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PLANKTONIC FORAMINIFERAL EVENTS AND BIOSTRATIGRAPHY  OF
UPPER CRETACEOUS AND LOWER PALAEOCENE CARBONATES
(AKVEREN FORMATION) OF KOCAELI PENINSULA, NW TURKEY

SUMMARY

Three stratigraphic sections (Nasuhlar-Bulduk, Belad Toylar measured sections)
covering the Upper Campanian and Palaeocene ihtefvhe Akveren Formation,
which is mainly composed of planktonic foraminifed@ep-marine limestones and
fine clastics, have been analysed for their plamktéoraminiferal composition and
biostratigraphic aspects. A special attention hasnbpaid to the stratigraphic
development of assumedly transitional K-Pg bound@gs based on a more detailed
study of planktonic foraminifera and some earlygdiaetic features that led to
development of breccia and also iron stained leyett at the top of upper
Maastrichtian portion of the sequence. In the sidiectionsGansserina gansseri
Contusotruncana contusa/Racemiguembelina fructicogad Abathomphalus
mayaroensis zones representing Late Campanian-Maastrichti@uembelitria
cretacea (P0), Parvularugoglobigerina eugubina (Px), Globanomalina
compresséraemurica inconstangP1c) Praemurica uncinata(P2), Morozovella
angulata/lgorina pusilla (P3), Globanomalina pseudomenardi{P4) zones
representing Palaeocene have been recognised.olroftwhe sections (Nasuhlar-
Bulduk and Belen), the succesive zones, Rf), FPla and P1lb, representing the
earliest Palaeocene have not been recognised singgashiatus at these levels of
the Akveren Formation. Palaeontological data aeditid observations showing the
the development of breccias, with limited laterateat, and development of iron
stained levels, further provide evidence for ausa® hypotetial model is suggested
to show the non-uniform depositional conditionsidgiuppermost Maastrichtian and
earliest Palaeocene.

Key words: Upper Cretaceous-Palaeocene, KocaeliinBd@a, planktonic
foraminifera, taxonomy, biostratigraphy.
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AKVEREN FORMASYONU (KOCAEL 1 YARIMADASI, KB TURK IYE) UST
KRETASE VE ALT PALEOSEN KARBONATLARININ PLANKTON iK
FORAM INIFERLERI VE BiYOSTRATIGRAFIiSI

OZET

Bu tez kapsaminda, Kocaeli yarimadasinda sggazlekler veren, ve genel olarak
pelajik kirectalari ve ince taneli kirintililari iceren Akveren fezasyonu’nu temsil
eden U¢ (3) kesitin (Nasuhlar-Bulduk, Belen ve &B&oykesitleri) planktonik
foraminifer taksonomisi ve biyostratigrafisi galmistir. Bu kesitler Akveren
Formasyonu’'nun sadece Ust Kampaniyen-Mastrihtiyaledsen arafini temsil
etmekte olup bu cama kapsaminda daha oOnceki galalarda uyumlu oldgu
Onerilen K-Pg siniri detayl bigekilde irdelenmitir. Caligilan istiflerde Geg
Kampaniyen-Mastrintiyen’i temsil edeiansserina gansseriContusotruncana
contusa/Racemiguembelina fructicoga Abathomphalus mayaroensmnlari, ve
Paleosen’i temsil edenGuembelitria cretacea(P0), Parvularugoglobigerina
eugubina(Pa), Globanomalina compresfraemurica inconstang1c) Praemurica
uncinata (P2), Morozovella angulata/lgorina pusilla(P3), Globanomalina
pseudomenardiiP4) zonlar dgisik kesitlerde tanimlanmatir. Her ¢ kesitte de Geg
Mastrihtiyen’i temsil eden biyozonlar tanimlarsmolmakla beraber, iki kesitde
(Nasuhlar-Bulduk ve Belen) Erken Paleosen zonlari(RO, R, Pla ve P1b)
eksikligi belirlenmktir. Arazi go6zlemleri, biyostratigrafik eksilgin gozlendgi
seviyelerde, istifin Ust Mastrihtiyen’i temsil edérsimlarinda yanal gelimi sinirli
olan breik seviyeler ve demirce zengin zonlarin varii gostermektedir.
Paleontolojik veriler ve arazi gozlemleri, daha ékiccalsmalarin tersine, Kocaeli
yarimadasinda K-Pg siniri dolaylarinda bazi botdeledkelmezlik oldgunu ortaya
koymakta olup bunun gelmi hipotetik bir model ile aciklanrgtir.

Anahtar kelimeler: Gec¢ Kretase-Paleosen, Kocaelirinvadasi, planktonik
foraminifer, taksonomi, biyostratigrafi.
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1. INTRODUCTION

1.1. Purpose of the Study

The goal of this thesis is to analyse the Uppertad@eous and Lower Palaeocene
planktonic foraminiferal fauna and to test the assd conformable relationship of
Cretaceous-Palaeogene boundary in the Kocaeli 8dainNW Turkey (Figure 1.1).
In addition, a detailed planktonic foraminiferalosiratigraphy of Campanian-

Thanetian interval has been established.
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Studied sections in the present work

Figure 1.1: Distribution of Upper Cretaceous-Eocene shallowdep marine clastic
and carbonate units in the Kdidaeninsula and location of the studied
sections (simplified from MT2002).

Three sections covering the Upper Cretaceous-L&wseene marine units in Kocaeli
Peninsula have been previously measured in theexbmdf project “Upper
Cretaceous-Eocene paleogeographic evolution of &ob&eninsula, NW Turkey”,
project no ITU-BAP-332491, under the supervisidrPoofessor Okan TUYSUZ.
Since the resolution of sampling intervals in thesetions is not high, additional
samples have been collected in critical intervadéspecially around Upper

Cretaceous- Palaeogene boundary. Over 100 sampllesee measured stratigraphic



sections have been examined (Figure 1.1), andttiiy ®f planktonic foraminifera
depends on the analysis of about 150 thin sections.

The high resolution sampling is concentrated at t(Deetaceous-Palaeogene
boundary, comprises a sampling interval of ca. &0 Mr. Omer SABUNCU is
thanked for his help for his accompany in someheffield trips and collecting the
samples.

In addition to the analysis of planktonic foramérd from thin sections, some
indurated limestones samples especially collecteth fthe K-Pg boundary, were
processed by using a washing method (acetic acahleroform) to obtain free
planktonic foraminiferal test. However, both in Gieeous and Palaeogene, applied
method has not been successful to extract plarkfonaminifera from the most of
the samples since they contain high percentagarbboate and are well-cemented.
Therefore, the results are solely based on the geition studies. Besides the
palaeontologic analysis and biostratigraphic apgtes, some comments have been

done on the some sedimentary features (See s&c8hn

Finally, 1 would like to thank my thesis advisorsoP Dr. Ercan OZCAN and Dr.
Aynur HAKYEMEZ for their guidance during the study.

1.2. Previous Studies within the Study Area and Svoundings

1.2.1. A synthesis of lithostratigraphy of Upper Cetaceous — Palaeocene units

in Kocaeli Peninsula

Upper Cretaceous-Palaeogene units of the KocarinB@a have been noticed since
the first study of Hommaire de Hell, who discoverdee Nummulitic facies
(Viguesnel,1850). The first detailed studies belong to de fAatdhef (1869), Fitzner
(1903), Endriss (1910, 1926), Arabu (1917) and Bdis®R7), providing the first

information about the general geological aspects.

The first series lithostratigraphic subdivisions dpper Cretaceous and Lower
Palaeogene has been given by Baykal (1942, 1948)vEnli (1949), Bagdley
(1959), Ketin and GUmii(1963), Altinhi (1968) and Altinlet al. (1970), which are

adopted in the current studies.



The studied sections in this thesis belong to Aémdformation, the first description
of which has been given by two different researdirst in 1959 by Bagdley
(crossref. from Gedik and Korkmaz, 1984) and latet963 by Ketin and GUmii
both unpublished reports of different petroleum pamies. The following studies
have commonly referred to the work of Ketin and @G§ngl963) to adopt the
lithostratigraphic nomenclature. Since the formesdatiption of a lithostratigraphic
unit follows specific requirements for its defioti (Salvador, 1994), the name for
this formation is informalSemsettin kirectgt (Semsettin limestone) described by
Altinli (1968) should be considered as the officiatmation name. However,
considering its common use in the previous andeatristudies, the “Akveren
Formation” has been followed in this study. Becaw$esimilar reasons same
formation name also has been adopted for this nitlysizet al. (2004) in the

official report of the Turkish Stratigraphic Conete

1.2.2. A synthesis of planktonic foraminiferal biogatigraphy of Upper
Cretaceous — Palaeocene units in KocaBkninsula and surrounding

regions

The earliest identification of Upper Cretaceous aRdlaeocene planktonic
foraminifera in the Kocaeli Peninsula dates backh® studies of Baykal (1942,
1943). This has been followed by more comprehenstuglies concerning the
distribution of planktonic foraminifera and biodtgraphy by Dizer and Meri¢
(1981), then, Bargu and Saking (1987), Tansel (4289 Ozeret al. (1990), Kirci
and Ozkar (1999), Ozkan-Altiner and Ozcan (1999)ra@ (2006) and Ozer and
Toker (2009) respectively (Table 1.1).

First biostratigraphic zonation was proposed byeDend Meri¢ in 1981, from some
Upper Cretaceous-Palaeocene sections in NW Anatshiawing a conformable
relation at the Cretaceous-Palaeogene boundaryseThathors demonstrated the
presence of Upper Maastrichtian strata based oidémification ofGlobotruncana
contusa contusgnow Contusotruncana contusaHowever, the presence of Early
Danian strata in their studied sections is unandaguas the first planktonic
foraminiferal assemblagé;loborotalia compressaGloborotalia pseudobulloides
Globorotalia trinidadensisuggested to represent the earliest part of theaDaby

these authors, in fact, corresponds to the later gfathe Danian (P1lc Zone, see



Table 1.2). Since the first appearance datum lob@otalia (how Globanomalina
compressas observed in P1c Zone (Premoli Siktaal. 2003), it is highly possible

that the Lower Danian in their sections is missing.

The works of Tansel (1989a,b) suggested that al ghanktonic foraminiferal
biozones of the Upper Cretaceous and Palaeocen@esent at at the close vicinity
of Agva, NE Istanbul. In Palaeocene, she identifi€lobigerina (now
Parvularugoglobigering eugubina (see its stratigraphic range in presently used
zonation scheme in Table 1.2) as the oldest spegpdaring at the K-Pg boundary
and correlated the FAD of this species with theebat Danian following the
zonation by Premoli Silva and Bolli (1973, see EaBl3). As the FAD of this
species is presently (Table 1.2) placed above thendary, assumed conformity
between the Maastrichtian and the Danian beds tdreneerified.

Ozeret al. (1990) has also investigated the biostratigrapghgudist and planktonic
foraminifera bearing Upper Cretacous units and kitamic bearing Palaeocene deep
marine units, assuming a conformable relation betwtaem. In Upper Cretaceous,
the youngest zone is represented ®Ggnsserina gansserZone is succeded by
Morozovella(now Parasubbotin pseudobulloideZone in Danian. The absence of
Abathomphalus mayaroensione in the Cretaceous part of their sections and
extended definition ofMorozovella(now Parasubboting pseudobulloideZone as

to cover whole Danian (see the vertical rangesigfzone in currently used scheme
in Table 1.2), do not strictly imply a continuougdsnentation across K-Pg
boundary.

Kirci and Ozkar (1999) studied around Cide of Kastau region, stating the
absence ofGlobigerina (now Parvularugoglobigering eugubina Zone below
Morozovella(now Parasubboting pseudobulloideZone. They argued that this zone
may have been missed because of the restrictekihdgs of the unit representing
Globigerina (now Parvularugoglobigering eugubinaZone, thus the nature of the
boundary has been stated as conformable (TableTh#&y also referred to the work
of Tansel-Ozkar and Kirci (1997) at Eastern Postitte propose the stratigraphic
continuity around K-Pg boundary in their sectioth@ugh these localities are
geographically very far away from each other, ttheyy may not represent the same

geological evolution around the boundary.



In 1999, Ozkan-Altiner and Ozcan examined seveetians both at NW Anatolia,
including the Kokaksu section, formerly had beeadsd by Dizer and Meri¢
(1981). In all of their sections, Upper Cretace@asjuence and the base of the
Palaeocene have been suggested to be completyygitBuembelitria cretaceand
Parvularugoglobigerina eugubinaones have not been recorded. In addition, their
sampling intervals are very large, as also the aasthadmit, and also not
representative to propose a high resolution petsjgecthus a hiatus at K-Pg

boundary cannot be ruled out.

Guray (2006) re-examined the Kokaksu section, folyretudied by both Dizer and
Meric (1981) and Ozkan-Altiner and Ozcan (1999)tednating heterohelicid
zonation into the classical globotruncanid zonatiéter biozonation based on
Robaszynski and Caron (199%)as established by calibrating the base of
Maastrichtian withPlanoglobulina acervulinoideZone as the base Maastrichtian,
following Odin (2001), Odin and Lamaurelle (2000din and the Maastrichtian
Working Group Members (2001). She suggested that UWpper Cretaceous is
complete sincePseudoguembelina hariaensmsnd Abathomphalus mayaroensis
zones (Table 1.1) have been recognized. She corathémit the K-Pg boundary is
continuous although her study does not cover tHaeBeene interval and no data

have been shown for this time interval.

The most recent biostratigraphic study of the Ugptacous sequence in the Bartin
region in NW Anatolia has been carried out by Caeat Toker (2009). Their results
suggest a continuous sedimentation during the Uppestaceous since the
biostratigraphic zones representing the Campaniaasiichtian time interval have
been illustrated. No comment about the nature é&fgkboundary has been given as

Palaeocene has not been included in their study.



Table 1.1The correlation of previously established bioggraphic scheme in Kocaeli Peninsula and surrounoigions
with presentdstiand currently the most widely used zonationethys. The question marks denote the poor
planktonic foramiferal data to establish the zonation. FAD:tfppearance datum, LAD: last appearance datum.

ICS a and Verga 2004 PRESENT Ozer and Toker 2009, Guray 2006, Grcan Toae Kirciand Ozkar 1999, Ozeretal 1990, Tansel 1989 Barguand Saking 1987,  Oizer and Merlg 1981,
rali Cide ocas! & Armutiu Penis la ralize
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Table 1.2:Distribution of selected Danian — Selandian plankt foraminifera and
biozonation by Olssenal. (1999) and Premoli Silvet al. (2003).

Dashed lines indicate uncertaiouorences. The first appearance datum
of most taxa follows PO. For thelanation of abbreviations of the

Parvularugoglobigenina Globoconusa  Parasubbotina  Subbotina
eugubing daubjergensis pseudobulloides

zones, see Table 1.1.

trivialis

Subbetina  Praemurica  Globanomalina ~ Parasubbotina
trifoculinoides inconstans compressa vanianta

>

P3b

P3a

SELANDIAN

P2

P1c

P1b

P1a

DANIAN

Pa

PO

Up to Ozkan-Altiner and Ozcan (1999), planktonicafoiniferal biozonations

established for Upper Cretaceous and Palaeocen&oaeli Peninsula and

surrounding regions are based on the works of BdBi66), Postuma (1971), van
Hinte (1972), Premoli Silva and Bolli (1973), Robgasski et al. (1984) for
Cretaceous (Table 3.1 and 3.2) and of LuterbachérPaemoli Silva (1964), Bolli
(1966) and Toumarkine and Luterbacher (1985) fdadtaecene (Table 3.3 and 3.4).
The recalibrated and recent biozonation of Robaddyand Caron (1995), which

also comprises the recalibration of Campanian-Mghsian boundary, is first

mentioned in Ozkan-Altiner and Ozcan (1999), bsb a@dopting earlier works. The

recent work of Ozer and Toker (2009) is also basethe biostratigraphic model of
Robaszynski and Caron (1995).






2. STRATIGRAPHY AND STUDIED SECTIONS

2.1. Stratigraphy of Upper Cretaceous and Lower Paleogene Units in Kocaeli

Peninsula

The pre-Upper Cretaceous units in Kocaeli Peninatdarepresented by Palaeozoic
to Lower Cretaceous units which are out of the sdopthis study (Figure 2.1 and
2.2). These units are, in general, constituted arfous lithologies from shallow
marine clastics to carbonates and deep water satBme&he first remarkable unit
overlying Palaeozoic and Mesozoic units, and vergegpread in the Pontides
including the Kocaeli Peninsula, is a volcanoctasinit known as Yemlicay
Formation (Figure 2.2). This Late Cretaceous agatis composed of continental
and fluvial deposits at its lower part and a tHigkch sequence consisting of fine to
coarse clastics with volcanic intervals at its madevelopment (Figure
2.2).Yemilicay Formation is overlain by Akveren Formation iafhis mainly a
planktonic foraminifera-bearing deep marine unhisTunit is represented by beige
to pink coloured pelagic limestones and turbidiieels (Figure 2.2). The upper part
which corresponds to Palaeocene is more marly eamikg into the fine clastics and
calciturbidites. The carbonates in the Akveren Fairom, a part of which is a subject
of this study, are light coloured, thick to medibedded and the fine clastics, grey to
green coloured at its upper part, are represenyethdédium to thick bedded and
locally massif shales, marls and turbiditic bedse Eocene contains more diverse
facies including the shallow marine carbonates fitastics and sandstones, which
areSile, Caycuma and Yunuslubayir formations, respetiyOzcan, 2010) (Figure
2.2).

2.2. Description of the Sections

This study is based on three sections, which asaiNar-Bulduk, Belen and Toylar,
studied from the Akveren Formation at two differdntalities in the Kocaeli
Peninsula, NW Turkey, (Figure 2.1). Belen and Togections are geographically

close to each other ca. 10 km and Nasuhlar-Bulthdated to the north of these



sections, is about ca. 30 km away from them. Tthelbgy of the examined sections
iIs made of carbonates, with the dominance of irtddraelagic limestones, and also
with different facies such as marl with intercathtalciturbidite layers, especially in
Palaeocene. The investigated part of Akveren Foomats composed of a
monotonous sequence of pelagic limestones. Thukeifield, the Upper Cretaceous
part of the sequence is hardly differentiated fribb@ Lower Palaeocene. However,
the presence of brecciated zone in the upper pdniecCretaceous sequence, which
is locally developed and with a restricted latexatent, may be used to place the
disconformable boundary between the Maastrichtrath Banian beds. Additionaly,
in uppermost part of Maastrichtian beds, just beflogvDanian strata, the carbonates
are represented by ferrigenous-rich levels whistegia pinkish colour to the rock.
This may be a helpful physical tool to differerngiathe top of Maastrictihan.
Description of each section and their planktonicameiniferal biostratigraphy are
given below.

a Here :It:;en Section” :
! ge" —
;_m i /.

Upper Cretaceous - = i
Ppﬁalaeocene £ Lower-Mid Eocene Quaternary
Alkveren E | Clastics and o :
3 5 All
Formation K. | carbonates Tegl® Carbonates Qa1 uvium
''''' Pliocene

Yemisligay "-_":Kyﬁ_ Volecanics and
Permian Formation Efe=if clastics

granite :
. Reference village

Pl | Undifferentiated
continental clastics

Caycuma Format
o
E
g

Measured section

Figure 2.1: Distribution of Upper Cretaceous to Lower Palaemgenits in Kocaeli
Peninsula and position of stddsections. Map simplified by Ozcan
(2010) from various sources.
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Figure 2.2: Generalized stratigraphic section of Upper Craiasdo Palaeogene
units in Kocaeli Peninsula.®ygper Cretaceous units are considered as
basement units in this studscti®n simplified from Ozcan (2010), who
also adopted it from variousrees.

2.2.1. Nasuhlar-Bulduk section

Nasuhlar-Bulduk section is located at the middleh&f Kocaeli Peninsula (Figure
2.1), north of the Nasuhlar village. The sectiongists of a 39 m-thick monotonous
sequence of pelagic limestones in Upper Cretacaadspelagic limestones, marls
and calciturbidites in the Palaeocene (Figure ZLB Upper Cretaceous part of the
section is about 7 m-thick, with its lower part aerized by medium to thick
bedded, cream to beige coloured pelagic limestameish grade into medium-
bedded, cream to reddish coloured levels (Figurésad 2.5). The interpretation of
the development of breccia zone and the reddisloucoln connection with
hardground formation is given in section 2.3. Thewkr Palaeocene beds are
represented by beige coloured, medium-bedded, ipdiatgstones at its lower part
and medium-bedded, beige to green coloured mattsaaiciturbidite intercalations,
consisting of a rich Upper Thanetian larger bentliacaminifera, such as

orthophragmines and nummulitids (see Figure 2.3ercomposition).

The almost all levels studied from the Akveren Fation in this section contain a

rich association of planktonic foraminifera. In tkipper Cretaceous part of the

11



section the planktonic genera are represente@dijtusotruncanaGlobotruncana
Globotruncanella  Globotruncanita  Kuglerina Macroglobigerinelloides
Planoglobulina, Pseudotextularia Racemiguembelina, Rugoglobigerinand
Trinitella in the Palaeocene part bfcarinina, Globoconusa, Globanomalina
Morozovella, Parasubbotind@raemuricaandSubbotina(see Figures 2.3 and 2.5 for
a complete list of species identified).

In the Cretaceous part of the Akveren Formatior,ghesence ofontusotruncana
contusa and Racemiguembelina fructicosand the absence oAbathomphalus
mayaroensis permits us to recognize theContusotruncana contusa-
Racemiguembelina fructicogane, characterising the “lower to mid Maastrighti

In the Palaeocene part, the presence of the Ple Zaarker,Globanomalina
compressatogether with other P1 Zone species, indicatesrmonformable relation
between the Danian and Maastrichtian levels. Tis¢ djppearance of tireamurica
uncinatg the zonal marker of the P2 Zone, is in sampléFlgure 2.3). The P3 Zone
is determined by the co-appearances of zonal nagteth adlorozovella angulata
and Morozovella conicotruncatéfirst appearances of which correspond to the base
and lower part of P3 Zone, respectively. A preaseal boundary cannot be placed
between P3 Zone and P4 Zone because of wide sagmpterval. The presence of
the P4 Zone is confirmed by the appearancélofozovella occlusaan auxillary
marker for the zone, accompanied by other taxa sisd¥iorozovella velascoensis
andAcarininasp. This zone could not be subdivided, as theratfagker taxa cannot
be identified at species level. The taxonomy of ientified species is given in

systematics section.

2.2.2. Belen section

Belen section is located at the southern part efkbcaeli Peninsula (Figure 2.1),
north of the Belen village. The section consistsao200 m-thick monotonous
sequence of pelagic limestones, with few intergahat of calciturbidites in the upper
part (Figure 2.6). The Upper Cretaceous part ostwion is about 100 m-thick and
is characterized by medium to thick bedded, creambeige coloured pelagic
limestones which ends up with reddish coloured l&evéFigure 2.8). The

development of the reddish colour and the hardgtaandiscussed in section 2.3.
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shown by pink colour).The tamahe detailed part is not presented here

and shown in Figure 2.5. See &igure 2.5 for the legend.

Nasuhlar-Bulduk section. Uppart of the Cretaceous and the
lowermost part of the Palae®cis detailed in Figure 2.5 (interval
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Figure 2.3 : Lithology, distribution of planktonic foraminifer@nd biostratigraphy of



Figure 2.4 :Field aspects of Nasuhlar-Bulduk section (beloM)s figure represents
only a part of the measuredisedetween sample 8 and 16. Details of
the brecciated zone in Maaktran just below unconformably
overlying Danian beds are shawthe figure above. The marker pen
denotes the unconformity suefdgetails of the stratigraphy of the
portion enclosed is shown igufe 2.5.
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The Lower Palaeocene sequence is also thick aad@amis part (~100 m), and is
represented by beige coloured, medium-bedded, ipelagestones at its lower
portion and pelagic limestones and calciturbiditas its upper part. The
calciturbidites contain a rich Upper Thanetian éargenthic foraminifera, such as

orthophragmines and nummulitids (see Figure 2.6Hercomposition).

