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ABSTRACT

DEEP SEA BENTHIC FORAMINIFERAL DIVERSITY AND
ABUNDANCE CHANGES ACROSS CRETACEOUS-PALEOGENE
BOUNDARY BEDS IN THE HAYMANA BASIN (ANKARA, TURKEY):
PALEOENVIRONMENTAL IMPLICATIONS

Vardar, Ezgi
M.Sc., Department of Gdogical Engineering

Supervisor: ¥zko&int eDreer Sevi n-

July 2018, 267 pages

In order to establisithe taxonomy of deepea (small) benthic foraminifera atal

evaluate their paleoenvironment andepakology in terms of relative abundances

ard diversity, al453 metersthick section was measured from the Haymana
Formation and the Yexi |l yu+Pdleodemebouadary on cor
beds in the northern part of the Haymana Basin, Central Tulkegudstone

samples corresponding to 3.G®tersof the upper Maastrichtian agdmudstone

marl samples representing 1.2itersof the lower Danian were studied in detail,

around 300 benthic foraminifera individuals were pickedn >125e m f r act i on

for each sample

Three biozone were estableshfor the first time from Turkey which are
Bolivinoides dracoZone and Eouvigerina subsculpturéAcme Zone (newly
proposed)for the Maastrichtianand BB1 Zonefor the Danian As a part of the



guantitative assessment, morphogroup analysis werepediowith intent to infer
infaunaepifauna ratio. Calcareous and agglutinated taxa were categorized into 15
morphogroups overall. Calcareous taxa are assigned as CI1 (cylindrical tapered),
Cl2 (flattened tapered), CI3 (rounded planispiral), Cl4 (sphrior infaunal

group and CE1 (planoconvex trochospiral), CE 2 (biconvex trochospiral), CE3
(rounded trochospiral), CE4 (palmate), CE5 (branching) for epifaunal groups.
Agglutinated taxa were sorted by All (elongate multilocular), Al2 (flattened
trochospiral, Al3 (elongate tapered) for infaunal groups and AE1 (cdistened

& streptospiral), AE2 (elongate keeled), AE3 (tubddeanding) for epifaunal
groups Morphogroup analysishowsthatthe relative abundance of anfnal groups
make up average 76 of the total Maastrichtian assemblage. This relatively high
infaund abundance suggests meso eutrophic conditions accordingly with the

presence of common speciesfpreng high nutrient levels.

Quantitative analysis also showed that calcareous taxaois abundant with
respect to agglutinated taxa, with relative abundance of average 73.9% in
Maastrichtian and average 89.0% in Danian, offering a depositional setting well
abovetheCalcium Carbonate Compensation Depth (CAOMYreover, open marine
conditions and uppebathyal environment (~26800m) are suggested for the
whole studied section based on the benthic foraminiferal diversity and associations.
A remarkable change from highly diverse Maastrichtian benfibiaminifera
assemblage to poonoderatelydiverse Daniabenthic foraminifera assemblage is
assessed at the transition f rkommatborhe Hay mana
This change isrevealed for the first time in Turkey anassociated with
disappearancef 53% of Maastrichtian taxa as well as the highralaunce of
epifaunal taxa (average 75.8%) after the boundary which possibly resulted from

decline of primary productivity at the-Rg boundary.

Keywords: Cretaceoud’aleogene boundaryjeep seabenthic foraminifera,

guantitative analysigaleoenvironmentlaymana Basin
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HAYMANA HAVZASI 6NDA ( ANKARA, -T! RKKYE)

PALEOJEN SINIR TABAKALARI NDAKK DERKN DE

FORAMKNKFERLERKNKN ¢EKKTLKLKK VE BOLLUEKk
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Vardar, Ezgi
Yé¢ksek Lisans, Jeol oj i M¢hendi s i

Tez Y°nePiaf s ¥rkAhSéwien -

Temmuz2018, 267 sayfa

Derin deniz bentik foraminiferlerinraksonomilerini ortaya koymalholluk ve

-ekitliliklerdi di kkate al ar ak pal eoort a
amaceyl a, Hay mana B adeke lokagyondan, g s 2@ g r ke s
tabakar é nén bul unduju Haymana Formadymnu Vv
1453metre kal Raeseféentda¢gbmgkt ¢r . Kesitin | s
3.15 metrelik birlalzadetuummjAitPank®e gel en
kéesménén 1.21 met r&ddet-ka nkuensomékméa e e akl el e
ol ar ak -helre klerlr@elkkmdii-k nel ek ¢zerinde kal a

yakl akék 300 bendplkadfmertmédm. fer bireyi

3 adet biyozorlT ¢ r ki y e 0 dbelni ril lekn randar, Madsuitgiyeni - i n
Bolivinoides drac&Zonu veEouvigerina subsculpturAcme Zonuyeni® nerni | en
veDani yeBBlZe nhndnfbunal-epi f aunal benti k f or ami
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ortaya konul masé amaceéygma, olnamemokf agralp za:
yapél mexteér . Kal ker | i ve aglutine taxa topl
kavkel éelar infaunal grupl @vagsek ni;nddlle n()s,i |
(yuvarl ak planispepaf aunCEL @ldnékeivaekss el ) i n
trokospira), CE2 (bikonveks trokospird) CE3 {uvarlak trokospirgl CE4

(pal miye, K€EDBI I(lkkol | ara ayrel an) ol arak bel.]
i nfaunal grupl ar i - 1 n(;b afsdkdepird),LAlBuain - ok | oc al
incelen) ve epifhbaswsak éé&sanegoseal), AE2(uzan AE1 (
karinal(é&)o,r uAde3 Kk ialnlain) Keklinde kategori ze e
analizi ileMaastrintiye® d e i nf aunal atésmhdaanbbolbhukopl
ortalama75%6 i ni ol ukt urduju belirlenmiktir. Bu g
y¢ksek besin seviyelerinde yalariktey e ter ci h

mese® t rofikk@aretamet mektedir.

Numeri k analiz ayneé Maasmhtyenba ek alr7B.@4, laimak av k é |
Daniyenodde ortalianma 8a99./10u% i oeanklaav kel ar a or
bul undujunuBy°s&Kmud mi wtumr Kar bonat Kompanzasy

(CCDPnin ¢zerinde bir depol anma ortaméné g°@°:

toplu uj u ve -exitlhilifji baz ai6@marakt amé ék de
° ner i IHaymank iFarmasyorde K i | yur t Formasyonu ge-i Kil

Maastrihntyenb e nt i k foraminif-ert atloapmaul ugwindlain, Dat
topl ul ujunaeij®inkeinmh i g°bzilre naifi¢gwtkiiry.e 6 Ben gel kk ke

bel i rt i, Maagtrihtiyenl fuopr ml &r3é&m éoar anénd a fosil k ay
kayboima s é vV e epi faunal 75.8R00bronl| aurjtephriutita r t al a ma
bul umlanbidkee bel i rl enmi Kkt i repifaund & nfeag rdralnar €on r o |
mi ktarda bul unma$®g pve&heelkndlaki moélirenkkil ver
sonucunda gel i kmiktir.

Anahtar Kelimeler: KretaseP a | e o] e derin 9dénized bedatik foraminifer

numeri k anal i z, pal eoort am, Hay man
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CHAPTER 1

INTRODUCTION

1.1 Purpose and Scope

One of the most catastrophic mass extinctions througtimtPhanerozoigs
coinciding withthe Cretaceou$’aleogene (KPg) boundary. The KPg boundary
event ispointing aseverely affected pelagic ecosystem (Speijer, 1994dhktonic
foraminifera experienced clear mass extinction. On the other hahd,influence

of the boundary event dpenthic foraminifer&communitieswassaid to bemuch
more toward the sh#éwer part of the basins (Peryt et al., 200%1 references
theren). They survived fairly the KPg boundary events in both shallow and deep

environments (Culver, 2003).

The Haymana Basin is comprisingroanyCretaceous$?aleogenshallowmarine

and deepmarine flychoidalsuccessions including the-Rg boundarywith well

preserve@nd abundamhicrofossil records includinpraminifera.Comprehensive

K-Pg boundary studiesereconducted by Esmeray (2008), Esmeeawl. (2015)

and Karabeyojlu (2017) based bagin.t he pl anl

Karabeyojlu (2017) me drenuthedHdymana Basianat i gr ap |
revealed a planktonic foraminiferabiostratigraphy, response ofplanktonic

foraminifera assablagesto the K-Pg boundary everdnd lithological changes

through histransition With this thesisa detailed work on the benthic foraminifera



community of the same measured sectaomintended since it is expected to be
well calibrated with the previously established planktonic foraminifera

stratigraphy.

Benthic foraminifera isonsidered asne of the mainmportantcommunities in
marine environmentThey are very sensitive to environmenthbhngegGooday,
2003). Therefore,in many kPg localities rearrangement in the community
structure of deegvater benthic foraminifera were observed right after thegK
boundary event (Peryt et al. 2002¢pccioni and Marsili, 2007) There are few
studies regardinghe taxonomy and paleoenvironmental responsebashyal
benthic foramirfiera from the K-Pg sectionsbased on the quantitative data
representing theaorthernborder of Tethyanrealm and Turkey Those include
studies ofGaworBiedowa (1992)G ° r n{ik984a)regarding the Late Cretaceous
small benthic foraminifera taxonomy and a recent publicdiyoWellekoop et al.
(2017) covering aquantitative benthicforaminifera study at K-Pg boundary
secton from the MudurneG° y n ¢dsin. Bhere is yet no established
environmental respons# deepwater benthic foraminifera associaticiasthe k
Pg boundary event witithe documented taxononfyom the Haymana regiooased

on a quantitative assessment

Concisely the purpose othis study is teaccomplishahigh resolutiomjuantitative
study of the MaastrichtiarDanian deepwater benthic foraminiferafrom the
Haymana Formaton and t he Y éeludihgythedeep merim&k-Bopt i o n
boundarybeds in theHaymana BasinCentralTurkey. With this thesispresenting
the relative abundansand diversity of benthic foraminifera spes,revealingthe
response of thse associabns to theboundary event andemonstratinghe past
environments well aghe taxonomyof the foraminiferavereaimed to becarried
out for the first timdrom this deep marindaastrichtiarDanian succession the

northern region of thelaymanaBasin Turkey.

To achieve this, ~300 benthic foraminifera individuals were pibkedach sample

from the representative splits of 2FashedsamplesTaxonomy ofthe deep water



benthic foraminifera were studi@ddetail Biozones were established based on the
recorded bioeventshrough the studied sectioMorphogroup analysis were
implementedbased on the quantitative assessment in order to construct the
paleonvironment and investigate the paleobathymefty a result of the
quantitativesurvey ratio of calcaeous agglutinated taxaelative abundancest

each benthic foraminifera species and morphotggesell as theidiversityof the
fauna with the computebiodiversity indices were revealed Additionally, the
response of the benthic foraminifera faunathe K-Pg boundary event was

established

1.2 GeographicSetting

The researcharea is located between Haymanatown a n d ¢ aijagea z
approximately2 k m s o ut h wllage and50 knt sauthivestzof Ankara
(Figure 1A, B, C). The htitude andthe longitude of the measured section are
39A27"' 32N 34 regettielyltis placed on thd29 Al topagraphic map
of Ankara withthescale of 1/25000.
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1.3 Materials and Methods

This thesis worlkis comprising of both field and laboratomprksaccompanied by

abroad literature survey.

