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Abstract  

Calcareous nannofossil biostratigraphy from Kotaphi Hill section allowed not only 
the biostratigraphic zonation of the Miocene units but also provided evidence for a 
distinct warm phase known as the Middle Miocene Climate Optimum (MMCO). 
Kotaphi Hill section is located in Agrokipia village (Nicosia region, Cyprus) and 
consists of cyclic marine deposits of the Pakhna Formation. High resolution 
sampling has been conducted and 84 samples were collected. Preliminary results 
indicated that several important calcareous nannofossil events can be consistently 
recognized along the studied section. High abundances of Discoaster druggii and 
Highest occurrence (HO) of Sphenolithus procerus suggest the presence of NN2 
biozone while, LO of Sphenolithus belemnos has been used to recognize the base of 
biozone NN3. Upwards, Lowest Common Occurrence (LCO) of Sphenolithus 
heteromorphus marked the NN3-4 boundary-level. Biozone NN4 in Kotaphi Hill 
section is featured by high abundance of S. heteromorphus whereas total absence of 
the species together with the LO of Helicosphaera walbedorfensis mark the Paracme 
Beginning (PB) of S. heteromorphus interval. High abundance of warm indicators 
such as Discoasterids, S. heteromorphus, S. moriformis and Helicosphaera carteri 
observed in our material may partly reflect the warm phase of MMCO.  
Key words: Agrokipia village, Pakhna Formation, Cyprus, Sphenolithus hetero-
morphus, Middle Miocene Climate Optimum.  

Περίληψη 

Η βιοστρωματογραφική ανάλυση με βάση τα ασβεστολιθικά ναννοπολιθώματα που 
διεξήχθη στην τομή Κοτάφι επέτρεψε τον προσδιορισμό  βιοζωνών  του Μειόκαινου, 
καθώς και το συσχετισμό με τη θερμή φάση του Κλιματικού Βέλτιστου του Μέσου 
Μειόκαινου (Middle Miocene Climate Optimum, MMCO). Η τομή Κοτάφι βρίσκεται 
στον οικισμό Αγροκηπιά (Λευκωσία, Κύπρος) και αποτελείται από θαλάσσια ιζήματα 
με έντονη κυκλικότητα του Σχηματισμού της Πάχνας. Η υψηλής ανάλυσης 
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δειγματοληψία που πραγματοποιήθηκε, περιλαμβάνει συνολικά 84 δείγματα. Τα 
πρώτα αποτελέσματα επέτρεψαν την αναγνώριση διαδοχικών συμβάντων του 
ασβεστολιθικού ναννοπλαγκτού.  Η υψηλή αφθονία του είδους Discoaster druggii και 
η ανώτερη παρουσία (HO) του είδους Sphenolithus procerus παραπέμπουν στη 
βιοζώνη NN2 ενώ, η βάση της βιοζώνης ΝN3 αναγνωρίστηκε με τη κατώτερη 
παρουσία (LO) του είδους Sphenolithus belemnos. Επιπλέον, το όριο των βιοζωνών 
ΝN3-ΝΝ4 προσδιορίστηκε με βάση τη κατώτερη συχνή παρουσία (LCO) του είδους 
Sphenolithus heteromorphus. Η βιοζώνη NN4 χαρακτηρίζεται από την υψηλή 
αφθονία του είδους S. heteromorphus ενώ στα ανώτερα στρώματα της τομής, η 
πλήρης απουσία αυτού σε συνδυασμό με τη κατώτερη παρουσία (LO) του είδους 
Helicosphaera walbedorfensis σηματοδοτούν το κατώτερο όριο του διαστήματος 
παρακμής (PB) του S. heteromorphus. Η αφθονία των θερμών αντιπροσώπων 
Discoasterids, S. heteromorphus, S. moriformis και Helicosphaera carteri που 
καταγράφεται, πιθανόν να αντανακλά τη θερμή φάση του MMCO. 
Λέξεις κλειδιά: Αγροκηπία, Σχηματιμός της Πάχνας, Κύπρος, Sphenolithus 
heteromorphus, Κλιματικό Βέλτιστο Μέσου Μειόκαινου. 