The planktonic foraminifera occur equally abundbaath in Upper Cretaceous and
Lower Palaeocene part of the section. In the Ugsetaceous part of the section the
planktonic genera are represented bybathomphalus, Contusotruncana
Globotruncana Globotruncanella Globotruncanita Heterohelix, Kuglering
Macroglobigerinelloides Planoglobulina, Pseudotextularia Racemiguembelina,
Rugoglobigerinaand Trinitella and in the Palaeocene part Blobanomalina
Globoconusa, Igorina, Morozovella, ParasubbotiRaaemuricaand Subbotina(see

Figures 2.6, 2.7 and 2.8 for a complete list otggmeidentified).

In the Upper Cretaceous part of this section, @ansserina gansserZone is
recognized by the presence of auxillary zonal nrar&obotruncanita angulatand
Rugoglobigerina milamensisand the zonal markeGansserina gansseriwhich
appears only in the higher part of the zone. Thecessive first appearances of
Racemiguembelina fructicosand Abathomphalus mayaroensis the section
permits us to recognize tlgontusotruncana contusa-Racemiguembelina fructicosa
Zone, characterising the “lower to mid MaastrichtiaThe first appearance of
Abathomphalus mayaroensis the sample C (Figure 2.8) determine the base of
Abathomphalus mayaroensiZone, which refers to the upper part of the
Maastrichtian. In the lowermost of the Palaeocé&Biepanomalina compress#he

first appearance of which characterizes the baselof Zone is determined. This
suggests that the planktonic foraminiferal zonelewd?1c are missing, thus, we
suppose that Danian beds unconformably overlieUpper Cretaceous sequence
(Figure 2.8). P2 Zone is determined by the firspegyance ofMorozovella
praeangulata an auxillary marker, in sample 14-7 (Figure 2where its first
appearance datum is correlated with the base afdp2 (Premoli Silvat al. 2003),
whereas the zonal markBraemurica uncinatappears in sample 14-8 (Figure 2.7).
The P2+P3 zonal boundary could not be identified tuthe absence of the marker
species in our samples, but the presenc&udibotina velascoenssgnifies the

presence of P3 Zone at sample 14-10. As the sagnpitarval in this part is wide,

16



the P3 Zone has not been subdivided. The assatiafidlorozovella occlusaa

characteristic taxon of the P4 Zone, and the zomarker Globanomalina
pseudomenardiindicates the P4 Zone. The upper boundary of ¥ £ould not be
identified due to scarcity of marker species. Soifeanetian larger benthic
foraminifera, obtained from calciturbidite layersch asDiscocyclina seunestf.

karabuekensis, Orbitoclypeus multiplicatus haymasae and Orbitoclypeus
schopeni ramaraosuggest that these layers are of in Late Thanetiage (Figure
2.6, Plate 14). The taxonomy of the identified gtanic foraminifera is given in

systematics section.

2.2.3. Toylar section

Toylar section located at southern part of the ktdaeninsula to the southeast of
the Toylar, to the northeast of the Belen villagéigure 2.1). The section consists of
a 135 m-thick monotonous sequence of pelagic liomest in the Upper Cretaceous
and pelagic limestones, marls and a calciturbil#iter in the Palaeocene (Figure
2.9). The Upper Campanian-Maastrichtian part of@netaceous is about ~102 m-
thick and is characterized by medium to thick belldehite to beige coloured

pelagic limestones. The Lower Palaeocene bedsearesented by beige coloured,
medium-bedded, pelagic limestones and medium-bedaside to green coloured
marls with calciturbidite intercalations, contaigim rich Upper Thanetian larger
benthic foraminifera, such as orthophragmines amdmulitids (see Figure 2.9 for

the composition) in a single layer.

In the Upper Campanian-Maastrichtian part of thectise the planktonic
foraminifera are represented Byathomphalus, Contusotruncan@alobotruncana
Globotruncanella Globotruncanita Heterohelix, Kuglering,

Macroglobigerinelloides Planoglobulina, Pseudotextularia Rugoglobigerina
Racemiguembelinaand Trinitella and in the Palaeocene part #carinina,

Globanomalina Globoconusa, Guembelitrjdgorina, Morozovella, Parasubbotina
ParvularugoglobigerinaPraemurica Subbotina andWoodringina(see Figures 2.9

and 2.10 for a complete list of species identified)
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section (See Figure 2.6 andf@.The generalized sections). The field
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aspects of the lithology anchltion of the samples at exposure are

part of the Maastrichtian amtenformably overlying Danian in Belen
shown in the photo. See FiduEefor the legend.

Figure 2.8 : The distribution of planktonic foraminifera justtdided for uppermost



In the Cretaceous part of the section, Bansserina gansse#done is recognized by
the presence of auxillary zone marké&ngglerina rotundataand Globotruncanella
pschadaeThe zonal markeGansserina gansseis also present in upper parts of the
zone. In addition, the first appearancesdbbotruncanita conicas recognized in the
upper part of th&ansserina ganssedone. The first six samples of this section are
considered as unzoned, because this part doeniatic any characteristic species
for Gansserina gansse#one nor any other Upper Cretaceous zone. Intdroat
the first appearance o€ontusotruncana contusdo the first appearance of
Abathomphalus mayaroensis represented by th&€ontusotruncana contusa-
Racemiguembelina fructicogone corresponding the “lower to mid Maastrichtian
The first appearance @&bathomphalus mayaroensis the sample A (Figure 2.10)
determine the base @&bathomphalus mayaroensfne, which is referred to the

upper part of the Maastrichtian.

The nature of the boundary between the Cretacemwas Ralaeogene beds is
questionable (Figure 2.10). We consider that thmundary is probably a
conformable one, implying a continuous sedimentatib K-Pg boundary with the
identification. The identified taxa, Guembelitria  cf. cretacea
Parvularugoglobigerinacf. eugubinaandWoodringinacf. hornertownensissuggest
that the interval between the samples E and G septes B Zone and a probable PO
Zone. As the section above the Pone is not exposed well in Toylar section the
interval covering Pla and P1b could not be dete@eglire 2.10). The presence of
Globanomalina compressadicates the presence of P1lc Zone at sample iffe S
the zonal markers of P2 and P3 zones have not feeegnized, a composite zone
covering these two zones is given (Figure 2.9).zBde is identified with the
appearances of auxillary marker forms such Assarinina subsphaericaand
Morozovella occlusaFAD of both is at the base P4 Zone). Although ftinst
appearance dilobanomalina pseudomenardihe zonal marker of P4 Zone, lies at
a level (sample 38) above the first appearanceuxilary zonal markersAcarinina
subsphaericandMorozovella occlusan sample 37, we place the zonal boundary in
sample 37 (Figure 2.9). The taxonomy of the idedifspecies is given in

systematics section.
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Figure 2.9 : Lithology, distribution of planktonic foraminifer@nd biostratigraphy of

Toylar section. Upper partlod Cretaceous and the lowermost part of

the Palaeocene is detailedgure 2.10(interval shown by pink colour).

See Figure 2.5 for the legend.
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part of the Maastrichtiardddanian in Toylar section (See Figure 2.9
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for the generalized sectidr)e field aspects of the lithology and
location of the samplesxgiasure are shown in the photos. See

Figure 2.10 : The distribution of planktonic foraminifera justtdiled for uppermost
Figure 2.5 for the legend.



2.3. The Significance of the Early Diagenetic Evest

2.3.1. About the nature of the boundary

The global regression in Late Cretaceous is widk@gwn since 19th century. The
famous example of eroded Upper Cretacous part of Thalk in England,
unconformably overlien by Lower, not the basal, a@atene (Hallam, 2004),
motivate researchers to study undisturbed stratarfoonformities under the ocean,
with ocean drilling programs.

Table 2.1 :Hallam’s first order Palaeozoic sea level curvighwmnajor marine

extinctions marked by asterigkallam (2004), after Hallam and
Wignall (1997)]

Sea level
High Low

Plic-Fleistocene
Miocena
Oligocens

NS

Palasocens & Eoceneg

Cretaceous

Jurassic

Triassic

#
C N
Fermian /"

Carboniferous

+
Devonian

Silurian

d =
Ordavictan i
"

Cambrian
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A summary of combined biostratigraphic and chroradgfraphic analyses of K-Pg
boundary sequences (both terrestrial and DSDP etegyest that, both complete
and uncomplete records are related with sedimesamie (MaclLeod and Keller,
1991). According to this work, nearly all deep-ssmuences are marked by high
intervals of nondeposition or hiatus formation frdm uppermost Maastrictian to the
Lower Danian as a result of sediment starvatiorcvis, in deep ocean basins, often
magnified by carbonate dissolution originated tsati(Macleod and Keller, 1991, p.
500, and references therein). In contrary, manyticental shelf and upper slope
sequences appear to contain a temporally comm@eted of sediment accumulation.
The reason for this situation is the latest Maelstian — earliest Palaeogene sea
level rise (Table 2.1, as much as 130 m. due toldddcand Keller, 1991), where
deep-sea sediment accumulation ceased, as thersrglin captures more material.

2.3.2. The significance of hiatus concretions; egridiagenetic events and the

hardground

Hiatus concretion is a discontinous process, forimeavinnowing and replacement
of bored and encrusted sediments in early diagemdtase (Flugel 2004, p.204).
Hiatus concretions, however, differ from convenéibrtoncretions in their pre-
diagenetic history, including exhumation on the-Bear, colonization by various
encrusting and/or boring organisms during a breasedimentation, and final burial
(Figure 2.11)(Zaton, 2010).

Cementation

Colonisation|

T iy W T W e T

NO SEDIMENTATION

Figure 2.11 :The diagram showing formation of hiatus concregiGaton, 2010),
see text for explanations
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Main steps of hiatus concretion are;

A- Burrowing of sea floor by marine organisms, whetr penetrates through the
deposits. The cement, which directly precipitatesnf sea water during a slowdown
of sedimentation, fills the burrows and spaces betwcarbonate grains, which will

form the concretions.

B- Growth (post-sedimentary cementation) of cononst, formed below the
seawater-sediment contact which is encouraged kafim¢ environments (alkaline
Ccd" ions bonding with bicarbonates, resulting by baatenaeorobic oxidation of

organic matter, i.e. sulfate reduction zone).

C and D - Exhumation of sediments and colonisatibrexisted concretions (i.e.
boring and encrusting), in conditions of ceasednsedtation and sea-floor erosion
(physical and/or biologic). During this phase, &wa and deplacement of lithified

hardgrounds are common.

E- Restarted sedimentation and burial of the caedréevel. Steps C and D may

repeat in multiple times before the final burial.

Hardgrounds are concreted surfaces formed in thegh, resulting from submarine
cementation by aragonite and magnesian calcitapiaton directly from seawater
(Flugel, 2004, p. 206, Figure 2.12), and expandshi phase B. Besides the
lithologic properities, they are commonly accompanby encrusts of glauconite,

calcium phosphate, iron and manganese salts (BAfHi972).

+ ¥ o * _Truncated grains

Figure 2.12 :The common scheme for carbonate hardgrounds (Ftogel, 2004
crossref. James and Chogu&83).
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The significance of this event is first recognizsd Ehrhard Voigt in 1968 (Zaton,
2010), where he stated that hiatus concretionsesept discontinuous hardgrounds,
and indicate short- and long-lived breaks in sedtat#n (Voigt, 1968, from Fligel,
2004).

At Nasuhlar-Bulduk and Belen sections, a few ceeters thick layer of hardground
Is visible (Figures 2.13). Red/yellow or greenisinis of oxides are characteristic
besides the significant hardness of the rock. in #gections, the dominance of
ferrous material is more obvious than the fieldedMasions of red strata, where a high
contrast is shown with the carbonate tests of thssifs (Figure 2.14). Another

significant event is limestone clasts and biotudratboring) infillings at Nasuhlar-

Bulduk section, as a consequence of reworkinghiim $ection, the Cretaceous host
rock and Palaeocene infilling are recognizable vaithunusual richness of angular

feldspar grains and some accessory unidentifigidg)we minerals (Figure 2.15).

Figure 2.13 :Hardground pictures from Belen section (left) &rasuhlar-Bulduk
section (right). The markpen and the hammers at both pictures
indicate the K-Pg boundary

Figure 2.14 :Hardground thin section pictures from Belen sec{gample no. D),
where the contrast of fermmgis micrite with carbonate tests (left: in
color, right: in grayscale)
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Figure 2.15 :Thin section view of the Palaeocene infiling ie thpper Cretaceous
host rock at Nasuhlar-Buldgction (sample no. B)

Hardgrounds are seen in other places in the waldvall, as the famous K-Pg
sequence of Stevns Klint in Denmark, not only atloundary but observed in both
Upper Maastrichtian and Lower Danian (Hattal, 2005). In Upper Maastrichtian
the lower one of the “twin hardgrounds” has beewsphatised and shows little
evidence of biological encrusting, and upper ong &grominent line of massive
flints. In some places along the section thoser&atmerge into a single horizon.
Lower Danian “twin hardgrounds”, consist mainly mirrowings and phosphatised
layers. Both hardground series are characteriseskyence boundaries, suggestive

of a sea level drop.

2.3.3. A highly hypothetical model to explain the evelopment of hardground
and reddish colour in Akveren Formation

An unconformable relation at K-Pg boundary in tveat®oons, Nasuhlar-Bulduk and
Belen sections, is supported by both palaeontoddgiata as well as early diagenetic
features observed in the sediments. In both cab&smstrichtian carbonates
represented byAbathomphalus mayaroensigone contains a ferriginous micrite
matrix, related with the overlying hardground. Quontary to this, Toylar section
with the same age and facies, do not contain agry gi a hardground. The beds at

the boundary, however, contain a rich radiolargeatblage.
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We have been unable to collect a sample for a geoidal analysis. However
ferriginous matrix is obvious at macroscopic scmeit is clearly seen at boundary

levels.

Thus the hypothetical scenario for the developm@Enthe hardgrounds can be

summarized as follows;

- The hardground is a consequence of transgressient, where the sea-level rise
and the carbonate starvation happen, due to tHé dsogvning. Since foraminifera
cannot survive without carbonate tests, and pelagrbonates mainly consists of
them, thus no sedimentation occured at the top a@dttichtian and at the base of
Danian, at the Belen and Nasuhlar-Bulduk sectibigufe 2.16).

- Therefore Cretaceous sequence also may not b@letanlike the Lowermost
Danian’s, since the reworked parts and the hardglomaterial belongs to the
Abathomphalus mayaroensene, it is very likely that unconformable evestarted
at the Latest Maastricthian, not at the boundary.

- In Toylar section, this area may have been cldserthe shore, since the
accumulation of the carbonate material shows ailplessonformable boundary. The
sequence was continuous at the boundary, and po#isibugh all the Palaeocene.
The possible time gap, mentioned at former partho$ chapter, could not be
enlighted within the present work. But if theraiseal gap, comprised of the absence
of P1 and P2 zones of Danian, the carbonate siamvabust be spread to the

mentioned area, later than other two sections.

- The clastic part of carbonate facies and thedealne aged micrite infillings in
Nasuhlar-Bulduk section, is the sign of bio-abrasémd reworking of pre-existed
Cretaceous ground (compare with hardgrounds inr€igul3). Therefore that means
those angular feldspars are also in Palaeocenesiage, they are present only in the
infillings. About the origin of those feldspars @gkre 2.15), a volcanic event may be
speculated.

- At Early Palaeocene, global sea level drops lkmauk the carbonate starvation at
Nasuhlar-Bulduk and Belen regions ends up. The apwry sediments constitute
P1c zone of Early-Middle Danian, it is also in actwith the infillings of Nasuhlar-
Bulduk section (Figure 2.16).
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Finally, all those geobiological events point outgap, a paraconformity,

mentioned and proposed in previous works.

LATEST CRETACEOUS

Carbonate ion accumulation
Fr_T"‘"r--J ) hv
1 TOYLAR NASUHLAR-BULDUK

Platform

Carbonate
drawdawn Carbonate ion accumulation stamation
< > == K-Pg boundary
............................................................................................ b sea level rise
NASUHLAR-BULDUK

K-Pg BOUNDARY

Carbonate ion accumulation Carbcnlate
starvation
B P — S
B e e S R e PR A IRt et St st O ~
=T — Z 2 Z E Direct precipit f
— irect precipitation o
| M TOY LAR CaC03 and Fe+Mn salts

Encrusted oxide minerals
with derived carbonate
clasts from the host rock
as a consequence of
bislogic rawarking

Borings
Carbonate ion accumulation Carbonate

- p  starvation
——

The hardground consisted
™ of infilied harings and

L] ) T T recompacted bioiug_u:rzally
EARLY PALAEOCENE =~ I
___________________ Carbonate jon accumulation < | Early Palaeocene
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I —
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P1c zone

—L_1L_ U4 ma yaroensis zone

Figure 2.16 The eustaticogeologic evolution of the study area
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3. BIOSTRATIGRAPHY

3.1. Global Upper Cretaceous-Palaeocene Biostratigphy and Planktonic

Foraminiferal Bizonation

Some notable works on early biostratigraphy of Uppeetaceous sequences were
mostly based on globotruncanid forms. The majorkearf Bolli (1966; also based
on earlier works in 1957a,b,c, 1959), Postuma (L9B4arr (1972), van Hinte (1972),
Sigal (1977), Wonders (1980), Robaszyretkal. (1984), Caron (1985; also cited by
Sliter, 1989) were important in the establishmédra global scale biozonation (Table
3.1).
Table 3.1: The Campanian-Maastrichtian planktonic foramirafdriozonations
proposed by different workersdvefRobaszynski and Caron (1995),
and their correlation with thené scale according to Caron (1985) (left

column) and ICS [(2009; based=wadsteiret al. (1994, 2004)] (right
column). FAD: first appearanceéuda, LAD: last appearance datum.

Premoli Silva and Bolli

Caron 1985, 1973,Carribean Sea 0 ics
Siiter 1989, Robaszynskietal.  Wonders 1980, Sigal 1977, Barr 1972, van Hinte 1972, Postuma 1971, Bolli 1968,
Generalised 1984, Tethys W, Medif i Generalized Generalized Generalized 2009
.51 0.3 Ma
=z
<
Abathomphalus| Abathomphalus| Globotruncana | Globotruncana | Abathomphalus |Giobotruncanelila| Globotruncana | Globotruncana =
mayaroensis mayaroensis | mayaroensis mayaroensis | mayaroensis mayaroensis mayaroensis | mayaroensis T
Zone Zone Zaone Zone Zane Zone Zone Zone Q
T
Z FAD mayaroensis
T - g
—— Globotruncana Globotruncana
I_ contusa contusa =
Zone Zone
I FAD contusa__| Glob: Glob! A FAD contusa i
O Gansserina Gansserina |4 jobatruncana jobotruncana cont Glehneincane | Gupssafing
gansseri gansseri gansseri gansseri nnkser ganssor
n: Zone Zone Globotruncana Zone Zone Globotruncana Zone Zone
ganssern stuarti
|— Zone Zone =z
7)) FAD gansseri <
~ =
<
Globatruncana o
aegzyp liaca Globotruncana =
E one Globotruncana | Giobotruncana stuarti + Globotruncana | Globotruncana | Globatruncana | Globotruncana 6
_A\TID segyptiaca falsostuarti “ricarinata” | Globotruncana tricarinata scutilla stuartiformis 4'60_.0.
Zone Zane falsostuarti Zone Zone Zone tricarinata
Globotruncanella Zone Zone
havanensis i l
Zone

v
LAD calcarata

The zonation and their correlation with standarages before the time scale of
Gradsteiret al. (1994), in which the Campanian-Maastrictian boupdeecalibrated,
is shown in Table 3.2. Following the work of Graastet al. (1994), some previous
zones characterizing the Maastrichtian stage aneb®ong to the Upper Campanian
stage (See Tables 3.1 and 3.2).
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Table 3.2 :The recently proposed and widely used Campaniaastfichtian

OO~ ImITOoOXmM—-AMmMI

The recalibrated Upper Cretaceous planktonic fonderal biozonation, presented
by Robaszynski and Caron (1995), proposed a stdrilazonation framework for
Mediteranean part of the Neotethys Ocean. This tmmmain fact, integrates the
previous zonations of Bolli (1966), Sigal (1977)pRszynskiet al. (1984) and

Premoli Silva and Sliter (1995) based on globotammts and Nederbragt (1990)
and Premoli Silva and Sliter (1995) based on hétdicids (Table 3.2). Later on, Li
and Keller (1998), and Arz and Molina (2002) undfithe basic works of Caron
(1985) and Robaszynski and Caron (1995) in a sibgleonation including both

planktonic foraminiferal zgions. ICS Time Chart 2009 is shown to

illustrate the correlatioftioese zones with time scale. FAD: first
appearance datum, LAD: &gtearance datum.

At and Mollng 2002, L Fana e Robaszynskiand Caron  ICS  popaszynskiand Caron Premoli Silva and Verga
Spain, France, Tunisia 1998, Tunisia 1995, Genaralized 2009 1995!:' o s ngerallzedm
WP LAD renmenmaies TAD hariacneis .5+ 0.3 Ma
Pi I ides Zone tes Zone
|, Pseudoguembelina

Psoudoguembelina hanaensis

F N

Zone
FAD haviaensis

NSO

g 0i08E ";DU ka
Pseudoguembeling palpebra 2005 |

Pseudoguembelina hanaensis
A0

one

hariaensis Zone

L FAD hariaensis

Abathomphalus
mayaroensis

MAASTRICHTIAN

Abathomphalus
mayaroens!s
Zone

Abathomphalus
mayaroensis
Zone

Zane Racemiguembelina Racemiguembelina
fructicosa fructicosa
Zone Zone
A\ /D mayaroensis FAD mayaroensis g | FAD mayaroensis o |
Racemiguembelina fructicossa Contusotruncana
Zong
. contusa /
Ll FAD fructicosa A FAD fructicosa A\ D fructicosa ; ;
Flanogiobuling acenaulinoit Psel Racemrggembehna
o Zone fructicosa
inoi ["WLAD linneiana Zone
_ FAD contusaAfructi
Trinitelia scofti Zone Contusotruncana contusa| y
lwFADscofti | Zone h70.6 £ 0.6 Ma Ganssem?a
|MFADcontuss | Planoglobulina gansseri
_ acervulinoides Zone
Kuglerina rotundata ) Zone Gansserina
Zone Gansserina gansseri
932”339” Zone
one
| FAD rofundata ] Z
Contusolrunsana piicala {
Zonge —_—
L FAD pllcata / gansser | FAD ganssen A FAD acervulinoides Z FAD ganssen g FAD gansseri g |
Rugoglobigering hexacamerala <
Zone Globotruncana Globotruncana Globotruncana
AWCAT ot aegypliaca I | i i
Globotruncana aegypliaca %)g;e excolata ae%’pnaca aegz,v pUace
Zore E one one
L FAD aegypliaca & FAD aegypliaca FAD excolata FAD aegyptiacagy, FAD aegypn’aci
Gublerina acuta O
Zone
AFAD acuta Globigerinelloides ; Globotruncanelia | Globotruncanella
subcarinata Pseudotextularia havanensis havanensis
GFobotruncm?eﬂa Zone elegans Zona Zone
havanensis Zone
Zone l
b 4 LAD caicarata W LAD calcarata A FAD elegans LAD calcarata g LAD calcarata g

heterohelicid and globotruncanid zones (Table 3.2).

In the Paleocene, the zonation is more stable. dddier works, with lower
resolutions, adopted the evolution and proliferatal genusGloborotalia (now a
junior synoynm for several new genera). The majoorke concerning the

biostratigraphy of Palaeocene is based on Lutedrsaahd Premoli Silva (1964),
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Bolli (1966; later cited by Premoli Silva and Boplli973) Berggren (1969), Blow
(1979), Smit (1982), Toumarkine and Luterbacher88)9 Berggren and Miller

(1988) and Keller (1988) (Table 3.3). The “P” nama for the Palaeocene
planktonic foramiferal biozonation is proposed bgrd@ren (1969) and followed by
various authors (Table 3.3). The work of Smit (1)982a milestone for the zonation
of the lowermost part of Palaeocene since the Rt Zwas first introduced in this
study. Following this, two different zonation schestwere created by Keller (1988)
who proposed a new model with a high resolution Bacggrenet al. (1995), who

established a more unified zonation mainly basetherprevious works (Table 3.4).