In the field surey, al453 m stratigraphicsection in total was measuréwm
mudstone andmarlcalcareous mudstone alternations with sample resolution
ranging from 5 cm to 20 cmwia two consecutive field excursior®nthe first field
work, a 9.70 mthick section was masured which represented in this wbykUH
samplesThis section includeS1 samplesaggedas UH1 to UH51. The highest

two samples, UFb0 and UH51, are representinghe lowermostDanian stage
coincidingwiththeY e k i | y u r t whéreagldhsanpistaggedrom UH-1 to
UH-49, are the uppermostMaastrichtian samplebelonging tothe Haymana
Formation Samples were collected from unweathgrads of thebedsby digging
asmall trencha reachthefreshportion ofrock body.

Onthesecond field worka 5.03m long section was measuriedluding marl and
calcareous mudstone levelstbéY e K i | y u r t exdemt fontte first sample,
UKHB-1, which belongs tothe Haymana Formatiorand eken just below the
boundary. 38 samples in overall have been collatiedigh this intervalSamples
aretaggedasfrom UKHB-1 to UKHB-38.

Not all of the collected sampleshave beerusedfor the benthic foraminifera
analysis The studiedamples, which are 25 in total, correspond3.1& m below

andl1.21m aboveheK-Pg boundaryAfter thefield survey laboratoryworkswere

carried outwhich detailedin thebelowsection

1.3.1 Sample Preparation for Foraminifera Analysis

Rock samples collected from the fieldvere washed andprepared in
micropaleontology laboratoryf the Department of Geological Engineering,

Middle East Technical UniversityA series ofwidely-usedmicropaleontological



methodsfor foraminifera extractionncluding some mechanical and chemical
techniqueswvere used for this proces®llowing the stagesused in the work of
Karabeyojlu (2017)

As themechanicaprocesssamples wererushed and cut into piecey a hammer
about maximum volume of 5 mm. This technique was applied for increasing
surface area of the samp(elodgkinson, 1991)It was paid attention that the
samples were not completely becopmwvder,because¢oo muchcrushingmay
causebreakng of foraminiferatess. In the chemical treatmestage 100 gof the
crushedrocks per samplevere disaggregated witi200 ml of 50% Hyrogen

Peroxide (HO-) solution for 20 minutes iaglass beaker

After that chencal operation, ethe end of 20 minutesamples were washed under

tap wateusingthes i eve with openings of 38 Om, 63 Om
and 425 Om. Hand r ubdgentlpdgringnetsieving socessa p pl i ed v
to move awayeftover clasts on foraminifera test¥hen, samples on each sieve

were transferred into glass petri dishes by using distilled wiagah sieve was

cleaned carefully by brushing after washing processake thenget ready fothe

following washing process

Washed sampleserel ef t f or dr y iPamer bags weve\preparedfor 50 A C.
storing of dried samples foeach sieve fraction Labeling was paid attention
througlout the sample preparatioprocess to avoid any confusidretween the

samples.

1.3.2 Benthic Foraminifera Analysis

25 washed samples were used for quantitativehie foraminiferal analysis. 17
samplesout of 25representhe uppermosiMaastrichtianpart of the Haymana
Formationwhereagheother8 sampledelongto the lowermost Daniapartof the

Ye ki |oymatton. F



Although there are argumensggatingthe importance of using smallé&actions

( > 6 3 in@@raminiferal studieslue tothe presence of small paleoenvironmental

indicator formg( S ¢ h r €t &, d 987) there aralsomany benthic foraminiferal

studiesin which the larger fraction (4250 nor even largdrwas usedegarding

the paleoecological and paleoenvironmerntalestigations(Table 1). Moreover,

some benthic foramiferadatasetwiths ma | |

er

si ze

to be skewed tothe datasets wittarger size fraction(Ernstet al., 2006 and

references therejn

fracti

Table 1. Benthic foraminifera studieswith larger fraction used in the
paleoecologicaandpaleoenvironmental investigatians

Size fractim | Time interval Author

>150e m K-Pg boundary Dailey (1983)

>150e m K-Pg boundary Keller (1988)

>149¢ m K-Pg boundary Nomura (1991)

> 125 g K-Pgboundary Widmark&Malmgrer(1992a)
> 125 g K-Pghboundary CoccioniandGaleotti(1994)
125-5 9 5 | K-PgandP-E boundary Speijer (1994)

125-5 9 5 | K-Pg boundary Speijeret al(1996)

>100 ¢ r K-Pgboundary Peryt et al(1997)

> 125 g Campanian to Paleocene Van den Akker et g2000)
125-5 0 0 | Late CampanianEarly Maastrichtian | Friedrich et al(2005)

125-6 3 0 | Latest Paleocene Stassen et a{2009)

125-6 3 0 | Latest Danian Sprong et al(2012)

> 125 ¢ Latest Maastrichtian WoeldersandSpeijer(2015)

on

(>¢



In this study, benthic foraminifera analysis wamductednitially by using %3

Om f r ,auet taterthis lower limit wasincreasedo >125 Om dfiertmct i on
very smallforaminiferal populations andifficulties in smal benthic foraminifera

taxonomy as well astaphonomic obstacles~urthermore, using smaller size
fractions need extravorkforceandregarded aime consuming% ¢ h r %eeatl e r

1987) Besides, more particularlyhe taxonomical assignment amall and/or

juvenile specimens under the binder microscope Wwh maximum 100x
magnificationrwould beproblematic Thereforethe large(> 1 2 5) fr&tion was

decided to beadoptedfor this study, expecting more appropriate taxomonic
identification.

For each samplegpproximately800 benthic forammifera individuals wergicked
from>125 Om frbm therdpiesentative splitsThis threshold value was
chosen, becauseinimum 300 benthic foraminifera specimens for one sampke
considered athe best representative size for diversity calculatibhomas,1989)
All benthic foraminifera spemens have been pickdbm the processed split per

samplePicked specimenserestaredin cardoard micropaleontology slides.

Benthic foraminifera speciewere identified by using Nikon SMz&645 model
binocular microscope under bdtansmitted and reftged light Scanning electron
microscope (SEM) images were also used for identificatioof external
morphological features of foraminifef@epresentative individuals of the identified
species were picked frobothquantitatively analysesplitsandunpro@ssedsplits

for the scaning electron microscommaysis(Figure 2A). They were carefully
arrayed on SEM specimen hold&rgure 2B) SEM photographs were taken at the
Department of Metallurgical and Materials Engineerin@canninng Electron

Microscope Laoratory Middle East Technical Universiffigure 3)



Figure2: Selectionof SEM samples on the picking tré4), organization ofSEM

sample arrayB).



Figure 3: SEM imaging of microfossils in tle Metallurgical and Materials

Engineering Scanninng Electron Microscope Laboratory, METU
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1.4 Previous Works

1.4.1 Previous Workson Cretaceousand Paleogenesmall Benthic

foraminifera including K -Pg studies

Plummer(1926) made a contributiomy working on small benthic foraminifera
speciesappertaining to Midway Formation in Texas. She stated that this feama
a specific assemblage involved that part of the geological sequence. She
introducedthe systematicaklassificationof the most commoiiorms whichare

distinctive forthe Midway unit.

Another contribution to systematics of small benthic foraminifera come from
Cushman(1926). Foraminiferal assemblage fradpper Cretaceougelasco shale

in Mexico, illustratng and defininghe most common specidde also pointed the
close affinity of Velasco and Europian fauna of Late Cretaceous, stiadéitrgany
species oVelasco fauna anthat of Upper Cretacous European localitiasl been
very alike.Cushman (1946)erformed a broad taxonomical studyfafaminifera

from the material come from mostly Texas and also Mississippi, Alabama,
TennesseeArkansas and Louisianaround 600 foraminifera speci@gere and
illustrated in that publicationCushman(1951) thereafter published taxonomy
paper considering the Paleocene foraminifera from those localities and additionally
from Trinidad, Cuba, Haitiand Centrapart of theAmerica

Starting from the 1970s, in addition to taxonomical works, many studies regarding
Cretaceous andPaleogenesmall benthic foraminiferal paleogeography and
paleoenvironmentas well as their response to thePl§ boundaryeventswere
published Sliter and Baker (1972) proposed a paleobathymetrical model for
Cretaceous neritic and bathyal benthic foraminifera genera, commenting their

anology to the recg communities.

Berggrenand Aubert (1975) provided aremarkablework on Paleocene benthic
foraminifera considering paleogeography and bathymetry of foraminiferal

associations from Tethys and Atlantic regiofiiey established twomportant

11



cosmopolitan benthic foraminifera assemblagdsdway type Fauna and Velasco
Type Fauna, for mile to outer shelf and bathyab abysal environments,
respectiviey. Taxonomical revisions on Paleocene small benthic foraminifera

species were also revealed.

Haig (1979) reportedthree differentmid-Cretaceousmall benthic foraminifera
assemblagess well as planktonic foraminifera associatid@ach of them is
accompanied by distinct ecological units. Relatively low diversified
Ammobaculitesassociation refers to shallower, epicontinental environment and
includes large number sfliceousagglutinated foraminiferayhereasMiarssonella
associationreflects moreopen marine (continental shelfpndtions including
calcite cemented agglutinated foraminifera and diverse calcareous foraminifera
Recurvoidesissociatiorwascomprising ofsiliceousagglutinated taxa and usually
devoid of calcareous foraminifera. It correspetido much deeperoceanic
envronment. Differentiation of each association with respect to different water
depth intervals were also disscussed. Moredweemphasized theosmopolitan
distributionnatureof small benthic foraminifera and their restricted usage as being

indicatorofipr ovi nci al i smo.

Van Morkhovenet al. (1986)discussedhe taxonomy, biostratigraphy aslvas
paleobathymetry of Cenoic cosmopolitan deep sea benthic foraminifera. They
argued that deep water benthic foraminifera species generally have relatively long
stratigraphic ranges. Moreover, they also timgred that one of the difficulties
during their taxonomy works was phenotypic variations of species due to the
different environmental parameters in distinct bathymetrical position in one

chronocline.

Berggrenand Miller (1989) presented Cenozoic deep water benthic foraminifera
biozonations regarding two different zonegich are bathyal and abyssal
publishingfourteenbiozondions for bathyal environment and twelve fdryssal
environment. Efficiency of benthic foraminifera in biostratigraphical purpesss

fairly limited if compared to planktonic faminifera due to their faciekependency

12



and alsaliachronicoccurrencs. Besides they recognized in their study that many
some deep sea benthic foraminifera taxa are useful for biostratigraphic

investigations.

