NANNOPLANKTON BIOSTRATIGRAPHY OF EOCENE FORMATIONS IN THE GELI-
BOLU PENINSULA

Vedia TOKER* and Emin ERKAN**

ABSTRACT. — Nannoplankton from the stratigraphic sections of Eocene formation have been determined and used
to establish the biostratigraphy and paleogeography of the area in Gelibolu peninsula adjacent to the bay of Saros. These
Eocene formations ofabout 3600 m in thickness are represented lithologically by conglomerates, sandstones, mudstones
and a variety of limestones. 77 Nannoplankton species have been distinguished in Karaaga¢ limani, Koyun limani,
Ficitepe, Sogucak, Burgaz, Korudag-Kesan and Kanlibent formations. The following biozones have been defined; Spheno-
lithus pseudoradians zone, Isthmolithus recurvus zone, Discoaster saipanensis zone, Discoaster tani nodifer zone. These bio-
zones have been correlated with the worldwide distribution of the same range biozones.

INTRODUCTION

The studied area is located in the Gelibolu peninsula (Fig. 1). Most of the geological inves-
tigations have been done in this area by various companies and institutions based on coal and oil

explorations.
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The common lithological units ofthis area consist ofconglomerate, sandstone, silstone, mudstone
and limestone.

In different age and position dacite, andesite and basalt tuffites exist in alternation in these
sediments. Existence of Upper Cretaceous-Lower Miocene aged deposits have been reported in
this area by Salttk and Saka, 1972; Saltik, 1974; Onem, 1974; Druit, 1961; Doust and Arikan,
1974; Sfondrini, 1961.

This paper contains brief descriptons and discussions of zones which can be defined by the
use of Nannoplankton. The correlation of Nannoplankton with planktonic Foraminifera could not
be made due to the scarcely of data and poor preservation of the forms. Paleocene-Lower Eocene
deposites which have been reported by some geologists but have not been found in the studied area.
Paleocene-Lower Eocene aged Nannoplankton species have been observed in the Middle-Upper
Eocene sediment samples as a reworked material.

STRATIGRAPHY

Upper Cretaceous limestone is the oldest unit in this area. This unit is unconformably over-
lain by Middle Eocene deposits. Middle Eocene sediments are followed concordantly by Upper
Eocene deposits (Fig. 2). Eocene unit which cropps out in Gelibolu peninsula was divided into
seven formation.

These formations have been named by the MTA geologists who are currently working for the
Tertiary project of Thrace.

LITHOSTRATIGRAPHY

Lort formation (K1)

This formation cropps out in Foca cape with Karaaga¢ harbour and Lort bank and named
by Sfondrini (1961) for the first time. This Maastrichtian formation consists of light gray colored
limestones of 100 m in thickness and contain abundant Globotruncana species.

Karaagac¢ limam formation (Tk)

This formation is exposed in Batarya hill, Koyun harbour and Foca cape region. Type section
is measured on Batarya hill 544 m in thickness, gray, dark gray colored mudstone and between
them in shape of lens sandstone and conglomerate are cropped out. Karaaga¢ limani formation
unconformably overlies Lort formation and is conformably overlain by Koyun limani1 formation.
According to the contained macrofossils and Nannoplankton, the age of this formation is Middle
Eocene.

Koyun limam formation (TKky)

This formation is exposed in narrow area at the Koyun harbour region. Lower and middle
parts of the formation composed of gray colored mudstone and also upper part is represented with
sandstone. Thickness of this formation is 350 m.

It has lateral and vertical transitional contact with the underlying Karaagac limani formation
and overlying Ficitepe formation. Lamellibranchiata and Gastropoda shell fragments are seen in
the sandstones. The mudstones contain abundant nannoplankton indicated a Middle Eocene age.
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Ficitepe formation(Tf)

This formation crops out in Fici hill-Sagirtas area. It is composed of alternating red and
red-wine color conglomerate sandstone and mudstone. The thickness of this formation is 450 m.
The fossils have not been found in it. On the basis of its stratigraphic position the age of the
formation is considered to be Middle Eocene.

Sogucak formation (Ts)

This formation crops out Kozlu hill-Peynir hill area and composed of yellow color sandstone,
limestone, sandy limestone and mudstone and its thickness is 320 m.

This formation sediment contain abundant Gastropoda, Coral, Echinoid shell fragment and
also Nummulites and Nannoplankton which indicates a Middle Eocene age.

Burgaz formation (Tb)

This formation crops out around Burgaz and Tayfur Village area. The thickness of this
formation is 430 m.

Burgaz formation composed of gray color mudstone containing tuff ite intercalations, described
by Sfondrini (1961). It comformably overlies the Sogucak formation and is comformably overlain
by Korudag-Kesan formation mudstone rich in Nannoplankton species indicate an Upper Eocene age.

Korudag (Tko)-Kesan(Tks) formation

This formation is the most widely exposed in the studied area. The type locality of Korudag-
Ke§an formation is around Kiiclik Anafarta-Biiylik Kemikli cape and Kiicliik Kemikli cape area.
The thickness of this formation is 1100 m. The lower part of Korudag-Kesan formation is com-
posed of alternating mudstone and sandstone and this part is followed by interbeded conglomerate
and sandstone. The Korudag-Kesan formation comformably overlies the Burgaz formation. Koru-
dag-Kesan is comformably overlain by the Kanlibent dere formation. Nannoplankton species
indicate an Upper Eocene age.