The most recent studies follow two main trendsha application of zonation in
Palaeocene; first, the works of Keller (1993), Baetl al. (1996) and Kelleet al.
(2009) based on the model work of Keller (1988} aacond, the works of Olsseh
al. (1999), Premoli Silvat al. (2003), Arenillaset al. (2004), Berggren and Pearson
(2005) based on the proposed zonation of Berggrah (1995) (Table 3.4).

In this work, the chart of International Commissioh Stratigraphy (ICS) 2009,
based on the original chart of Gradsten al. (2004), is used for both Upper
Cretaceous and Palaeocene time scale. For thei@oradt Upper Cretaceous and
Palaeocene units in Koceali Peninsula, zonal schevh@remoli Silva and Verga
(2004) and Premoli Silvat al. (2003) have been used respectively.
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Table 3.3 Historical development of biostratigraphic zonataf Danian to Thanetian, based
on major works. All zonationg @alibrated with ICS Time Chart 2009. FAD: first
appearance datum, LAD: last apgece datum.

Bolli 1366,

ICS Berggren Keller, 1988, Berggren and Toumarkine and Generalizad Luterbacher and
et al. 1995, El Kef Miller 1988, Luterbacher Smit 1982, Blow 1979, Berggren 1969,  Premoli Silva and Bolll  Premoli Silva
- azogsz Generalized Tunisia Generalized 1985, Generalized G lized G lized i 1973, Caribbean Sea 1984, Generalized
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Table 3.4 :The recent and most widely used Palaeocene plaickimraminiferal
biozonations. All zonations aadibrated with ICS Time Chart 2009.
*Sinc®arvularugoglobigerindongiaperturais differentiated from

Parvularugoglobigerina eugubinby Canudcet al.(1991), a more
detailed biozonation is propobgdirenillaset al. (2004) for PO Zone.
FAD: first appearance datum, LA&st appearance datum.
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3.2. Biozonation

Cretaceous estimated biozone durations and biaponate based on Premoli Silva
and Verga, 2004, Palaeocene biozone durationsiamdriation are based on Olsson
et al. 1999 and Premoli Silvet al, 2003 respectively.

Gansserina ganssetnterval Zone
Bronnimann, 1952

Age: Latest Campanian to Early Maastrichtian; app. iloma-3.8 Ma

Definition: The Interval between first appearance datum (FAD)Gansserina

gansseriand FAD ofRacemiguembelina fructicogamdContusotruncana contusa

Remarks: The presence of this zone is in Belen and Tosgations. As the zonal
marker speciessansserina ganssehas been recorded at the upper part of the zone
and is rarely present in both sections. Based enptlesence ofiGlobotruncanella
pschadag(FAD lowermostG. gansseriZone), Rugoglobigerina milamensi&AD
lowermostG. gansseriZone), Globotruncanita angulatd FAD baseG. gansseri
Zone) andKuglerina rotundata(FAD lower G. gansseriZone), Globotruncanita
pettersi (FAD mid G. gansseriZone), Globotruncanella minuta(FAD mid G.
gansseriZone), Contusotruncana walfishens{&AD mid G. gansseriZone) and
Globotruncanita conicdFAD top G. gansseriZone), which are auxillary markers of
Gansserina ganssedone has been defined in the studied sectionsi(€$g2.6 and
2.9).

Contusotruncana fornicata, Contusotruncana patadliifis, Contusotruncana
plicata, Globotruncana arca, Globotruncana bullogjeGlobotruncana dupeublei,
Globotruncana esnehensis, Globotruncana falsostuaGlobotruncana hilli,

Globotruncana insignis, Globotruncana lapparenti,loBotruncana linneiana,

Globotruncana orientalis, Globotruncanella havanens Globotruncanella

petaloidea, Globotruncanita stuarti, Globotruncanit  stuartiformis,

Macroglobigerinelloides prairiehillensis, Pseudotextularia intermedia
Rugoglobigerina macrocephala, Rugoglobigerina pénaypd Rugoglobigerina

rugosaare other faunal constituents of this zone atstively area (Figures 2.6 and
2.9).
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Local section range:The zone has been recorded in the Belen sectiovebe the
sample 9 and sample 23 (~60 m, Figure 2.6) antienToylar section between the
base of the section and the sample 23 (~100 mré-9).

Contusotruncana contusa / Racemiguembelina fructsadnterval Zone
Smith and Pessagno, 1973

Age: Early to Late Maastrichtian; approx. duration ~a

Definition: Interval between FAD ofontusotruncana contugaRacemiguembelina
fructicosaand FAD ofAbathomphalus mayaroensiDifferent definitions about the
nominate species have been proposed by Li and rKEl@98) and Robaszynski
(1998), which are not covering the mentioned zdmmalndaries in the present work
(Table 3.2).

Remarks: Contusotruncana contusZone was separated from tl@ansserina
gansseriZone by Premoli Silva and Bolli (1973) and thersveanended by Premoli
Silva and Sliter (1995) as th€ontusotruncana contusa Racemiguembelina
fructicosa zone. Although the first occurrences Gbntusotruncana contusand
Racemiguembelina fructicosare regarded as coeval in Premoli Silva and Sliter
(1995)’'s zonal scheme, Li and Keller (1998), and And Molina (2002) recognized
their first appearances in two successive levalshis work, first occurrences of two
taxa are very close and this work is based onlilredection analysis (e.g. bias of
limited resolution), this zone is defined where revieonly one of the zonal markers
is identified. Trinitella scotti (FAD mid Contusotruncana contusa /
Racemiguembelina fructicoséone) is present at the upper parts of the zongnas
auxillary marker species of the zone, besides tralzmarkers (Figures 2.3, 2.5-
2.9).

Contusotruncana fornicata, Contusotruncana paitaliifis, Contusotruncana
plicata, Contusotruncana walfischensis, Globotrumcaarca, Globotruncana
bulloides, Globotruncana dupeublei, Globotruncansnehensis, Globotruncana
falsostuarti, Globotruncana hilli, Globotruncana signis, Globotruncana
lapparenti, Globotruncana linneiana, Globotruncanmariei, Globotruncana
orientalis, Globotruncana rosetta, Globotruncanelavanensis, Globotruncanella
minuta, Globotruncanella pschadae, Globotruncangidaloidea, Globotruncanita

angulata, Globotruncanita conica, Globotruncanitaetiersi, Globotruncanita
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stuarti, Globotruncanita stuartiformis, Heteroheligunctulata, Heterohelixsp,
Kuglerina rotundata, Macroglobigerinelloides prahillensis,
Macroglobigerinelloides subcarinatus, Planoglobulina acervulinoides,
Planoglobulina brazoensis, Pseudotextularia elegd®seudotextularia intermedia,
Rugoglobigerina hexacamerata, Rugoglobigerina meephala, Rugoglobigerina
milamensis, Rugoglobigerina penrgmd Rugoglobigerina rugosare other faunal

constituents of this zone at the study area (Fgarg, 2.5-2.9).

Local section range:The zone has been recorded in the Nasuhlar-Buséakion
between the base of the section and sample E (~ihmpylar section by the sample
24 to the sample A (=12 m), and in the Belen sactiom the sample 13 to the
sample C (~10 m).

Abathomphalus mayaroensifaxon Range Zone
Brénnimann, 1952

Age: Late Maastrichtian; approx. duration ~2.5 Ma
Definition: Interval defined by the taxon rangeAlfathomphalus mayaroensis

Remarks: Abathomphalus mayaroensis an index and significant species to
determineA. mayaroensiZone of the Uppermost Cretaceous. It is menticeea@
rare taxon in many previous studies and a moreleeétheterohelicid zonation has
widely used (Table 3.2). Although our facies is awtilable for specimen-based
examination, thredbathomphalus mayaroenspecimens could be recorded due to
the most detailed sampling in the Belen and Tog#ations (Figures 2.8 and 2.10).

Contusotruncana fornicata, Contusotruncana patatliifis, Contusotruncana
plicata, Contusotruncana walfischensis, Globotrumcaarca, Globotruncana
dupeublei, Globotruncana esnehensis, Globotruncansignis, Globotruncana
linneiana, Globotruncana mariei, Globotruncana anielis, Globotruncana rosetta,
Globotruncanella havanensis, Globotruncanella ménut Globotruncanella
petaloidea, Globotruncanita conica, Globotruncanifzettersi, Globotruncanita
stuarti, Globotruncanita stuartiformis, Heteroheliglobulosa, Heterohelixsp,

Kuglerina rotundata, Macroglobigerinelloides prahillensis,
Macroglobigerinelloides subcarinatus, Planoglobulina acervulinoides,
Planoglobulina brazoensis, Pseudotextularia intedliag Pseudotextularia nutalli,

Rugoglobigerina hexacamerata, Rugoglobigerina méasis, Rugoglobigerina

38



pennyi and Rugoglobigerina rugosa, Racemiguembelina fructicasd Trinitella
scotti are other faunal constituents of this zone atstively area (Figures 2.8 and
2.10).

Local section range:The zone has been recorded in Toylar section &gdmple B
to the sample D2 (~40cm), and in Belen sectiorhieyseamples C and D (~15cm).

PO Guembelitria cretacedartial Range Zone

Keller 1988, emendation of Smit 1982

Pa, Parvulaglobigerina eugubinal'axon Range Zone

Liu 1993, emendation ofdPof Blow 1979; Luterbacher and Premoli Silva, 1964

Age: PO; Earliest Danian; 65.0 - 64.97 mya; approxation ~30.000 yrs

F; Earliest Danian; 64.97 - 64.9 mya; approx. doratt70.000 yrs
Definition: PO Zone is the partial range zone, defined by ghdial range of
Guembelitria cretaceabetween LAD of Cretaceous taxa to the FAD of
Parvulaglobigerina eugubingPo Zone is defined by the total range of the nominate
taxon, Parvulaglobigerina eugubinaThe same name was used for a more limited
interval (upper limit is FAD of Parasubbotina pseudobulloidesn in the
biozonations of Bolli (1966), Toumarkine and Lutgcher (1985) and Berggren and
Miller (1988), shown in Table 3.3 and Arenillasal. (2004), in Table 3.4. This zone
is altered to Pla Zone with different zone limiysKeller (1988, Table 3.3), Keller
(1993), Pardet al.(1996) and Kelleet al. (2009), shown in Table 3.4.

Remarks: PO+Ry Zone is could not differentiated in the Toylar tsmt. Because
Parvularuglobigerina eugubinamarker species of the PO Zone, was not precisely
defined in thin section analysis although all Cecetaus species are extinct and no
characteristic P1 Zond?arasubbotina pseudobulloid@one, Table 3.4) is present.
This biozone is recognized only in the Toylar smttiwhere all Cretaceous forms
have gone extinct and no characteristic P1 Zdterasubbotina pseudobulloides
Zone, Table 3.4) was present, small forms whiclstari thin sections. Small forms
(~100 um) in the samples E and F (Figure 2.10) were ifledti as
Parvularugoglobigerinacf. eugubina, Guembelitriaf. cretacea Woodringinacf.

hornertownensisind thus, thed®Zone was defined combining with the PO Zone.
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Globoconusa daubjergensis, Subbotisa, Parasubbotinasp, Parasubbotina
pseudobulloidesnd Praemurica pseudoinconstamse other faunal constituents of

this zone at the study area (Figure 2.10).

Local section range:Toylar section, represented by the samples E gne26 cm.)

P1 Parasubbotina pseudobulloidé®artial Range Zone
Berggrenret al, 1995, emendation of Berggren and Miller, 1988

Age: Danian; 64.9-61.2 mya; approx. duration ~3.7 Ma

Synoynms: Parvulaglobigerina eugubina - Praemurica uncinaane in Berggren
et al. (1995) and Olssoet al.(1999).

Definition: Interval between LAD ofParvulaglobigerina eugubinago FAD of
Praemurica uncinataPrevious P1 comprising zones, define the bashistzone
with the FAD of Parasubbotina pseudobulloidetsee Table 3.3 for earlier

Palaeogene biozonations).

Remarks: This biozone is represented by only the P1c Subawthis study. Lower
zones of the P1 Zone, which are not mentionederptiesent study, are P1la and P1b
zones, defined by the interval between the LADPafvulaglobigerina eugubinand
the FAD of Subbotina triloculinoidesand by the interval between the FAD of
Subbotina triloculinoidesand the FAD of Globanomalina compressand/or

Praemurica inconstansespectively.

PlcGlobanomalina compresgRraemurica inconstangnterval Subzone

Berggrenet al, 1995; emendation of, but equivalent to, Subzohe iR Berggren
and Miller, 1988

Age: Mid-Late Danian; 63.0-61.2 mya; approx. duratidn8-Ma

Definition: Biostratigraphic interval between the FAD®Ibanomalina compressa
and/or Praemurica inconstango the FAD of Praemurica uncinata The same
definition under a different subzone name is akseduin Berggrert al. (1995) and
Olssonet al.(1999) (Table 3.4)

Remarks: This is the first biozone of Danian representedhia studied sequence.
The unconformity and the nature of the K-Pg boundar our sections were
previously explained in Chapter 2. The zonal mambanomalina compressa

continuously present in thin sections (Figures 2.8, 2.7-2.9).
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Guembelitria cf. cretacea, Globoconusa daubjergensis, Globanomalsa,
Globanomalina chapmani, Parasubbotinsp, Parasubbotina pseudobulloides,
Praemuricasp, Praemurica inconstans, Praemurica pseudoincorst&ubbotina
sp. and Subbotina triloculinoideare other faunal constituents of this zone at the
study area (Figures 2.3, 2.5, 2.7-2.9).

Local section range:The zone has been recorded in the Nasuhlar-Butggkion
between the sample F and the sample 12 (~1 mhanTbylar section from the
sample 29 to the sample 31 (~7,5 m) and in Beletiosefrom the sample 14-3 to
the sample 14-6 (~2,15 m).

P2.Praemurica uncinatalnterval Zone

Berggrenet al, 1995; emend. of, but biostratigraphically equaveilto, Zone P2 in
Berggren and Miller, 1988

Age: Late Danian; 61.2-61.0 mya; approx. duration N2

Definition: Biostratigraphic interval between the FAD Pfaemurica uncinatand
the FAD of Morozovella angulataThis zone is synonymous with tfRreamurica
uncinata—Morozovella angulatdZone of Berggreret al. (1995) and Olssoet al.
(1999) (Table 3.4).

Remarks: This zone is recognized by the co-appereancBraémurica uncinata
(zonal marker) andviorozovella praeangulataauxillary marker) in the Belen
section (Figures 2.3, 2.7 and 2.9). It is definadthe interval between the first
appearances dPraemurica uncinataand Morozovella angulatan the Nasuhlar-

Bulduk section.

Globanomalina sp., Globanomalina chapmani, Globanomalina compressa,
Praemurica sp., Praemurica pseudoinconstans, Subbotirgp., Subbotina
triloculinoides and Parasubbotina pseudobulloidese other faunal constituents of

this zone at the study area (Figures 2.3 and 2.7).

In the Toylar section, P2 Zone could not be difftigged from the P3 Zone possibly
due to the large sampling interval. The fauna whgleonsisted ofAcarinina sp,
Acarinina  subsphaerica, Globanomalinasp, Globanomalina compressa,
Globanomalina ehrenbergi, Igoringt. albeari, Igorina pusilla, Morozovellap. and
Morozovella conicotruncata Parasubbotina pseudobulloides, Praemurica
inconstans, Praemurica uncinata, Subbotsm Subbotina triangularis, Subbotina
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triloculinoides, Subbotina velascoenss,considered as a combined zone of P2+P3
(Figure 2.9).

Local section range:The zone has been recorded in the Nasuhlar-Buséakion
between the sample 13 (~1,8 m) and the samplenlhei Belen section from the
sample 14-7 to the sample 14-9 (~2 m). The compd3&+P3 Zone in the Toylar
section is between the sample 32 and the samplel26m).

P3.Morozovella angulata/lgorina pusillaZone Interval Zone
Berggrenret al, 1995; emendation of Zone P3 in Berggren and Killé88

Age: Early-Mid Selandian; 61.0-59.2 mya; approx. dunat-1.8 Ma

Definition: Biostratigraphic interval between the FADMbrozovella angulatand

the FAD of Globanomalina pseudomenardirThis zone is synonymous with the
Morozovella angulata-Globanomalina pseudomenaidine of Berggrenet al.
(1995) and Olssoret al. (1999) (Table 3.4). Berggren and Pearson (2005) ha
reduced the upper zone limit to the FADR&Erasubbotina variospirdTable 3.4).

Remarks: This zone is recognized based on the FADMofrozovella angulatan
studied sections. Other zonal markgorina pusillais identified only in the Belen
section, at the sample 14-11. The zonal fauna ddagmconsist of also contains the
other remarkable species such Brozovella conicotruncataand Subbotina

velascoensias auxillary P3 markers (Figures 2.3 and 2.7).

Globanomalina chapmani, Globanomalina compressab&homalina ehrenbergi,
Parasubbotina pseudobulloides, Subbotisia and Subbotina triloculinoidesare

other faunal constituents of this zone at the stréw (Figures 2.3 and 2.7).

In the Toylar section, P2 Zone could not be difftigged from the P3 Zone possibly
due to the large sampling interval. The fauna whglconsisted ofcarinina sp,
Acarinina  subsphaerica, Globanomalinasp, Globanomalina compressa,
Globanomalina ehrenbergi, Igorinet. albeari, Igorina pusilla, Morozovellap. and
Morozovella conicotruncata Parasubbotina pseudobulloides, Praemurica
inconstans, Praemurica uncinata, Subbotsm Subbotina triangularis, Subbotina
triloculinoides, Subbotina velascoensis,considered as a combined zone of P2+P3
(Figure 2.9).
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Local section range:The zone has been recorded in the Nasuhlar-Biddakon at
the sample 17, in the Belen section from the sarh&0 to the sample 14-11 (~2,5
m). The composite P2+P3 Zone in the Toylar sectiomesponds to the interval

between the sample 32 and the sample 36 (~12 m).

P4.Globanomalina pseudomenardiiaxon Range Zone
Bolli, 1957

Age: Late Selandian-Mid Thanetian; 59.2-55.9 mya; appdaration ~3.3 Ma

Definition: Biostratigraphic interval defined by the total ganof the nominate
taxon, Globanomalina pseudomenardiBerggrenet al. (1995) and Olssort al.
(1999) also used the same zone name with the safimitidn (Table 3.4). Berggren
and Pearson (2005) have redefined the lower zooahdary by the FAD of
Parasubbotina variospiréTable 3.4).

Remarks: The recognition of this zone is based on FAD okothuxillary markers
such adAcarinina subsphaericandMorozovella occlusgPremoli Silvaet al. 2003),
since the zonal taxonGlobanomalina pseudomenards rare in the examined

sections (Figures 2.3, 2.6 and 2.9).

Acarinina sp., Acarinina soldadoensis, Acarinina subsphaerica, lalmomalina
chapmani, Globanomalina compressa, Globanomalinaerdsergi, Igorina sp.,
Morozovellasp., Morozovella aequa, Morozovella angulata, Morozaveltclusa,
Morozovella velascoensis, Subbotingp., Subbotina triangularis, Subbotina
triloculinoidesand Subbotina velascoensse other faunal constituents of this zone
at the study area (Figures 2.3, 2.6 and 2.9).

Local section range:P4 Zone has been recorded in the Nasuhlar-Buléakos

between the sample 19 and the sample 23 (~23 mjhbukbwer zonal boundary
could not been determined (see Nasuhlar-BuldukasecChapter 2), in the Toylar
section from the sample 37 to the sample 39B (~),Gard in the Belen section from

the sample 15 to the sample 19 (~42 m).

43



3.3. Systematics and Taxonomy

Identification of the planktonic foraminifera isrggrally based on three-dimensional
views than two dimensional views. Contrary to theet@ceous planktonic
foraminifera, most of which are recognizable as wwmensions because of their
distinctive morphologies, only several Paleocenea tean be identified in species
level from thin section views. Planktonic forameri# are diagnosed in species level
by the description of numerous morphologic charactem three views of the free

test (spiral, umbilical and side views).

In thin section studies some other morphologic ati@rs are recognizable both in
axial and subaxial sections such as, coiling maael{ospiral, planospiral or serial),
shape of the test (concavity and/or convexity othbspiral and umbilical parts),
peripheral outline of the chamber (globular, heimépal, angular, subangular,
truncated, ovoid etc.), characteristic overall tgstriphery in axial section
(rectangular, triangular, flabelliform etc.), prese of carina / keel (single or double)
and their positions in peripheral part (widely dosely spaced, at spiral and/or
umbilical side), height of the spire (height diface of the former and latter
chambers, valued from very low to very high), unabil state (narrow, wide, small,
deep etc.), test wall texture (pustulose, rugop@ose etc.) and some peculiar
features (presence of pseudokeel, thickness ofcéinmal band, thickness of the
chamber wall, specific last chamber geometry, amttil chamberlets). Therefore,
the correct identification of the planktonic foramfieral depends on studying them in
axially oriented secions, which is the main condarthe examination method of the
present study. Some morphologic characters are us®jul in identification of the
individuals (free test) such as, wall structure rigmtion level, i.e. the pore
diameter), number of the whorls, chamber shapeiraaréasing of the chamber size
(especially in the last whorl), shape of the suamd being deep or raised, shape and
position of the primary aperture, presence of theosdary or relict apertures and

modifications of the aperture (bulla, tegilla, paitlip).

The modern cladistic method based on synapomongtacacters is more scientific
as supported by detailed biological and palaeogtcéb analysis and is compatible
with new discoveries, thus, has suppressed thesiclsLinnean taxonomy, a

hierarchial classification designed to cover livingings, later on, adapted to cover

44



also the fossil beings. Since the ancient methqasisbased on empirical definitions,
its aggregate hierarchy always confuses minds,ewhelw discoveries and technics
force to replace the original positions of existit@xa. As a crucial example, the
Foraminifera group is ranked as Phylum (also diteldere), as Classis or sometimes
as Subclassis in various sources. Besides invemigng names for the aggregated
ranks, a taxonomy based on groups of equivaledsranevolutionary sense has to
be the point, in other words, modern phylogeneticugs should be considered
instead of the ranks while constructing the taxopoas used in synapomorphy
based cladistics (Hennig 1965, 1966). Janvier 1884Queiroz and Gauthier 1990,
Valentine 2004 and references all therein, disaiabeut the comparison of eclectic

method versus cladistic method, which are recomeehar further reading.

Some modern phylogeny-based classifications, cangpathe stems of the

foraminifera group as (hierarchial nomenclaturpanantheses);

EUCARYA (WOESEet al, 1990, Domain)
in Woeseet al. (1990). Besides this work, a revised six-kingdoystem has also

been proposed by Cavalier-Smith, in 1998, 20022848 respectively.

EUKARYOTA (CAVALIER-SMITH, 1998, Empire)
PROTOZOA (CAVALIER-SMITH, 2002, 2003, Kingdom)
RHIZARIA (CAVALIER-SMITH, 2002, Infrakingdom)
Afterwards, the consensus group within the phylggeheukaryotes according to
Baldaufet al. (2003);

CERCOZOA (CAVALIER-SMITH, 1998)
The rest are widely used classification terms foe imorphospecies, with the
supposed Linnean hierarchial equivalents in paemseth, based on various sources.
Only the binominal nomenclature has to be usedang case, this is the only

distinguishable feature in any life form in evoblutary sense.

FORAMINIFERA (D’ORBIGNY, 1826 phylum)
ROTALIDIA (classis)
GLOBIGERINIDA (DELAGE and HEROUARD, 1896 ordo)
GLOBIGERININA (subordo)
GLOBOTRUNCANACEA (BROTZEN, 1942 superfamilia)
GLOBOTRUNCANIDAE (BROTZEN, 1942 familia)
ABATHOMPHALINAE (PESSAGNO, 1967 subfamilia)
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ABATHOMPHALUS (BOLLI, LOEBLICH and TAPPAN 1957, genus)
Type speciesGlobotruncana mayaorensBOLLI, 1951

Abathomphalus mayaroensi@®@OLLI, 1951)
PI. 3, figs. 1-3

1951.Globotruncana mayaroensOLLI; pl. 35, figs. 10-12.