Kuhnt et al. (1989)worked on the Late Cretaceous deep water agglutinated
foraminifera assemblages from North Atlardind Western Tethyan localities. Six
different Turonian i Maastrichtian deep water agglutinated foraminifera
assemblages were recognized based on the different latitude and bathymetrical
divisions. Thoseverehigh latitude slope assemblages, {owddle lattude slope
assemblages, flysch type assemblages, scaglia type (deep water limestone)
assemblages, abyssal mixed calcareous and agglutinated assemblages and abyssal
entirely agglutinated assemblages. They also revealed five bathymetrical zonations

for low-middle latitudes.

Koutsoukosand Hart (1990) established a broad comprehensive study regarding
Late Aptian to Maastrichtian nedtlower bathyal benthic foraminifera
morphogroups and their connection with some ecological parameters such as
trophic structures and deptblated parameters. It was stated that benthic
foraminifera morphogroups are well reactive to ecological variatiobmsy offered

the morphogroup analysis as an effective appliance to understand
paleoceanography and paleoenvironment. Moreover, thkos remarked a
caution thattaphonomic process should always be taken into account in

interpretations about the pal@memunity structures.

Widmaik and Malmgren (1992a)revealed the response of deep water benthic
foraminifera at KT boundaryin threeDSDP sites525, 527 and 469 heir results
showed that deep water benthic foraminifera were not critically influenced by the
boundary eventbecause¢he most of the Maastrichtian forms were argued not to
have been affected by the boundary evM@etative abundance of infaunal taxa were
diminished athe South Atlantic localitieshrough the boundaryprobably showing

a diminishing of theprimary produtvity. It was suggested that before and

concurrently withthe K-T boundary, deep water settings in higher latitudes were

13



offered to bemore unstable, namely stressed when comparddatoin lower
latitudes.

Widmark and Malmgrer§1992b)worked on Late Cretaceous deep sea (bathyal
abyssal) bethic foraminifera from different geographic locations from DSDP in an
attempt to analyze their pretended cosmopolitan character. Their statistical analysis
showed that particularly 9% of the taxa were actually assigned as cosmopolitan, as
an opposing arguemt of general cosmopolitaaspectof deep water benthic

foraminiferaof the Late Cretaceous

GaworBiedowa (1992) and Bolli et al. (1994) revealed taxonomy and stratigraphic
distribution of small benthic foraminifera from Campanian and Maastrichtian
deposits of Lublin Upland, Eastern Poland and South Caribbean Region,
respectively. The latter author provided extensively taxonomic lists of Early
Cretaceous to Middle Miocene deep water benthic foraminifera corresponding with
planktonic foraminifera biozations. They also stressed the necessity of

taxonomical revision in most the benthic foraminifera groups.

Speijer (1994) revealed a comprehensive work on paleoceanography and
paleoecology of small benthic foraminifera assemblages in the southern Tethyan
localities across Cretaceous/Paleocen®)oundary and Paleocene/Eocene (P

E) boundary. Their basic distribution along these transitions and redjpotise
boundaries were disceisd. Those bioevents were said to be related with
insufficient oxygen legls at orresponding time intervals. i mentioned that a
selective extinction occurred dhe K-P boundary where endobenthic forms
experienced more cruel extinction due their relatively large food requirement when
compared to epibenthic taxa which eftat less from the event. A lessening food
supply to bottom environment was offered to describe this boundary event. At the
P-E boundary, on the other hand, an extinction of cosmopolitan benthic

foraminifera species was observed.

WidmarkandSpeijer(1997b)performedcluster analysis of the most common Late
Maastrichtianupper bathyal to abyssakenthic foraminiferal taxa from Tyan
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localities in order to observe biogeographic and bathymetric distribution of groups.
Their quantitative study resulted infive distinct foraminiferal assemblages as
follows; marginal tethyan assemblage, shallow bathyal assemblage, deeper bathyal
assenblage, abyssal tethyan assemblage and northwestern tethyan assemblage.
They also remarked about ratio of epibenthic and endobenthic morphogroups in
those localities, concluding that for broad part of Late Cretaceous bathyal localities
were nearly mesotrdyc environment. In the same yedfidmark (199) provided

a broad taxonomical work on deep water benthic foraminffera Cretaceous
Paleogene boundary beds from the South Atlantic ocean at DSDP sites, as well as

revealing their paleoecology and boundary responses.

Studiesfocusing on the paleoemanmeral response of small benthic foraminifera

to the KPg boundary event were carried out mostly starting from around 1990s.
Theywerebroadly studied by quantitative methotfs some works, taxonomy of
foraminifera was also given by author(Researcis including outer neriticand

bathyalsettings were given as follows

Keller (1988) carried out a quantitative analysis of the Latest Cretaceous to
Paleocendenthic foraminiferdrom upper slope to outer shelf environmah€gl

Kef, Tunisig revealing their response to Kboundary. A shallowing trend were
proposed after the boundary which changed to outer to middle shelf envirpnment
suggesting sea level regression at that .tils@6 disappearancen benthic
foraminifera assemblage was offered regarding the bounda@ryothis regression
event Infaunal and epifaunal taxa which adaptthg low oxygen conditions were
proposed asurviving taxain PQ a,b and Pla interval. Benthic foraminifera fauna
experienced longecovery period after the boundary event.

Kaiho (1992) published the response of upper bathyal benthic foraminifera in
Hokkaido, Japan across alKboundary section reporting a bathymetrical shallow
trend slightly below the bowary. Benthic foraminiferal assemblage indicate
lowered oxygen conditions. The rate of extinctweassmall which given as 20

for calcareous benthic foraminifera.
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Coccioni and Galeotti (1998) remarked a considerable change in community
structure of benthic foraminifera at theTKboundary based on their quantitative
data which compiled from eight stratigraphic sections fronmrerk, Tunisia,
Spain and ltaly. They mentioned two distinct domains regarding the earliest
Paleocene community responsehich were epifaunally dominant area and
infaunally dominant area. lwvas also concluded thahe fauna in deeper water
settings had k& less effected by-K event.

Frenzel (2000) established a quantitative work on Early Maastrichtian benthic
foraminifera from Rugen Chalk, Germany together with broadly refined benthic
foraminifera taxonomy. He also remarkabout thepaleoecology of theegion
stating thathe oxygenat thebottomwas fair and still not a limiting factor for the
benthic community in the late Early Maastrichtiafhe benthic foraminifera
associations indicated a minor amount of shallowing sea conditions and increase in
the temperatureowards upward of the successipmvhich pursuing the higher

productivity possibly resulted from the upwelling

Alegretand Thomas (2001gstablished #gaxonomical papeconsidering bathyal
benthic foraminiferal taxonomy in Mexico region, inding many cosmopolitan
species fromthe Mendez Formation anthe Velasco Formation. The authors
presentedh taxonomic revision of theeep seapeciesnamely the Velasetype
benthic foraminiferal assemblagacrossthe Cretaceous Paleogene transition
from the Gulf of MexicoAlegret et al. (2001)jevealeda quantitative analysis of
Mexican fauna across-K transitionfrom several uppelower bathyal sections
They offered a slight benthioraminifera extinction right at the boundamhich
associated witlshange in the community structure, following by gradual recovery

stage. After the boundary, a decrease in food supply was also suggested.

Perytet al. (2002) mentiored outer shelf to upper bathyal benthic foraminifera
assemblagesndrevealedheir response to K/P boundaryevart t he A&l n
Tunisia Theysuggested a diversity fall at the®g boundary and critical change

in the community structure across the boundaryalsalsosuggested that higjh
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diverse late Maastrichtian associatiovere dramatically recouped lepifaunal
morphogroups after the boundamtnessing shorlived disappearancef infaunal

morphotypes.

Alegret et al.(2003) carried outa quantitativework on theUpper Cretaceous to
Lower Paleogene benthic foraminifel@ssemblagesn order to investigate
paleoenvironment and paleobathymetrical changes at-thg tansition in Agost,
Spain.The authorsuggestd a sea leel increasing from upper bathyal to middle
bathyal for the Cretaceous part of thiestudied section.They proposedno
bathymetricalchange at the boundary. Onl%50f assemblages were offered as
extinct taxa. Change inthe community structure was offereafter the boundary.
Ther study also suggestéidatiow oxygen conditiongvere developejlist after the
boundary which inferred from the shortliving high relative abundees of

opportunistic species.

Culver(2003)compiledthe published literaturabout the response siihallbenthic
foraminiferato the KT boundaryevent The authostated that in shalloineritic)

and intermediate bathyatric (outer neritic to middle bathyal) settingthe
ecological changes stadtbefore the boundary, whereas in mdeeper settings
the changes begaat the boundaryMoreover, he also concluded that there seems
to be selective survivorship of epifaurgpecies to Danian accompanied with
relatively short intervalof infaunal taxa dominance jusdfter the boundary. It

was also summarizedthat the small benthicforaminifera didnot showmass
extinction regardless oftheir bathymetrical position, prefred microhabitat,

latitudinal situation.

Perytet al. (2004) establisheduter shelf to upperdthyal agglutinated benthic
foraminiferal response with respect to thelkoundary. Their quantitative study
remarked a considerable change in benthic foraminifera assemblages at the
boundary which switched from a mesotrophic highly diverse late Mdaisnc

assemblage to the epifaunal taxa dominated assemblages. A decline in primary
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productivity and modification in phytoplankton balance was suggested for those

structural change in benthic foraminifera community.

A guantitative study from Bidart, Franeeere performed byAlegret et al. (2004)
considering Late CretaceoiisEarly Paleogene upper to middle bathyal benthic
foraminifera revealing their paleoenvironmental responseRgKoundary. Their
study proposed that Upp Maastrichtian section was deposited in mesotrophic

environment. The KPg boundaryasremarked by distinctly drop in the nutrient
supply.

CoccioniandMarsili (2007)reporteda high resolution quantitative outer neritic to
uppermost bathyal benthic foraminifera study at EllBsnisia across the -Rg
transition. Their data suggestaddistinct drop in diversity, heterogeneity, genus
and species richness as well as infaunal taxa at the boundary, associated with
temporary disappearance of other benthic foraminifera taxa. Tinete ratevas

given as %, following a graded recovery phase.

From Turkey, G° r m(3990, 1994a, 1994bdtudied CampaniaiMaastrichtian

small benthic foraminifera in the Hekimhan and Darenelgions as well as
focusingon the larger benthic foraminifera and their quantitative dat&° r my¢ K ,
1992a, 1992bHe also identified a new specirsem the CampaniaiMaastrichtian
sedimentg G° r m¢ kK Mosttegedtlyellekoop et al.2017)publisheda paper
regadinga kP g s e ct i o.nThey tarrigdlout palym@ological and benthic
foraminiferal analysis in order to observe ecological chattyesigh the section.
Their benthicforaminiferal morphaype study servethe evidenceof domination
epifaunaltaxa right after th&-Pgboundary.