Kanlibent dere formation (Tkb)

This formation crops out Kanlibent creek area, and its thickness is 250 m. Kanlibent dere
formation starts with alternating milstone and mudstone passing upwards into sandstone and mudstone
it comformably overlies the Korudag-Kesan formation and is comformably overlain by the Cakil
dere formation. The sediments contain abundant Nannoplankton indicate an Upper Eocene age.

BIOSTRATIGRAPHY

In the investigated area, the following biozones were defined by means of Nannoplankton
species which are distinguished in the samples. General correlation of these zones are also presented.

Discoaster tani nodifer zone

Definition: Interval from the last occurence of Rhabdosphaera gladius Locher to the last
occurence of Chiasmolithus solitus (Bramlette antf Sullivan).
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Authors: Hay, 1967, emend. Martini, 1970.
Locality: Foca cape and Kozlu hill.

Common species: Discounter tani nodifer Bramlette and Riedel, Discoaster barbadiensis Tan
Sin Hok, Reticulofenestra umbilica (Levin), Chiasmolithus grandis (Bramlette and Riedel), Cyclo-
coccolithus formosus Kamptner, Chiasmolithus solitus (Bramlette and Sullivan) (Table 1).

This zone was determined in the measured stratigraphic sections in Foga cape and Kozlu hill
(Fig. 3).
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Fig. 3 - Distribution of Nannoplankeon zones of the investigated arez in panel diagram.

Correlation and remarks: This zone which is determined in this study by the authors, has
been used by Martini (1971) as a standard cacareous nannoplankton zonation (Fig. 4). Roth,Baumann
and Bertolina (1971) used Discoaster saipanensis subzone for this stratigraphic interval in their studies
in North Italy. Perch-Nielsen (1972) determined Discoaster tani nodifer zone in Upper Middle Eocene
with the samples from well core of deep sea drilling in the North Atlantic.

Discoaster tani nodifer zone has been used by Decima, Roth and Todesco (1975) for the upper
part of the Middle Eocene and lower part of the Upper Eocene in the Passagno region of North
Italy. Toker (1982) defined this zone at the Kaman region (Central Anatolia). Nannoplankton
species show great similarity with Gelibolu peninsula and Kaman region.



29

NANNOPLANKTON BIOSTRATIGRAPHY OF EOCENE

"sau0z01q uorueidouuen] SUa0e7 JO venrepaso) - ¢ Big

o
fevozrgns } wl. § D .
nuoz g = o
(ou02) ovo N fouoz) | (euwozgrs) | = 8 e z\v N
oy { QQM\ oanqun Jg & nuez nuozgns | O o \:.._omw NG
ni = —-
#jpou g 9jpou oy  [PASBUBOINIYOY ...uf.w. J931pou woy | ssusuDds m 2 ®jpou 1o} Y m
19460038 1915000810 N2 1948009819 sgysp0981g | € m. 5045009814 n._ @
= NS : 6 2
% o W o ™
e B ® 5
fevozrgnsii ~ (21 IN) ®
nUOZGhG b
(ewoz) [ouoz) S1SUBTIDWIDO (ouoz) mom
nuoz moz SNY | HOWSOI? fevoZ ) o oz s a
sisueuodiDs ssuauDd|De nuoz (ouozans) = s1SUPUDAIDS
Jays 002510 J8)8S0038I0 OU__.-DE_._ nvozqng m JBLS0DO8I] LI
=] L]
fovoz} DJRBUSLOI NI 4BY SEUONOWDO @ ® i
nUOZ A 2 (81} dN fawaz) >
nyowsora | <
5 NUOZ SISUANJDWBO =] B4
(evoz) ShaInass 2 g soyyjowsoy |3 &
nuoz snyjt|owys) = 3
fouoz)} [eworgng) | ~ o { 6l}dN ™
SNASNO8) LY niozqng | o 2 (auoz ) M0z w1
Sy oW YK | snasndas o snaanoes |3 s snaJIndes N
) SYLHO WY L] u_.EEoEéw,r ~ n soyplowyys; | o o
“n 3
b ]
(8002} (evoz) {ouoz) fovorgrgl {0Z2dN)
sunipcJopnesd supippiopnasd supjposopnasd suoipouLophas d nuoz
snyjijoueydg LR TT ) snyyjjoweydg snyyouayds suDIpoJopnesd
snyjiousydg
409 sopg A014 fof wreyiion
£861 286 ‘4oL ‘e 261 ‘casepoy MHUDKY A8z ‘ZL61 '128] ‘ouljopaeg | PWPIVOZ MDpUDLG
' upys 3 - Jenoy, fyss0y ‘ounveq fues|@IN - Y9y ‘wupwnog ‘yjoy ‘1261 IO




30 Vedia TOKER and Emin ERKAN

In the studied area, abundance of Pemma, Braarudosphaera, Micrantholitus species and rare-
ness of Discoaster species indicate that in this region deposits have been accumulated at the shallow
water environment (0-200 m).

Discoaster saipanensis zone

Definition: Interval from the last occurence of Chiasmolithus solitus (Bramlette and Sullivan)
to the first occurence of Isthmolithus recurvus Deflandre.

Author: Martini, 1970.
Locality: Between Kozlu hill and Peynir hill.

Common species. Discoaster tani nodifer Bramlette and Riedel, Discoaster saipanensis Bram-
lette and Riedel, Reticulofenestra umbilica (Levin), Cyclococcolithusformosus Kamptner, Discoaster
barbadiensis Tan Sin Hok, Chiasmolithus grandis (Bramlette and Riedel). This zone was determined
in the measured stratigraphic section of Kozlu hill.