1. Introduction  
The continuing collision of the European and African plates resulted to the final closure of the 
Tethys Ocean and the birth of the Mediterranean Sea. The last vestiges of the Mesozoic Tethys 
oceanic crust are today represented by the ophiolitic chain of the Troodos Massif, located on the 
hanging wall of the Cyprus subduction zone (Robinson & Malpas, 1990). Geologically, Cyprus 
can be generally divided into five main geological terranes (1) Troodos Ophiolite Complex, (2) 
Mamonia Terrane, (3) Keryneia Terrane, (4) Circum-Troodos Sedimentary Succession and (5) 
Quaternary units. Ophiolite genesis started at Late Cretaceous and formed the Troodos Ophiolite 
Complex (TOC) which was obducted much later in the Middle Miocene. The subsequent period of 
low tectonic activity was dominated by deposition of carbonate rich sediments, commencing with 
the deep marine Lefkara Formation. However, an abrupt change to more localised, tectonically 
controlled deposition took place in the Early Miocene, initiating deposition of the Pakhna 
Formation. This phase was then followed by the formation of numerous shallow depositional 
basins containing gypsiferous sub-units of the Messinian salinity crisis that occurred when the 
Mediterranean was closed and sea levels dropped (Rouchy et al., 2001). Salinity crisis was 
followed by an abrupt uplift of the area that occurred during the Pleistocene at ~2 Ma, resulting to 
the deposition of Pleistocene fanglomerates, mainly on the northern flanks of the Troodos Massif. 

Middle Miocene is not only considered as crucial time interval for the evolution of the Earth 
climatic system, but also for the dynamic geologic evolution of the Mediterranean region. Such 
important geodynamic and paleoclimatic issues need a well-established biogeochronologic 
framework. Calcareous nannofossil have been proven extremely useful for the biostratigraphy of 
marine sediments, providing essential time-constrain for regional and worldwide biostratigraphic 
correlations. (e.g., Perch-Nielsen, 1985).  

Aim of the present study is to test the reliability of Early to Middle Miocene calcareous 
nannofossil biohorizons at the Kotaphi Hill section (Cyprus Island), in order to improve the time 
resolution in the region and to provide paleoceanographic implications during the Middle Miocene 
Climate Optimum (MMCO) in south-eastern Mediterranean. 

2. Materials and Methods 
2.1. Study Area  
Kotaphi Hill section (05° 13’ E, 38 °78’ N) is located in Agrokipia village (Nicosia region, Figure 
1). It consists of well-preserved cyclic marine sediments of Pakhna Formation, which includes a 
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range of shallow-to deeper-water carbonates and subordinate terrigenous sediments that were 
mainly deposited by pelagic and gravity-controlled processes. Pakhna Formation is overlain by the 
evaporitic Kalavasos Formation (Follows & Robertson, 1990), which are similar to the Messinian 
evaporites elsewhere in the Mediterranean (e.g., Hsü, 1973), and is underlain by complete 
successions of Late Cretaceous-Oligocene deep-water pelagic limestones and calciturbidites of the 
Lefkara Formation (Robertson, 1976). Although the base of the Pakhna Formation appears to be of 
Aquitanian age in northern and southeastern Cyprus, (Robertson et al., 1991) limited data from 
southern Cyprus indicate ages ranging from Burdigalian to Langhian, implying the diachronous 
base of the formation. Two members are recognized within the Pakhna Formation: the Early 
Miocene Terra Member and the Late Miocene Koronia Member. The first phase, of Terra Member 
(Aquitanian-Burdigalian), is exposed only in SE and W of Cyprus while the latter, Koronia 
Member (Tortonian), is exposed, both fringing the Troodos Massif in north, south and west 
Cyprus, and on the Akamas Peninsula of NW Cyprus (Follows & Robertson, 1990). Both phases 
of Pakhna Formation witness progressive changes through the Miocene that resulted from a 
combination of local Cyprus tectono-stratigraphic effects, general Mediterranean features and 
global climatic control. 