1971.Globotruncana mayaroensOLLIl; POSTUMA, p.50, 51.

1984.Abathomphalus mayaroengBOLLI); ROBASZYNSKI et al, p.272, pl.46,
fig.5 a-c.

1999.Abathomphalus mayaroengBOLLI); OZKAN-ALTINER and OZCAN, p.
294, fig. 5/7.

2004.Abathomphalus mayaroengBOLLI); PREMOLI SILVA and VERGA, p.72,
pl.2, figs. 1-4, p.231, p.1, figs.3-8.

2010.Abathomphalus mayaroengBOLLI); HAKYEMEZ and OZKAN-
ALTINER, pl. 2, figs. 10, 11, 15.

Description & Remarks: Test low trochospiral, spiral side slightly conyex
umbilical side concave, periphery rectangular, ¢caded, with two widely spaced
keels. Chamber surface on spiral side slightlyatefli, keel band of last chamber

generally wider than its opposite chamber. Umbdicuwide.

It differs from Globotruncana linneiandy its narrower and often asymmetrical keel
band.

Only 3 specimens present in all sections, two ileBsection, one in Toylar section.

Local Stratigraphic Range: Identified only within theAbathomphalus mayaroensis

Zone in Belen (Figure 2.8) and Toylar (Figure 2.4€gtions.
GLOBOTRUNCANINAE (BROTZEN, 1942 subfamilia)

CONTUSOTRUNCANA (KOREHAGIN, 1982, genus)
Type speciesPulvulina arcavar.contusa CUSHMAN, 1926

Contusotruncana contusgCUSHMAN, 1926)
PIl. 1, figs. 1-4

1926.Pulvinulina arcaCUSHMAN var.contusaCUSHMAN; p. 23, no type figure
given.
1971.Globotruncana contusfCUSHMAN); POSTUMA, p. 30, 31.
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1984.Rosita contuséCUSHMAN); ROBASZYNSKIet al, p. 247, pl. 36, figs. 1-2;
p. 249, pl. 37, figs. 1-3.

1988.Globotruncana contus@gCUSHMAN); KELLER, p. 250, pl. 1, fig. 9.

1988.Rosita contus§CUSHMAN); OZKAN and KOYLUGGLU, pl. 4, figs. 3, 4.

1997.Contusotruncana contug€ USHMAN); LUCIANI, p. 804, text fig. 3, fig. 1.

1999.Contusotruncana contuf€USHMAN); OZKAN-ALTINER and OZCAN, p.
294, fig. 5/2.

2002.Rosita contusgCUSHMAN); KELLER et al, p. 279, pl. 2, figs. 9, 10.

2004.Contusotruncana contug€ USHMAN); CHACONet al, p. 590, text fig. 4,
figs. C, D.

2004.Contusotruncana contug€ USHMAN); PREMOLI SILVA and VERGA, p.
78, pl. 8, figs. 1-2; p. 233, pl. 3, figs12.

2010.Contusotruncana contu§€ USHMAN); HAKYEMEZ and OZKAN-
ALTINER, pl. 2, fig. 26.

Description & Remarks: Test large and very high trochospiral, axial peey
conical, spiral side strongly convex, umbilical esidoncave with large and deep
umbilicus, two spaced keels developed, last chargbaerally one keeled due to

lack of umbilical keel.

It differs from the other specied Contusotruncandy having very high-spired test

and large and deep umbilicus.

Local Stratigraphic Range: Identified in the Contusotruncana contusa/

Racemiguembelina fructicogane and in thédbathomphalus mayaroensisne.

Contusotruncana fornicatd PLUMMER 1931)
PIl. 1, figs. 5, 6

1931.Globotruncana fornicat®# LUMMER; p. 130, pl. 13, figs. 4 a-c.
1971.Globotruncana fornicat® LUMMER; POSTUMA, p. 38, 39.
1984.Rosita fornicatd PLUMMER); ROBASZYNSKI et al, p. 251, pl. 38, figs.1-4.
1987.Rosita fornicatf PLUMMER); OZKAN and ALTINER, pl. 5, fig. 7.
1988.Rosita fornicatd PLUMMER); OZKAN and KOYLUOGLU, pl. 4, figs. 5, 6.
1992.Globotruncana fornicat§PLUMMER); NORRIS, p. 171, pl.2, figs. d-g.
2000.Globotruncana fornicat§dPLUMMER); ROBASZYNSKI et al, p. 481, pl.20,
fig 3.
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2003.Contusotruncana fornicattPLUMMER); PREMOLI SILVA and VERGA,
p.78-9, pl. 8, figs 3-4, pl. 9, figs.@A233-4, pl. 3, fig 13-15, pl. 4, figs. 1-9.

Description & Remarks: Test low to medium trochospiral, spiral side madely
convex, umbilical side flat, umbilicus large andbw, periphery with double keels,
keel band broad.

It is easily distinguished fromContusotruncana contusa, Contusotruncana
patelliformis, Contusotruncana plicata and Contwsatana walfischensidy its
less convex spiral side, frortontusotruncana plummerdy having flattened

surfaces of chambers in the last whorl.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina ganssefione to theAbathomphalus mayaroensisne.

Contusotruncana patelliformigGANDOLFI, 1955)
PIl. 1, figs. 7-11

1955.GlobotruncanaGlobotruncana contusa(Cushman) subspatelliformis
GANDOLFI; p.126, pl.34, figs. 7- 9.

1984.Rosita patelliformigGANDOLFI); ROBASZYNSKIet al, p. 253, pl. 39, figs.
1-3.

1988.Rosita patelliformigGANDOLFI); ©ZKAN and KOYLUQGLU, pl. 4, fig. 8.

2000.Contusotruncana patelliform@ANDOLFI; ROBASZYNSKIet al, p. 481, p.
20, fig. 5.

2004.Contusotruncana patelliform@ANDOLFI; PREMOLI SILVA and VERGA,
p.79, pl. 9, figs. 2-4.

Description & Remarks: Test moderate to high trochospiral, spiroconveitas
side strongly convex, umbilical side flat. Periphdouble keeled, umbilicus wide.
Surface of last chamber somewhat concave on sital

It differs from Contusotruncana contuday having less convexity of its spiral side;

from Contusotruncana plicatay having more higher spired test.

Local Stratigraphic Range: Ranged from the first zone of the study area,
Gansserina gansserione to theAbathomphalus mayaroensisne.
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Contusotruncana plicatd WHITE, 1928)
PI. 2, figs. 1-5

1928.Globotruncana conic&Vhite var.plicata White, p.285, pl. 38, figs. 8a-c.

1984.Rosita plicata WHITE); ROBASZYNSKI et al, p. 255, pl. 40, figs. 1-2.

1987.Rosita plicataf WHITE); OZKAN and ALTINER, pl. 5, fig. 8.

1988.Rosita plicata WHITE); OZKAN and KOYLUOGLU, pl. 4, fig. 7.

2000.Contusotruncana plicat&/HITE; ROBASZYNSKI et al, p. 469, p. 14, fig. 3.

2004.Contusotruncana plicats&/HITE; PREMOLI SILVA and VERGA, p. 80, p.
10, figs. 1, 2.

Description & Remarks:Test moderately high trochospiral, spiroconvex;aside
moderately convex, umbilical side flat, umbilicusle. Periphery with two keels,
umbilical keel often weakly developed on the |dsiraber. Height of the chambers
on the last whorl (opening of the spire) much ntben inner whorls. Surface of the

chambers on the last whorls inflated.

It is distinguished fronContusotruncana contussndContusotruncana patelliformis

by having inflated chambers on the last whorl a®s$ lconvexity of its spiral side.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina gansserione to theAbathomphalus mayaroensisne.

Contusotruncana walfischensi€TODD, 1970)
PI. 2, figs. 6-9

1970.Globotruncana walfischensigODD; p. 153, pl. 5, fig. 8.

1984.Rosita walfischensiSTODD); ROBASZYNSKIet al, p. 259, pl. 42, figs. 1-4.

1987.Rosita walfischensi@fODD); OZKAN and ALTINER, pl. 5, fig. 11.

1997.Contusotruncana walfischengiBODD); LUCIANI, p. 804, text fig. 3, fig. 2.

2003.Rosita walfischensigfODD); ABRAMOVICH et al, p. 15, pl. 5, fig. 19.

2004.Contusotruncana walfischengisBODD); CHACONet al, p. 589, text fig. 3,
fig. B; p. 590, text fig. 4, figs. E, F.

2004.Contusotruncana walfischengisODD); PREMOLI SILVA and VERGA, p.
81, pl. 11, figs. 2-4; p. 235, pl. 5,4id.-3.

Description & Remarks: Test high trochospiral, spiroconvex, spiral siadeallly
conical, almost ovoid, umbilical side flat. Periphavith two closely spaced keels,

umbilical keel often less developed. Umbilicus noedlisized and deep.
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It differs from otherContusotruncanaspecies by its broadly conical spiral side
(nearly ovoid); fromGlobotruncanita conicdy its double keeled periphery.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina gansserione to theAbathomphalus mayaroensisne.

GANSSERINA(CARON, GONZALES DONOSO, ROBASZYNSKI
and WONDERS, 1984, genus)
Type speciesslobotruncana gansserBOLLI, 1951

Gansserina gansse(BOLLI 1951)
PI. 3, figs. 4,5

1951.Globotruncana gansseBOLLI; p.196, pl. 35, figs. 1-3.
1971.Globotruncana gansse(BOLLI); POSTUMA, p. 42, 43.
1984.Gansserina ganssefBOLLI); ROBASZYNSKI et al, p. 295, pl. 52, figs. 1-4.
1988.Gansserina ganssefBOLLI); OZKAN and KOYLUOGLU, pl. 2, fig. 9.
1999.Gansserina ganssefBOLLI); OZKAN-ALTINER and OZCAN, p. 294,
fig. 5/8- 10.
2010.Gansserina ganssefBOLLI); HAKYEMEZ and OZKAN-ALTINER, pl. 2,
figs.12, 13.

Description & Remarks: Test very low trochospiral, planoconvex, spiradlesi
almost flat or slightly convex, umbilical sidestgiy inflated, periphery distinctly
single keeled. Chambers hemispherical, surfaceheftést (generally except last

chamber) and around the umbilicus pustulose. Ucuisilwide and deep.

It differs from Globotruncanita angulatdy its hemispherical chambers in the last

whorl and no subangular periphery in axial profile.

Only 2 specimens present in all sections, one ilerBsection, the other in Toylar

section.

Local Stratigraphic Range: Identified only within theGansserina ganssezione in

Belen (Figure 2.6) and Toylar (Figure 2.9) sections

GLOBOTRUNCANA (CUSHMAN 1927, genus)
Type speciesPulvulina arca CUSHMAN, 1926

Globotruncana arc CUSHMAN 1926)
PI. 3, figs. 6-10
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1926.Pulvinulina arcaCUSHMAN; p. 23, pl.3, fig.1.

1971.Globotruncana arcdCUSHMAN); POSTUMA, p. 18, 19.

1984.Globotruncana arcd CUSHMAN); ROBASZYNSKIet al, p. 183, pl. 4, figs.
1-3.

1988.Globotruncana arcf CUSHMAN); OZKAN and KOYLUGSLU, pl. 1, figs.
4, 6.

2004.Globotruncana arcdCUSHMAN); PREMOLI SILVA and VERGA, p. 104,
pl. 34, figs. 3, 4; p.105, pl. 35, fig.d 240, pl. 10, figs. 11-15; p. 241, pl. 11,
figs. 1-4.

Description & Remarks: Test large, moderately high trochospiral, uneguall
biconvex, spiral side convex, broadly arched, uitdlilside moderately inflated.

Axial periphery truncated, with widely spaced daukéels. Umbilicus wide.

It differs from Globotruncana falsostuartby having well developed broad keel

band; fromGlobotruncana oientali®y having double keels on the last chamber.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina ganssedione to theAbathomphalus mayaroensisne.

Globotruncana bulloides/OGLER, 1941
PI. 3, figs. 11-14

1941.Globotruncana linne{(D’ORBIGNY) subspbulloidesVOGLER; p. 287, pl.
23, figs. 32-39.

1971.Globotruncana bulloide¥OGLER; POSTUMA, p. 20, 21.

1984.Globotruncana bulloide¥OGLER; ROBASZYNSKIet al, , p. 187, pl. 6,
figs. 1-4.

1988.Globotruncana bulloide¥ OGLER; OZKAN and KOYLUGGLU, pl. 1,
figs. 7, 8.

2004.Globotruncana bulloide¥OGLER; PREMOLI SILVA and VERGA, , p.
105, p. 35, figs. 2-4.

Description & Remarks: Test very low trochospiral, spiral side almostt fta
slightly convex, surfaces of the chambers inflasadooth spiral and umbilical side.
Axial periphery truncated by widely spaced douldelkUmbilicus wide.
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This species is easily differentiated from the otdobotruncanaspecies by its
much characteristic feature (inflated chambersasrbn spiral and umbilical side).

Local Stratigraphic Range: Identified in the first zone of the study area,
Gansserina ganssedone and in th&€€ontusotruncana contusa/ Racemiguembelina

fructicosaZone.

Globotruncana dupeubleCARON, GONZALES DONOSO,
ROBASZYNSKI and WONDER1984
Pl. 3, figs. 15, 16

1984.Globotruncana dupeubl€€ ARON et al; p. 188, 190, pl. 7, fig. 1, 2.

1984.Globotruncana dupeubl€€ ARON et al; ROBASZYNSKIet al, p.189, pl. 7,
figs.1-2.

1988.Globotruncana dupeubl&€ARON et al; OZKAN and ALTINER, pl. 5, fig. 3.

1999.Globotruncana dupleub& ARON et al; OZKAN-ALTINER and OZCAN, p.
294, fig. 4/7.

2004.Globotruncana dupeubl& ARON et al, PREMOLI SILVA and VERGA, p.
106, pl. 36, figs. 1, 2.

Description & Remarks: Test moderately high trochospiral, biconvex, sngl

peripheral keeled. Umbilicus wide and deep.

Globotruncana dupeublei show some morphological characteristics with
Globotruncana esnehensespecially as the single keeled feature. It differom
Globotruncana esnehendiy its biconvex test; fromslobotruncana falsostuartaind
Globotruncana orintalidy its single keeled periphery; fro@lobotruncanita stuarti
by its less convex spiral side.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina gansserione to theAbathomphalus mayaroensisne.

Globotruncana esnehensidAKKADY, 1950
Pl. 4, figs. 1, 2

1950.Globotruncana arcdCUSHMAN) var.esnehensiBIAKKADY;; p. 690, pl.
90, figs. 23-26.

1984. Globotruncana esnehensis NAKKADY; ROBASZYNSU others, 192,
301, pl. 9, figs. 1-4.
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1987.Globotruncana esnehendi®dKKADY; OZKAN and ALTINER, pl. 5, figs.
1,2, 10.

1988.Globotruncana esnehensAKKADY; OZKAN and KOYLUOGLU, pl. 1,
fig. 10.

2004.Globotruncana esnehen$itAKKADY; PREMOLI SILVA and VERGA,
p.106, pl. 36, fig. 3-4.

2010.Globotruncana esnehenditAKKADY; HAKYEMEZ and OZKAN-
ALTINER pl. 2, fig. 29.

Description & Remarks: Test moderately high trochospiral, unequally bieg
spiral side convex, umbilical side silghtly convegyiphery single keeled. Umbilicus

wide.

It is somewhat similar t@lobotruncanita conicalt differs from Globotruncanita
conicaby ts less convex spiral side; frad&lobotruncana dupeubldy its unequally
biconvex and generally smaller test.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina gansserione to theAbathomphalus mayaroensisne.

Globotruncana falsostuartSIGAL, 1952
Pl. 4, figs. 3, 4

1952.Globotruncana falsostuar®IGAL; p. 43, text fig. 46.

1971.Globotruncana falsostuar8IGAL; POSTUMA, p. 36, 37.

1984.Globotruncana falsostuar8IGAL; ROBASZYNSKIet al, p. 195, pl. 10,
figs. 1-3.

1988.Globotruncana falsostuar8IGAL; OZKAN and KOYLUGGLU, pl. 2, fig. 1.

2004.Globotruncana falsostuar&IGAL; PREMOLI SILVA and VERGA, p. 107,
pl. 37, figs. 1, 2; p. 241, pl. 11, figR-15; p. 242, pl. 12, figs. 1-6.

Description & Remarks: Test moderately high trochospiral, biconvex, tated
with very closely spaced keels in the axial profifée closely spaced double keeled
periphery is the most characteristic feature of thepecies. Umbilical keel often
absent on the last chamber. Umbilicus wide and.deep

It differs from Globotruncana arcaand Globotruncana orientalisby its very
narrower keel band; frorslobotruncana dupeubleand Globotruncana esnehensis

by double keeled periphery.
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Local Stratigraphic Range: Identified in the Contusotruncana contusa/
Racemiguembelina fructicogane and in thé&bathomphalus mayaroensisne.

Globotruncana hilli PESSAGNO, 1967
Pl. 4, figs. 5-7

1967.Globotruncana hillIPESSAGNO; p. 343, 344, pl. 64, figs. 9-14, 21-2394,
fig. 1; pl. 97, fig. 7.

2004.Globotruncana hiliPESSAGNO; PREMOLI SILVA and VERGA, p. 107, pl.
37, figs.3, 4; p. 242, pl. 12, figs. 7-12

Description & Remarks: Test small, very low trochospiral, spiral side asnflat,
umbilical side inflated. Opposite chamber of th& lane in the final whorl spherical,
lacking double keel. Last chamber in axial profitancated with widely spaced
double keel ofGlobotruncana linneianaype. Surface of the last chamber slightly

inflated or flat on the spiral side. Umbilicus meah sized and shallow.

It differs from Globotruncana linneianay its smaller test and the presence of

double keel on only last chamber.

Local Stratigraphic Range: ldentified in the first zone of the study area,
Gansserina ganssedone and in th&€€ontusotruncana contusa/ Racemiguembelina

fructicosaZone.

Globotruncana insignisSGANDOLFI, 1955
Pl. 4, figs. 8-10

1955.Globotruncana rosett&€ ARSEY subspinsignisGANDOLFI, p. 67, pl. 6,
figs. 2 a-c.

1984.Globotruncana insigniSANDOLFI, ROBASZYNSKIet al, p. 197, pl. 11,
figs. 1-3; p. 199, pl. 12, figs. 1-3.

2004.Globotruncana insigniSANDOLFI, PREMOLI SILVA and VERGA, , p.
108, p. 38, figs. 1, 2.

Description & Remarks: Test low trochospiral, umbilico-convex, spiral esid
slightly convex, umbilical side strongly convex. iAkperiphery angular with single
keel. Last and opposite chamber in the final wimnadrly equal in size. Umbilicus

wide and deep.
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This single keele&lobotruncanaspecies differs fronGlobotruncanita stuartby its
less convex spiral side; fro@lobotruncanita angulatdoy its more acute periphery
of the chambers; frorslobotruncanita stuartiformidy more equal sized chambers

of the last whorl in axial profile.

Local Stratigraphic Range: Ranged from the first zone of the study area,
Gansserina gansserione to theAbathomphalus mayaroensisne.

Globotruncana lapparentBROTZEN, 1936
Pl. 4, figs. 11, 12

1936.Globotruncana lapparenBROTZEN, p. 175-6, numerious figures of thin
sections in de Lapparent’s thesis, 1918.

1967.Globotruncana lapparenBROTZEN; PESSAGNO, p.314 pl.2 (lectotype).

2004.Globotruncana lapparenBROTZEN; PREMOLI SILVA and VERGA, p.
108-9, pl. 38, figs. 3-4, p. 243, pl. 1i8s. 2-5.

Description & Remarks: Test low trochospiral, spiral side slightly conyex
umbilical side flat, truncated by well-developedibte keel. Umbilicus wide.

It differs from Globotruncana linneianaby having narrower kell band; from

Globotruncana arcay less convexity of the spiral side and narrokes band.

Local Stratigraphic Range: ldentified in the first zone of the study area,
Gansserina ganssedone and in th&€ontusotruncana contusa/ Racemiguembelina

fructicosaZone.

Globotruncana linneiana(D’ORBIGNY, 1839)
Pl. 4, figs. 13, 14

1839.Rosalina linneiand’ORBIGNY; p. 101, pl 5, figs. 10-12.

1984.Globotruncana linneiandD’ORBIGNY); ROBASZYNSKIl et al, p. 201, pl.
13, figs. 1-4; p. 203, pl.14, figs. 1-5.

1988.Globotruncana linneiangD’ORBIGNY); OZKAN and KOYLUOGLU, pl. 1,
figs. 11, 12.

2004.Globotruncana linneiangD’ORBIGNY); PREMOLI SILVA and VERGA, p.
109, pl. 39, figs. 2-4.
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Description & Remarks: Test very low trochospiral, relatively planifornoth
spirally and umbilically, spiral side flat to slit§h convex, umbilical side flat,
periphery with widely spaced double keel. Umbilicdeep. This species is

characterized in axial profile by its box-like skeapith widely spaced keels.

Globotruncana linneianas most easily confused witBlobotruncana lapparentilt
differs from Globotruncana lapparentby its broad keel band and flattened spiral
side.Globotruncana linneianas also very close with morphological characterssti
to Abathomphalus mayaroensi differs from Abathomphalus mayaroendy its

symmetrical axial profile with broad keel band.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina gansserione to theAbathomphalus mayaroensisne.

Globotruncana marieBANNER and BLOW, 1960
PI. 4, figs. 15-18

1960.Globotruncana marieBANNER and BLOW; pl. 11, fig. 6.
2004.Globotruncana marieBANNER and BLOW; PREMOLI SILVA and
VERGA, p. 110, pl. 40, figs.1-3; p. 244, 14, fig. 1.

Description & Remarks: Test relatively small, low to mederately high tiospiral,
biconvex or spiral side more convex than umbilside. Periphery with double keel,

umbilical keel often less developed. Umbilicus nradigly wide.
It differs from Globotruncana arcdy its smaller test and closely spaced keels.

Local Stratigraphic Range: Identified in the Contusotruncana contusa/

Racemiguembelina fructicogane and in thédbathomphalus mayaroensisne.

Globotruncana orientalisEL NAGGAR, 1966
PI. 5, figs. 1-3

1966.Globotruncana orientali€EL NAGGAR; p. 125-127, pl. 12, figs. 4a-d.

1988.Globotruncana orientali€L. NAGGAR; OZKAN and KOYLUGGLU, pl. 2,
figs. 1-3.

1999.Globotruncana orientali€L NAGGAR; OZKAN-ALTINER and OZCAN, p.
294, fig. 4/6.

2004.Globotruncana orientali€L NAGGAR; PREMOLI SILVA and VERGA, p.
110, pl. 40, fig. 4; p. 111, pl. 41, fids 2; p. 244, pl. 14, figs. 2-9.
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Description & Remarks: Test large, moderately high trochospiral, spirales
convex, umbilical side flat. Axial periphery truned by with doubled keel,

umbilical keel lacking on the spiral side.

Globotruncana orientaliss morphologically very similar t&lobotruncana arcalt
is distinguished front.arcaby its narrower keel band and not developed ucdlili
keel on the last chamber; froBlobotruncana falsosuarby its widely spaced keels.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina gansserione to theAbathomphalus mayaroensisne.
Globotruncana rosettd CARSEY, 1926)
PI. 5, figs. 4-6

1926.Globigerina rosettaCARSEY; p. 44, pl. 5, figs. 3 a-b.
1984.Globotruncana rosett&éC ARSEY); ROBASZYNSKIl et al, p. 211, pl. 18,

figs. 1-5.

1988.Globotruncana rosettédCARSEY); OZKAN and KOYLUOGLU, pl. 2, figs.
5, 6.

2004.Globotruncana rosett@C ARSEY); PREMOLI SILVA and VERGA, p. 111, p.
41, figs. 3, 4.