Corrdation and remarks: Martini (1971) named this zone as NP 17 Discoaster saipanensis
zone in standart calcareous Nannoplankton zonation. This zone was found in upper Middle Eocene
to lower Upper Eocene (Fig. 4). Roth, Baumann and Bertolina (1972) used Discoaster barbadiensis
zone in the determination of the Upper Eocene and divided into three subzones. Perch-Nielsen (1972)
used Reticulofenestra umbilica zone for Upper Eocene in her study in North Atlantic. Decima, Roth
and Todesco (1975) defined Discoaster saipanensis zone in their study and divided into the following
subzones: Chiasmolithus oamaruensis and Isthmolithus recurvus. In various studies, different Eocene
nannoplankton zone names have been used, due to the difference of latitude and the change of
ecologic factors from region to region. Zone marker Chiasmolithus solitusisis especialy rare or absent
in low latitude but it was defined in our region in high latitude. Discoaster saipanensis zone was
determined by Toker (1982) in the Kaman region and in this study. And dso nannoplankton asso-
ciation of these regions are very similar.

| sthmolithus recurvus zone

Definition: Interval from the first occurence of Isthmolithus recurvus Deflandre to the first
occurence of Sphenolithus pseudoradians Bramlette and Wilcoxon.

Authors: Hay, Mohler and Wade, 1966, emend. Martini, 1970.
Locality: Kozlu hill and Burgaz.

Common species: Isthmolithus recurvus Deflandre, Sphenolithus predistentus Bramlette and
Wilcoxon, Lanternithus minutus Stradner, Discoaster barbadiensis Tan Sin Hok. This zone was de-
termined in the measured stratigraphic sections of Kozlu hill and Burgaz.

Correlation and remark: Martini (1971) called this zone NP 19 Isthmolithus recurvus in stand-
ard zonation. This zone is generaly defined in high latitudes and dso it has been reported as an
older part of the Eocene. Istmolithus recurvus Deflandre is rare or absent in many low latitude areas.
The asxociation of Isthmolithus recurvus zone shows great similarity in al regions. NP 18 Chiasmo-
lithus oamar uensis zone has not been defined in studied area due to absenceof Chiasmolithus oamaruen-
sis (Deflandre). So, Discoaster saipanensis zone passes upwards into Isthmolithus recurvus zone.

Sphenolithus pseudoradians zone

Definition: Interval from the first occurence of Sphenolithus pseudoradians Bramlette and
Wilcoxonto the last occurence of Discoaster saipanensis Bramlette and Riedd.
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Author: Martini, 1970.

Locality: Kiigiik Anafarta, Kanlibent and Tayfur.

Common species: Sphenolithus pseudoradians Bramlette and Wilcoxon, Reticulofenestra
umbilica (Levin), Cyclococcolithus formosus Kamptner, Sphenolithus predistentus Bramlette and Wil-
coxon, Helicopontosphaeara reticulata (Bramlette and Wilcoxon), Discoaster barbadiensis Tan Sin
Hok, Lanternithus minutus Stradner.

Correlation and remarks: Martini (1971) named this zone NP 20 Sphenolithus pseudoradians
zone in the standard calcareous nannoplankton zonation. This zone was defined by Roth, Baumann
and Bertolina (1977) in Italy; Perch Nielsen (1972) in North Atlantic; Decima, Roth, Todesco
(1975) in Italy.

SYSTEMATIC

There is no general agreement in the classification of calcareous nannofossils. One of them was
used in this paper has been presented by Perch-Nielsen (1970).

Family : Braarudosphaeraceae Deflandre, 1947
Genus : Braarudosphaera Deflandre, 1947
Braarudosphaera bigelowi (Gran and Braarud, 1935)
(Plate 1, fig. 1)
1935 Pontosphaera bigelowi Gran and Braarud, p. 389, fig. 67
1961 Braarudosphaera bigelowi (Gran and Braarud), Bramlette and Sullivan,p. 153, pl. 8, fig. 3-5

1973 Braarudosphaera bigelowi (Gran and Braarud), Risatti, p. 27, pl. 3, fig. 23

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Braarudosphaera discula Bramlette and Riedel, 1954
1954 Braarudosphaera discula Bramlette and Riedel, p. 394, pl. 38, fig. 7
1971 Braarudosphaera discula Bramlette and Riedel, Manivit, p. 126, pl. 3, fig. 17
1973 Braarudosphaera discula Bramlette and Riedel, Risatti, p. 27-28, pl. 3, fig. 19-20

Range : Discoaster tani nodifer-Discoaster saipanensis zones.

Genus : Micra'ntholithus Deflandre, 1950
Micrantholithus basquensis Martini, 1959
(Plate I, fig. 2).
1959 Micrantholithus basquensis Martini, p. 417, pl. 1, fig. 9-12
1971 Micrantholithus basquensis Martini, Perch-Nielsen, p. 59, pl. 56, fig. 1

Range : Discoaster tani nodifer zone.

Micrantholithus vesper Deflandre, 1950
(Plate I, fig. 3)
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1954 Micrantholithus vesper Deflandre, in Deflandre and Fert, p. 52, 13 fig. 17, 5, 115 116
1975 Micrantholithus vesper Deflandre, Decima, Roth, Todesco, p. 46, pl. 1, fig. 16

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Genus : Pemma Klumpp, 1953
Pemma rotundum Klumpp, 1953
1953 Pemma rotundum Klumpp, p. 381, 16, fig. 34; 23
1961 Pemma rotundum Klumpp, Stradner and Papp, p. 119, 38, fig. 1
1975 Pemma rotundum Klumpp, Decima, Roth, Todesco, p. 46, pl. 1, fig. 15 ab

Range : Sphenolithus pseudoradians zone.