 
Figure 1 - Geologic sketch map of Cyprus Island. The location of Kotaphi Hill section is 

marked.  

Our data cover mainly the Early Miocene deposits, outcropping in Kotaphi Hill section. Our first 
results refer to the lower part the section (Figure 2), with total height of 16.50 m. The lower 1.5 m 
consists of marly chalk layers, which are passing to 7 m of laminated chalky layers, alternating 
with chalky marl layers. The following 10.5-13.5 m of the section is characterized by chalky layers 
alternating with marls and marly chalks. Sediments of the uppermost 3 m (13.5 -16.50 m) are 
featured by laminated alternations between chalk and chalky marls. High resolution sampling of 
the section has been conducted with an average sampling resolution of 20-30 cm. A total number 
of 84 samples were collected and 25 samples from different levels of the section have been used 
for the purpose of this study. 

2.2. Calcareous Nannofossil Analysis 
For calcareous nannofossil analysis the preparation of samples followed the standard smear slide 
technique described by Perch Nielsen (1985). All sediment samples were routinely examined 
under a light microscope at a magnification of 1250 x, carried out using a Leica DMSP polarising 
light microscope (Dept. of Hist. Geology and Paleontology). In order to obtain accurate 
biostratigraphic estimations, up to 100 fields of view have been investigated per slide. Calcareous  
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Figure 2 - Detailed lithostratigraphy of Kotaphi Hill section and sample location.  

nannofossil biostratigraphy, mainly based on the appearance/disappearance and relative abundance 
patterns of selected species, provided high time resolution and accurate correlation with regional 
and global stratigraphy and time scales for the Miocene marine successions (e.g., Fornaciari et al., 
1996; Fornaciari & Rio, 1996; Lourens et al., 2004; Raffi et al., 2003; 2006, Hüsing et al., 2010). 
Lowest (LO) and highest (HO) occurrence of the index species, concern their first and last 
occurrence respectively, whereas LCO (Lowest Consistent Occurrence) and HCO (Highest 
Consistent Occurrence) indicate biohorizons which mark the beginning and end, respectively, of 
the consistent (continuous and/or common) distribution of index species. A LCO biohorizon thus 
represents an increase in abundance above the first appearance of the taxon, while an HCO 
biohorizon corresponds to a consistent drop in abundance prior to the extinction. Furthermore, PB 
(Paracme Beginning) and PE (Paracme End) indicate biohorizons which mark the beginning and 
end, respectively, of an interval in which the index taxon is temporarily absent, or present with 
scattered single specimens (Paracme interval). 

Abundances of the taxa encountered in this paper were recorded as follows: A, abundant: more 
than one specimen every field of view; C, common: 1 specimen/10 fields of view; R, rare: 1 
specimen/ 50 fields of view; P, present: 1 specimen/ >100 fields of view; RW, reworked 
specimens. The taxonomy of the determined calcareous nannofossil species has been based on 
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Aubry (1984-1999) and Perch-Nielsen (1985). The determination of the biostratigraphic events has 
followed Martini (1971), Fornaciari et al., (1996), Fornaciari & Rio (1996), Raffi et al. (2003, 
2006). Numerical ages of biozone boundaries are given according to Lourens et al. (2004), Raffi et 
al. (2006). 

3. Results and Discussion 
Preliminary biostratigraphic results for the Kotaphi Hill section are plotted in Figure 3 LO of 
Sphenolithus belemnos, LCO of Sphenolithus heteromorphus, PB of S. heteromorphus and LO 
Helicosphaera ampliaperta are some of calcareous nannofossils biohorizons that have been 
recorded in the Kotaphi Hill section. Semiquantitative results of the major representatives of 
calcareous nannofossils evaluated in the studied samples of the Kotaphi Hill section are presented 
in Table 1. 

