198 CYDA3 1139 461629 HG LM X C 

400 CYDA3 1041 461629 S LM X C 

401 CYDA3 1140 461629 HG LM X C' 

, 402, CYDA3 1138 461629 HG LM X C 

79 186 CYBA6 1236 446643 , CK LM X C 

Fig. E.4 (cont.). Data table in numerical order based on New Locality Number (Fig. E.I.). 
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79 I 187 CYBA6 1235 446643 CK LM X C P5 
188 CYBA6 1233 446643 HG LM X C 
189 CYBA6 1232 446643 HG LM X C 
190 CYBA6 1231 446643 HG LM X C 
393 CYBA6 1 1234 446643 HG LM X C 

80 123 CYBA3 1218 422641 CK LM' X C 
124 CYBA3 1217 422641 CK LM X C P4 
125 CYBA3 1216 422641 CK UC X C LL11 
126 CYBA3 I 1215 422641 CK UC X C 

! 81 192 CYBAI 1184 422646 CK I LM: XI C 
450 CYBAI 1182 422646 KN UC X C 

82 193 CYBA5 1221 421651 CK LM X C 
451 CYBA5 1183 422646 KN UC X C 

, 452 CYBA4 1219 426648 KN UC X C 
83 191 CYBA2 1214 437648 CK LM X C 
84 184 CYCAI 1181 451658 CK LM X C 

: 185 CYCAI 1182 451658 CK I LM X C 
85 118 CYCA3 1227 453653 CK LM X C 

119 CYCA3 1226 453653 CK LM X C P3 
120 CYCA3 1225 453653 CK LM X C 
121 CYCA3 1224 453653 CK LM: IX C 
205 CYCA4 1230 454654 CK LM X C 
206 CYCA4 1229 454654 CK LM X C 
394 CYCA3 1223 453653 CK LM X C 
395 CYCA4 1228 454654 CK LM X C 

86 122 CYCA5 1237 465655 CK LM X C n 
87 117 CYQl 1180 438695 CK UC X A LL4 

88 328 CPA3 1427 439695 CK LM X A 

89 115 CYH2 1213 451696 CK UC X A 

116 CYH2 1212 451696 CK UC X A LL3 

90 112 CYHI 1205 455713 CK LM X A 
! 113 CYHI 1204 455713 CK LM X A 

114 CYHI 1211 455713 !NT UC X A 

163 CYHI 1206 455713 MN UC X, A 

164 CYHI 1207 455713 MN UC X A MNI 

165 CYHI 1208 455713 MN UC X A MNI 

166 CYHI 1209 455713 !NT UC I X A: 

167 CYHI 1210 455713 !NT UC X A MNI 

316 CPA 1 1455 455713 CK LM X A PI 

317 CPAI 1456 455713 CK LM X A 

318 CPA 1 1459 455713 LST LM X A, 

. 319 CPAl 1458 455713 LST LM X A 

320 CPAI 1457 455713 CK LM X A 

321 CPA 1 1425 455713 LST LM X X A 

Fig. E.4 (cont.). Data table in numerical order based on New Locality Number (Fig. E.l.). 
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90 322 CPA 1 1424 455713 I' LST LM X X A 
323 CPAI 1423 455713 LST LM X A 
324 CPAI 1421 455713 CK UC X A LL2 
325 CPA 1 1411 455713 CK UC X A 
326 CPA 1 1412 455713 CK UC X A 

I 
329 CPA 1 1414 455713 MN UC X A MNI 

I 330 CPA 1 1415 455713 MN UC X AI 
331 CPA 1 1417 455713 MN UC Xi A 
332 CPA 1 1420 455713 MN UC X A MNI I 

333 CPAI 1413 455713 INT UC X A 
334 CPA 1 1416 455713 INT UC X A 
335 CPA 1 1418 455713 INT UC X A 
336 CPAI 1419 455713 MN UC X A MNI 