Description & Remarks: Test low trochospiral, spiral side slightly conyex
umbilical side moderately convex, periphery subaowith closely spaced double
keel. Last chamber larger and umbilical keel ofess developed on it. Umbilicus

wide.

It differs from Globotruncana marieby its more convex umbilical side, larger and

subacute last chamber.

Local Stratigraphic Range: Identified in the Contusotruncana contusa/
Racemiguembelina fructicogane and in thé&bathomphalus mayaroensisne.

GLOBOTRUNCANITA (REISS 1957, genus)
Type speciedkosalina stuartiDe LAPPARENT, 1918

Globotruncanita angulatg TILEV, 1951)
PI. 5, figs. 7, 8

1951.Globotruncana lugeonTILEV var. angulataTILEV; p. 46, pl. 3, fig. 1.
1984.Globotruncanita angulatéTILEV); ROBASZYNSKI et al, p. 221, pl. 23,
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figs. 1-5.
1988.Globotruncanita angulatdTILEV); OZKAN and KOYLUOGLU, pl. 2,

fig.10.
2004.Globotruncanita angulatéTILEV); PREMOLI SILVA and VERGA, p. 115,

pl. 45, figs. 1, 2; p. 247, pl. 17, figs5.
Description & Remarks: Test low trochospiral, planoconvex, spiral sidighgly
convex, umbilical side strongly convex. Peripheithvgingle keel, early chamber of
the last whorl visible in axial section of the laghorl angular-subangular, last
chamber inflated. Umbilicus wide and deep.

It differs from Gansserina ganssely its subangular-angular chamber periphery at

the beginning of the last whorl.

Local Stratigraphic Range: ldentified in the first zone of the study area,
Gansserina ganssedone and in th&€ontusotruncana contusa/ Racemiguembelina

fructicosaZone.
Globotruncanita conica WHITE, 1928)
PI. 5, figs. 9-12

1928.Globotruncana conic&VHITE; p. 285, pl. 38, figs. 7a-c.

1971.Globotruncana conic&/HITE; POSTUMA, p. 28, 29.

1984.Globotruncanita conic§ VHITE); ROBASZYNSKIet al, p. 227, pl. 26, figs.
1-3.

1987.Globotruncana conic&VHITE; OZKAN and ALTINER, pl. 5, fig. 4

1988.Globotruncanita conicgdWHITE); OZKAN and KOYLUGGLU, pl. 3,
figs.1,2.

2004.Globotruncanita conicaWHITE); PREMOLI SILVA and VERGA, p. 116,
pl. 46, figs. 2-4; p. 247, pl. 17, figs13.

2010.Globotruncanita conicdWWHITE); HAKYEMEZ and OZKAN-ALTINER, pl.
2, fig. 28.

Description & Remarks: Test high trochospiral, spiroconvex, spiral siadeallly
conical, umbilical side flat or slightly convex,iakperiphery subangular with single
keel. Umbilicus wide and deep.

It differs from high trochospiralContusotruncanaspecies by its single keeled

periphery; fromGlobotruncana esnehendiy having high trochospiral test.
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Local Stratigraphic Range: Ranged from the first zone of the study area,
Gansserina gansserione to theAbathomphalus mayaroensisne.

Globotruncanita petters{GANDOLFI, 1955)
Pl. 5, fig. 14, 15

1955.GlobotruncangGlobotruncana) rosett&€ ARSEY subsppettersi
GANDOLFI; p. 68, pl.6, fig. 3.
1984.Globotruncanita petterdlGANDOLFI); ROBASZYNSKIet al, p. 233, pl. 29,
figs. 1-5.
1987.Globotruncanita petterilGANDOLFI); OZKAN and ALTINER, pl. 5, fig. 9.
1988.Globotruncanita petterilGANDOLFI); OZKAN and KOYLUGGLU, pl. 3,
figs. 5, 6.
1999.Globotruncanita petterlGANDOLFI); OZKAN-ALTINER and OZCAN, p.
294, fig.5/2.
2004.Globotruncanita pettergiGANDOLFI); PREMOLI SILVA and VERGA, p.
117, pl. 47, figs. 3, 4; p. 118, pl. 48, 1; p. 248, pl. 18, figs. 11-12.
2010.Globotruncanita petterGANDOLFI); HAKYEMEZ and OZKAN-
ALTINER, pl. 2, fig. 26.

Description & Remarks: Test low trochospiral, planoconvex, spiral sidghgly
convex to almost flat, umbilical side strongly cemyv Periphery single keeled,
chambers in the final whorl generally angular olyeahambers somewhat inflated

in some specimens. Umbilicus wide and deep.

It differs Globotruncanita angulatdy its generally more flattened spiral side and
distinctly angular chambers in the last whorl.

Local Stratigraphic Range: Identified in the first zone of the study area,
Gansserina ganssedone and in th&€€ontusotruncana contusa/ Racemiguembelina

fructicosaZone.

Globotruncanita stuartiDe LAPPARENT, 1918)
Pl. 6, figs. 1-4

1918.Rosalina stuartDe LAPPARENT; p. 11, pl. 12, fig. 7, pl. 13, fig. 5

1971.Globotruncana stuartiDe LAPPARENT); POSTUMA, p.60, 61.

1984.Globotruncanita stuart{(De LAPPARENT); ROBASZYNSKEt al, p. 235,
pl. 30, figs. 1-3; p. 237, pl. 31, figs3.
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1987.Globotruncana stuartfDe LAPPARENT); OZKAN and ALTINER, pl.5,
fig.5.

1988.Globotruncanita stuart{De LAPPARENT); OZKAN and KOYLU@LU,
pl.3, figs.7-8.

2004.Globotruncanita stuart{De LAPPARENT); PREMOLI SILVA and VERGA,
p. 118, pl. 48, figs. 3, 4; p. 119,49, fig. 1; p. 248, pl. 18, figs. 13-15; p.
249, pl. 19, figs.1-7.

2010.Globotruncanita stuart{iDe LAPPARENT); HAKYEMEZ and OZKAN-
ALTINER, pl. 2, figs. 22, 24.

Description & Remarks: Test large, moderately high to high trochospirearly
equally biconvex, spiral side broadly convex, umchil side convex, axial periphery

strongly acute, single keeled. Umbilicus wide ardm

It differs from Globotruncanita stuartiformisind Globotruncana insigni®y having

high-spired test; fronGlobotruncanita conicdoy its convex umbilical side.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina gansserione to theAbathomphalus mayaroensisne.

Globotruncanita stuartiformis(DALBIEZ, 1955)
Pl. 6, figs. 5-9

1955.GlobotruncangGlobotruncana) elevatBROTZEN subspstuartiformis
DALBIEZ; p. 169, text fig 10a-c.

1971.Globotruncana stuartiformi®ALBIEZ; POSTUMA, p. 62, 63.

1984.Globotruncanita stuartiformi$DALBIEZ); ROBASZYNSKI et al, p. 239, pl.
32, figs 1-4.

1987.Globotruncanita stuartiformi¢DALBIEZ); OZKAN and ALTINER, pl. 5,
fig.6.

1988.Globotruncanita stuartiformigDALBIEZ); OZKAN and KOYLUOGLU, pl.
3, figs. 9, 10; pl. 4, figs. 1, 2.

2004.Globotruncanita stuartiformi¢$DALBIEZ); PREMOLI SILVA and VERGA,
p. 119, pl. 49, figs. 2-4; p. 249, pl, 1i§s. 8-15.

2010.Globotruncanita stuartiformi¢$DALBIEZ); HAKYEMEZ and OZKAN-
ALTINER, pl. 2, fig. 23.

Description & Remarks: Test low trochospiral, spiral side slightly conyeentral

part (inner whorls) vaulted, umbilical side slightlionvex at the beginning of the last
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whorl, strongly convex at the end of the whorl {(lelsamber). Axial periphery acute
with single keel. Umbilicus large and deep.

It differs from byGlobotruncanita stuartby its less convexity and central cone of

spiral side and asymmetrical axial periphery.

Local Stratigraphic Range: Ranged from the first zone of the study area,
Gansserina gansserione to theAbathomphalus mayaroensisne.

GLOBOTRUNCANELLINAE (MASLAKOVA, 1964 subfamilia)

GLOBOTRUNCANELLA (REISS 1957, genus)
Type speci€tobotruncana citaeBOLLI, 1951
(or Globotruncana havanensi¥ OORWIJK, 1937)
Globorotalia pschadageKELLER 1946)

Globotruncanella havanensi6VOORWIJK, 1937)
PI. 7, figs. 1-3

1937.Globotruncana havanensi®OORWIJK; p. 195, pl. 1, figs. 25, 26, 29.

1984.Globotruncanella havanensfg OORWIJK); ROBASZYNSKIet al, p. 267,
pl. 44, figs. 4-6.

1999.Globotruncanella havanensi@?OORWIJK); OZKAN-ALTINER and
OZCAN, p. 294, fig.5/9.

2004.Globotruncanella havanensfg OORWIJK); PREMOLI SILVA and VERGA,
p.113, pl. 43, figs. 1, 2; p. 246, pl, fi§s. 1-9.

2010.Globotruncanella havanensi@/OORWIJK); HAKYEMEZ and OZKAN-
ALTINER, pl. 2, fig. 19.

Description & Remarks: Test trochospiral, spiral side convex, umbilicales
concave, periphery lacking keel, chambers compdesdeambers in the last whorl

very rapidly enlarge, umbilicus small — moderatgige.

It differs Globotruncanella petaloidehy its less compressed chambers and less
convexity of the spiral side.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina gansserione to theAbathomphalus mayaroensisne.

Globotruncanella minutaCARON and GONZALEZ DONQOSO, 1984
PIl. 7, figs. 6, 7
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1984.Globotruncanella minut&€ ARON and GONZALEZ DONOSO; p. 266, 302,
pl. 43, figs. 5-8.

2004.Globotruncanella minut€ ARON and GONZALEZ DONOSO; PREMOLI
SILVA and VERGA, p.113, pl. 43, figs.48,p. 246, pl. 16, figs. 10, 11.

Description & Remarks: Test low trochospiral, spiral side slightly convex
periphery nearly symetrical, has no keel, chambeosd, umbilicus small.

It differs fron the other species @lobotruncanek in its ovoid chambers (not

compressed).

Local Stratigraphic Range: Ranged from the first zone of the study area,
Gansserina gansserione to theAbathomphalus mayaroensisne.

Globotruncanella petaloideédGANDOLFI, 1955)
Pl. 7, figs. 4,5

1955.GlobotruncangRugoglobigering petaloideaGANDOLFI subsppetaloidea
GANDOLFI; p. 52, pl. 3, fig. 13.
1984.Globotruncanella petaloide@GANDOLFI); ROBASZYNSKIet al, p. 267,
pl. 44, figs. 1-2.
2004.Globotruncanella petaloide6GANDOLFI); PREMOLI SILVA and VERGA,
p.114, pl. 44, figs. 1, 2; p. 246, @, 1ig. 12.
Description & Remarks: Test trochospiral, spiral side convex, umbilicades
concave, lacking keel. Chambers compressed, petatal very enlarged in respect

to those of the earlier whorls. Umbilicus small.

It differs from the otherGlobotruncanellaspecies in having more compressed

petaloid chambers and generally more convex sginlal
Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina ganssedione to theAbathomphalus mayaroensisne.

Globotruncanella pschada@KELLER, 1946)
Pl. 7, figs. 8-10

1946.Globorotalia pschada&ELLER; p. 99, pl. 2, figs. 4-6.

1984.Globotruncanella pschadd®&ELLER); ROBASZYNSKIet al, p. 267, pl. 44,
fig. 7.
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2004.Globotruncanella pschada&ELLER); PREMOLI SILVA and VERGA, p.
114, p. 44, figs. 3, 4.

2010.Globotruncanella pschada@ELLER); HAKYEMEZ and OZKAN-
ALTINER pl. 2, fig. 18.

Description & Remarks: Test low trochospiral, biconvex or slightly spioowex,
early chamber in the last whorl ovoid, last chamt@npressed along the margin.

Umbilicus wide and shallow.

It differs Globotruncanella havanensadGlobotruncanella petaloideby its nearly
symetrical periphery; fromGlobotruncanella minutaby more compressed last
chamber.

Local Stratigraphic Range: Identified in the first zone of the study area,
Gansserina ganssedone and in th&€€ontusotruncana contusa/ Racemiguembelina

fructicosaZone.

RUGOGLOBIGERINIDAE (SUBBOTINA 1959 familia)

KUGLERINA (BRONNIMANN and BROWN, 1956, genus)
Type specieskugoglobigerina rugosaubsprotundata BRONNIMANN, 1952

Kuglerina rotundata(BRONNIMANN, 1952)
Pl. 7, figs. 11-13

1952.RugoglobigeringRugoglobigeringqrugosa(Plummer) subspotundata
BRONNIMANN; p. 34, pl. 4, figs. 7-9.

1971.Rugoglobigerina rotundatdBRONNIMANN); POSTUMA, p. 88, 89.

2004.Kuglerina rotundate(BRONNIMANN; PREMOLI SILVA and VERGA, p.
146, pl. 76, figs. 1-4, p. 253, pl. 28st 12-13.

Description & Remarks: Large and subrounded test low trochospiral initimer
whorls, becomes higher spired in the last whorki@bers hemispherical, wall thick,
surface of the chambers covered with densely caaigesities. Surface of the last

chamber often smooth. Umbilicus moderate sizedosagb.

It differs from Rugoglobigerina pennyiby having high-spired test, from
Rugoglobigerina milamensilsy its thick test wall and coarsely rugose surfaicthe

chambers.
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Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina ganssefione to theAbathomphalus mayaroensisne.

RUGOGLOBIGERINA (BRONNIMANN, 1952, genus)
Type speciesGlobigerina rugosaPLUMMER, 1927

Rugoglobigerina hexacameratBRONNIMANN, 1952
Pl. 8, fig. 1

1952.RugoglobigeringRugoglobigerinareicheliBRONNIMANN subsp.
hexacamerat8BRONNIMANN; p. 23, pl. 2, figs. 10-12.

1984.Rugoglobigerina hexacameraBRONNIMANN; ROBASZYNSKI et al, p.
283, pl. 49, fig. 8.

2004.Rugoglobigerina hexacameraBRONNIMANN; PREMOLI SILVA and
VERGA, p.199, pl. 129, figs. 1, 2; p92el. 39, figs. 1, 2.

Description & Remarks: Test very low trochospiral, spiral side flat, chmars
globular-subglobular, umbilicus wide. Surface, esgéy in initial part of the last

whorl, covered rugosities.

It differs from Rugoglobigerina rugosay its less small test and last chamber; from
R. pennyiby chambers incease gradually in size; fieagoglobigerina milamensis

by its low-spired test.

Local Stratigraphic Range: Identified in the Contusotruncana contusa/
Racemiguembelina fructicogane and in thé&bathomphalus mayaroensisne.

Rugoglobigerina macrocephalBRONNIMAN, 1952
Pl. 8, fig. 2

1952.RugoglobigeringRugoglobigerinamacrocephal BRONNIMANN subsp.
macrocephal BRONNIMANN; p. 25, pl. 2, figs. 1-3.

1984.Rugoglobigerina macrocephaBRONNIMANN; ROBASZYNSKI et al, p.
283, pl. 49, fig. 7.

2004.Rugoglobigerina macrocephaBRONNIMANN; PREMOLI SILVA and
VERGA, p. 200, pl. 130, figs. 1-4; p. 29 39, figs. 3, 4.

Description & Remarks: Test low trochospiral, slightly depressed in thiéial part

of the test. Chambers subglobular, last chamber laege and occupies almost ¥z of

the test. The surface of the chambers especially eaes in the last whorl is rugose.

Umbilicus moderately wide.
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This species is characterized by large last chambeiit is easily distinguished from
the otheiRugoglobigerinaspecies by its large-sized last chamber.

Local Stratigraphic Range: Identified in the first zone of the study area,
Gansserina ganssedone and in th€€ontusotruncana contusa/ Racemiguembelina

fructicosaZone.

Rugoglobigerina milamensiSMITH and PESSAGNO, 1973
Pl. 8, figs. 3-5

1973.Rugoglobigerina milamens8MITH and PESSAGNO,; p. 56, 57, pl. 24, figs.
4-7.

1984.Rugoglobigerina milamensBMITH and PESSAGNO; ROBASZYNSKdt
al, p. 287, pl. 50, fig. 3.

2004.Rugoglobigerina milamens8MITH and PESSAGNO; PREMOLI SILVA
and VERGA, p. 201, p. 131, fig. 1; p. 26D 39, figs. 5, 6.

Description & Remarks: Test high trochospiral, spiral side convex, inndrorls
more elevated to the last whorl, chambers sphergabspherical, surface of the

chambers finely rugose. Umbilicus moderate sizetdeep.

It differs from all the otheRugoglobigerinaspecies by having high spired test; from
Kuglerina rotundataby generally having thin test wall and finely regosurface of

chambers.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina gansserione to theAbathomphalus mayaroensisne.

Rugoglobigerina pennyBRONNIMANN, 1952
Pl. 8, figs. 6-8
1952.RugoglobigeringRugoglobigerinarugosa(PLUMMER) subsppennyi
BRONNIMANN; p. 34, pl. 4, figs. 1-3.

1984.Rugoglobigerina pennBRONNIMANN; ROBASZYNSKI et al., p. 287, pl.

50, fig.1.
2004.Rugoglobigerina pennBRONNIMANN; PREMOLI SILVA and VERGA,

p. 201, pl.131, figs. 2-4; p. 269, pl, 8§. 7.

Description & Remarks: Test low trochospiral, spiral side flattened, ulchl side
inflated, chambers subglobular, last chamber am@pposite one in the last whorl
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nearly equal in size. Surface covered with stramgpsities but last chamber may be
smooth. Umbilicus moderately wide and deep.

It differs from Rugoglobigerina rugosaand Rugoglobigerina macrocephalay
having chambers increase slowly in size in the Vesorl; from Rugoglobigerina
hexacameratady having larger chambers in the last whorl; frugoglobigerina
milamensidy its low spired test.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina gansserione to theAbathomphalus mayaroensisne.

Rugoglobigerina rugosgPLUMMER, 1926)
Pl. 8, figs. 9-14

1926.Globigerina rugosPLUMMER; p. 38, pl. 2, fig. 10 a.

1971Rugoglobigerina rugoséPLUMMER); POSTUMA, p. 90, 91.

1984.Rugoglobigerina rugoséPLUMMER); ROBASZYNSKIet al, p. 283, pl. 49,
figs. 4, 6.

2004.Rugoglobigerina rugoséPLUMMER); PREMOLI SILVA and VERGA, p.
202, pl. 132, figs. 1-3; p. 269, pl. 88s. 8-11.

Description & Remarks: Test low trochospiral, spiral side almost flat, hilcal

side inflated, chambers subglobular, last chambealout twice as large as its

opposite one in the last whorl. Surface of the diens covered rugosities. Umbilicus

wide.

It differs from Rugoglobigerina macrocephalay its less smaller last chamber; from
Rugoglobigerina hexacameratmd Rugoglobigerina pennyby its more larger last

chamber; fromRugoglobigerina milamensisy its low spired test.

Local Stratigraphic Range: Ranged from the first zone of the study area,

Gansserina ganssedione to theAbathomphalus mayaroensisne.
TRINITELLA (BRONNIMANN, 1952, genus)
Type speciesTrinitella scotti BRONNIMANN, 1952

Trinitella scottiBRONNIMAN, 1952
Pl. 9, figs. 1-4

1952.Trinitella scottiBRONNIMANN; p. 57, pl. 4, figs. 4-6, p.58, texg8. 30 a-m.
1971.Rugoglobigerina scotiBRONNIMANN); POSTUMA, p. 92, 93.
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2003.Trinitella scottiBRONNIMANN; PREMOLI SILVA and VERGA, p.211,
pl.141, figs. 1-4, p.272, pl. 42, figs86

2010.Trinitella scottiBRONNIMANN; HAKYEMEZ and OZKAN ALTINER pl. 2,
figs. 14, 16.

Description & Remarks: Test low trochospiral, spiral side flat, elongatethe
direction of the last chamber. Opposite chambeheflast chamber in the last whorl
subglobular and covered by coarse rugosities. tlaamber compressed, elongate,

flattened on the spiral side and its surface smdduhbilicus large and shallow.

This species is easily distinguished fromRaligoglobigerinaspecies by its elongate
and compressed last chamber.

Local Stratigraphic Range: Identified in the Contusotruncana contusa/

Racemiguembelina fructicogane and in thédbathomphalus mayaroensisne.

PLANOMALINACEA (BOLLI, LOEBLICH and TAPPAN, 1957, superfamilia)
GLOBIGERINELLOIDIDAE (LONGORIA, 1974, familia)
GLOBIGERINELLOIDINAE (LONGORIA, 1974, subfamilia)

MACROGLOBIGERINELLOIDES
(VERGA and PREMOLI SILVA, 2004, genus)
Type speciesAnomalina bentonensi8JORROW 1934

Macroglobigerinelloides prairiehillensi$PESSAGNO, 1967)
Pl. 9, figs. 5, 6

1967.Globigerinelloides prairiehillensiPESSAGNO,; p. 277, 278, pl. 60, figs. 2, 3;
pl. 83, fig. 1; pl. 90, figs. 1, 2, 4; p7, figs. 3, 4.
1996.Globigerinelloides prairiehillensiPESSAGNO; p. 311, pl. 1, fig. 2.
2004.Macroglobigerinelloides prairiehillensiBRONNIMANN); PREMOLI
SILVA and VERGA, p. 156, pl. 86, figs.64. 256, pl. 26, figs. 4-6.
Description & Remarks: Test planispiral, chambers spherical and rapidly

increasing in size.

It differs from Macroglobigerinelloides subcarinatusnd Macroglobigerinelloides
messinaein having spherical chambers; differs froMacroglobigerinelloides
alvareziandMacroglobigerinelloides ultramicrus rapidly increasing chamber size.
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Local Stratigraphic Range: Ranged from the first zone of the study area,
Gansserina ganssefione to theAbathomphalus mayaroensisne.

Macroglobigerinelloides subcarinatu RONNIMANN, 1952)
PI. 9, figs. 7-9

1952.Globigerinella messinaBRONNIMANN subspsubcarinata
BRONNIMANN; p. 44, pl. 1, figs. 10, 11; text fig&la-m.
1964.Globigerinelloides subcarinatBRONNIMANN); OLSSON, p. 187, pl. 7,
figs. 9, 10.
1967.Globigerinelloides subcarinat/BRONNIMANN); PESSAGNO, p. 278, pl.
62, figs. 12, 13.
1988.Globigerinelloides subcarinatBRONNIMANN); KELLER, p. 252, pl. 2,
fig. 2.
2004.Macroglobigerinelloides subcarinatg8RONNIMANN); PREMOLI SILVA
and VERGA, p. 157, pl. 87, figs. 1-32B6, pl. 26, figs. 10-13.

Description & Remarks: Test planispiral, chambers much compressed, snbtar

and slowly or gradually increasing in size.
It differs fromMacroglobigerinelloides messindoy its more compressed chambers.

Local Stratigraphic Range: Identified in the Contusotruncana contusa/

Racemiguembelina fructicogane and in thédbathomphalus mayaroensisne.

HETEROHELICACEA (CUSHMAN, 1927, superfamilia)
HETEROHELICIDAE (CUSHMAN, 1927, familia)
HETEROHELICINAE (CUSHMAN, 1927, subfamilia)
PSEUDOTEXTULARIA (RZEHAK, 1891, genus)
Type speciesCuneolina eleganfRHEZAK, 1891

Pseudotextularia elegan@RZEHAK, 1891)
PI. 9, fig. 10

1891.Cuneolina eleganRZEHAK; p. 4, pl. 7, figs. 1a, b (lectotype), hotpe not
given.

1988.Pseudotextularia elegafRZEHAK); KELLER, p. 250, pl. 1, fig. 17.

2004.Pseudotextularia elegafRZEHAK); PREMOLI SILVA and VERGA, p.
185, pl. 115, figs. 1-3; p. 264, pl. 84s. 6-13.
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Description & Remarks: The characteristic features Beudotextulariagenus is

distinguished in side view of the test. Chambeiadgally increase in size in the
early portion of the test d?seudotextularia elegani later part, chambers laterally
compressed (width of the chamber much more thamitig). Overall shape of the

test is triangular in side view.