1.4.2 Previous Works on the Haymana Basin

The Haymana Basiwasstudiedoriginally by Chaput (1932, 1935a, 1935b, 1936)
in an effort to establisa comprehensivighostratigraphyof the region Triassic to
Eoceneaockshad beemeportedrom these studie$-ollowing the work of Chaput,
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LokmanandLahn (1946) Lahn (1949)andEgeranandLahn (1951)investigated
thegeology of the basiwithin stratigraphicandtectonicframevork. Lokmanand
Lahn (1946)dentifiedUpper CretaceouBocene flysh facieswith various marine
fossil records. Marinsystemwas said to be ended in Middle Eocene, continuing
into freshwater and terrestrial rockeluding limestone, marl, conglomerate and
sandstone representing probably the Miocene agenlentioned thagtructureof

the basin hastypical features ofAlpine orogenic eventLahn (1949)and Egeran
and Lahn (1951)discussedectonic history ofCentral and Northern ratolia as
well asthe Haymana BasirLahn (1949)mentionedalsothe Upper Cretaceous
Eocene rock successions in the region with their fossil assemblages such as
Hippurites Gryphea and Ndihea from Senonianmarls, Cyclolites from the
Maastrichtian marlandLithothamniuncovered in thehtin beddedimestone at the
changeover of Cretaceolis Paleocene Larger foraminifera,Nummulitesand
Assiling were also reported frothe arenaceosiEocene flysch rocks.

The Haymana Basin wastudied by petroleum geologistsvith the intent of
petroleumexplorationsupplying significant stratigraphidatai n 1 .9NofkD s
performed byRigo de Righiand Cortesini (1959)Schmidt (1960and Reckamp
and¥ z b ey rpay Be@a®grded as the base study for other researchers.

One of the early sedimentologlcstudies in the Haymana Basin carried out by
NormanandRad(1971)andRad(1971)who worked on sandstone mudstong

shale units othe Eocene Harhor Formatioffhey made interpretations about the
origin of the sediments depending on the heavy mim@cktexturahnalysis They

stated that sediments weoeiginated from avariety of different rock sources.
Sedimenttransportation tookplace in two phasesSedimentswere initially
concentrated in relatively shallower setting, thereafter transported into deeper parts

of the basin byurbidity currents.

Ar é k a n exanir®ed @&l )prospects dhe Haymana Basin antheTu z G° | ¢
Basin. Heinvestigatedstratigraphy ad tectonic development dhesebasins. He

claimed thathe Haymana Basin anthe T u z  G° | were@aesonnected in
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Late Senoniain Early-Middle EoceneMoreover it wasreported thalydrocarbons

had been observed the outcrops in the form of oilral asphaltin the northern

flank of the Haymana anticline,ilosands were said to be exposed which
corresponding the Lower Paleocene. Asphalts were observed several places in the
Haymana region; from the uppermost Cretaceous sandstones, Paleocenedsneston
and sandstones in the northern and northeastern parts as well as possibly Paleocene
aged limestones in the southern and southeastern localittee regionk e na |l p
and GYUrealso pointed out the petroleum potential of the Haymana
Formation based on the presence of oil saturated turbiditic sandstone channel fills.
Cok kun e texaminedals¢ Hydrddrbon potential of tiaymana region

(as citedin Esmeray, 2008)Their study revealed that shales beloggto the

Haymana Formation antheY e Kk i | y u r t mightohave been regarded as
source rocks, whereas sandstookthel | g é n | & k d eandethe Haymana t i o n
Formation might have represented reservoacks Aydemir and Ates (2006)

carried outgeophysical investigation othe Haymana andhe T u z  ®A&sin ¢,
conducting threelimensional modelingTheir study suggested hydrocarbon

potential for the Haymana Basirt e me n et peposedt(H&®Ot9 9Tuz G°1I ¢
Basin and Haymana Basin were developed seperatgiyEocene and brought
together at the end of Eocene.

Sirel (1975) establishedgeneral lithatratigraphy and biostratigraphyof the

Haymana Basingxamining Upper JurassiPaleocencEoene and Neogene age

successions. Hassigned the agestife¢ a |l d a] F KartahRotmiatomand
Kerkkavak Formation as Upper JUpper asi c, Lo
Paleocene, respectivelySirel et al. (1986) studied lithostratigraphy and

biostratigraphy of Maastrichtian to Lower Paleocene sedimestargession

theHaymanaP ol at | € region. They remarked i mporta
sedimentology and fossil assemblages at the etite@fretaceous possibly related

with tectonic activity. The most of the benthic foraminifera was said to be
disappearedavhich coresponds that time. The conformable boundary relationship
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betweenthe DanianLower Thanetian¢ a | d a j [ i nhee daastncletiana n d
Beyobaké Formation were stated.

' nal an e testablishedlefailedithdstyatigraphy of the Hayman® o | at | &
region. TheyeportedelevenUpper Cretaceoukower Tertiary formations with a
continuousdeposition up to 5800 m thickness, except for a loceonformity
between the CuisianLutetian ¢ ay r a z F o r nhe tllercddan-Cuissan d
Eski pol at | Neogehe unitsaMas said to cover these formations by an
unanformity. They illustrated measured stratigraphic section of each formation
remarkingfossil assemblages of theck units mainly based oforaminifera and

algae Their study revealed thatkeral and horizontal transitisof the formations
together withpaleogeography angaleoenvironment of the regioMoreover, the

link betweentheT u z G ° theHaymand Basin were demonstratsanilar to

the argument oA r &€ k a n G k9 EXQG)also studied the stratigraphy and
tectonics of the Haymanagion. G° r (3981) followed the formation names
refined by work of | nal an ettheddhymand 197 6)
andtheTe G°1I| ¢ Basi ns.

¢ et tiah (1986)studied Upper Cretaceoudarly Tertiary successions frotine
Haymanaregion and carried out a series of sedimentological analysis. Their
petrographic studies suggedtthat the paleotransportation direction was from
north tosouth viaturbidity currentswith various energy gradients.

From thebeginningof early 1960s, detailedhpeontologicaivorkswere carriedut

in the Haymana BasirSirel (1976a, 1976b, 1976presentedhe taxonomyof

Alveoling AssilinaandNummulitegrom the Eocene strat&irel (1976a) published

six newAlveolinas peci es from t he s ooker(ho@s, I®77part of
1979, 1981)carried outthe earlier works on planktonic foraminifera and
nannglankton biostratigraphin the Haymana regionToker (1981 proposed 16
nannobiozones for Campanian to Middle Eocene (Lutetian) sequence of the

measured sections inclng the CampaniarMaastrichtianHaymana Formation,
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the Upper MaastrichtiarKavak Formation anthe Eocene¢ a y fF@mation and

other formations in the region.

Matsumaru (1997Wwor ked on Maastrichtian Beyobakeée F
some larger benthic foraminifera specig$seudorbitoides trechmanni,

Omphalocyclus macroporus, Orbitoides apiculatu, Pseudomphalocyclus

blumenthali, Hellenocyclina beoticeSiderolites calcitrapaleg. Sirel (1999)

introduced a new foraminifera family Orduellinidae under the superfamily
Orbitoidacea from Paleocene ¢al daj] Formati c
generaMe randG° r ¢ r révited ®ddagedhe¢ al daj F oMomiant i on as

I Thanetianwhichwas previously described dontian.

At the end of 1990s and witlhe begging of 2000s, remarkalpaleontological
works were carried out in Haymana aregardinglarger benthicand planktonic
foraminifera ¥ z ¢ am ¥ zkanAltiner (2001)a nd ¥and ¥ nk-A hneré
(1999) establishd the taxonomy andvolution of Lepidorbitoidesregarding its
ontogeny fromthe Haymana and othdtysch basins¥ z k-A hner@and¥ z c a n
(1999) revealed planktonic foraminifdrebiostratigraphybased on the major
bioevents fronthe Upper Cretaceouksower Tertiarysuccessionideveloped in the
fore-arc basins which located the northern, northeastern and centratgaf the
Anatolian includingthe Haymana region. This data was correlated with the age
ranges of the larger benthic foraminiferacontaining Orbitoides and
LepidorbitoidesOmphalocyclus macroporus, Pseudosiderolites vidali, Siderolites
calcitrapoides, SdenticulatusClypeorbis mamillateand Hellenocyclinabeotica
were also idenified from the samesuccessionA detailed stratigraphy of this
succession was established by these authors based on the integrated usage of both

planktonic and larger benthicraminiferabiozonations.

¥ zcanet al. Q001)reportedthe Thanetian Orthophragmina®ybitoclypeusfrom
shallow marine deposits theHaymana Po | at | Biscocgcina seuned.
sp. 1 andOrbitoclypeusneumannasavere idenfied. Orbitoclypeushaymanaensis

was propose@s new speciedhese associatiowas calibratedvith planktonic
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foraminifera ad nannoplanktorassemblages within this succession, thus the
assemblage was datad Thanetian.

¥zcan(2002) worked onthe ¢ ay r a z F(GuisrarsEarly autetian)which
cortains very rich large benthic foraminifera associationthh@HaymanaP o | at | é
basin. Taxonomical studies anddmetrical morphology analysis @iscocyling
OrbitoclypeusandNemkovellayroups were carried oby this autharThe resulting

data was comped with otherTethyan European and Crimea sectionsvhich
revealing the similarity of evolutionary trends of this larger benthic foraminiferal

assemblagbetweert h e ¢aad/thhosdzthyan localities.

Alkan (2005)studied paleoecology dhe MaastrichtanrBey obak é For mat i o
theDanian¢ al d aj F o rdma benttucnforamiaifera spesielnner shelf
environment was of f er ewherédapthomeheggysiek y ob ak é

environmenwith rim was proposeébr theDanian¢ al daj For mat i on.

Another recent studies on paleontology conducteddlny k gafidiOkan (2011)

since theyoffered a new Gastropod species from shallow marine succession of
Haymana Polaté Basi n. Thanetian Kérkkavak Forn
Angaria species whichs foundin Tethyan localitiesThe Paleocen& al| daj and
Kérkkavak For mat Hokn@0lR)ie theesansetregioni Aevarietp y

of gastrpod species belonging ®@ampanil, Cerithium,Ampullina, Velates,
Eotympanotonusand bivalve species ofGryphaea, TurkostreaPycnodonta,
Chlamys,Nemocardium species were identifiedslamoglu et al.(2011) also

reported21 Caenogastropodspecies fromth& é r k k av a k in Haymamaa t i o n

Pol at | ®e dssewhblage was mentioned tarakcatingthe early Ypresian

age.

Di n 2@L6)published recently an isotop@d paleontologgtudy ontwo Eocene
formations, namely, th& a y FamnzationandtheA | t & podmatem,reg&rding
Eocene large benthic foraminifera order toinvestigate thealeoenvironment.
Nummulites Lochartia, Alveolina and Assilina species were identified. Isotopic
study showed that benthic foraminifera diversity werdecreased while

23



paleotemperature was increas&tbreover, itwasstated that nutrient supply is one
of the controlling parameter with regard ttee diversity as well as abundance

benthic foraminifera.