Pemma papillatum Martini, 1959
1959 Pemma papillatum Martini, p. 139, fig. 1 ab
1961 Pemma papillatum Martini, Stradner and Papp, p. 120, 38, fig. 2-6
1977 Pemma papillatum Martini, Toker, p. IlI, 15 fig. 9

Range : Discoaster tani nodifer zone.

Family : Calyptrosphaeraceae Boudreaux and Hay, 1969
Genus : Lanternithus Stradner, 1962
Lanternithus minutus Stradner, 1962

1962 Lanternithus minutus Stradner, p. 375, 2, fig. 12-15

Range : Isthmolithus recurvus-Sphenolithus pseudoradians zones.

Genus : Zygrhablithus Deflandre, 1959
Zygrhablithus bijugatus (Deflandre, 1954)
(Plate 1, fig. 4)
1954 Rhapholithus costatus Deflandre (in Deflandre and Fert), p. 157, pl. 11, fig. 811
1961 Zygrhablithus bijugatus (Deflandre), Bramlette and Sullivan, p. 151, pl. 6, fig. 1618

1973 Zygrhablithus bijugatus (Deflandre), Kapellos, p. 109, pl. 9, fig. 10, pl. 6, fig. 11-12
Range : Discoaster tani nodifer-Spohenolithus pseudoradians zones.

Pamily : Coccolithaceee Kamptner, 1928
Genus : Chiasmolithus Hay, Mohler and Wade, 1966
Chiasmolithus consuetus (Bramlette and Sullivan, 1961)
1961 Coccolithus consuetus Bramlette and Sullivan, p. 139, pl. 1, fig. 2
1964 Coccolithus consuetus (Bramlette and Sullivan), Sullivan, p. 180, pl. 3, fig. 1

1967 Chiasmolithus consuetus (Bramlette and Sullivan), Hay and Mohler, p. 1526, pl. 196, fig.
23-25, pl. 198, fig. 16

Range : Discoaster tani nodifer zone.

Chiasmolithus gigas (Bramlette and Sullivan, 1961)
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1961 Coccolithus gigas Bramlette and Sulivan, p. 140, pl. 1, fig. 6
1971 Chiasmolithus gigas (Bramlette and Sullivan), Perch-Nidlsen p. 17, pl. 14, fig. 6

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Chiasmolithus grandis (Bramlette and Riedel, 1954)
(Plate 1, fig. 5)
1954 Coccolithus grandis Bramlette and Riedel, p.391, 392, pl. 38, fig. 1
1966 Chiasmolithus grandis (Bramlette and Riedel), Hay, Mohler and Wade, p. 388
1968 Chiasmolithus grandis (Bramlette and Riedel), Bukry and Kennedy, p. 42

1973 Chiasmolithus grandis (Bramlette and Riedel), Kapellos, p. 106, pl. 15, fig. 8, pl. 21, fig. 58
pl. 22, fig. 2, 3,5 6

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Chiasmalithus solitus (Bramlette and Sullivan, 1961)

1961 Coccolithus solitus Bramlette and Sullivan, p. 140, pl. 2, fig. 4 ac
1968 Chiasmolithus solitus (Bramlette and Sullivan), Locker, p. 221, 222, 227, pl. 1, fig. 56

Range : Discoaster tani nodifer zone.

Genus:  Coccolithus Schwarz, 1894
Coccolithus eopelagicus (Bramlette and Riedel), 1954
1954 Tremalithus eopelagicus Bramlette and Riedd, p. 392, pl. 38, fig. 2 ab

1961 Coccolithus eopelagicus (Bramlette and Riedel), Bramlette and Sullivan, p. 141

1967 Coccolithus eopelagicus (Bramlette and Riedel), Bramlette and Sullivan, Bramlette and Wilcoxon,
p. 102, pl. 4, fig. 6, 7

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Genus : Cyclicargolithus (Roth and Hay, 1970)
Cyclicargolithus floridanus (Roth and Hay, 1967)

1967 Coccolithus floridanus Roth and Hay, in Hay p. 445, pl. 6, fig. 14
1970 Cyclococcolithus floridanus (Roth and Hay), Roth, p. 854, pl. 5, fig. 6
1971b Cyclicargolithus floridanus (Roth and Hay), Bukry, p. 312, 313

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Genus : Cyclococcolithina Kamptner, 1954
Cyclococcolithina formosa Kamptner, 1963.
(Plate 1, fig. 6)
1963 Cyclococcolithus formosus Kamptner, p. 163 pl. 2, fig. 820
1970 Cyclococcolithina formosa (Kamptner), Wilcoxon, p. 82
1975 Cyclococcolithina formosa (Kamptner), Decima, Roth, Todesco, p. 48
Range : Discoaster tani nodifer-Sphenolifhus pseudoradians zones.