It differs from Pseudotextularia nuttalliby having thich wall and laterally

compressed chambers rather than reniform chambers

Local Stratigraphic Range: Identified only within theContusotruncana contusa/

Racemiguembelina fructicogane in the Belen section (Figure 2.8)

Pseudotextularia intermedi®e KLASZ, 1953
PI. 9, figs. 13-15

1953.Pseudotextularia intermediae KLASZ, p. 231-232, pl. 5, figs. 2a-c.
2004.Pseudotextularia intermediae KLASZ; PREMOLI SILVA and VERGA, p.
185, pl. 115, figs. 4-5, p.186 pl.11@sfi1-2.

Description & Remarks: Test resembles t®seudotextularia nuttaliin terms of the
general test shape. It is characterized by two Ismahamberlets developed on the

last chambers.

Local Stratigraphic Range: Identified in the Contusotruncana contusa/

Racemiguembelina fructicogane and in thédbathomphalus mayaroensisne.

Pseudotextularia nuttall(VOORWIJK, 1937)
PI. 9, figs. 11, 12

1937.Guembelina nuttalVOORWIJK; p. 192, pl. 2, figs. 1-9.

1991.Pseudotextularia nuttalfVOORWIJK); NEDERBRAGT, p. 363, pl. 10, figs.
4, 6.

2004.Pseudotextularia nuttalfiVOORWIJK); PREMOLI SILVA and VERGA, p.
186, pl. 116, figs. 3-5; p. 264, pl. 34, fL4.

Description & Remarks: Early portion of the test (first 3-4 chambers) raase

gradually in size. The most characteristic featisr¢he reniform last two or three

chambers rapidly enlarged (width much more thagttgitest wall is thin.

Local Stratigraphic Range: Identified only within theAbathomphalus mayaroensis
Zone in the Toylar section (Figure 2.10).
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HETEROHELIX (EHRENBERG, 1843, genus)
Type speciesTextularia american&HRENBERG, 1843

Heterohelix globulosgEHRENBERG, 1840)
PI. 10, fig. 1

1840.Textularia globulos&EHRENBERG,; p. 135, pl. 4, fig. 2b, 4b, 5b, 7b, 8b.
1991.Heterohelix globulosEHRENBERG; NEDERBRAGT, p. 347, pl. 2, figs. 1,2.
2004.Heterohelix globulos&#EHRENBERG; PREMOLI SILVA and VERGA,

p. 140, pl. 70, figs. 5-7; p. 252, pl, 88s. 13, 14.

Description & Remarks: Test biserial, very characteristic by globular robars

inreasing gradually in size, wall is thin.

Local Stratigraphic Range: Identified only within theAbathomphalus mayaroensis

Zone in the Toylar section (Figure 2.10).

Heterohelix punctulata(CUSHMAN, 1938)
PI. 10, fig. 2

1938.Guembelina punctulat@ USHMAN; p. 13, pl. 2, figs. 15, 16.
1988.Pseudoguembelina punctuldBElJSHMAN; KELLER, p. 252, pl. 2, fig. 10.
1991.Heterohelix punctulat€ USHMAN; NEDERBRAGT, p. 349, pl. 3, fig. 6.
2004.Heterohelix punctulat€ USHMAN; PREMOLI SILVA and VERGA,

p. 143, pl. 73, figs. 1-5; p. 253, pl. 23, fig. 5.

Description & Remarks: This species is very characteristic by having daagd

robust, biserial, thick walled test and very rapiehlarging chambers.

Local Stratigraphic Range: Identified only within theContusotruncana contusa/
Racemiguembelina fructicogane in the Toylar section (Figures 2.9 and 2.10).

PLANOGLOBULINA (CUSHMAN, 1927, genus)
Type speciesGuembelina acervulinoiddsGGER, 1900

Planoglobulina acervulinoideEGGER, 1900)
PI. 10, figs. 4,5

1900.Guembelina acervulinoiddsGGER, p. 36, pl. 14, figs. 14-18, 20-22.

1972.Planoglobulina acervulinoideEGGER; MARTIN, p. 81, pl. 3, figs. 3-6.

2004.Planoglobulina acervulinoideEGGER; PREMOLI SILVA and
VERGA, p. 171, pl. 101, figs. 1-7; p. 2¢L 31, figs. 6-11.
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Description & Remarks: Early portion of the test biserial, later part tradrial,
flabelliform (remarkably triangular shaped). Chamsbéencrease rapidly in size in
biserial portion but they often smaller than lasties of the biserial portion.

Chambers globular-subglobular.

It differs from Planoglobulina brazoensiby having almost symmetrical, triangular

and thinner walled test and generally smaller clesim the mutiserial portion.

Local Stratigraphic Range: Identified in the Contusotruncana contusa/

Racemiguembelina fructicogane and in thédbathomphalus mayaroensisne.

Planoglobulina brazoensi#ARTIN,1972
PI. 10, figs. 6, 7

1972.Planoglobulina brazoensiBIARTIN, p. 82, 83, pl. 3, figs. 7a-c.
2004.Planoglobulina brazoensiBIARTIN, PREMOLI SILVA and VERGA, p.172,
pl. 102, figs.1-4.

Description & Remarks: Early portion of the test biserial, later part tradrial,
flabelliform. Chambers globular-subglobular. Chansiacrease rapidly in size in

the biserial portion, nearly equal in size in thalt,serial portion

It differs Planoglobulina acervulinoidesdby having laterally inflated and less

symmetrical test, larger chambers in the multi$gaation.

Local Stratigraphic Range: Identified in the Contusotruncana contusa/

Racemiguembelina fructicogane and in thé&bathomphalus mayaroensisne.

RACEMIGUEMBELINA (MONTANARO GALLITELLI, 1957, genus)
Type speciesGuembelina fructicos&E GGER, 1902 p.35 (as Giumbelina)

Racemiguembelina fructicoseEGGER, 1899)
PI. 10, figs. 8-11

1899.Guembelina fructicose GGER; p. 35, pl. 14, figs. 8, 9, 24-26.

1988.Racemiguembelina fructicofGGER); KELLER, p. 250, pl. 1, fig. 15.

1999.Racemiguembelina fructico§EGGER); OZKAN-ALTINER and OZCAN, p.
294, fig. 4/10.

2004.Racemiguembelina fructico$eGGER); PREMOLI SILVA and VERGA, p.
187, pl. 117, figs. 1-6; p. 265, pl. 88s. 1-3.

2010Racemiguembelina fructico§g GGER); HAKYEMEZ and OZKAN
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ALTINER, pl. 2, fig. 27.

Description & Remarks: Multiple chambers in the last series of the tesdilg

visible in the transverse sections. Chambers gésbumbilicus wide.

Local Stratigraphic Range: Identified in the Contusotruncana contusa/
Racemiguembelina fructicogane and in thé&bathomphalus mayaroensisne.

ROTALLIPORACEA (SIGAL, 1958, superfamilia)
HEDBERGELLIDAE (LOEBLICH and TAPPAN, 1961, familia)

GLOBANOMALINA (HAQUE, 1956, genus)
Type speciesGlobanomalina ovalisHAQUE, 1956

Globanomalina chapman{(PARR, 1938)
PIl. 11, fig.11

1938.Globorotalia chapmanPARR, p. 87, pl. 3, figs. 8, 9a, b

198r.Planorotalites chapmar{iPARR); NEDERBRAGT and VAN HINTE,
partim),p. 586, pl. 2, figs. 3-10, pl. 3, figs. 4-6.

1987.Planorotalites chapmar(PARR); TOUMARKINE and
LUTERBACHER, p.108, text fig.12.5-8.

2003.Globanomalina chapmafPLUMMER); PREMOLI SILVA , RETTORI,
VERGA, pl.17, figs. 1a-d, figs. 2a-d.

Description & Remarks: Test large, low trochospiral, biconvex, chambeftaied
but less compressed along the margin. Umbilicugwid

It differs from Globanomalina pseudomenardiy having periphery lacking keel,
from Globanomalina compressdy having large and somewhat compressed
chambers in the last whorl; fror®lobanomalina ehrenbergby nearly equally

biconvex periphery.

Local Stratigraphic Range: Ranged from theGlobanomalina compresta
Praemurica inconstanSubzone (P1c) to th@lobanomalina pseudomenardone
(P4).

Globanomalina compressgPLUMMER, 1926)
Pl. 11, figs. 8-10

1926.Globigerina compressRLUMMER; p. 135, pl. 8, figs. 11a-c.
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1957.Globorotalia compressPLUMMER); BOLLI, p. 77, pl. 20, figs. 21-23.

1957.Turborotalia compresséPLUMMER); PANDEY and RAVINDRAM, p. 164,
pl. 7, figs. 5-9.

1971.Globorotalia compresséPLUMMER); POSTUMA, p. 186, 187.

1985.Planorotalites compressgeLUMMER); TOUMARKINE and
LUTERBACHER, p.107, text figs. 12.1-2.

1997.Globanomalina compress2 LUMMER); BERGGREN and NORRIS, p. 85,
pl. 7, figs. 15-21.

2003.Globanomalina compress LUMMER); PREMOLI SILVA , RETTORI,
VERGA, pl. 17, figs. 1a-d, figs. 2a-d.

Description & Remarks: Test small, very low trochospiral, almost biconvex
spiral side flat, umbilikal side inflated, chambesgbglobular-oval and increase

rapidly in size in the last whorl, umbilicus wide.

It differs from Globanomalina pseudomenardiy having periphery lacking keel,
from Globanomalina ehrenbergand Globanomalina chapmardy having oval (not
compressed) chambers.

Local Stratigraphic Range: Ranged from theGlobanomalina compresta
Praemurica inconstanSubzone (P1c) to th@lobanomalina pseudomenardone
(P4).

Globanomalina ehrenbergiBOLLI, 1957)
PI. 11, fig. 12

1957.Globorotalia ehrenbergBOLLI, p. 77, pl. 20, figs. 18-20.

1971.Globorotalia ehrenbergBOLLI; POSTUMA, p. 188, 189.

1988.Planorotalites ehrenberdBOLLI); HUNTER, ARNOLD, PARKER p. 182,
pl. 1, fig. 508.

1997.Globanomalina ehrenbergBOLLI); BERGGREN and NORRIS, p. 87, pl. 8,
figs. 1-5.

2003.Globanomalina ehrenbergBOLLI); PREMOLI SILVA , RETTORI,
VERGA, pl. 17, figs. 1a-d, figs. 2a-d.

Description & Remarks: Test low trochospiral, chambers inflated but cozsped
along the margin, increase rapidly in size, lasincber often with a faint pseudokeel,

umbilicus wide.
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It differs from Globanomalina pseudomenardiy having periphery lacking a true

keel.

Local Stratigraphic Range: Identified in theMorozovella angulata/lgorina pusilla

Zone (P3) and in th&lobanomalina pseudomenardione (P4).

Globanomalina pseudomenard{BOLLI, 1957)
Pl. 11, figs. 13, 14

1957.Globorotalia pseudomenardBOLLI, p. 77, pl. 20, figs. 14-16.

1971.Globorotalia pseudomenard8OLLI; POSTUMA, p. 204, 205.

1971.Planorotalites pseudomenardBOLLI); LUTERBACHER, p. 726, pl. 1, fig.
4b.

1985.Planorotalites pseudomenardiPLUMMER); TOUMARKINE and
LUTERBACHER, p.108, text figs. 12.3-4.

1987.Planorotalites pseudomenardBOLLI); NEDERBRAGT and VAN HINTE,
p. 587, pl. 1, figs. 1-16.

1997.Globanomalina pseudomenard8OLLI); BERGGREN and NORRIS, p. 87,
pl. 8, figs. 1-5.

2003.Globanomalina pseudomenar@8OLLI); PREMOLI SILVA , RETTORI,
VERGA, pl. 19, figs. 1a-f.

Description & Remarks: Test low trochospiral, lenticular, nearly biconyex
chambers compressed, increase rapidly in sizel pgighery acute, with a distinct

keel, umbilicus narrow.

It is easily distinguished from the other specie$stobanomalinaby having keeled

periphery.
Local Stratigraphic Range: Identified only within the Globanomalina
pseudomenardiZzone (P4).
GLOBOROTALIACEA (CUSHMAN, 1927, superfamilia)
GUEMBELITRIIDAE (MONTANARO GALLITELLI, 1957, familia)

GUEMBELITRIA (CUSHMAN, 1933, genus)
Type speciesGuembelitria cretaceaCUSHMAN, 1933

Guembelitriacf. cretaceaCUSHMAN, 1933
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PIl. 11, figs. 1-3

1933.Guembelitria cretace& USHMAN; p. 37, pl. 4, figs. 12 a, b.
2004.Guembelitria cretace€ USHMAN; PREMOLI SILVA and VERGA, p. 252,
pl. 2, fig.1.

Description & Remarks: Test very small (>100m), triserial, chambers globular.

Local Stratigraphic Range: Identified in theGuembelitria cretace&Zone (P0) +
Parvulaglobigerina eugubinaZone (R) and in theGlobanomalina compresa

Praemurica inconstanSubzone (P1c).

WOODRINGINA (LOEBLICH and TAPPAN, 1957, genus)
Type speciesWoodringina claytonensi$ OEBLICH and TAPPAN, 1957

Woodringinacf. hornerstownensisOLSSON, 1960
Pl. 11, figs. 4,5

1960.Woodringina hornerstownensBLSSON; p. 29, pl. 4, figs. 18, 19.
2004.Woodringina hornerstownensBLSSON; PREMOLI SILVA, RETTORI,
VERGA, pl. 54, fig. 4.

Description & Remarks: Test small and elongate. Later portion of the fsst

distinctly twisted. Chambers increase more rapidlywidth than height.

Local Stratigraphic Range: Identified only within theGuembelitria cretace@one

(PO) +Parvulaglobigerina eugubin@one (R.).

GLOBOCONUSA (KHALILOV, 1959, genus)
Type speciesGloboconusa conus&HALILOV, 1956

Globoconusa daubjergens(BRONNIMANN, 1953)
Pl. 11, figs. 15-17

1953.Globigerina daubjergensiBRONNIMANN; p. 340, text fig. 1.

1957.Globigerinoides daubjergens{BRONNIMANN); LOEBLICH and TAPPAN,
p. 184, pl. 40, figs. 1la-c.

1970.Globoconusa daubjergengiBRONNIMANN); OLSSON, p. 601, pl. 92, figs.
2a-b.

1971.Globigerina daubjergensiBRONNIMANN; POSTUMA, p. 148, 149.

1979.Globastica daubjergensi8RONNIMANN); BLOW, p.1235, pl. 74, figs. 7-9.
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2003.Globoconusa daubjergengi8BRONNIMANN); PREMOLI SILVA,
RETTORI, VERGA, pl. 24, figs. 1a-g.

Description & Remarks: Test small (100-125 pum), medium to heigh trochaspi
initial whorls is more elevated than the last wh&@hambers in the inner whorls is

distinctly smaller than those of the final whotdmbilicus is very small.

Local Stratigraphic Range: Identified in theGuembelitria cretace&Zone (P0) +
Parvulaglobigerina eugubinaZone (RB) and in theGlobanomalina compresta
Praemurica inconstanSubzone (P1c).

PARVULARUGOGLOBIGERINA (HOFKER, 1978, genus)
Type speciesGlobigerina eugubina UTERBACHER and PREMOLI SILVA, 1964

Parvularugoglobigerinacf. eugubina(LUTERBACHER and PREMOLI SILVA,
1964)

PIl. 11, figs. 6, 7

1964.Globigerina eugubindA UTERBACHER and PREMOLI SILVA; p. 105,
pl. 2, figs. 8a-c.
1991.Parvularugoglobigerina eugubind UTERBACHER and PREMOLI SILVA);
D’'HONDT and KELLER, p. 96, pl.4, figs.6!-
2003.Parvularugoglobigerina eugubind UTERBACHER and PREMOLI SILVA);
PREMOLI SILVA, RETTORI, VERGA, pl.39, fgy4a-c, 5a-d, pl.40,figs.1a-d.
Description & Remarks: Test very small, low trochospiral, spiral sidet,fla
umbilical side inflated, last chamber is large, umbs small. Only 2 specimens

were recognized in Toylar section (Figure 2.10).
Local Stratigraphic Range: Identified only within theGuembelitria cretace@one
(PO) +Parvulaglobigerina eugubindone (R.).

GLOBIGERINIDAE (CARPENTER, PARKER and JONES, 1862, familia)

PARASUBBOTINA (OLSSON, HEMLEBEN, BERGGREN and LIU, 1992, genus)
Type speciesGlobigerina pseudobulloidePLUMMER, 1926

Parasubbotina pseudobulloiddPLUMMER, 1926)
Pl. 11, figs.18-21

1926.Globigerina pseudo-bulloideBLUMMER; p. 133, pl. 8, figs. 9a-c.
1957.Globorotalia pseudobulloidg®®LUMMER); BOLLI, p. 72, pl. 17, figs. 19-21.
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1971.Globorotalia pseudobulloidg®LUMMER); POSTUMA, p. 202, 203.

1985.Morozovella pseudobulloid¢d®LUMMER); TOURMAKINE and
LUTERBACHER, p. 111, figs. 14.1-2.

1992.Subbotina pseudobulloid¢éBLUMMER); BERGGREN, p. 563, pl. 1, figs.7-8.

1992.Parasubbotina pseudobulloidéBLUMMER); OLSSON, HEMBLEN,
BERGGREN, LIU, p. 197, pl. 3, figs. 1-7.

1997.Parasubbotina pseudobulloidédBLUMMER); BERGGREN and NORRIS,
p.81, pl.5, figs. 12-16.

2003.Parasubbotina pseudobulloid@8LUMMER); PREMOLI SILVA, RETTORI,
VERGA, pl. 38, figs. 3a-g.

Description & Remarks: Test very low trochospiral, chambers in the inwborls
are distinctly smaller than those of last whorksstl chamber is very large and
occupies nearly % of the test. Chambers are gloisulaglobular, umbilicus

moderately wide.

It differs from Praemurica pseudoinconstaasid Praemurica inconstanby having

chambers increasing vey rapidly in size.

Local Stratigraphic Range: Ranged from theGlobanomalina compreska
Praemurica inconstanSubzone (P1c) to thlorozovella angulata/lgorina pusilla
Zone (P3).

SUBBOTINA (BROTZEN and P@QARYSKA, 1961, genus)
Type speciesGlobigerina triloculinoidesPLUMMER, 1927

Subbotina triangularis(WHITE, 1928)
Pl. 12, figs. 1, 2

1928.Globigerina triangularisWHITE, p. 195, pl. 28, figs. 1a-c
1979.Subbotina triangularis triangulari§$VHITE); BLOW, p.1281, pl. 91, figs.7-9.
1997.Subbotina triangularigWHITE); BERGGREN and NORRIS, p. 81, pl. 5,
figs.1, 5, 9.
2003.Subbotina triangularigWHITE); PREMOLI SILVA, RETTORI, VERGA,
pl. 46, figs. 2a-d.

Description & Remarks: The most characteristic feature of this speciehaslast
whorl consisting of 3.5 chambers (It was differateéd from transverse section in

thin section analysis). Chambers globular, umbdinarrow, surface spinose.
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Local Stratigraphic Range: Ranged from th@raemurica uncinat&one (P2) to the

Globanomalina pseudomenardione (P4).

Subbotina triloculinoide§PLUMMER, 1926)
PIl. 12, figs.3-7

1926.Globigerina triloculinoidesPLUMMER; p. 134, pl. 8, figs. 10a-b.

1961.Subbotina triloculinoide$PLUMMER); BROTZEN and POARYSKA, p. 160,
pl. 4, fig. 4; p. 160, text-fig. 2.

1971.Globigerina triloculinoidePLUMMER; POSTUMA, p. 160, 161

1997.Subbotina triloculinoide$PLUMMER); BROTZEN and POARYSKA, p.160,
pl. 4, fig. 4, p.160, text-fig 2.

1997.Subbotina triloculinoide$PLUMMER); BERGGREN and NORRIS, p.79, pl.
4, figs. 1-3, 5-7, 9, 10, 19, 21, 22.

2003.Subbotina triloculinoide$PLUMMER); PREMOLI SILVA, RETTORI,
VERGA, pl. 46, figs. 3a-d.

Description & Remarks: Test low trochospiral, chambers globular-subglahul
Last chamber nearly occupies nearly half of theé, tesbilicus moderately wide.

Surface of the chambers spinose.

It differs from Subbotina velascoensiy its globular last chamber, froBubbotina
triangularis by having chambers increasing very rapidly in sl larger last

chamber.

Local Stratigraphic Range: Ranged from theGlobanomalina compresta
Praemurica inconstanSubzone (P1c) to th@lobanomalina pseudomenardione
(P4).

Subbotina velascoens(€USHMAN, 1925)
Pl. 12, figs. 8-10

1925.Globigerina velascoensSUSHMAN ,p. 19, pl. 3, figs. 6a-c.

1997.Subbotina velascoengiSUSHMAN); BERGGREN and NORRIS, p.81, pl.
5, figs. 2,6, 1, 11.

2003.Subbotina velascoeng€EUSHMAN); PREMOLI SILVA, RETTORI,
VERGA, pl. 47, figs. 2a-f.
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Description & Remarks: Test low trochospiral, early chamber subglobulast
chamber compressed, laterally elongated, occufnestaalf of the test, umbilicus

narrow.

It easily differentiated fronSubbotina triloculinoidesand Subbotina triagularis by

its compressed and laterally elongated, oval shigst@hamber.

Local Stratigraphic Range: Ranged from th@raemurica uncinat&one (P2) to the

Globanomalina pseudomenardione (P4).

TRUNCOROTALOIDIDAE (LOELICH and TAPPAN, 1961, familia)

ACARININA (SUBBOTINA, 1953, genus)
Type speciesAcarinina acarinataSUBBOTINA, 1953
(6lobigerina nitida MARTIN, 1943)

Acarinina soldadoensi$BRONNIMANN, 1952)
Pl. 12, fig. 11

1952.Globigerina soldadoensBRONNIMANN, p. 7, 9, pl. 1, figs. 1-9.
1962.Globorotalia (Acarinina) soldadoens{SBRONNIMANN); HILLEBRANDT,

p. 142, pl. 14, figs. 5, 6.
1971.Acarinina soldadoensi@RONNIMANN); BERGGREN, p. 76, pl. 5, figs.1-3.

1979.Muricoglobigerina soldadoensis soldadoen®&&RONNIMANN); BLOW, p.
1120, pl. 98, figs. 1-3.

1997.Acarinina soldadoensi@8RONNIMANN); BERGGREN and NORRIS, p.95,
pl. 12, figs. 6, 8-15, 21.

2003.Acarinina soldadoensi@RONNIMANN); PREMOLI SILVA, RETTORI,
VERGA, pl. 9, figs. 2a-d, figs. 3a-d.

Description & Remarks: Test low trochospiral, spiral side slightly conyex
umbilical side inflated, chambers subglobular, é@ase moderately in size, axial

periphery subrounded, surface of the test muricatdilicus moderately wide.

Local Stratigraphic Range: Identified only within the Globanomalina
pseudomenardiZone (P4) in the Toylar section (Figure 2.9).

Acarinina subsphaericdSUBBOTINA, 1947)
Pl. 12, figs. 12, 13
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1947.Globigerina subsphaericBUBBOTINA,; p.108, pl.5, figs. 26-28.

1958.Acarinina subsphaeric6SUBBOTINA); SHUTSKAYA, p.89, pl.2, figs.12-
14.

1997.Acarinina subsphaeric€SUBBOTINA); BERGGREN and NORRIS, p.93,
pl.11, figs. 15, 18-23, pl.12, fig. 4.

2003.Acarinina subsphaeric€ESUBBOTINA); PREMOLI SILVA, RETTORI,
VERGA, pl.11, figs. 1a-d.

Description & Remarks: Test small, high trochospiral, inner whorls molevated
in respect to the last whorl, axial periphery suimaed, surface of the chambers

distinctly muricate, umbillicus very narrow, neadpsed.
It differs from Acarinina mckanna{White 1928) by its higher spired and small test.