Esmeray (2008) andsiheraySenlé et al.(2015 defined the Cretaceous/agjiene
boundary in the Hawana Basin based on thieiostratigraphy, sequence
stratigraphyplanktonic foraminifera taxonomy amdineralogical observationé.
detailed panktonic foraminifera biozonations were constructed. iflerent
microfacies types were establishd@akonvironmentof the studied area was
offered as slope to basin environmeasulting fromthe microfacies analysis.
Amirov (2008) studied planktonic foraminifera biostratigrgphnd sedimentary
cyclicity within the sequence stratigraphic framework from Upper Cretaceous
Paleocene successions in the HaymananBdsa r a dug(30b7) recently worked
ontheplanktonic foraminifera itheHaymana Basin across Maastrichtidbanian
transition. kPg boundary in this region was refined revealing tthenomyof
planktonic foraminiferaas well as theirelative abundanse The blooms of
Guembelitria cretace@ the late Maastrichtian and in the early Danian PO Zone
as well as the bloom dfhoracosphera and echinoid fecal pellets in the PO Zone

were established in that study.

Includingthe tectoniaevelopmenof the baga around the 1990sheworkscarried
outbyKo - yi ] i(11988ekKto - ayli(1P91)tRojayandS ¢ z @997) Rojay
(2013)and Okay an drewdletdhatthe HayhahdBagmdin fore-

arcto forelland basin evolutioduring the Late Cretaceous to Eocene.

As one of the recent studyom the Haymana regigrOkay and Altiner (2016)
workedonthe Cretaceous successsamthe stratigraphic and tectonic framework.
They revealed three unconformitybounded pelagic carbonate sequences
corresponding t®erriasian, AlbianCenomanian and Turonig8antoniarstages.
The authors alsoemarkeda casiderable change in tleedimentaryregimein

Campanianwhichswitched from carbonate to siliciclastic deposition at that time.

24



1.5 Regional Geology

The Haymanaegionis locatedn the Central Anatoliayithin the Pontide unit and
inthe nor t h -AnkaraErhincan Kuwtureiwhich delimitingpe Anatolide
Tauride Block and the Pontidé®kay andAltiner, 2016) The region is enclosed
by Sakarya Zone tthe north, Central Anatolian Crystalline Compléo the east
and AnatolideTauride Blockto the soutksouthwest(Figure 4). The Haymana
Basin isinclusive ofthis region and considereds a forearc basiduring Late
Cretaceous the Late Eocenby various authorK o - yi Jj it Ko- wilji,t ;198
1991; G° r ¢ Bl.1998;K a y ma k - ;&airn & @l2013 (Figure 5) It was
suggestedhat the basinwas developedt the time of convergence dinatolide
Tauride Platform and the Pontidasng the northern subductidaring the closure

of NeoTethys inNeo-Tethyan phas€S e n qaAdrYilmaz, 1981)between the
magmatic arc anthetrench( Ko - yi jJ i t;Ket- yal . Rojay, 2093 1
Okay and Altiner, 2016

The Triassic units of Karakaya Compl&asconsidered as the oldest basement
the Haymana regionThe Karakaya Complewas suggested abeing strongly
deformed and alternatilyemetamorphose@kay, 1989)

From the early Cretaceous to the late Santonian a pelagic carbonate deposition took
place in the Haymana region, consisting of shallow marine carbonate rocks
following a deeper marine carbonate sequé@émya n d Al t € TheUpper 201 6 )
JurassitLower Cretaceousshallow water limestones namely he Bilecik
Limestone is overlain by Berriasian aged pel&icj u k - am . Thesaevet o n e
carbonate units are unconfirmalayerlainby the Akkaya Formation fronAlbian

to CenomanianThe Kocatepe Formationnconfirmably overliesthe Akkaya
Formation and the Bilecik Limestone the region. ie Kocatepe Formatiois

consisting of Turonian to Santonian pelagic depogisticularly limestone and

shale.
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The upward parts ofhe Cretaceous system is represented by clastic turbiditic

deposits of CampanianMaastrichtianHaymanaFormation( Ok ay and Al t én
2016)., nal an et al . (1976) mentwasnmdedupt hat t
of grey shales interbedded with sandstone including also sandstone and
conglomerateslensed. i s conf ormably wunderlying the
Yeki |l yurt F B € yna -@arneaéon is Tamprising of conglomerate,

sandstone and limestone and regarded as deposited in shallower shelf settings with

thediverse fauna.

In the Early Paleocengthe Kartal Formation was deposited in tsleallowestparts

on the basin bearing conglomerates, sandstone and sandstone marl alternations.

This unit also has few limestone layers up to few meters inclidiingidae, algae

Ostreaand gastropoda. The Kartal Formation is laterally passingieté a y r a z
Formadion as going to the inside of the bagiigure 6 and7). The¢ al d aj
Formation comprises of limestone and limestoreel altermations with fauna

including alge, Echinodermatacoral, brypzoa, foraminifera includinililiolidae.

A high energy zone (*one of Irwin, 1965) was offered fire¢ al daj For mat i o
As goingthrough more deeper parts of the basg ¢ a | d a ] Formati on |
through the Yexkilyurt Formation which <co

with diverse pelagic fossil$ n a |l a n976)t al

TheUp per Pal lkavak FormatiorkKigharacterizethy marl and limestone

alternations overlain by limestone with abundaligeandMiliolidae, and locally

sandstone, thin bedded limestones alternating with shales. The lower part of the
formation containsAlveolina primaeva Discocyclina seunesiand Kathina
subsphraericaepresenting Thanetian stage. The génl ékder e For mat i c
in age and consisting of conglomeratndstonehale alternations at the base.

Shale units are including pelagic fossils and becoming more common in the upper
parts of the formati on. Tdlareagdd ardinpadel at | &
up of mostly beige colored shales (]} nal al
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Sea level

Figure6: Block diagram of pleoenvironmestoftheKar t al , ¢al daj

Formatios( } nal al®76et al

The Lower Eocene formations aretBeldede=ormation,t h e  ¢Foynatianz

and the Yamak-ormationas desending orderregarding their age. Taking as
reference of their paleoenvironmental arrangement, the BelBedeation was
settling in the shallowest part of the basin (Figure 7). issis of conglomerate
sandstonesandy marl alternations. This unit is considered as mostly fluvial deposit,
but occasionallyshallow marginal marine deposits can be seen due to the presence

of Ostreg Cerithiumve Nummulites
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The ¢ayraz For mati on nmaenp engirorement regardimgt i r el y s |
the presence oAlveolina canavar A. bayburtesis A. cayrasi Nummulites

laevigatus, N. lehneri, N. helveticaad Assilinaexponensit was mentionecthat

the formationwas laterally shifting into theyamak Formation The depositional

settingof the latter onavas interpreted as beyotitke shelf, since itis comprising

of turbiditic depositsas well as due to the presence of transported fdésitsa | a n

et al. 1976).

Above mentioned Upper Cretacedusver Tertiary deposits were covered
unconfirmably by Neogene deposits which mostly include terrestgabsits and

volcanics[ nal an et aBand9.976) (Figure
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CHAPTER 2

STRATIGRAPHY

2.1 Lithostratigraphy of the Studied Section

Various rockunitsfrom Triassic tdRecentareexposedn the Haymana regioihe

Upper Cretaceous to Eocene depoaitsparticularly outcroppingwidespread in

the region The studied section is locatedtween the Haymana Formation and the

Ye ki | yur tThdsectiomsadmipasing othe Maastrichtian grey mudstones

of the Hayman&ormation and the Danian beige colored calcareous mudstarie
alternations of tThereforéenkyithle jyithostratigr&épbyromat i on
thesetwo formations is given in detail

The Haymana Formation

Defination This unitwas definegbreviouslyby various authors with the same name
(1 nal an andrefarénces theketh) 6

Type locality type sectiorand outrcopsThe most typical and widespread locality
of this formationwasmentionedo benearthe Haymanghencethe type section is
locatel at the south of the Haymana. Besides, the formation is outcropping between

Beyokakék°seler village as wel |l as Boyal

et al., 1976).
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Contacts The Haymana Formaton s conf or mably overl ain by
Formation t he Foéalmaaj on and t hetis\exlaterajyur t For ma
passing intdhe MaastrichtiarB e y o Boaimai&on. he red pelagic limestones of

the Kocatepe Formation araderlying the Haymana Formatiofherelationship

between the Kocatepe Foation and the Campanidtaastrichtian turbiditic

successionvas reported as conformalfée z ¢ and¥ z k-Altimer,1 997 ; - ¥z kan
Altinerand¥ zcan,. 1999)

Lithology: The Haymana Formatias comprisingof mostly mudstoa andshales

interbeddedwith sandstoneas well as conglomerate lensesOk ay and Al téner
2016) Sediments of sandstones wesad to be originated fronthe underlying

ophi ol it hFlate cas®loadncgasts graded beddingconvolute and

parallel laminatiorwere observed ithes andst one | evels (}nal an
These sedimentological characteristics are poirditgbiditic deposition(Okay

and Alteéner, 2016 and references therein).

ThicknessThe thicknessof the formationwasreported asi800 mby Okay and
Al t gal1é)r

Age Late Campanian to Maastrichtian age was assigned depending on the benthic

and planktonic foraminiferastudies(Okay and Al t éner |, 2016 and
therein).

The Yexkilyurt Formation

Defination This formation waglefinedby | nal an enderthelsame ( 197 6)

name.lt was formerlytermedas t he ¢ al dmathe prévussbaliesi o n

(I nmnal an et alncesthetei®)76 and refere

Type locality,type sectiorand outcropslts type locality was reported atarthe
Haymana region as well as the eastern and southeastern portion of thizrairea.
size of sediments and thicknesses of the limestone blocks decreaseabmgoigh

the southeastern direction away from the type section.
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Contacts The relationship between the underlying Haymana Formation and the
overl ying Kér kkoafsrmableaécordingedt n aolna n(19¢6) a |

It passes |l aterally into the diadiahea] For me
It was mentioned that ¢hlimestone content of the formation is diminishing in the

eastern and southeastern regions | nalan

Lithology: This formationis characterized by shales with abundant pelagic fauna

enclosing limestone blocks with various siZéze of thesémestone lenses varies

from sand size up to 3 m blockhese limestone clasts or blocks were considered

as originated fronthecoeval¢t al d aj Fwdhichnhaedteid onnthe shdbiased

on the paleontologicadnd lithologicalobservationsThe limestone blocks were
mentionedtdhad been | ocated in front of the st
al., 1976).

ThicknessThe thicknessvas dfined as342 m in the type section, 403 m in the
east of the Karahoc841 m in the south of the Haymana aB84 m in the south

of the ¢a(yjrmal avn ldtageael ., 1976) .

Age The formation waseportedas thdower Paleocendased on thpeladc fossi

contentwhich is composing ofGlobigerina bulloides G. pseudobulloidesG.

triloculinoides Rugoglobigerina rugosandGloborotalia pseudobulloidesithin

the shale unitdt was also dated &dontian, since the fossil content of the limestone

blockswa f ound to be similiar(|thoaltahnatetofalt.he

and references therein)

In this study, 44 53 meterthick stratigraphisection was measuretithe transition
betweertheHaymana Formaton and t h e iofhengludingthe KPg For mat
boundarybedsfrom Ankara nearthe center ofthe Haymanadistrict. 89 samples

were collected with sampling resolution gamg from 5 to 20 cnintervalsvia two

field excursionsOnly 4.36 m thick portion of this sectipwhichis located between

the samples UFB3 and UKHB10, was studedin this thesigFigure 10).