Table 1 - Species frequencies of calcareous nannofossils per sample of the Kotaphi Hill 
section as follows: A: abundant, C: common, R: rare, P: present, RW: reworked. 
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ΚΔ 5 A R P    C C   
ΚΔ10 A R P    C C   
ΚΔ15 C P R    C R   
ΚΔ19 C  R    A R   
ΚΔ21 C  R P R  A R P  
ΚΔ25 C  P P R  A R C  
ΚΔ27 C   R C R A R C  
ΚΔ31 R  P R C R A R R  
ΚΔ35 C   R C R A R R  
ΚΔ40 C   R R R A R   
ΚΔ43 C   P R R A R   
ΚΔ45 C   P R C A R   
ΚΔ49 C    RW C A R   
ΚΔ53 C    RW C A R   
ΚΔ57 C   RW RW C A R P  
ΚΔ60 R    RW C C C   
ΚΔ62 C    RW C C C   
ΚΔ65 C   RW  RW C C C  P 
ΚΔ68 C    RW C A C P  
ΚΔ70 C      A C P  
ΚΔ73 C     R A C P P 
ΚΔ77 C      A C  P 
ΚΔ80 P      A P P P 
ΚΔ82 P      A P  P 

 

3.1. Biozone NN2 (MNN2)  
High abundance of D. druggii and low percentages of Discoaster deflandrei along with the HO of 
Sphenolithus procerus and continuous presence of Sphenolithus dissimilis in the first 4.9 m of the 
section, enable the biostratigraphic correlation with biozone NN2 (Martini, 1971). Based on the 
calcareous nannofossil analysis, the rare presence of S. procerus in the investigated assemblage is 
strengthening our biozonal determination. In the Mediterranean region, the HCO of Helicosphaera 
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Figure 3 - Preliminary calcareous nannofossil biostratigraphy of Kotaphi Hill section.  

euphratis has been correlated with the LCO of Helicosphaera carteri in the NN2 biozone 
(Coccioni et al., 1997). According to Fornaciari, & Rio (1996), the dominance of H. carteri over 
H. euphratis is very distinctive in this interval. Our data document the dominance of H. carteri 
over H. euphratis, thus supporting the biostratigraphic recognition of biozone NN2.  Minor 
components in our assemblages are also Sphenolithus compactus and Sphenolithus conicus, while 
the abundant presence of Sphenolithus moriformis is also noted.   

3.2. Biozone NN3 (MNN3) 
Although there are some contradictions in the literature concerning the presence of S. belemnos in 
the Mediterranean stratigraphic record, LO and HCO of this species is very often used to define 
NN3 zone. First rare representatives of S. belemnos together with the presence of Sphenolithus 
disbelemnos above the first 4.9 m of Kotaphi Hill section are used in this study to define the 
boundary between NN2/NN3. Despite the fact that generally, LO of S. disbelemnos is recorded 
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slightly below the LO of D. druggii (Fornaciari, & Rio, 1996), S. disbelemnos is totally absent 
within NN2 range in our section. According to Fornaciari & Rio (1996) the absence of this species 
in NN2 biozone and its re-appearance at the lower part of NN3 seems to be a useful 
biostratigraphic evidence for this interval in the Mediterranean. In addition, Fornaciari & Rio 
(1996) and Raffi et al. (2003), also mentioned that HCO of S. belemnos is used to define the 
boundary level between MNN3a/MNN3b. The transition of common to rare presence of S. 
belemnos along with the increased in abundance of S. heteromorphus over the ~7.7m of the section 
may reflect this boundary level in our material.  Discoasters are characterised by abundant 
presence of D. deflandrei and common presence of D. druggii, while among sphenoliths, 

S. moriformis seems to be the dominant species. Among helicoliths, the presence of H. 
ampliaperta is common whereas the abundant presence of H. carteri is the dominant feature of the 
assemblage. 