Cyclococcolithina gammation (Bramlette and Sullivan, 1961)
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1961 Coccolithites gammation Bramlette and Sullivan, p. 152, pl. 7, fig. 7-14
1964 Cydococcolithus gammation (Bramlette and Sullivan), Sullivan, p. 181, pl. 3, fig. 7a-b
1970 Cyclococcolithina gammation (Bramlette and Sullivan), Wilcoxon, p.82

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Cyclococcolithina kingi  (Roth, 1970)
(Plate I, fig. 7)
1970 Cydococcolithus kingi Roth, p. 855, pl. 6, fig. 5, 7, fig. 1
1971 Cyclococcolithina protoannula Gartner, p. 109, pl. 5, fig. 1ac, 2
1973 Cyclococcolithina kingi (Roth), Roth, p. 730

Range : Discoaster saipanensis-lsthmolithus recurcus zones.

Genus : Cyclalithella Loeblich and Tappan, 1963
Cyclolithella robust a (Bramlette and Sullivan, 1961)
1961 Cyclalithus (?) robustus Bramlette and Sullivan, p. 141, fig. 2, 7 ac
1969 Cyclolithella robusta (Bramlette and Sullivan), Stradner, p. 414, pl. 86, fig. 14

Range : Discoaster tani nodifer-Discoaster saipanensis zones.

Genus : Markalius Bramlette and Martini, 1964
Markalius inversus (Deflandre, 1954)

1954 Cydococcolithus leptoporus var. inversus Deflandre, in Deflandre and Fert, p. 150, pl. 9,
fig. 4-7

1964 Markalius inversus (Deflandre), Bramlette and Martini, p. 302, pl. 2, fig. 49, pl. 7, fig. 2a-b]

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Family : Prindaceae Hay and Mohler, 1967
Genus : Prinsius
Prinsius bisulcus (Stradner, 1963)
1963 Coccolithus bisulcus Stradner, p. 72, pl. 8, fig. 36, pl. 3, fig. 11 ab
1967 Prinsius bisulcus (Stradner), Hay and Mohler, p. 1259, pl. 19, fig. 1013 pl. 197, fig. 6

Range : Discoaster tani nodifer zone.
Genus : Reticulofenestra Hay, Mohler and Wade, 1966
Reticul ofenestra bisect a (Hay, Mohler and Wade, 1966)
(Plate I, fig. 8)
1966 Syracosphaera bisecta Hay, Mohler and Wade, p. 393, pl. 10, fig. 16
1970 Reticulofenestra bisecta (Hay, Mohler and Wade), Roth, p. 847, pl. 3, fig. 6

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Reticulofenestra  coenura (Reinhardt, 1966)
(Plate 1, fig. 9)
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1966 Coccohthus coenurus Reinhardt, p. 515, pl. 1, fig. 7
1970 Reticulofenestra coenura (Reinhardt), Roth, p. 847

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Reticulofenestra oamaruensis (Deflandre, 1954)
1954 Discolithus oamaruensis Deflandre, in Deflandre and Fert, p. 139, pl. 12, fig. 1-2
1968 Reticulofenestra oamaruensis (Deflandre), Stradner, Hag, p. 30, pl. 5, fig. 68
Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Reticulofenestra reticulata (Gartner and Smith, 1967)
(Pate 1, fig. 10
1967 Cyclococcolithus reticulatus Gartner and Smith, p. 4, 5, fig. 14
1972 Reticulofenestra reticulata (Gartner and Smith), Roth and Thierstein, p. 436
Range : Discoaster tani nodifer-Sphenolithus pseudradoians zones.

Reticulofenestra  umbilica (Levin, 1965)
(Pate 1, fig. 11)
1965 Coccolithus umbilicus Levin, p. 265, pl. 41, fig. 2
1968 Reticulofenestra umbilica (Levin), Martini and Ritzkowski, p. 245, pl. 1, fig. 11-12
1970 Reticulofenestra umbilica (Levin), Martini and Ritzkowski, Roth, p. 852
Range : Discoaster tani nodifer-Sphenolithus, pseudoradians zones.

Family : Discoasteraceae Vekshina, 1959
Genus : Discoaster Tan Sin Hok, 1927
Discoaster barbadiensis Tan Sin Hok, 1927
1927 Discoaster barbadiensis Tan Sin Hok, p. 145
1965 Discoaster barbadiensis Tan Sin Hok, Sullivan, p. 41
1973 Discoaster barbadiensis Tan Sin Hok, Kapellos, p. 109, pl. 6, fig. 10
Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Discoaster binodosus Martini, 1958
(Pate I, fig. 12
1958 Discoaster binodosus Martini, p. 362, pl. 4, fig. 18 ab
1975 Discoaster binodosus Martini, Decima, Roth, Todesco, p. 48, pl. 3, fig. 3, 4
Range : Discoaster saipanensis-Isthmolithus recurvus zones.

Discoaster deflandrei Bramlette and Riedel, 194
1954 Discoaster deflandrei Bramlette and Riedel, p. 399, pl. 39, fig. 6
1964 Discoaster deflandrei Bramlette and Riede, Sullivan, p. 190, pl. 11, fig. 89
1973 Discoaster deflandrei Bramlette and Riedel, Kapellos p. 110, pl. 13 pl. 1, 4, 7, 8

Range : Discoaster saipanensis zone.

Discoaster distinctus Martini, 1958

35
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1958 Discoaster distinctus Martini, p. 363, pl. 4, fig. 17 ab
1973 Discoaster distinctus Martini, Kapellos, p. 3-9, fig. 12

Range : Discoaster saipanensis-Sphenolithus pseudoradians zones.