35



36



Biozone

Benthic
foraminifera
(This Study)

Stage
Formation
Plank. foraminifera

{Karabeyoglu, 2017)

Thickness(m)
Samples

Lithology

Stage
Formation
Plank. foraminifera
(Karabeyoglu, 2017)

Biozone

Benthic
foraminifera
(This Study)

Thickness(m)

Lithology

P. hantkeninoides

Maastrichtian
Haymana Formation

=)}

FigurelQ: Lithostratigraphyof the measured section calibrated with the planktanccbenthidoraminifera biozonations (modifiddomK ar abey oj | u,

UH-33
UH-32
UH-31
UH-30
UH-29
UH-28
UH-27
UH-26
UH-25
UH-24
UH-23
UH-22
UH-21
UH-20
UH-19
UH-18
UH-17
UH-16
UH-15
UH-14
UH-13
UH-12
UH-11
UH-10
UH-9
UH-8
UH-7
UH-6

UH-5

UH-3
UH-2

UH-1

Danian

Yesilyurt Formation

P. eugubina

. @
%, G
e
%

BB1

Maastrichtian
Haymana Formation

P. hantkeninoides

Bolivinoides draco
Eouvigerina subsculptura acme

37

13

LEGEND
Calcareous
" mudstone 5
ko]
Marl £
-
- Mudstone i
Biozone
s & A=
= &3 g
) g g :’ Benthic \%/ ga
0 g g 2| foraminifera) 2 E =)
| & |F &|(This Study) =4 o )
=} e~ 2 9 g =
g £ = < =
= = @ =
8 1J
< UKHB
g
g8
’E [L‘
<
=1
E«
(]
>

2017) .



38



Samples tagged from UH to UH49 correspond to the Maastrichtian part of the
measured section, spanning 9.5%totalup to the KPg boundaryFigure 10and

11). This sampling interval includes grey colored Maastrichtian mudstohthe

Haymana Formatio(Figure 12B). Two samplg®JH-50 and UH51) belong tathe

Danian portion spanning 15 cm just above thBdgboundaryvhich comprising of

the beige colored mat al car eous mudstone | ev.els of
UKHB samples bgin 5 cm below the boundary witampleUKHB-1 whichis

coinciding withsampleUH-49. Samples from UKHE to UKHB-38 arecovering

4.98 msectionin totalandc or r esponding t he DaThe an Yexk,|
sampling trends regarding the entire UH and WKBhmplesare shown in the

Figure 1land 12A\.

. Yesilyurt Fo

Figurell: Field photograph showing the measured section, across grey cc
mudstones of the Upper Maastrichtian Haymana Formationlightd beige
colored madc al careous mudstone of the

Yellow line depicting approximate location of theRg boundary. Dashed line

indicating the sampling trends.
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Figure 12 The Lower Danianpart of the measured sectiogpresented bpeige
colored the Yeki | yur't Formati on w-mtidetonesc a |
alternationsgdashedine indicating the sampling trer{@). Grey mudstones ohe
UpperMaastrichtiarpart oftheHaymana Formation with sampling space of 20 cm
B)( Karabeyajlu, 2017)

The Global Boundary Stratotype Section and Point (GSSP) for the Danian stage
was affirmedby InternationalCommissioron Stratigraphy (ICS) in 199{Molina

et al., 2006) The GSSP was offered atthase of the boundary clay Eit Kef,
Tunisia. This loatiliy was preferred, because it is a complete section with rich and
good preserved fauna, being without dmngtusand satisfactory thick sedimien
accumulation. Moreover, the section bears many key stratigraphical horizons such

as the bounds clay, Ir anomaly, TOC pealktc.

In theHaymana Basin, the-Rg boundarpf the measured sectiavaspreviously
delineated by Kar abmywasrgpresentéddyttie noticeable h e
planktonic foraminiferal bioevents based on the last appeara@etaiceousaxa
corresponding to biozones dflummerita hantkeninoideZone followed by
Guembelitria cretaceaand Parvularugoglobigerina eugubinZone. Moreover,
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Thoracosphaerabloom and the peak values of echinoidea Ifepallets were
reportedright above the boundarin addition tothefaunal changes, the transition
in the sedimentary regime was also revealedi Zmm thick red coloredxidized
layer was reportedat the transition frongrey colored Maastrichtian mudstone
levelsto beige colored Danian calcareous mudstorael alernations (Figuréd.3).
Furthermore, anicrofacies analysiwasconductedy the same authdor the entire
measured sectiod.he microfacies typesvere recognized as descending oraer
follows: mudstone levels for the Maastrichtian part and calcareous muedstarie

dternations for the Danian part (Figure 10)

rAN

Figure 13: The 23 mm thick reddis layerrepresenting the g boundary and
transition from the grey colored Haymana
Formation( Kar abeyajlu, 2017)
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In this thesis, the mudstone samples from the Maastrichtian Haymana Formation
corresponding to 3.15 metebelow the KPg boundary and the maralcareous

mudstone samples from the Danian Yexkilyurt
above the boundary were studi&h Analyzed samples yieldea considerable

amount oimud sizedsediments after subjected to thashing proces®©ne sample,

UH-51, yieldedalarge amount of undissolved rock chunks, thus it was excluded

from the quantitative study (Table Bxcept for this sample, mdl size fraction (<

630m) is changi ngoarmaxv9s®inthe@bmashed Sadnples

whereas sand size fracti¢gr> 630 m) I's changi ngandedaxween mi n.
5.7 (Table 2). A comparison chatowing the change between mud size and sand

size fractiongvithin thesesamples can be found in Figuré These percentages of

the grain size supportédorementionethi cr of aci es analysis of Kar
which are mudstone for the Maastrichtian and calcareous muedsiat&tone

alternating levels for the Daniakloreoverthe processed samplesecomprising

of abundant bentb foraminiferg planktonic foraminiferaand rarely echinoidae

spines, osacoda shells and fish teetPlgte24).
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Table2: Residuamass for sandizeand mudsizefractionsafter washingf 100 g

dry 26 sampleghroughthe studed interval(*unprocessed sample).

SIEVE FRACTIONS (grams)
SAMPLES SandsizeX 63 ( Mudsizeg¢ 63 (

(grans) (grans)

UKHB -10 3,2 96,8
UKHB -9 5,3 94,7
UKHB -8 4,0 96,0
UKHB -7 3,7 96,3
UKHB -6 2,5 97,5
UKHB -5 2,2 97,8
UKHB -4 4,5 95,5
UH-51" 745 25,5
UH-50 5,7 94,3
UH-49 3,3 96,7
UH-48 2,7 97,3
UH-47 2,4 97,6
UH-46 2,6 97.4
UH-45 3,0 97,0
UH-44 3,7 96,3
UH-43 2,9 97,1
UH-42 3,1 96,9
UH-41 3.1 96,9
UH-40 3,8 96,2
UH-39 5,1 94,9
UH-38 3,6 96,4
UH-37 3,3 96,7
UH-36 2,0 98,0
UH-35 2,4 e
UH-34 3.1 96,9
UH-33 2.8 97,2
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UKHB-10
UKHB-9
UKHB-8
UKHB-7
UKHB-6
UKHB-5
UKHB-4

UH-50

UH-49
UH-48
UH-47
UH-46
UH-45
UH-44
UH-43
UH-42
UH-41
UH-40
UH-39
UH-38
UH-37
UH-36
UH-35

UH-34

UH-33

=)
X

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Sand size fraction ® Mud size fraction

Figure14: Comparisorchartshowing the percentage§sand size fraction and
mud size fraction recovered froBd analysedsamplesNote thatthe K-Pg
boundary is located between samplé$-49 and UH50.



2.2 Biostratigraphy of the Sudied Section

Biostratigraphy is the cruciglartof the earth science studié®leontology allows
usto assign ages tdifferentrock units and to makegionalcorrelationusingthe
evolutionary changesof microfossils throughout the geological history
Foraminifera isone of thewidely used microfossil groupto constructthe
biodratigraphical frameworkof a region since they serverelatively good
stratigraphicresolution.Planktonic foraminiferaare usually considered as good
biostratigraphical useful taxa due to themchpotential dispersal rate while living
or after death antheir high evolutionary rateMoreover benthic foraminifera was
also considered as an effective group in the biostratigraphiciestaven more
than planktonic foraminifera. This was particularly for the cases such as
constructing the biostratigraphy of thipper CretaceouEuropeanbasins(Peryt
andDubicka, 2015)

Most of the biostratigraphiovorks regarding the planktonic foraminiferal
biozonation schemes were done on purposg/dfocarborexplorationafter being
aware of efftiencyof this microfossil groupn worldwide lithological correlation

In the 20th century, those biozone charts were extensieetymeapplicativewith

the organizations of Deep Sea Drilling Projects (DSDP) and Ocean Drilling
Programs (ODP&IODP)(Berggren and Pearson, 2005)DSDP also led the
progresss in the studies oftaxonomy paleobathymetry and biostratigrapby
deepwater benthic foraminiferéBerggren and Miller, 1989).

In this study, three benthic foraminifera biozones were establighigdre 15)
These biozones areported for the first time froffiurkey.Bolivinoides drac&one
is established for 3.15 the latest Maastrichtianterval before the K2g boundary.
As an equivalent biozone tdBolivinoides dracoZone, anew Eouvigerina
subsculpturaAcme Zone igproposedwith this study for the samgat, since this

taxon was founébundant towery abundant in all Maastrichtian samples
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Figure15: Benthicforaminifera biozones establishédm the Haymana Basin in
this studyand their calibration wittpreviously defined plankonic foraminifera

biozoney Kar abeyojlu (2017).
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For the Danian part which corresponding to 1.21 m part of the studied section after
the K-Pg boundaryAngulogavelinella avnimelecifinomalinoides rubiginosus
Zone (BB1)is establishedEI-Nady (2006)and Berggren and Miller 989)were

followed for the descriptins of the biozones.

Planktonic foraminifera biozonationgor the same measured section were
previously constructedby Kar ab ey o].l Tinree (dEférehtplanktonic
foraminifera biozones were establishedy this authorfor the ppermost
Maastrichtianandthe lbwermost Daniaf the meaured sectionThesebiozones
were Plummerita hantkeninoidesZone, Guembelitria cretaceaZone and
Parvularugoglobigerina eugubinaZone from the lowest to the highest
respectively The top boundary of the lattéiozonewas undetermined in that

study, thereforehe rest othe Daniarsectionwasremained unzoned.

Details ofthe deepwater benthic foraminiferbiozonesstablished in thithesisas
wellast he pl anktonic foraminifera biozones

are givenn below sections.