91 315 CPA4 1428 435733 I CK LM I X A 
92 311 CPA7 1437 I 423773 CK UM X A! MMl 

93 312 CPA6 1436 422782 CK UC X A LLl 

94 313 CPAS 1435 402796 CK LM X A 
95 314 CYF2 1022 400799 CK E X A 
96 68 CYFI 1017 394805 SERP UC X A 

69 CYFI 1018 394805 LST UM X A 
70 CYFI 1019 394805 LST UM X A 

71 CYFI 1020 394805 LST UM X A I 

73 I CYF1 1021 394805 LST UM X A 

97 74 CYG1 1023 386774 LST UM X A 

75 CYGI 1024 386774 LST UM X A 

76 CYGI 1025 386774 LST UM X A 

77 CYGI 1026 386774 LST UM X A, 

98 78 I CYG2 1027 387764 ' SERP UC X X A 

79 CYG2 1030 387764 LST LM X X A 

80 CYG2 1031 38776 LST LM X X A 

98 CYG2 1255 I 387764 LST UM X X A 

99 CYG2 1256 387764 LST UM X X A 

100 CYG2 1257 387764 LST UM X X A 

101 CYG2 1258 387764 LST UM X X A 

102 CYG2 1259 387764 LST UM X X A 

103 CYG2 1262 387764 LST LM X X A 

104 CYG2 1029 387764 ML X X X A 

105 CYG2 1260 387764 LST.B UM X X A 

106 CYG2 I 1261 387764 . LST.B UM X X A 

107 CYG2 1028 387764 SL.ST " X X A 

99 538 CPA 11 1629 368677 CK UC X A LLIO 

100 565 CPC5 1801 510447 CK UM X C MM2 

I 101 204 CYEAl 1301 295765 KN UC X M 

Fig. E.4 (cont.). Data table in numerical order based on New Locality Number (Fig. E.!.). 
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102 453 CYEA2 1501 145785 CK LM X M 
, 454 CYEA2 1502 145785 CK LM X M 

455 CYEA2 1503 145785 CK LM ,X M 
456 CYEA2 1504 145785 CK LM X M 
457 CYEA2 1505 145785 CK LM X M 
458 CYEA2 1506 145785 CK LM X M 
459 CYEA2 1507 145785 CK LM X M 
460 CYEA2 1508 145785 CK LM X M 
461 CYEA2 1509 i 145785 CK LM xl M 
462 CYEA2 1510 145785 CK LM X M' 
463 I CYEA2 1511 145785 CK I LM I X M 
464 CYEA2 1512 145785 CK LM Xi M 
465, CYEA2 1514 145785 CK LM X M 

466 CYEA2 1515 145785 CK LM X M 
467 CYEA2 1516 145785 CK LM X M 
468 CYEA2 1517 145785 CK LM X M 

I 

469 CYEA2 1518 145785 CK UM X M 
470 CYEA2 1519 145785 CK UM X M 

471 CYEA2 1520 145785 CK UM X M 
472 CYEA2 1521 ! 145785 CK UM X M 
473 CYEA2 1522 145785 CK UM X M 

Fig. E.4 (cont.). Data table in numerical order based on New Locality Number (Fig. E.1.). 
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Introduction 

For infonnation relating to headings, Processing Number, New Locality Number and 
Chapter, see introduction to Appendix E. Headings relating to the Distribution Tables only 
are explained in detail below. ' 

Preservation of calcareous nannofossils 

G = GOOD (little or no alteration). 
M = MODERATE (50010 showing some form of alteration). 
P = POOR (all showing some form of alteration). 

Nannofossil Content 

(field of view = 390~m). 

A = ABUNDANT (>5 individuals per field of view). 
C = COMMON «5 individuals per field of view). 
S = SP ARSE (isolated occurrences). 

N = No calcareous nannofossils found, dated by published papers. 

Remarks 

1). All processed samples noted within the Distribution Tables are of calcareous 
sediments, unless otherwise stated. 
2). Serpentinite intrudes into the Kathikas Formation, but not the overlying 
calcareous sediments. 
3). In the remarks column, reference to another processing number (D. No.), 
indicates the initial sample was devoid of calcareous nannofossils, with the new 
sample located along strike at the same horizon. 

Key 
A Neptunean dykes, full of reworked flora, but is an integral part of 

the younger overlying lithological unit. 
Maas Reworked Maastrichtian flora. 
T Thinsection available. 
Lithological Key 
EV AP Evaporites 
HG Hardground 
KN Kannaviou Formation 
Koronia Koronia Limestone 
KT Kathikas Formation (including chalk interbeds) 
MN 'Moni Melange' type deposit 
REW Reworked horizon 
S Sandstone (unconsolidated) 
SERP Serpentinite 
Terra Terra Limestone 
TR Troodos Complex (undifferentiated) 
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60 37 N KN 
61 37 N KN 
62 37 N KN 
63 37 N KN 
64 37 N , KN 
68 96 N SERP 
78 98 N SERP 
87 37 N KN 
88 1 N , TR 
89 1 N , TR 
114 90 G C X X X X X X X X X X X MN . 
115 89 G C X X X, X X I X X X X 
116 89 G C X X X X X X X X X X LL3 
117 87 G A X X X X X X X X X X X X LIA 
125 80 G C X X X X , ,X X X X X X ~ LUI 
126 80 G C X X X X X X I X X X X X 
163 90 N MN 
164 90 G C X X X X X X X X X X X MNI MN, 
165 90 G C X X X X X X X, X MNI MN 
166 90 M C X X X X X X X MN 
167 90 G C X X X X X X X MNl MN 
197 78 M C X X X X X X X X , LLl2 
204 101 N KN 
207 69 P S X X , X LL15 