Discoaster elegans Bramlette and Sullivan,. 1961
1961 Discoaster elegans Bramlette and Sullivan, p. 159, pl. 11, fig. 16 ab
1975 Discoaster elegans Bramlette and Sullivan, Decima, Roth, Todesco, p. 48, pl. 3, fig. 6, 9

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Discoaster lodoensis Bramlette and Riedel, 1954
1954 Discoaster lodoensis Bramlette and Riedel, p. 389, pl. 39, fig. 3 &b
1964 Discoaster lodoensis Bramlette and Riedel, Sullivan, p. 191, pl. 11, fig. 14
1975 Discoaster lodoensis Bramlette and Riedel, Decima, Roth, Todesco, p. 48, pl. 3, fig. 22-24

Range : Discoaster saipanensis-Isthmolithus recurvus zones.

Discoaster minis Deflandre, 1954
1954 Discoaster minis Deflandre, in Deflandre and Fert, p. 168, fig. 118
1975 Discoaster minis Deflandre, Decima, Roth, Todesco, p. 48, pl. 4, fig. 2-5

Range : Discoaster saipanensis-Sphenolithiis pseudoradians zones.

Discoaster multiradiatus Bramlette and Riedel, 1954
1954 Discoaster multiradiatus Bramlette and Riedel, p. 39, pl. 38 fig. 10
1967 Discoaster multiradiatus Bramlette and Riedel, Moshkowitz, p. 160, pl. 3, fig. 19
1975 Discoaster multiradiatus Bramlette and Riedel, Decima, Roth, Todesco, p. 48, pl. 4, fig. 6

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Discoaster saipanensis Bramlette and Riedel, 1954
(Pate I, fig. 13)
1954 Discoaster saipanensis Bramlette and Riedel, p. 398, pl. 39, fig. 4
1961 Discoaster saipanensis Bramlette and Riedel, Stradner and Papp, p. 90, pl. 22, fig. 5 7, 9

1975 Discoaster saipanensis Bramlette and Riedel, Decima, Roth, Todesco, p. 48, pl. 3, fig. 25

Range : Discoaster saipanensis-Sphenolithiis pseudoradians zones.

Discoaster salisburgensis Stradner, 1961
1961 Discoaster salisburgensis Stradner, p. 84, fig. 77-78
1973 Discoaster salisburgensis Stradner, Kapellos, p. 113, pl. 10, fig. 1011

Range : Discoaster saipanensis zone.

Discoaster tani nodifer Bramlette and Riedel, 1954
(Pate I, fig. 14)
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1954 Discoaster tani nodifer Bramlette and Riedel, p. 397, pl. 39, fig. 2
1973 Discoaster tani nodifer Bramlette and Riedel, Kapellos, p. 114, pl. 23, fig. 2-3

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Discoaster trinus Stradner, 1959
1959 Discoaster molengraaffi Tan, Stradner, p. 472-488, fig. 15, 24
1961 Discoaster trinus Stradner, p. 85, fig. 79

Range : Discoaster saipenensis-Isthmolithus recurvus zones.

Discoaster wemmelensis Achutan and Stradner, 1969
(Plate 1, fig. 15)
1969 Discoaster wemmelensis Achutan and Stradner, p. 5, pl. 4, fig. 3-4

Range : Discoaster tani nodifer-Discoaster saipanensis zones.

Genus : Discoasteroidies Bramlette and Sullivan, 1961

Discoasteroides megastypus Bramlette and Sullivan, 1961
1961 Discoasteroides megastypus Bramlette and Sullivan, p. 163, pl. 13, fig. 14 ad, 15 ac
1975 Discoasteroides megastypus Bramlette and Sullivan, Decima, Roth, Todesco, p. 49, pl. 4, fig.19 ab

Range : Discoaster saipanensis-Isthmolithus recurvus zones.

Genus : Marthasterites Deflandre, 1959
Tribrachiatus orthostylus Shamrai, 1963
(Plate 1, fig. 16)
1954 Discoaster tribrachiatus Bramlette and Riedel, p. 397, pl. 38, fig. 11
1959 Marthasterites tribrachiatus (Bramlette and Riedel), Deflandre, p. 138
1963 Tribrachiatus orthostylus Shamrai, p. 38, pl. 2, fig. 1314

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Family : Fasciculithaceae Hay and Mohler, 1967
Genus : Fasciculithus Bramlette and Sullivan, 1961
Fasciculithus involutus Bramlette and Sullivan, 1961
1961 Fasciculithus involutus Bramlette and Sullivan, p. 164, pl. 14, fig. 1.5
1973 Fasciculithus involutus Bramlette and Sullivan, Kapellos, p. 115, pl. 5, fig. 3-10
1975 Fasciculithus involutus Bramlette and Sullivan, Decima, Roth, Todesco, p. 49, pl. 5, fig. 4-7

Range : Disacoster tani nodifer-Sphenolithus pseudoradians zones.

Family : Helicopontosphaeraceae Hag, 1973
Genus : Helicopontosphaera Hay and Mohler, 1967
Helicopontosphaera intermedia Martini, 1965

1965 Helicosphaera -intermedia Martini, p. 404, pl. 35, fig. 1.2
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1967 Helicopontosphaera intermedia (Martini), Hay and Mohler, p. 448

Range : Discoaster saipanensis-Sphenolithus pseudoradians zones.

Helicopontosphaera lophota (Bramlette and Sullivan, 1961)
(Pae 11, fig. 1)
1961 Helicosphaera seminulum lophota Bramlette and Sullivan, p. 144, pl. 4, fig. 34
1964 Helicosphaera seminulum lophota Bramlette and Sullivan, Sullivan, p. 184
1970 Helicopontosphaera lophota (Bramlette and Sullivan), Bukry, p. 214

Range : Discoaster tani nodifer-Isthmolithus recurvus zones.