Local Stratigraphic Range: Identified in thePraemurica uncinataZone (P2) +
Morozovella angulata/lgorina pusill@Zone (P3) of the Toylar section and in the

Globanomalina pseudomenardione (P4).

MOROZOVELLA (McGOWRAN, 1968, genus)
Type speciesPulvinulina velascoensi€CUSHMAN, 1925

Morozovella aequdCUSHMAN and RENZ, 1942)
PIl. 13, figs. 1, 2

1942.Globorotalia crassatarar. aequaCUSHMAN and RENZ; p.12, pl.3, figs 3a-c.

1957.Globorotalia aequdCUSHMAN and RENZ); BOLLI, p.74, pl.17, fig 1-3,
pl.18, figs. 13-15.

1963.Truncorotalia aequgCUSHMAN and RENZ); GOHRBANDT, p.58-59, pl. 4,
figs. 10-12.

1971Globorotalia aequg CUSHMAN and RENZ); POSTUMA, p. 168, 169.

1971.Morozovella aequéCUSHMAN and RENZ); BERGGREN, p.76, pl. 5, fig. 6.

1997.Morozovella aequéCUSHMAN and RENZ); BERGGREN and NORRIS,
p.103, pl.16, figs. 22-24.

2003.Morozovella aequéCUSHMAN and RENZ); PREMOLI SILVA, RETTORI,
VERGA, pl. 30, figs. 1a-e, 2a-d.

Description & Remarks: Test low trochospiral, umbilico-convex, spiralesidlmost
flat to slightly convex, umbilical side strongly meex, umbilicus narrow, chambers
conical, axial periphery acute, last chamber isgé&ynthan opposite chamber,
chamber surface muricate except the last chamberstigenerally smooth.
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It differs fromMorozovella angulatdy having larger test, more acute periphery and
larger last chamber, frorMorozovella velascoensiby its unequal size of the

chambers in the last whorl and narrower umbilicus.

Local Stratigraphic Range: Identified only within the Globanomalina

pseudomenardiZzone (P4).

Morozovella angulatg WHITE, 1928)
Pl. 13, figs. 3, 4

1928.Globigerina angulataVHITE; p.27, fig.13.
1937.Globorotalia angulatf WHITE); GLAESSNER p.383, pl.4, figs. 35a-c.
1955.Truncorotalia angulatd WHITE); DALBIEZ, GLINTZBOECKEL p.533,
pl.2, figs.6a-c.
1958.Acarinina angulatg WHITE); MOROZOVA p.33, pl.2, fig.2.
1971.Globorotalia angulatd WHITE); POSTUMA, p. 170, 171.
1977.Morozovella angulatdWHITE); BERGGREN p.230, pl.5.
1997.Morozovella angulat§ WVHITE); BERGGREN and NORRIS, p.99, pl.14,
fig.2, 3,9, 14, 18, 20-23.
2003.Morozovella angulat§ WHITE); PREMOLI SILVA, RETTORI, VERGA
pl.30, figs. 3a-e.
Description & Remarks: Test low trochospiral, spiral side almost flatn@n whorls
somewhat elevated), umbilical side convex, axialipbery acute, chambers
subangular, increase slowly in size, surface of ctheambers muricate, umbilicus

narrow aand deep.
It differs fromMorozovella praeangulathy having acute axial periphery.

Local Stratigraphic Range: Identified in theMorozovella angulata/lgorina pusilla
Zone (P3) and in th&lobanomalina pseudomenardione (P4).

Morozovella conicotruncatd SUBBOTINA, 1953)
PIl. 13, fig. 5

1953.Globorotalia conicotruncat&UBBOTINA; p.220, pl. 20, figs. 5a-b.

1971.Morozovella conicotruncatéSUBBOTINA); BERGGREN, p.74, pl.4,
figs.7,8.

1997.Morozovella conicotruncatéSUBBOTINA); BERGGREN and NORRIS,
p.101, pl.15, fig.1-9.
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2004.Morozovella conicotruncatéSUBBOTINA); PREMOLI SILVA, RETTORI,
VERGA,; pl. 31, figs. 4a-d, pl. 32, figka-d.

Description & Remarks: Test low trochospiral, umbilico-convex, spiral esiflat,
umbilical side convex, periphery acute, chambersicad, umbilicus narrow,
umbilical shoulders rounded, chambers increaselglomnsize, two chambers in the

last whorl nearly equal in size.

The most characteristic feature differs from theeotMorozovellaspecies of this
species that its chambers margins joining withadiide at narrow angle.

Local Stratigraphic Range: Identified only within the Morozovella

angulata/lgorina pusillazone (P3)
Morozovella occlusgLOEBLICH and TAPPAN 1957)
Pl. 13, figs. 6-8

1957.Globorotalia occlusd. OEBLICH and TAPPAN; p.191, pl. 55, figs. 3a-c.
1977.Morozovella occlusdLOEBLICH and TAPPAN); BERGGREN, p.234, pl. 7.
1997.Morozovella occlusédLOEBLICH and TAPPAN); BERGGREN and

NORRIS, p.103, pl.16, figs. 9-15, 17.
2004.Morozovella occlusgdLOEBLICH and TAPPAN); PREMOLI SILVA,

RETTORI, VERGA, pl. 35, figs. 2a-d, figa-d.

Description & Remarks: Test low trochospiral, nearly biconvex, inner whor
inflated in spiral side, umbilical side convex, axiperiphery acute, umbilicus

narrow, umbilical shoulders rounded.

It differs from Morozovella velascoensiby its smaller test, less thickness and

smaller umbilicus.
Local Stratigraphic Range: Identified only within the Globanomalina
pseudomenardizone (P4).
Morozovella praeangulatéBLOW, 1979)
PI. 13, fig. 9

1979.Globorotalia(Acarining) praeangulateBLOW; p.942-944, pl. 82, fig. 5-6.
1997.Morozovella praeangulatBLOW; BERGGREN and NORRIS; p.99, pl.14,
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fig. 1, 4-6.
2004.Morozovella praeangulatBLOW; PREMOLI SILVA, RETTORI, VERGA,
pl. 56, fig. 3a-d.

Description & Remarks: Test low trochospiral, spiral side flat, umbilicaide
convex, axial periphery subacute, umbilicus narréast chamber conical, but

opposite chamber subconical that resembles thRtaEfmurica uncinata

It differs from Morozovella angulataby its less acute peripheral margin; from

Praemurica uncinatdy its more acute peripheral margin with conieat ichamber

Local Stratigraphic Range: Identified only within thePraemurica uncinataZone
(P2), in the Belen section (Figure 2.7).

Morozovella velascoens(EUSHMAN, 1925)
Pl. 13, fig. 10

1925.Pulvulina velascoensiSUSHMAN; p.19, pl. 3, figs. 5a-c.

1928.Globorotalia velascoensiCUSHMAN); WHITE, p.281, pl. 398, figs.2a-c.

1961.Pseudogloborotalia velascoen$iSUSHMAN); BERMUDEZ, p.1349, pl.16,
figs.11a-b.

1968.TruncorotaloidegMorozovellg velascoensiSCUSHMAN); McGOWRAN,
pl. 2, fig.1.

1971.Globorotalia velascoensiCUSHMAN); POSTUMA, p. 218, 219

1977.Morozovella velascoensfEFUSHMAN); BERGGREN, p.232, pl. 6

1997.Morozovella velascoensfEUSHMAN); BERGGREN and NORRIS, p.101,
pl.15, figs.10-15, 16-18, 22.

2004.Morozovella velascoensfEUSHMAN); PREMOLI SILVA, RETTOR]I,
VERGA,; pl. 37, figs. 3a-d, 4a-d.

Description & Remarks: Test large, umbilico-convex, spiral side flat, ulabl side
strongly convex, axial periphery acute with coniclaambers, umbilicus very large,
the conjuction of chamber margin and spiral surfacel around the umbilicus

(adumbilical ridges) densely pustulose.

It differs from Morozovella aequay its large umbilicus with pustule bunches and
nearly equal size of two chambers in the last véh@dst and opposite chambers in

the axial section).
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Local Stratigraphic Range: Identified only within the Globanomalina

pseudomenardiZzone (P4).

IGORINA (DAVIDZON, 1978, genus)
Type speciesGloborotalia tadjikistanensiBYKOVA, 1953

Igorina cf. albeari(CUSHMAN and BERMUDEZ, 1949)
Pl. 13, figs. 11, 12

1949.Globorotalia albeariCUSHMAN and BERMUDEZ; p.33, pl.6, fig 13-15

1977.Morozovella albear{CUSHMAN and BERMUDEZ); BERGGREN, p.226-7,
pl.3.

1979.Globorotalia albeariCUSHMAN and BERMUDEZ; BLOW, p. 883-5, pl. 92,
fig. 4, 8, 9, pl. 93, fig. 1-4.

1997.1gorina albeari(CUSHMAN and BERMUDEZ); BERGGREN and NORRIS,
p.91, pl.10, fig 10, 14, 15, 18, 19, A.-2

2003.lgorina albeari(CUSHMAN and BERMUDEZ); PREMOLI SILVA,
RETTORI, VERGA, pl. 27, fig 2a-e, fig 8&-

Description & Remarks: Test small, biconvex, chambers in the inner whorls

distinctly smaller than last whorl, axial periphegute, umbilicus narrow.

It is distinguished fromlgorina pusilla by its more acute periphery and more

enlarging of the last whorl.

Local Stratigraphic Range: Identified only within thePraemurica uncinataZone
(P2) +Morozovella angulata/lgorina pusillZone (P3) of the Toylar section (Figure
2.9).

Igorina pusilla (BOLLI, 1957)
Pl. 13, fig. 13

1957.Globorotalia pusilla pusillaBOLLI; p.78, pl.20, fig 8-10

1971.Globorotalia pusilla(BOLLI); POSTUMA, p. 206, 207

1977.Morozovella pusilgBOLLI); BERGGREN, p.226, pl.3

1985.Planorotalites pusilla pusilldBOLLI); TOUMARKINE and
LUTHERBACHER, p.108, text figs.12, 13a-c.

1997.1gorina pusilla(BOLLI); BERGGREN and NORRIS, p.91, pl.10, fig 1,526,
11.

2003.1gorina pusilla(BOLLI); PREMOLI SILVA, RETTORI, VERGA, pl. 28, fig
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4a-f.

Description & Remarks: Test small, moderately high trochospiral, biconvaxial

periphery subacute, chambers moderately increasieenumbilicus narrow.

It differs from Igorina albeari by having subacute periphery and generally smaller
test.

Local Stratigraphic Range: Identified only within th&orozovella angulata/lgorina

pusillaZone (P3).

PRAEMURICA (HAQUE 1956, genus)
Type speciesGlobigerina (Eoglobigerina) tauricdlOROZOVA, 1961

Praemurica inconstangSUBBOTINA, 1953)
Pl. 13 figs. 14, 15

1953.Globigerina inconstanSUBBOTINA, p.58, pl. 3, figs. 1, 2.

1961.Globorotalia(Acarining) inconstangSUBBOTINA); LEONOV and
ALIMARINA, pl. 3, figs. 1-3; 5-8.

1964.Globorotalia inconstan$§SUBBOTINA); LUTERBACHER, p.650, figs.19-
23.

1979. Turborotalig) inconstangSUBBOTINA); BLOW, p. 1080, pl. 71, figs. 6, 7.

1985.Morozovella inconstan§SUBBOTINA); TOUMARKINE and
LUTERBACHER, p.109, text figs.13.1-2.

1997.Preamurica inconstan§SUBBOTINA); BERGGREN and NORRIS, p. 97,
pl.13, figs.1-6.

2003.Preamurica inconstan§SUBBOTINA); PREMOLI SILVA, RETTORI,
VERGA, pl. 40, figs. 4a-c, pl. 41, fidsa-d, 2a-c.

Description & Remarks: Test low trochospiral, spiral side almost flathen whorl
considerably smaller in relation to the last wharhbilical side inflated. Chambers
globular-subglobular and increase gradually in .si@arface of early chambers

muricate, last chamber smooth. Umbilicus small deep.

It differs from Praemurica pseudoinconstarns having generally larger test and
chambers; fromParasubbotina pseudobulloidely having chambers gradually

increase in size size visible in the axial profile.
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Local Stratigraphic Range: Identified in the Globanomalina compreska
Praemurica inconstan$ubzone (P1c) and tHeraemurica uncinataZone (P2) +

Morozovella angulata/lgorina pusillZone (P3) of the Toylar section.

Praemurica pseudoinconstan®8LOW, 1979)
Pl. 13, figs. 16-18

1979.Globorotalia (Turborotalia) pseudoinconstaB&OW, p. 1105, pl. 67, fig. 4.

1992.Praemurica pseudoinconstafBLOW); OLSSON, HEMLEBEN,
BERGGREN and LIU, p. 202. pl. 6, figs41,

1997.Praemurica pseudoinconsta(BLOW), BERGGREN and NORRIS, p.89,
pl. 9, figs. 16-24.

2003.Praemurica pseudoinconsta(BLOW), PREMOLI SILVA, RETTORI,
VERGA, pl. 41, figs. 5a-d.

Description & Remarks: Test relatively small, low trochospiral, nearlyuetly

biconvex, chambers subglobular, increase slowkiaa, umbilicus wide

It differs from Parasubbotina pseudobulloidéy having less inflated chambers and
distinctly increase slowly in size; differs frolraemurica inconstand®y having

smaller test and chambers, wider umbilicus.

Local Stratigraphic Range: Ranged from th&uembelitria cretace&Zone (PO) +

Parvulaglobigerina eugubindone (F:) to thePraemurica uncinat&one (P2).

Praemurica uncinata(BOLLI, 1957)
Pl. 13, figs. 19-22

1957.Globorotalia uncinataBOLLI; p. 74, pl. 17, fig. 13-15.

1970.Acarinina inconstans uncina@OLLI); SHUTSKAYA, p. 110, pl. 6, fig. 1a-
c (holotype refigured); figs. 2a-c.

1971.Globorotalia uncinatg BOLLI); POSTUMA, p. 216, 217.

1977.Morozovella uncinatdBOLLI); BERGGREN, p. 225, pl. 1.

1997.Praemurica uncinatdBOLLI); BERGGREN and NORRIS, p.97, pl. 13 figs.
7-19.

2003.Praemurica uncinatéBOLLI); PREMOLI SILVA, RETTORI, VERGA, pl.
41, figs. 5 a-d.

Description & Remarks: Test low trochospiral, spiral side almost flat, hilcal

side inflated, axial periphery subangular, earlgirober in the last whorl subangular,
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last chamber somewhat compressed, oval, increasodgrately in size, umbilicus

narrow, deep.

It differs from Morozovella praeangulataby having compressed but not

subangular/angular last chamber.

Local Stratigraphic Range: Identified only within thePraemurica uncinataZone
(P2).
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4. CONCLUSION

Within this thesis, Upper Cretaceous and Palaeoptarktonic foraminiferal fauna
is evaluated and the assumed conformable relaijmnsbf Upper Cretaceous
(Campanian and Maastrichtian) and Palaeocene iantike Kocaeli Peninsula, NW
Turkey is tested. Besides the palaeontologic amalyand biostratigraphic
approaches, some comments also have been done sedimentary features around

the Cretaceous-Palaeogene boundary.

The studied portion of Akveren Formation, which sisted of pelagic carbonates,
has been divided into 9 biozones, includif@ansserina gansseriZone,
Contusotruncana contusa/Racemiguembelina fructicosae and Abathomphalus
mayaroensisZone which represents Late Campanian-Maastrichteuembelitria
cretacea(P0) Zone,Parvularugoglobigerina eugubinéPo) Zone, Globanomalina
compresséPraemurica inconstan@1c) Subzone (As a subzoneRdrasubbotina
pseudobulloides (P1) Zone), Praemurica uncinata (P2) Zone, Morozovella
angulata/lgorina pusillaP3) Zone andslobanomalina pseudomenardi®4) Zones
which represents Palaeocene. For the biozonatibspé&cies belonging to 25 genera

are identified (See Systematics section).

Within the two sections, Nasuhlar-Bulduk and Belemme early diagenetic events,
including hardground, concretions of derived cadierpebbles and the ferroginous
material, which is clearly visible both in micraacamacro-scale. The palaeontologic
time gap betweefontusotruncana contusa/Racemiguembelina fructictsae and
Globanomalina compresfraemurica inconstan@1c) Subzone coincides with the
hardground formation and concretion of derived omdbe pebbles in Nasuhlar-
Bulduk section, where another gap betwédrathomphalus mayaroensi®ne and
Globanomalina compresfraemurica inconstangP1c) Subzone coincides with
another hardground formation in Belen sectionhindther hand, at Toylar section, a
continous sedimentary sequence where an idengfiatbmpact biozone of
Guembelitria cretace@P0) Zone +Parvularugoglobigerina eugubinéPa) Zone, is

recognizable and in conformable contact with th@éidMaastrichtian representative
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Abathomphalus mayaroensf®ne. Since the vertical extent of this sectios hat
been available for a more detailed sampling foa@atene strata, a conformable

Palaeocene sequence is assumable.

The data gathered from the Nasuhlar-Bulduk andrBséxtions represents a hiatus
between Upper Cretaceous and Lower Palaeocenednedthe K-Pg boundary in
Kocaeli Peninsula is not completely conformablethesearlier studies have shown.
A non depositional period, caused by a rapid seellese at the K-Pg boundary
(Macleod and Keller, 1991), and the shelf-drawdeomadel is hypotesized to explain
the present situation. Although the unconformabéguences, there are still
conformable sections of Upper Cretaceous and L&adseocene, as represented in
Toylar section. The relation of these two differéntgimes”, needs more and
detailed studies are recommended in order to utadetshe Late Cretaceous-Early

Palaeocene evolution of the area .
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PLATE 1

Figure 1:Contusotruncana contusg(CUSHMAN, 1926), Belen section, sample A,
Contusotruncana contusa/Racemiguembelina fructiZusee
Figure 2:Contusotruncana contusa(CUSHMAN, 1926), Belen section, sample no A,
Contusotruncana contusa/Racemiguembelina fructiZusee
Figure 3:Contusotruncana contusg(CUSHMAN, 1926), Nasuhlar-Bulduk section, sammpe2,
Contusotruncana contusa/Racemiguembelina fructicZusse
Figure 4:Contusotruncana contusg(CUSHMAN, 1926), Toylar section, sample no 24,
Contusotruncana contusa/Racemiguembelina fructiZusee
Figure 5:Contusotruncana fornicata(PLUMMER, 1931), Toylar section, sample no 6,
Undefined zone
Figure 6:Contusotruncana fornicata(PLUMMER, 1931), Toylar section, sample no D2,
Abathomphalus mayaroengisne
Figure 7:Contusotruncana patelliformis(GANDOLFI, 1955), Belen section, sample no B,
Contusotruncana contusa/Racemiguembelina fructicusze
Figure 8:Contusotruncana patelliformis(GANDOLFI, 1955), Nasuhlar-Bulduk section, sample
no DContusotruncana contusa/Racemiguembelina fructizasee
Figure 9:Contusotruncana patelliformis(GANDOLFI, 1955), Belen section, sample no 14-1,
Contusotruncana contusa/Racemiguembelina fructicusee
Figure 10:Contusotruncana patelliformis(GANDOLFI, 1955), Belen section, sample no A,
Contusotruncana contusa/Racemiguembelina fructicusze
Figure 11:.Contusotruncana patelliformis(GANDOLFI, 1955), Toylar section, sample no D2,

Abathomphalus mayaroengisne
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PLATE 2

Figure 1:Contusotruncana plicata(WHITE, 1928), Nasuhlar-Bulduk section, samplefo
Contusotruncana contusa/Racemigudimd fructicosaZone
Figure 2:Contusotruncana plicata(WHITE, 1928), Nasuhlar-Bulduk section, samplefo
Contusotruncana contusa/Racemigdimd fructicosaZone
Figure 3:Contusotruncana plicata(WHITE, 1928), Toylar section, sample no G&nsserina
gansse#one
Figure 4:Contusotruncana plicata(WHITE, 1928), Toylar section, sample no D,
Abathomphalus mayaroengsne
Figure 5:Contusotruncana plicata(WHITE, 1928), Toylar section, sample no A,
Abathomphalus mayaroengsne
Figure 6:Contusotruncana walfishensigTODD, 1970), Belen section, sample no A,
Contusotruncana contusa/Racemiguembelina fructicusse
Figure 7:Contusotruncana walfishensigTODD, 1970), Belen section, sample no A,
Contusotruncana contusa/Racemiguembelina fructicusze
Figure 8:Contusotruncana walfishensigTODD, 1970), Belen section, sample no A,
Contusotruncana contusa/Racemiguembelina fructicusse
Figure 9:Contusotruncana walfishensigTODD, 1970), Nasuhlar-Bulduk section, sample’no

Contusotruncana contusa/Racemiguembelina fructiZusse
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PLATE 2

250 um
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PLATE 3

Figure 1:Abathomphalus mayaroensi¢gBOLLI, 1951), Toylar section, sample no Ahathomphalus
mayaroensizone
Figure 2:Abathomphalus mayaroensi¢BOLLI, 1951), Belen section, sample noAhathomphalus
mayaroensizone
Figure 3:Abathomphalus mayaroensigBOLLI, 1951), Belen section, sample noAhathomphalus
mayaroensione
Figure 4:Gansserina gansser(BOLLI, 1951), Toylar section, sample no Ziansserina gansseri
Zone
Figure 5:Gansserina gansser(BOLLI, 1951), Belen section, sample no Ginsserina gansseri
Zone
Figure 6:Globotruncana arca (CUSHMAN, 1926), Nasuhlar-Bulduk section, sample no 6
Contusotruncana contusa/RacemiguénefFucticosaZzone
Figure 7:Globotruncana arca (CUSHMAN, 1926), Belen section, sample no Gansserina
gansse#one
Figure 8:Globotruncana arca (CUSHMAN, 1926), Belen section, sample no Gansserina
gansse#done
Figure 9:Globotruncana arca (CUSHMAN, 1926), Belen section, sample noAbathomphalus
mayaroensione
Figure 10:Globotruncana arca (CUSHMAN, 1926), Belen section, sample noABathomphalus
mayaroens&one
Figure 11:Globotruncana bulloidesVOGLER, 1941, Belen section, sample no Gansserina
gansserione
Figure 12:Globotruncana bulloides(VOGLER, 1941), Toylar section, sample nd@nsserina
gansserione
Figure 13:Globotruncana bulloidesVOGLER, 1941, Toylar section, sample no Gansserina
gansserione
Figure 14:Globotruncana bulloidesVOGLER, 1941, Toylar section, sample no G&nsserina
gansserione
Figure 15:Globotruncana dupeubleiCARONeEet al, 1984, Belen section, sample nd@nsserina
gansserione
Figure 16:Globotruncana dupeubleiCARONet al, 1984, Belen section, sample no 14-1,

Contusotruncana contusa/RacemigedimbfructicosaZone
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PLATE 4