3.3. Biozone NN4 (MNN4) 
Martini (1971) defines the HO of S. belemnos and LO of S. heteromorphus as the marker events 
for the NN3/NN4 boundary. Co-occurrence of both species is reported by some authors (e.g., 
Bukry, 1972; Takayama & Sato 1985) while others have indicated that the range of the two species 
cannot be considered to overlap (Olafsson 1989; Rio et al., 1990b). In the Mediterranean region, 
the intervals of high abundance of the two species do not overlap, but between the HCO of S. 
belemnos and the LCO of S. heteromorphus, the two forms may be present discontinuously and in 
low abundances (Olafsson, 1991; Fornaciari, & Rio, 1996). Based on Marini (1971) biozonation, 
rare presence of S. belemnos after 8.5 m of Kotaphi Hill section along with the common presence 
of S. heteromorphus is likely to mark the NN3/NN4 boundary. Furthermore, Fornaciari & Rio 
(1996) and Raffi et al. (2003), mentioned that in the Mediterranean region the boundary level of 
MNN3b/MNN4a is defined by the LCO of S. heteromorphus. The transition from rare to common 
presence of S. heteromorphus above 9.5m of the section is possibly marking the LCO of the 
species and therefore the boundary level MNN3b/MNN4a in the studied material. Scattered and 
discontinuous presence of S. belemnos above the 9.5m of the section may be due to enhanced 
reworking effect observed in our study material. Following Fornaciari et al. (1996), the lower 
boundary of the NN4 zone (MNN4a) is based on the LCO of S. heteromorphus, while the upper 
part of the zone (MNN4b) is characterized by the temporary absence (paracme beginning, PB) of 
the species. In our study material, at about 13.5 m of the section, S. heteromorphus seems to be 
intensively reduced and rapidly disappeared afterwards, a pattern that continues upwards covering 
the last 3m of the studied section. H. ampliaperta is common and continuously present at the lower 
part of NN4 (MNN4a) zone whereas at the upper part (MNN4b), its presence becomes 
discontinuous (Fornaciari et al., 1996). Such pattern of continuous presence of H. ampliaperta is 
not observed in the study area possibly due to regional and/or ecological criteria or other 
environmental factors that are still to be investigated. Similar distribution pattern with scattered 
and discontinuous presence or even absence of the species in the Mediterranean region within the 
NN4 zone was previously mentioned by other authors (Olafsson, 1991) and recently by Di Stefano 
(2011).  Total assemblages from Kotaphi Hill contain abundant-common presence of H. carteri 
while H. intermedia, H. mediterranea and H. euphratis are also present. Among the sphenoliths, S. 
heteromorphus and S. moriformis are dominant mainly in the lower part of the interval. At the 
upper part of NN4 (MNN4b) the abundant presence of S. moriformis over S. heteromorphus and 
the total absence or very low abundance of the latter species represents a clear pattern. D. 
deflandrei is usually abundant dominating among discoasterids, while Discoaster exilis and 
Discoaster variabilis appear for the first time within this interval. The absence of S. 
heteromorphus together with the discontinuous presence of H. walbersdorfensis at the uppermost 
3m of the studied section, are likely to mark the PB of S. heteromorphus. This interval of virtual 
absence or reduced abundance (“paracme”) of S. heteromorphus distribution range is well 
documented in several Langhian Mediterranean sections (e.g., Fornaciari et al. 1996; Di Stefano et 
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al. 2008), representing a useful and reliable correlation tool within the Mediterranean Miocene 
sediments (Di Stefano, 2011). 