215. 6 G C X X X X X, X X X LL7 
241 37 N KN 

242 37 N , , , KN , 

247 46 P S X X X, 
, 

248 45 P S X X X LL18 
254 2 M S X X X X X X X X LL5 

255 2 M S X X X X X X 

257 3 N , 

261 5 M S X X X , ,X X X X LL6, 

262 5 M S X X ,X X X X X 

263 6 N , KN 

268 7 N KN , 

269 7 N KN 
I 

272 11 G C X X X X X X X X LL9 

277 16 G A X X X X X X X X X X X X X X .X X X KNl KN 

278 16 N KN 

279 16 N KN 

280 11 N 
KN 

, , 

281 11. P S X X X X KN 

282 17 N 
KN 

291 41 N 
KN 

292 41 Ni 
KN 

293 43 '. N 
KN 
KN 

294 42 N KN 
307 39 I N KN 
308 38 N KN 
309 37 N , 

KN 
310 36 N 

Fig. B.5. Distribution of calcareous nannofossils viewed in the Late CretaceOus lithologies of S.W. Cyprus. 
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I 

312 93 M S X X X X X X X X LLI 
324 90 M A X X X X X X X X X LL2 
325 90 G A, X X X X X X X 
326 90 G A X X X X X X X X X X 
329 90 P S X X X MNI MN 
330 90 M C X I X X X xxx X I X XX MN 
331 90 M C X XX X X XXX MN 
332 90 M S X x MNl MN 
333 90 P S X X X MN 
334 90 M C X XX XX XX MN 
335 90 G C X XX X XX X X XX MN 
336 90 G C X X X,X X X,X x XXXX xx I MNI MN 
346 66 N KN 
355 58 N KN 
356 59 N REW 
378 24 G C X XX XX x x xx KT3 KT 
379 24 I GI C X X x 'X X X x xx x KT3 KT 
380 27 M C. X x , X XXX x X xx x KT4 KT 
381 27 M C X XX x XX x KT4 KT 
382 27 P S x X X: XX x KT4 KT 
383 27 M C X X X XX X x x KT4 KT 
384 27 P S X X X XXX XXX X KT4 KT 

385 27 P S X x X XI X I XX 1 KT4' KT 
386 27 G A x XX X ,XX X xx x KT4 KT 

X XX XX XXX KT4 KT 
XX 

i~38~9~2::.:7~G:::..J-:.:A~~,:,:X~""",:,:X:f.:X:.:f--+-+=X~-+=-=Xf.:X~X=f-H-+....rX=+-H~XT-~X~X~X+MH~K=T~4.....-:KT= .. 
390 27 P S X X X X X X KT4 KT 
391' 54 N I I KN I 

437 77 M S X XX X x LL13 

438 77 M S X X XX X x 
440 73 I N KT 

441 73 N KT 

442 74 N KT 

443 74 N KT 

444 74 N KT 

445 74 N 
KT I 

X XX 

I 446 74 N 
447 74 N 
448 72 M S 

x X 
x X X XXX! I 'X XX KTl KT 

KT 
KT 

449 72 G C XX KTl KT 

450 81 N 
451 82 N 
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Fig. E.5 (cont.). Distribution of calcareous nannofossils viewed in the Late Cretaceous lithologies of S.W. Cyprus. 
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Fig. E.7. Distribution of calcareous nannofossils viewed in the Mid to Late Eocene chalks of S.W. Cyprus. 
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Fig. E.8. Distribution of calcareous nannofossils viewed in the Early Miocene chalks 

of S.W. Cyprus and Kottaphi Hill, Agrokipia. 
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Fig. E.8 (cont). Distribution of calcareous nannofossils viewed in the Early Miocene chalks 

of S.W. Cyprus and Kottaphi Hill. Agrokipia. 
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Fig. E.8 (cont). Distribution of calcareous nannofossils viewed in the Early Miocene chalks 

of S.W. Cyprus and Kottaphi Hill, Agrokipia. 
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Fig. E.9. Distribution of calcareous nannofossils viewed in the Late Miocene chalks of S.W. Cyprus and Kottaphi Hill, Agrokipia, 
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Fig. B.10. Samples processed to reconnaissance level only (no calcareous nannofossils found). 
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