Helicopontosphaera seminulum (Bramlette and Sullivan, 1961)
(Pate 11, fig. 2)
1961 Héelicosphaera seminulum Bramlette and Sullivan, p. 114, pl. 4, fig. 1 ac
1970 Héelicopontosphaera seminulum (Bramlette and Sullivan), Roth, p. 863

Range : Discoaster saipanensis-Sphenolithus pseudoradians zones.

Helicopontosphaera reticulata Bramlette and Wilcoxon, 1967

1967 Helicosphaera reticulata Bramlette and Wilcoxon, p. 106, pl. 6, fig. 15
1970 Helicopontosphaera reticulata (Bramlette and Wilcoxon), Roth, p. 863, pl. 10, fig. 5

Range : Discoaster saipanensis-Sphenolithus pseudoradians zones.

Family : Pontosphaeraceae Lemmermann, 1908
Genus : Pontosphaera Ramsay, 1971
Pontosphaera multipora (Kamptner, 1948)

1948 Discolithus multiporus Kamptner, p. 5, fig. 1
1970 Pontosphaera multipora (Kamptner), Roth, p. 860
Range : Discoaster saipanensis-Sphenolithus pseudoradians zones.

Pontosphaera plana (Bramlette and Sullivan, 1961)
(Pate 11, fig. 3)
1961 Discolithus planus Bramlette and Sullivan, p. 143, pl. 3, fig. 7 ac

1971 Pontosphaera plana (Bramlette and Sullivan), Hag, p. 22, pl. 10, fig. 1
Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Genus : Transversopontis Hay, Mohler and Wade, 1966
Transversopontis obliquipons Deflandre, 1954

(Plate 11, fig. 4)
1954 Discolithus obliquipons Deflandre (in Deflandre and Fert), p. 139, pl. 11, fig. 12, fig. 53
1966 Transversopontis obliquipons (Deflandre) Hay, Mohler and Wade, p. 391, pl. 8, fig. 5

Range : Sphenolithus pseudoradians zones.

Transversopontis pulcher (Deflandre, 1954)
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1954 Discolithus pulcher Deflandre (in Deflandre and Fert), p. 142, pl. 12, fig. 17-18

Range : Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Family : Rhabdosphaeraceae Lemmermann, 1908

Genus : Blackites Hay and Towe, 1962

Blackites creber (Deflandre, 1954)
1954 Rhabdolithus creber Deflandre (in Deflandre and Fert), p. 157, pl. 31, fig. 81-82
1961 Rhabdosphaera crebra (Deflandre), Bramlette and Sullivan, p. 146, pl. 5, fig. 13
1970 Blackites creber (Deflandre), Roth, p. 857

Range : hthmolithus recurvus zones.

Genus : Rhabdosphaera Haeckel, 1894
Rhabdosphaera perlonga (Deflandre, 1954)
(Pate 11, fig. 5)
1954 Rhabdosphaera perlongus Deflandre (in Deflendre and Fert), p. 158, pl. 12, fig. 34-35
1961 Rhabdosphaera perlonga (Deflandre), Bramlette and Sullivan, p. 146, pl. 5, fig. 7

Range: Discoaster saipanensis-Sphenolithus pseudoradians zones.

Family : Sphenolithaceae Deflandre, 1952
Genus : Sphenolithus Deflandre, 1952
Sphenolithus moriformis (Bronnimann and Stradner, 1960)
(Plate 11, fig. 6)
1960 Nannoturbella moriformis Brénnimann and Stradner, p. 368, fig. 11-16

1967 Sphenolithus moriformis (Bronnimann and Stradner), Bramlette and Wilcoxon, p. 124-126,
fig. 1-6

1970 Sphenolithus moriformis (Bronnimann and Stradner), Roth, p. 870, fig. 34
Range: Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Sohenolithus predistentus Bramlette and Wilcoxon, 1967
(Plate 11, fig. 7)
1967 Sphenoalithus predistentus Bramlette and Wilcoxon, p. 126, pl. 6, fig. 10-11

Range: Discoaster saipanensis-Sphenolithus pseudoradians zones.

Fohenolithus pseudoradians Bramlette and Wilcoxon, 1967
(Pate 11, fig. 8)
1967 Sphenolithus pseudoradians Bramlette and Wilcoxon, p. 126-128, fig. 12-14

1975 Sphenolithus pseudoradians Bramlette and Wilcoxon, Decima, Roth, Todesco, p. 51, pl. 6,
fig. 8 a

Range: Sphenolithus pseudoradians zones.

Shenolithus radians Deflandre, 1952
(Plate 11, fig. 9)
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1952 Sphenolithus radians Deflandre, p. 466-467, fig. 434
1961 Sphenolithus radians Deflandre, Bramlette and Sullivan, p. 116, pl. 14, fig. 68 b
1968 Sphenalithus radians Deflandre, Radomski, p. 588, fig. 14

Range: Discoaster tani nodifer-Sphenolithus pseudoradians zones.

Family. : Triquetrorhabdulaceae Lipps, 1969
Genus : Triquetrorhabdulus Martini, 1965
Triquetrorhabdulus inversus Bukry and Bramlette, 1969
1969 Triquetrorhabdulus inversus Bukry and Bramlette, p. 142, pl. 1, fig. 9-14
1975 Triquetrorhabdulus inversus Bukry and Bramlette, Decima, Roth, Todesco, p. 51, pl. 6, fig. 30 a

Range: Isthmoalithus recurvus-Sphenolithus pseudoradians zones.