3.4. Biochronologic Assignment and Paleoceanographic Implications 
The calcareous nannofossil biostratigraphy applied at the studied samples recovered from the 
lower 16.50 m of Kotaphi Hill section, enabled biostratigraphic assignment of the studied deposits 
to NN2-NN4 (MNN2-MNN4) biozones. Therefore based on the astronomically calibrated data for 
the Neogene (Louerns et al., 2004: Raffi et al., 2006), the studied section possibly spans ca. 22.8-
15.0 Ma, within the Aquitanian - Langhian time interval. 

The Miocene Climate Optimum (MMCO) warm event occurred at about 15.0 Ma and represents 
one of the last warm periods of the Neogene. In general, Miocene is considered to be a time period 
of global climatic changes. More specifically, the Early and Middle Miocene were marked by a 
several million-year period of warm climate, which came to an end during the Middle Miocene 
global climate transition. The MMCO is traced by changes in the oxygen isotope values from the 
deep-sea sediment cores from ocean floor (e.g., Zachos et al., 2001), as well as by the marine and 
continental fossil record (e.g., Ivanov et al. 2002; Jiménez-Moreno, 2006). MMCO reached its 
maximum during 15.0-17.0 Ma (Zachos et al., 2001), within the standard nannoplankton zones 
NN4 and NN5.  

The uppermost part of our study material (NN2-NN4) can be partly referred to the beginning of 
the MMCO, in particular the detected high abundances of discoasterids and sphenoliths support 
the prevalence of warm water conditions (e.g., Rio et al., 1990). In addition high abundance of 
helicoliths (particularly H. carteri) indicates warm surface waters with a medium to high content 
of nutrients (Negri & Villa, 2000; Melinte, 2005).  

4. Conclusions  
Preliminary biostratigraphic results from Kotaphi Hill section indicated that several important 
calcareous nannofossil events can be traced along the studied section, including HO of S. procerus, 
and increased presence of H. carteri, suggesting that the lower 4.9 m of the section is probably 
correlated with NN2 (MNN2) biozone (Martini, 1971; Fornaciari & Rio, 1996; Fornaciari et al., 
1996, Raffi et al., 2003). The base of NN3 biozone is marked by the LOs of S. belemnos and S. 
disbelemnos, while the range of both species along with low abundances of S. heteromorphus are 
indicative of  the NN3 (MNN3) biostratigraphic interval. Based on Fornaciari & Rio (1996) and 
Raffi et al. (2003), the HCO of S. belemnos is the marker event for the MNN3a/MNN3b that is 
placed at ~ 7.7m of the studied section. 

Moving upwards, the LCO of S. heteromorphus is used to define the MNN3b/ MNN4 located at 
the 9.5m of the section. Biozone NN4 (MNN4) in Kotaphi Hill section is featured by abundant 
presence of well developed S. heteromorphus forms and increased presence of D. deflandrei, 
associated with the appearance of other forms of discoasterids such as D. exilis and D. variabilis. 
A pattern of almost total absence or low abundance of S. heteromorphus at 13.5m from the base of 
the section and the dominance of S. moriformis together with the discontinuous presence of H. 
walbersdorfensis observed at the last 3 m of the section are the events marking the S. 
heteromorphus (PB) interval.  

The preliminary calcareous nannofossil biostratigraphic results derived from the semiquantitative 
analysis of the studied samples recovered from the lower 16.50 m of Kotaphi Hill section, enabled 
the biostratigraphic assignment of the studied deposits to NN2-NN4 (MNN2-MNN4) biozones, 
spanning ca. 22.8-15.0 Ma, within the Aquitanian-Langhian time interval. High abundance of 
warm indicators such as discoasterids, S. heteromorphus, S. moriformis,and H. carteri may partly 
reflect the onset of the warm phase of MMCO global climatic event. On-going detailed 
quantitative analysis of nannofossil assemblages from the whole Kotaphi Hill section will provide 
further improvements to the proposed biostratigraphic and paleoceanographic assignments. 
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