2.2.1 DeepSeaBenthic Foraminifera Biozonation

Bolivinoides dracaZone

Definition: This zone represents the internzane between the last appearance
datum of Bolivinoidesmiliaris and the last appearanaatum ofthe nominated

taxon
Age: Maastrichtian
Author : Marsson (1878)

Remarks: BolivinoidesdracoZonecovers the wholstudiedMaastrichtian section
which spanning 3.15 m thick portion below thePl§ boundry.B. miliariswas not
recordedin any sample irthis interva) but B. dracowas found in most of the

Maastrichtian sample$he first occurrence d@. dracowas recordefrom the first
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sample (UH33)in the studied section, hence the whole Maastriclsgtion was

assigned aBolivinoidesdracoZoneup to the KPg boundary

This zone is equivalent tBouvigerina subsculpturédcme Zone which newly
offered in this studyfor therest of theassociated benthic foraminifera taxeB.
dracao sseEouvigerna subsculpturédcmeZonebelow.Moreover,B. dracois also
associated with planktonic foraminifera speddmthomphalus mayaroensasd
Plummerita hantkeninoides the Late Maastrichtian according Aman (2011a)
TheMaastrichtian part of theamemeasured sectiomnas previouslassignedsP.
hantkeninoide one by Kar a @kuyB. prhcaZone@fingd/in this
studyis well calibrated with previouslgstablishedP. hantkeninoideZoneby that

author

Eouvigerina subsculpturadcme Zone (Newy Proposedin This Study)

Definition: This zone is represited by the abundant occurrenceEouvigerina
subsculpturgaverage 18.1%n the late Maastrichtigrup to 23.0%in thebenthic
foraminiferalassemblage throughtthestudiedMaastrichtiannterval. The lowest
boundary of the zone is correspondinghe first sample (UF83) whichis located
3.15 m below the KPg boundaryThe upper boundary of thisoneis definedasa
drastic decrease in thelative abundanceand consequentisappearancef the

nominate taxonvhich isalsocoinciding withthe K-Pg baindaryevent.
Age: The LateMaastrichtian
Author:Var dar aAldt ére&kran(t hi s study)

Remarks: This proposedbiozone is 3.15 m thick in the Haymana Baaird is
equivalentto Bolivinoides dracaZone defined in thisthesis, which covering the
whole studied sectionbefore the KPg boundary The position ofthis offered
biozoneis placedat the upper parts d?lummerita hantkeninoidegone which
previouslydeterminedo y K ar a b e yforihé sameheasured spction with
thickness of 9.55 rf{Figure 15).
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The nominated taxqgrEouvigerina subsculpturas considered as an opportunistic
ecomarker specieadjustedto the upper and middle bathyal settinggh large
amount of organic mattén the Late Maastrichtian deeggaTethys(Widmark &
Speijer, P97a) Besides,this species was reported to be extinct at thBgK
boundarysince it would be linked with huge food fluxes or specific food supply
(Widmark & Speijerl997a and references therginn the studied materiathe
relative abundance of this species is decreasing dramaticdityafter the KPg
boundary. Specimen belong to this taxarerecorded in one Danian sampléH-

50), thoughthese would bgossibly reworkedThus, this specieare considered
here asuspicious survivor (Sdgiscussiorand Conclusion Chapter).

Benthic foraminifera assemblagepresentanupper bathyal setting in this study.
The index taxon was found together wimgulogavelinellaangustiumbilicata,
Anomalinoides acutus, Anomalinoidafinis/welleri, Bathysiphorspp., Bolivina
incrassata Bolivinoides dracoBulimina strobila, Cibicides sp. 2, Cibicidoides
alleni, Cibicidoides spp., Clavulinoides trilatera Gyroidinoides spp.,
Heterostomella austinanagenticulinasp. 1,Lenticulinaspp.,Praebulimina reussi,
Pseudouvigerina plummera®seudogaudryinasp. 1, Pseudogaudryinasp. 2,
Pseudogaudryinap. 3,Sitella spp, Sliteria varsoviensjsSpiroplectinellasp. 1,
Verneuilina sp. 1, Verneuilina spp. andVerneuilina ? sp. For the relative

abundances of these taxa, see Appendix C.

Angulogavelinella avnimelechAnomalinoides rubiginosugone (BB1)

Definition: This zone ioriginally defined as concurrent partial ranges of the index
taxa between the last occurrenceBofivinoides dracandthe last occurences of
Angulogavelinella avnimelechindNeoflabellina jarvisi.

Age: Paleocene

Author : Berggren and Miller (1989)
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Remarks: This zones definedin this studyprimarly depending on thassociated

benthic foraminiferataxa. Additionally,it is replacingboth Bolivinoides draco

Zoneand its equivalerEouvigerina subsculpturAcme Zone (newjight after the

K-Pg boundary.In this sense,these two equivalent underlying biozones

representinghe Haymana Formatioare replaced byBB1 zone in theDanian
corresponding to the Yexkil yuheteforEthae mati on af
lower boundary of BB1 Zone in the Haymana Basin was delineated between these

two formations just after theBolivinoides dracoZone and its equivalent

Eouvigerina subsdptura Acme Zone (new)The upper boundary of BB1 Zone is

not defined in this study, since the studied stratigraphic section include only the

| ower most Danian part of the Yexkilyurt Forn

The ndex specieg\ngulogavelinella avnimeleclaind Neoflabelina jarvisi were
not recovered bm any of the Paleocene samples. On the other Amadnalioides
rubiginosusoccurredcommon to abundatiirough this interval, except for the last
sampleUKHB-10in whichit was not encounteretloxostomoides applinaghich

is restricted to neritic to upper bathyal environmsewvas recorded as very rare to
rare in this intervain the most of the Danian sampl@s&appanina selmensis
present throughout the studied intervattie smaller fraction (68 1 2 5 . @sm)
occurrences were notedonly based on the presergbsence datall these taxa
were reported as associatagaby the original authors of this biozone. Hence, their

occurencef the studied samples agree with @ssigned biozone.

BB1 Zone corresponds to théapktonic foraminifera biozondd Ut amcoritg

to Berggren and Miller (1989)n this study, planktonic foraminifera biozones
established by KPAGuerhbelyria jciletacea Zahd hrdl)

P (Parvularugoglobigerina eugubiaZone for the studied section coincide with

BB1 Zoneestablished heradBB1 zonein this studyis coveringa 1.21 m thick
lowermostDanianpor t i on of the Yexilyurt Formati on.
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2.2.2 Planktonic Foraminifera Biozonation

Plummerita hantkeninoideZone

Definition: Total range zone &®flummerita hantkeninoidesas defired by the first
appearance daturmof this taxon andhe mass extinction of Cretaceous species
coinciding with KPg boundary.

Age: The late Maastrichtian
Author : Masters (1984)

Remarks: This biozone i€orresponding whole Maastrichtian part of the measured
section which is spannin®@.55 m below the KPg boundary.Plummerita
hantkeninoidesTotal Range Zone is useful in the Tethyan localities due to its
nonappearance in highdéatitudes(Li and Keller, 1998) Although Plummerita
hantkeninoidesvas found very rare irthe Maastrichtian materiadtudied by
Kar abeyo],Ilthe zope2 Wat Establishddr the whole 9.55 m thick
Maastrichtian section (up to the-Rg boundary)by this authorbased onthe

presence of this specigsthe first Maastrichtian sample (UBH.

Guembelitria cretaced0 Zone

Definition: Interval, partial range zone, between tlst appearance datum of
characteristicCretaceous taxat the kPg boundarand the first appearance datum of
Parvularugoglobigerina eugubing Kar abeyoj | u, 2017) . Me anwh
corresponds tothe last appearance datum of tropical speci®ummerita
hantkeninoidesandbr Abathomphalus mayaroengisst at the boundary, and the

first appearance datum Barvularugoglobigerina eugubin@Arenillas et al., 2000)
Age: TheearliestDanian(BerggrenandPearson, 2005)

Author: Keller (1988, initially defined bySmit (1982
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Remarks: Guembelitria cretacess a survivor species that cross thég boundary
and entitled to an opportunistic taxoBuembelitriaspecies in the Danian are
considered as one and only Cretaceous survi@ahala et al., 200@ndreferences
thereir).

This biozone is either called @uembelitria cretacear P0.In the measured section,
it is covering 0.25 m beginning with K-Pg boundaryand spanninguntil

Parvularugoglobigerina eugubindone(Kar abeyojl u, 2017)

P UPatvularugoglobigerina eugubinpZone

Definition: This biozone is constructed by usingtal range zone of
Parvularugoglobigeina eugubinawhich is corresponding to the terval starting

with its firstappearance datum aeddingby its last appearance datum.
Age: Danian(BerggrenandPearson, 2005)

Author: Liu (1993)with emendation o&loborotalia (Turborotalia) longiapertura
Zoneof Blow (1979) Globigerina eugubinZone of Luterbacheand Premoli Silva
(1964).(BerggrenandPearson, 2005)

Remarks: In the measured section, the base liofithis biozone is corresponding
to 0.25 m after the g boundary. The top boundary of this biozone was not
definedKar abeyojl u, 2017)
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CHAPTER 3

QUANTITATIVE ANALYSIS OF DEEP-WATER BENTHIC
FORAMINIFERA IN THE HAYMANA BASIN

3.1 Introduction

An abundance matrjpx@vhich iscomposed of taxa namesdaimmdividual counts of
each taxorfrom a given assemblage widely usedtype ofpaleontological datset

in quantitative paleoecological studieBresencabsence data which assigned by
only one and zero type data, on the other hawmalild be more usefulfor

stratigraphic purposeHammerandHarper, 2006)

In this study, benthic foraminiferal taxeve been counteflom samples which
represent different stratigraphical horizoRsr each sampleapproximately300

benthic foraminifera individuals wergickedfrom>125 Om flomte t i on
representative spd. This threshold value was chosen, becamseimum 300

benthic foraminifera specimens for one sample is the best representative size for
diversity calculationsaccording to Thomas (1989) All benthic foraminifera
specimensverepicked from the processed split per sampleked specimens were
storedin cardboard micropaleontology slidésr abundance matrix was produced
based on this taxomounts in order to make paleocommunity analy3ise
constructed dtasetincluding absolute counts dhetaxais given in AppendixE.

This dataset wasonverted ito another dataset¢presenting the percentages o)
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identified taxaat specific (Appendix C) and genus levelAppendix D to
differentiatetheir relative abundanceithin the assemblage.

Conditional formattingwith different colorhas been applied tmake avisual
distinction onthe relative abundances of each takoeach datasdollowing the
divisions of AlegreandThomagq2001) (Table3). Everyindividual, even if appars
in one sample only one time&as taken into consideratiom this study For
presencabsence dattracking, taxa with counts @1 on absol ute count

givenat AppendixE.

Table 3: Referencdlivision categoriesused in this studfor relative abundances
and absolute coumnatrices Classedor relative abundancewere adapted from
AlegretandThomas(2001)(See AppendixC andD).