Figure 1:Globotruncana esnehensidNAKKADY, 1950, Toylar section, sample no 18ansserina
gansse#one
Figure 2:Globotruncana esnehensidNAKKADY, 1950, Toylar section, sample no Apathomphalus
mayaroensione
Figure 3:Globotruncana falsostuartiSIGAL, 1952, Toylar section, sample no B3nsserina
gansse#one
Figure 4:Globotruncana falsostuartiSIGAL, 1952, Nasuhlar-Bulduk section, sample no 5,
Contusotruncana contusa/Racemiguembelina fructicusse
Figure 5:Globotruncana hilli, PESSAGNO, 1967, Belen section, sample n@dhsserina gansseri
Zone
Figure 6:Globotruncana hilli, PESSAGNO, 1967, Toylar section, sample nG&8nsserina gansseri
Zone
Figure 7:Globotruncana hilli, PESSAGNO, 1967, Toylar section, sample no@a)sserina gansseri
Zone
Figure 8:Globotruncana insignis (GANDOLFI, 1955), Nasuhlar-Bulduk section, sample no 6
Contusotruncana contusa/Racemiguembelina fructicusze
Figure 9:Globotruncana insignis GANDOLFI, 1955, Nasuhlar-Bulduk section, sample no 7,
Contusotruncana contusa/Racemiguembelina fructicusee
Figure 10:Globotruncana insignis GANDOLFI, 1955, Belen section, sample no Gansserina
gansserione
Figure 11:Globotruncana lapparentiBROTZEN, 1936, Toylar section, sample no G@nsserina
gansserione
Figure 12:Globotruncana lapparentiBROTZEN, 1936, Belen section, sample n&énsserina
gansserione
Figure 13:Globotruncana linneiana (D’'ORBIGNY, 1839), Toylar section, sample nolfdefined
zone
Figure 14:Globotruncana linneiana (D’ORBIGNY, 1839), Toylar section, sample no Gansserina
gansserione
Figure 15:Globotruncana mariej (BANNER and BLOW, 1960), Toylar section, sample no 1
Undefined zone
Figure 16:Globotruncana mariej (BANNER and BLOW, 1960), Nasuhlar-Bulduk section, pEmo
CContusotruncana contusa/Racemiguembelina fructicasee
Figure 17:Globotruncana mariej (BANNER and BLOW, 1960), Nasuhlar-Bulduk section, pEamo
EContusotruncana contusa/Racemiguembelina fructicusse
Figure 18:Globotruncana mariej (BANNER and BLOW, 1960), Belen section, sample no D,

Abathomphalus mayaroerf&isie
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PLATE 5

Figure 1:Globotruncana orientalis EL NAGGAR, 1960, Toylar section, sample nd@nsserina
gansse#done
Figure 2:Globotruncana orientalis EL NAGGAR, 1960, Belen section, sample no Gansserina
gansse#one
Figure 3:Globotruncana orientalis EL NAGGAR, 1960, Belen section, sample noABathomphalus
mayaroensi&one
Figure 4:Globotruncana rosetta(CARSEY, 1926), Toylar section, sample no 2, Unuefizone
Figure 5:Globotruncana rosetta(CARSEY, 1926), Belen section, sample noAbathomphalus
mayaroensione
Figure 6:Globotruncana rosetta(CARSEY, 1926), Nasuhlar-Bulduk section, sampléno
Contusotruncana contusa/RacemiguénfFucticosaZzone
Figure 7:Globotruncanita angulata (TILEV, 1951), Belen section, sample no Egntusotruncana
contusa/Racemiguembelina fructicosae
Figure 8:Globotruncanita angulata (TILEV, 1951), Belen section, sample no 8hathomphalus
mayaroenskone
Figure 9:Globotruncanita conica (WHITE, 1928), Belen section, sample no Ikansserina gansseri
Zone
Figure 10:Globotruncanita conica (WHITE, 1928), Belen section, sample no ®ontusotruncana
contusa/Racemiguembelina fructicosae
Figure 11:Globotruncanita conica (WHITE, 1928), Nasuhlar-Bulduk section, sample3no
Contusotruncana contusa/RacemigedindfructicosaZone
Figure 12:Globotruncanita conica (WHITE, 1928), Nasuhlar-Bulduk section, sampleBno
Contusotruncana contusa/RacemigesimfructicosaZone
Figure 13:Globotruncanita pettersi(GANDOLFI, 1955), Nasuhlar-Bulduk section, sample no 5
Contusotruncana contusa/RacemigedimfructicosaZone
Figure 14:Globotruncanita pettersi(GANDOLFI, 1955), Nasuhlar-Bulduk section, sample no E
Contusotruncana contusa/Racemigedimi fructicosaZzone
Figure 15:Globotruncanita pettersi(GANDOLFI, 1955), Toylar section, sample no A,

Contusotruncana contusa/Racemigedimi fructicosaZzone
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250 um
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PLATE 6

Figure 1:Globotruncanita stuartj (De LAPPARENT, 1918), Belen section, sample no C,
Abathomphalus mayaroeri&ime

Figure 2:Globotruncanita stuartj (De LAPPARENT, 1918), Toylar section, sample no B
Abathomphalus mayaroerigisme

Figure 3:Globotruncanita stuartj (De LAPPARENT, 1918), Nasuhlar-Bulduk sectiomgpie
no 7Contusotruncana contusa/Racemiguembelina fructicusee

Figure 4:Globotruncanita stuartj (De LAPPARENT, 1918), Nasuhlar-Bulduk sectiompie
no 6Abathomphalus mayaroengene

Figure 5:Globotruncanita stuartiformis (DALBIEZ, 1955), Belen section, sample no 11,
Gansserina ganss&one

Figure 6:Globotruncanita stuartiformis (DALBIEZ, 1955), Belen section, sample no D,
Abathomphalus mayaroerigime

Figure 7:Globotruncanita stuartiformis (DALBIEZ, 1955), Toylar section, sample no B,
Abathomphalus mayaroengisme

Figure 8:Globotruncanita stuartiformis (DALBIEZ, 1955), Toylar section, sample no 27,

Contusotruncana contusa/Racemiguembelina fructizasee
Figure 9:Globotruncanita stuartiformis (DALBIEZ, 1955), Belen section, sample no A

Contusotruncana contusa/Racemiguembelina fructicmsee
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PLATE 7

Figure 1:Globotruncanella havanensiyVOORWIJK, 1937), Belen section, sample no 14,
Contusotruncana contusa/Racemiguembelina fructizasee
Figure 2:Globotruncanella havanensifVOORWIJK, 1937), Toylar section, sample no 22,
Gansserina ganss&one
Figure 3:Globotruncanella havanensigVOORWIJK, 1937), Toylar section, sample no A,
Abathomphalus mayaroerigime
Figure 4:Globotruncanella petaloidea(GANDOLFI, 1955), Nasuhlar-Bulduk section, sampte4,
Contusotruncana contusa/Racemiguembelina fructizmsee
Figure 5:Globotruncanella petaloidea(GANDOLFI, 1955), Belen section, sample no C,
Abathomphalus mayaroerigisme
Figure 6:Globotruncanella minuta (CARON and GONZALEZ DONOSO, 1937), Belen section,
sample no 1@pntusotruncana contusa/Racemiguembelina fructiZusee
Figure 7:Globotruncanella minuta (CARON and GONZALEZ DONOSO, 1937), Belen section,
sample no Aontusotruncana contusa/Racemiguembelina fructiZasee
Figure 8:Globotruncanella pschadgdKELLER, 1946), Belen section, sample ndGansserina
gansse#one
Figure 9:Globotruncanella pschadgdKELLER, 1946), Toylar section, sample no Z&Egnsserina
gansse#one
Figure 10:Globotruncanella pschadagKELLER, 1946), Nasuhlar-Bulduk section, sampdeQ)
Contusotruncana contusa/Racemiguembelina fructicmsee
Figure 11:Kuglerina rotundatg (BRONNIMAN, 1952), Toylar section, sample no®@ansserina
gansserione
Figure 12:Kuglerina rotundatg (BRONNIMAN, 1952), Toylar section, sample no &ansserina
gansserione
Figure 13:Kuglerina rotundatg (BRONNIMAN, 1952), Toylar section, sample no Bgansserina

gansserione
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PLATE 8

Figure 1:Rugoglobigerina hexacameratBBRONNIMAN, 1952, Toylar section, sample no 24,
Contusotruncana contusa/Racemiguembelina fructizasee
Figure 2:Rugoglobigerina macrocephaldBRONNIMAN, 1952, Belen section, sample no 14,
Contusotruncana contusa/Racemiguembelina fructizasee
Figure 3:Rugoglobigerina milamensisSMITH and PESSAGNO, 1973, Belen section, samplé,n
Gansserina ganssefone
Figure 4:Rugoglobigerina milamensisSMITH and PESSAGNO, 1973, Toylar section, samjplé,
Abathomphalus mayaroer/&isie
Figure 5:Rugoglobigerina milamensisSMITH and PESSAGNO, 1973, Toylar section, samgl¢€,
Abathomphalus mayaroerf&isie
Figure 6:Rugoglobigerina pennyiBRONNIMAN, 1952, Nasuhlar-Bulduk section, sampte4,
Contusotruncana contusa/Racemiguembelina fructicmsee
Figure 7:Rugoglobigerina pennyiBRONNIMAN, 1952, Nasuhlar-Bulduk section, sampteA,
Contusotruncana contusa/Racemiguembelina fructicasee
Figure 8:Rugoglobigerina pennyiBRONNIMAN, 1952, Toylar section, sample no Gansserina
gansserzone
Figure 9:Rugoglobigerina rugosa(PLUMMER, 1926), Toylar section, sample no &&nsserina
gansse#done
Figure 10:Rugoglobigerina rugosa(PLUMMER, 1926), Toylar section, sample no 26,
Contusotruncana contusa/Racemiguembelina fructicasee
Figure 11:Rugoglobigerina rugosa(PLUMMER, 1926), Toylar section, sample no 27,
Contusotruncana contusa/Racemiguembelina fructicasee
Figure 12:Rugoglobigerina rugosa(PLUMMER, 1926), Belen section, sample no 14-1,
Contusotruncana contusa/Racemiguembelina fructicasee
Figure 13:Rugoglobigerina rugosa(PLUMMER, 1926), Belen section, sample no C,
Abathomphalus mayaroer&isie
Figure 14:Rugoglobigerina rugosa(PLUMMER, 1926), Belen section, sample no A,

Contusotruncana contusa/Racemiguembelina fructicasee
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PLATE 9

Figure 1:Trinitella scotti BRONNIMAN, 1952, Belen section, sample no 14sbntusotruncana
contusa/Racemiguembelina fructicosae

Figure 2:Trinitella scotti, BRONNIMAN, 1952, Belen section, sample no@gntusotruncana
contusa/Racemiguembelina fructicosae

Figure 3:Trinitella scotti, BRONNIMAN, 1952, Belen section, sample noAhathomphalus
mayaroensigone

Figure 4:Trinitella scotti, BRONNIMAN, 1952, Toylar section, sample no Z&ntusotruncana
contusa/Racemiguembelina fructicosae

Figure 5:Macroglobigerinelloides prairiehillensis(PESSAGNO, 1967), Belen section, sample no 5,
Gansserina ganssgnne

Figure 6:Macroglobigerinelloides prairiehillensistPESSAGNO, 1967), Toylar section, sample no
22(sansserina ganssezione

Figure 7:Macroglobigerinelloides subcarinatygBRONNIMAN, 1952), Nasuhlar-Bulduk section,
sample no Epntusotruncana contusa/Racemiguembelina fructiZasee

Figure 8:Macroglobigerinelloides subcarinatygBRONNIMAN, 1952), Belen section, sample no
14Contusotruncana contusa/Racemiguembelina fructiZusse

Figure 9:Macroglobigerinelloides subcarinatygBRONNIMAN, 1952), Belen section, sample no A,
Contusotruncana contusa/Racemiguembelina fructizasee

Figure 10:Pseudotextularia elegangRZEHAK, 1891), Belen section, sample noGantusotruncana

contusa/Racemiguembelina fructictsae

Figure 11:Pseudotextularia nutalli (VOORWIJK, 1937), Belen section, sample no D,
Abathomphalus mayaroer&isie

Figure 12:Pseudotextularia nutalli (VOORWIJK, 1937), Belen section, sample no C,
Abathomphalus mayaroengisme

Figure 13:Pseudotextularia intermediaDe KLASZ, 1891, Belen section, sample no C,
Abathomphalus mayaroeri&ise

Figure 14:Pseudotextularia intermediaDe KLASZ, 1891, Nasuhlar-Bulduk section, sampe()
Contusotruncana contusa/Racemiguembelina fructizasee

Figure 15:Pseudotextularia intermediaDe KLASZ, 1891, Toylar section, sample no A,

Abathomphalus mayaroer&isie
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PLATE 10

Figure 1:Heterohelix globulosa(EHRENBERG, 1840), Toylar section, sample no A,
Abathomphalus mayaroer&isie
Figure 2:Heterohelix punctulata (CUSHMAN, 1938), Toylar section, sample no 27,
Contusotruncana contusa/Racemiguembelina fructizasee
Figure 3:Heterohelixsp. Toylar section, sample no 2Zontusotruncana contusa
/Racemiguembelina fructicd&me
Figure 4:Planoglobulina acervulinoides(EGGER, 1900), Belen section, sample no 13,
Contusotruncana contusa/Racemiguembelina fructizasee
Figure 5:Planoglobulina acervulinoides(EGGER, 1900), Toylar section, sample no D1,
Abathomphalus mayaroer’&isie
Figure 6:Planoglobulina brazoensisMARTIN, 1972, Nasuhlar-Bulduk section, sampleEo
Contusotruncana contusa/Racemiguembelina fructizasee
Figure 7:Planoglobulina brazoensisMARTIN, 1972, Belen section, sample noAhathomphalus
mayaroensigone
Figure 8:Racemiguembelina fructicosgd EGGER, 1899), Nasuhlar-Bulduk section, sampl&no
Abathomphalus mayaroerf&isie
Figure 9:Racemiguembelina fructicosd EGGER, 1899), Belen section, sample no 14-2,
Abathomphalus mayaroerigime
Figure 10:Racemiguembelina fructicosd EGGER, 1899), Nasuhlar-Bulduk section, sampl&no
Abathomphalus mayaroer&isie
Figure 11:Racemiguembelina fructicosg EGGER, 1899), Toylar section, sample no 24,

Contusotruncana contusa/Racemiguembelina fructizasee
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PLATE 11

Figure 1:Guembelitriacf. cretacea CUSHMAN, 1933, Toylar section, sample no@&jembelitria
cretaceéP0) +Parvularugoglobigerina eugubin@a) Zone
Figure 2:Guembelitriacf. cretacea CUSHMAN, 1933, Belen section, sample nad3fgbanomalina
compressa-Preamurica inconst@kc) Zone
Figure 3:Guembelitriacf. cretacea CUSHMAN, 1933, Nasuhlar-Bulduk section, sampleno
Globanomalina compressa-PreamurigeonstangP1c) Zone
Figure 4:Woodringinacf. hornertownensisOLSSON, 1960, Toylar section, sample no F,
Guembelitria cretac€R0) +Parvularugoglobigerina eugubin@a) Zone
Figure 5:Woodringinacf. hornertownensisOLSSON, 1960, Toylar section, sample no G,
Guembelitria cretac€R0) +Parvularugoglobigerina eugubin@a) Zone
Figure 6:Parvularugoglobigerinacf. eugubing (LUTERBACHER and PREMOLI SILVA, 1964),
Toylar section, sample no@embelitria cretace@0) +Parvularugoglobigerina
eugubingPa) Zone
Figure 7:Parvularugoglobigerinacf. eugubing (LUTERBACHER and PREMOLI SILVA, 1964),
Toylar section, sample nod@&embelitria cretace@0) +Parvularugoglobigerina
eugubinéPa) Zone
Figure 8:Globanomalina compressgPLUMMER, 1926), Belen section, sample no H,
Globanomalina compressa-PreamurigeonstangP1c) Zone
Figure 9:Globanomalina compressgPLUMMER, 1926), Nasuhlar-Bulduk section, sammbeF,
Globanomalina compressa-PreamurigeonstangP1c) Zone
Figure 10:Globanomalina compressdPLUMMER, 1926), Nasuhlar-Bulduk section, sampdeF,
Globanomalina compressa-PreamurigeonstangP1c) Zone
Figure 11.Globanomalina chapmani(PARR, 1938), Belen section, sample noGmbanomalina
pseudomenardi4) Zone
Figure 12:Globanomalina ehrenbergi(BOLLI, 1957), Belen section, sample no 15,
Globanomalina pseudomenardi4) Zone
Figure 13:Globanomalina pseudomenardi{BOLLI, 1957), Belen section, sample no 18,

Globanomalina pseudomena(gi4) Zone

118



Figure 14:Globanomalina pseudomenardi{BOLLI, 1957), Belen section, sample no 18,
Globanomalina pseudomena(gi4) Zone
Figure 15:Globoconusa daubjergensi$BRONNIMANN, 1953), Nasuhlar-Bulduk section, sdmp
no BContusotruncana contusa — Racemiguembelina frosdiZone infilling
Figure 16:Globoconusa daubjergensi$BRONNIMANN, 1953), Nasuhlar-Bulduk section, sdmp
no EGlobanomalina compressa-Preamurica inconst@ikc) Zone
Figure 17:Globoconusa daubjergensi$BRONNIMANN, 1953), Nasuhlar-Bulduk section, sdmp
no FGlobanomalina compressa-Preamurica inconst@tc) Zone
Figure 18:Parasubbotina pseudobulloidePLUMMER, 1926), Belen section, sample no 14-5,
Globanomalina compressa-Preamunic@nstangP1c) Zone
Figure 19:Parasubbotina pseudobulloidePLUMMER, 1926), Toylar section, sample no 32,
Praemurica uncina{®2)— Morozovella angulata/lgorina pusillgP3) Zone
Figure 20:Parasubbotina pseudobulloidePLUMMER, 1926), Nasuhlar-Bulduk section, sampde
FGlobanomalina compressa-Preamurica inconst@ikc) Zone
Figure 21:Parasubbotina pseudobulloidePLUMMER, 1926), Nasuhlar-Bulduk section, sampde

GGlobanomalina compressa-Preamurica inconstd@hkc) Zone
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PLATE 12

Figure 1:Subbotina triangularis (WHITE, 1928), Nasuhlar-Bulduk section, sampleliq
Morozovella angulata/lgorina pusi{P3) Zone

Figure 2:Subbotina triangularis (WHITE, 1928), Nasuhlar-Bulduk section, samplelSq
Globanomalina pseudomena(gi4) Zone

Figure 3:Subbotina triloculinoides (PLUMMER, 1926), Toylar section, sample no 32,
Globanomalina pseudomena(Bi4) Zone

Figure 4:Subbotina triloculinoides (PLUMMER, 1926), Nasuhlar-Bulduk section, sampdel9,
Globanomalina pseudomena(gi4) Zone

Figure 5:Subbotina triloculinoides (PLUMMER, 1926), Nasuhlar-Bulduk section, sampteG,
Globanomalina compressa-PreamuiizanstangP1c) Zone

Figure 6:Subbotina triloculinoides (PLUMMER, 1926), Nasuhlar-Bulduk section, sampdeH,
Globanomalina compressa-PreamuiitanstangP1c) Zone

Figure 7:Subbotina triloculinoides (PLUMMER, 1926), Belen section, sample no 14-4,
Globanomalina compressa-PreamuiitanstangP1c) Zone

Figure 8:Subbotina velascoensi$CUSHMAN, 1928), Belen section, sample no 14M0rozovella
angulata/lgorina pusili@3) Zone

Figure 9:Subbotina velascoensi$CUSHMAN, 1928), Belen section, sample no 14M0rozovella
angulata/lgorina pusill@3) Zone

Figure 10:Subbotina velascoensi$CUSHMAN, 1928), Toylar section, sample no Béaemurica
uncinai{@2) —Morozovella angulata/lgorina pusilléP3) Zone

Figure 11:Acarinina soldadoensis(BRONNIMANN, 1952), Toylar section, sample no 39B
Globanomalina pseudomena(gi4) Zone

Figure 12:Acarinina subsphaerica(SUBBOTINA, 1947), Toylar section, sample no 36,
Praemurica uncingf@2) —Morozovella angulata/lgorina pusilléP3) Zone

Figure 13:Acarinina subsphaerica(SUBBOTINA, 1947), Toylar section, sample no 37,

Globanomalina pseudomena(gi4) Zone
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PLATE 13

Figure 1:Morozovella aequa(CUSHMAN and RENZ, 1942), Nasuhlar-Bulduk sectisample no
23Globanomalina pseudomenar@4) Zone
Figure 2:Morozovella aequa(CUSHMAN and RENZ, 1942), Toylar section, sampde39B,
Globanomalina pseudomena(gid) Zone
Figure 3:Morozovella angulata (WHITE, 1928), Nasuhlar-Bulduk section, sampleliio
Morozovella angulata/lgorina pusille3) Zone
Figure 4:Morozovella angulata (WHITE, 1928), Belen section, sample no Gigbanomalina
pseudomenar(id) Zone
Figure 5:Morozovella conicotruncata(SUBBOTINA, 1953), Toylar section, sample no 33,
Praemurica uncinatéP2) —Morozovella angulata/lgorina pusilléP3) Zone
Figure 6:Morozovella occlusa(LOEBLICH and TAPPAN, 1957), Belen section, saenpb 15,
Globanomalina pseudomena(gi) Zone
Figure 7:Morozovella occlusa(LOEBLICH and TAPPAN, 1957), Toylar section, sdenpo 37,
Globanomalina pseudomena(gi) Zone
Figure 8:Morozovella occlusa(LOEBLICH and TAPPAN, 1957), Toylar section, sdepo 39B,
Globanomalina pseudomena(gi4) Zone
Figure 9:Morozovella praesangulata(BLOW, 1979), Belen section, sample no Gigbanomalina
pseudomenardi®4) Zone
Figure 10:Morozovella velascoensi$CUSHMAN, 1925), Toylar section, sample no 39B,
Globanomalina pseudomena(gid) Zone
Figure 11:gorina cf. albeari (CUSHMAN and BERMUDEZ, 1949), Toylar section, sgemno 33,
Praemurica uncinatéP2) —Morozovella angulata/lgorina pusilléP3) Zone
Figure 12:gorina cf. albeari (CUSHMAN and BERMUDEZ, 1949), Toylar section, sgemno 33,
Praemurica uncinaté?2) —Morozovella angulata/lgorina pusilléP3) Zone
Figure 13:gorina pusilla, (BOLLI, 1957), Belen section, sample no 14-Mbrozovella angulata/
Igorina pusillg§P3) Zone
Figure 14:Preamurica inconstans(SUBBOTINA, 1953), Toylar section, sample no BBaemurica

uncinatgdP2) —Morozovella angulata/lgorina pusilléP3) Zone
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Figure 15:Preamurica inconstans(SUBBOTINA, 1953), Nasuhlar-Bulduk section, sampb G,
Globanomalina compressa-PreamuiizanstangP1c) Zone

Figure 16:Preamurica pseudoinconstan$BLOW, 1979), Belen section, sample no G,
Globanomalina compressa-PreamuiitanstangP1c) Zone

Figure 17:Preamurica pseudoinconstan$BLOW, 1979), Belen section, sample no G,
Globanomalina compressa-PreamuiitanstangP1c) Zone

Figure 18:Preamurica pseudoinconstangBLOW, 1979), Belen section, sample no G,
Globanomalina compressa-PreamuiizanstangP1c) Zone

Figure 19:Preamurica uncinata (BOLLI, 1957), Nasuhlar-Bulduk section, samplelr8)
Praemurica uncinatéP2) Zone

Figure 20:Preamurica uncinata (BOLLI, 1957), Nasuhlar-Bulduk section, sampleldy
Praemurica uncinatgP2) Zone

Figure 21:Preamurica uncinata (BOLLI, 1957), Nasuhlar-Bulduk section, sampleldy
Praemurica uncinatéP2) Zone

Figure 22:Preamurica uncinata (BOLLI, 1957), Belen section, sample no 1428aemurica

uncinatgP2) Zone
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PLATE 14

Figure 1:Discocyclina seunegDOUVILLE) cf. karabuekensisLESS and OZCAN, 2007, Belen
section, sample no 18B

Figure 2:Discocyclina seunegDOUVILLE) cf. karabuekensisLESS and OZCAN, 2007, Belen
section, sample no 18B

Figure 3:Orbitoclypeus multiplicatu§GUMBEL) haymanaensisOZCAN et al, 2001, Belen
section, sample no 18B

Figure 4:Orbitoclypeus multiplicatu§GUMBEL) haymanaensisOZCAN et al, 2001, Belen
section, sample no 18B

Figure 5:Orbitoclypeus multiplicatu§GUMBEL) haymanaensisOZCAN et al, 2001, Belen
section, sample no 18B

Figure 6:Orbitoclypeus multiplicatu§GUMBEL) haymanaensisOZCAN et al, 2001, Belen
section, sample no 18B

Figure 7:Assilinagr. yvettag(SCHAUB 1981)- aziliensisS TAMBAREAU 1966), Belen section,

sample no 26
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