Family : Zygodiscacese Hay and Mohler, 1967
Genus : Zygodiscus Bramlette and Sullivan, 1961
Zygodiscus plectopons Bramlette and Sullivan, 1961

(Plate 11, fig. 11)
1961 Zygodiscus plectopons Bramlette and Sullivan, p. 148, pl. 4, fig. 12
1964 Zygodiscus plectopons Bramlette and Sullivan, Sullivan, p. 148, pl. 5, fig. 8

Range: Discoaster tani nodifer-Discoaster saipanensis zones.

Genus : Isthmolithus Deflandre, 1954
Isthmolithus recurvus Deflandre, 1954
(Pate 11, fig. 10)
1954 Isthmolithus recurvus Deflandre (in Deflandre and Fert), p. 169, pl. 12, fig. 913
1969 Isthmolithus recurvus Deflandre (in Martini), p. 145

Range: Isthmolithus recurvus zone.

Incertae Sedis

Nannotetrina cristata (Martini, 1958)
1958 Trochoaster cristatus Martini, p. 368, pl. 5, fig. 264a, b
1960 Nannotetraster cristatus (Martini), in Martini and Stradner p. 266, fig. 2
1971 Nannotetrina cristata (Martini), Perch-Nielsen, p. 66, pl. 56, fig. 9-12

Range: Discoaster saipanensis-Isthmolithus recurvus zones.

Nannotetrina fulgens (Stradner, 1960)
1960 Nannotetraster fulgens Stradner (in Martini and Stradner), p. 268, pl. 10, fig. 16 ab
1969 Nannotetrina fulgens (Stradner), Stradner, p. 7, pl. 5, fig. 4-6

Range: Sphenolithus pseudoradians zone.
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RESULTS

In this study, seventy-seven nannoplankton species were determined around the Bay of Saros
and the following biozones were distinguished in the Middle-Upper Eocene interval

— Sphenolithus psendoradians zone
— Isthmolithus recurvus zone

— Discoaster saipanensis zone

— Discoaster tani nodifer zone

The distribution of Nannoplankton species were given for the investigated area and general corre-
lation of the Nannoplankton zones was presented.
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1 - Braarudospharea bigelowi (Gran and Braarud)
Between crossed nicols, GB.8.93

2 - Micrantholithus basquensis Martini
Between crossed nicols, GB. 8. 93

3 - Micrantholithus vesper Deflandre
& Ordinary transmitter light, b- Between crossed nicols, GC. 8. 74

4 - Zygrhablithus bijugatus (Deflandre)
Between crossed nicols, GC.8.37

5 - Chiasmolithus grandis (Bramlette and Rieddl)
& Ordinary transmitter light, b- Between crossed nicols, GC.8.96

6 - Cyclococcolithina formosa Kamptner
aOrdinary transmitter light, b- Between crossed nicols, ETC.0.1

7 - Cyclococcolithina kingi (Roth)
Between crossed nicols, GB.8.93

8 - Reticulofenestra bisecta (Hay, Mohler and Wade)
& Ordinary transmitter light, b- Between crossed nicols, ETC.0.8

9 - Reticulofenestra coenura (Reinhardt)
Between crossed nicols, ETC.0.8

10 - Reticulofenestra reticulata (Gartner and Smith)
Between crossed nicols, ENB. 0.14

11 - Reticulofenestra umbilica (Levin)
Between crossed nicols, GC.8.102

12 - Discoaster binodosus Martini
Ordinary transmitter light, GC.8.96

13 - Discoaster saipanensis Bramlette and Riedel
Between crossed nicols, GC.8.96

14 - Discoaster tani nodifer Bramlette and Riede
Ordinary transmitter light, GC.8.96

15 - Discoaster wemmelensis Achutan and Stradner
Ordinary transmitter light, GC.8.45

16 - Tribrachiatus orthostylus Shamrai
Ordinary transmitter light, GB.8.93
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. 1 - Helicopontosphacra lophota (Bramlette and Sullivan)

Between crossed nicols, GC.8.102

. 2 - Helicopontosphaera seminulum (Bramlette and Sullivan)

Between crossed nicols, GC. 8. 102

. 3 - Pontosphaera plana (Bramlette and Sullivan)

a Ordinary transmitter light, b- Between crossed nicols, GC.8.96

Fig. 4 - Transvtrsopontis obliquipons Deflandre

Between crossed nicols

. 5 - Rhabdosphaera perlonga (Deflandre)

& Ordinary transmitter light, b- Between crossad nicols, ENB.0.5

. 6 - Sphenolithus moriformis (Brénnimann and Stradner)

Between crossed nicols, GC.8.96

0. 7 - Shenolithus predistentus Bramlette and Wilcoxon

Between crossed nicols, ETC.0.14

Fig. 8 - Sphenolithus pseudoradians Bramlette and Wilcoxon

Between crossed nicols, ENB.0.14

Fig. 9 - Sphenolithus radians Deflandre

Fi

A

a

& Ordinary transmitter light, b- Between crossed nicols, GC.8.102

g. 10- Isthmolithus recurvus Deflandre

& Ordinary transmitter light, b- Between crossed nicols, GC.8.102

11 - Zygodiscus pelectopons Bramlette and Sullivan

Between crossed nicols, GC.8.87
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