Assigned onditions | Relative abundance (%) Assigned color
very abundant > 15 Red
abundant 51 15 Yellow
common 215 Green
rare 17 2 Grey
very rare <1 White

3.2 Morphogroup Analysis

Benthicforaminiferaareverycommon in marine environmeniheyhave various
test shapesnd wall structuresCorlissand Chen (1988yevealed a morphotype
study of deepwater benthic foraminifera alorwegianSea.Their study showed
that gecies with different teshorphologyprefer tolive in different microhabitat
and bathymetry. These differentiat®orin each groupings of the benthic
foraminifera morphotypes wéiibe associated with organic carbon flux. Therefore,
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they would be used as a paleoenvironmental pamdwould be alink to the past

oceanic environment.

Based orthetestshape benthic foraminiferaadoptto live within sediment or top

of the sedimensurface layerAs the most generatatementbenthic foraminifera
with tess withshapes ofylindrical tapering, flattertetapering, rounded planispiral
andsphericabre considered to live withthe bottom sediment®n the other hand,
test shapeof planoconvex rounded and biconvekochospiral, palmate and
branchingmorphotypes usuallprefer to live at the top of the sediment layer
(Alegret et al., 2003)Considerable amount of changes in relative abundances of
morphogroups within a community wouléfer variationin the environmental

parameterg¢Setoyama et al., 2017 areferences thens).

In the cas@f assignment of morphogroups attention must be paid, because benthic
foraminiferamay change its habitat both vertically and horizontally ewéhin
hours(Bornmalmet al, 1997) Moreover, some statistical works suggeshat the

appointmenbf infaunal morphogrouplsasaccuracy of 7% (Buzas et a).1993)

In this studymorphogroup analysis was carried oubrder to @temine infauna
epifauna raticandto investigate paleoenvironmental changeterms of organic
matter flux This ratio is commonly used ipalkeoceangraphic studies as an
indicator of food delivery to the sea bott¢@ooday, 2003)identified species were
categorized intdifferent morhpogroups accordingly with previously published
literature of deep water benthic foraminifera. Morphotype classifications were
mainly adaped from Alegret et a(2003). Additionallythe lists of Koutsoukoand

Hart (1990) Thomas (199Q)Widmark and Malmgren (1992)and Kaminski and
Gradstein (2005)vere used.The compiled indeXor classifiedmorphogroupgor

this studyis given inAppendixB.

Infaunal calcareas morphogroups are assignedGigl, CI2, CI3 and Cl4 for
cylindrical tapered, flattened tapered, rounded planispiral and spherical calcareous
foraminifera taxa, respectivelfrigure 16, Table 4)Epifaunal calcareous taxa is
sorted by CE1, CE2, CE3, CE4 and CES5 for planoconvex trochospiral, biconvex
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trochospiral, rounded planispiral, palmate andhbhnéng morpotypes, respectively
(Figure 16,Table 4).

Infaunal agglutiated taxa is classified as All, Al2 and AI3 for elongate
multilocular, flattened trochospiral and elongate tapered taxa, accordinglye

16, Table 5)Moreover, epifaunal agglutinated taxa are assorted by AE1, AE2 and
AE3 for miled flattened& streptospiral, elongate keeled and tubulabr&nching
forms, respectivelyFigure 16,Tableb).

INFAUNAL EPIFAUNAL
Cylindrical tapered CIl CEl Planoconvex trochospiral
Praebulimina q Gyroidinoides
Biconvex trochospiral
CE2 15
| Elattened tapered ' Lenticulina
= Bolivinoides CI2 )
o Rounded trochospiral
g CE3 . Gavelinella
"% | Rounded planispiral
© Pullenia CI3 Palmate
CE4 Neoflabellina
Spherical @ Cl4 Branching
Lagena CE5 & Ramulina
= Elongate multilocular AF1 Coiled flattened & streptospiral
2 Heterostomella ‘ Ammomarginulina
<
E | Flattened trochospiral A2 AE2 y Elongate keeled
&8 H ] 3 Spiroplectinella
= aplophragmoides
Elongate tapered ‘ AL AE3 Tubular & branching
Hormosinella Rhizammina

Figure 16. Assignedclasses for calcareous and agglutinated infaapidhunal

morphogroups with one represematigenera identified ithe Haymana Basin
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Table4: Microhabitatand morphogroup categories for calcareous.tests

Test shape Assigned categories Microhabitat
Cylindrical tapered Cll1 Infaunal
Flattened tapered Cl2 Infaunal
Rourded planispiral CI3 Infaunal
Spherical Cl4 Infaunal
Planoconvex trochospiral CE1l Epifaunal
Biconvex trochospiral CE2 Epifaunal
Rounded trochospiral CE3 Epifaunal
Palmate CE4 Epifaunal
Brancing CE5 Epifaunal

Table5: Microhahtat and morphogroup categories for agglutinated tests

Test shape Assigned categories Microhabitat
Elongate multilocular All Infaunal
Flattened trochospiral Al2 Infaunal
Elongate tapered Al3 Infaunal
Coiledflattened& streptospiral AE1l Epifaunal
Elongate keeled AE2 Epifaunal
Tubular & branching AE3 Epifaunal
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Morphogroup analysis suggested that for the whtildiedsection, calcareous taxa

is more abundant with respect dgglutinatedtaxa. In the Maastrichtian section

their valuesare between 677% - 77.8% (averager3.9%)(Table6). The relative
abundancef agglutinatedaxa is between 222 - 32.3% (average26.1%)(Table

6). For the Danian part on the other hand, calcareous taxa is dominant with respect
to agglutinated taxa, up to 9867 Thesevalues suggest a deposition environment
well above Calcium Carbonate Compensation Depth (JGDthe whole studied

section.

Overall infaunal taxancluding both calcareous and agglutinated morhopgroups
togetherare relatively more abundant in Maastriahti @verage75%) when
compared to whole calcareous and agglutinated epifaunal morphogavepsge
25%) Just lelow the boundary(below approximately 15 cm), infaunal
morphogroups including both calcareous and agglutinated tavsditute up to 8%

and 8% as maximumin UH-48 andUH-49, respectivelyTable 6)

In the Danian part, just after the boundary, there is a considerably change in the
relative abundances of the morphogroups. Infaiingbifaunal ratio isswitched

from infaunally abundant to dpunally abundant assemblage.Epifaunal
morphotypes make up 66i983.%9% in this part whereas infaunal morphogroups
haveonly value of 16.1i 33.1%of total fauna(Table 6) This dominance offers

that the amount of nutrients for benthic foramimifera isdessDanian compared

to Maastrichtian Alegret et al., 2003), because high abundances of infaunal taxa
implies the high organic carbon flukrhomas, 1990) (See Disscussioand

Conclusion Chapter)

In the Maastrichtian section, the most important morphogroups among the
calcareous taxa are Clly(imdrical tapereyl CE2 (bhconvex trochospiraland GE1
(planoconvex trochospiral) with the average relative abundances of 48%, 18% and
3%, respectively (Figure 17). Besides, the most significant classes getohldate
multilocularn) and AE2 (éongate keeledamong the agglutinated taxa holding the

averageelative abundances of 23% and 2%, respectivetitis part(Figure 18).
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In the Danian, the relative abundanceGE2 (53%)and CE1 (22%)increase
whereas that of C118%) decreasdFigure 17) Among the agglutinated groups,
All decreases its relativdandance to average 11%, while AE2 was not present in

the Danian samplg&igure 18)

The changes in the relative abundance of all morphogroups are given in Figure 19
for the calcareous groups and in Figure 20 for the agglutinated groups. Regarding
the chages in all morphogroups including both calcareous and agglutinated classes

together, a chart is given in Figure 21.
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Table6: Tableshowing numerical ratio of agglutinatedicareous (%), epifaurnia
infauna (%) regarding total hthic foraminifera assemblage. Note thatPK
boundary is located betwe&hH-49 andUH-50 indicated by black line

Stage Samples Agglutinated Calcareous Epifauna Infauna
(%) (%) (%) (%)
UKHB-10 10,3 89,7 66,9 33,1
UKHB-9 16,8 83,2 71,8 28,2
UKHB-8 11,6 88,4 75,4 24,6
c UKHB-7 16,4 83,6 75,9 24,1
'% UKHB-6 6,3 93,7 81,5 18,5
= UKHB-5 7.9 92,1 83,9 16,1
UKHB-4 10,9 89,1 73,0 27,0
UH-50 7,7 92,3 77,7 22,3
UH-49 31,4 68,6 10,1 89,9
UH-48 29,4 70,6 16,5 83,5
UH-47 31,3 68,8 23,9 76,1
UH-46 32,3 67,7 25,8 74,2
UH-45 26,3 73,7 24,5 75,5
UH-44 22,8 77,2 26,2 73,8
= UH-43 23,1 76,9 21,2 78,8
£ UH-42 22,7 77,3 19,6 80,4
% UH-41 22,3 77,7 28,7 71,3
~ UH-40 22,2 77,8 27,8 72,2
UH-39 245 75,5 25,2 74,8
UH-38 22,3 77,7 24,8 75,2
UH-37 27,4 72,6 27,8 72,2
UH-36 29,2 70,8 28,9 71,1
UH-35 28,8 71,2 31,9 68,1
UH-34 24,7 75,3 29,3 70,7
UH-33 22,3 77,7 33,5 66,5
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Figurel7: Relativeabundances of the common calcareous morphogroups through
the studied section (C1 cylindrical tapered infaunal; CE1l: [anoconvex
trochospiral epifaunal; CE2: iconvex trochospiralepifauna).
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3.3 Relative Abundancesof the Most Common Benthic Foraminifera in the
Haymana Formation andtheYe ki | yurt For mati on

The pper Maastrichtian Haymana formation contacwmmon to abundant
infaunal forms such a&ouvigerina subsculptura Heterostomellaaustinana
Praebuliminareussiand Sitella spp. (includingSitella cushman)i together up to
averageof 43.8% of the whole lenthic foraminferal assemblage throughout this

section(Figure 2).

Eouvigerinasubsculpturais abundant to very abundant in whole Maastrichtian
section. Its relative abundance olstés between 11%and 23.06 with anaverage
value of 18.1% for whole Maastrichtian section. It has the lowest valuél36,
and the highest value lhH-43. Heterostomellaustinanais common to abundant
in whole section withaverage6.7%. Sitella cushmantogether with otheSitella
species has relge abundance adverages.8% and found to be somewhat rare in
UH-35 with the lowest abundance of %5 Cibicidoides spp. is alsorare to

abundant in all Maastrichtian samples, exclusi/gH-49.

Sliteria varsoviensisseems to bemore abundant in the loweparts of the
Maastrichtian sectim which has pick abundance ®f% in sampleUH-35. It has
somewhat decreasing trend towards topthe Maastrichtian sectiodfter UH-

35, its abundanc#uctuatesfrom very rare to common. It was not recovered in
sanplesUH-41 andUH-43. The oppositérendis perceivable foPseudouvigerina
plummeraeavhich has begun to become more common/abundant starting fkbm
37, until the boundarywith the peak value of 8in UH-38, except betweddH-
427 UH-44in whichoccursasrare to very rardt is found to be very rare or absent
in the lower part of the section.

Bulimina strobila is found to be rare toommon fromUH-34 to UH-49, except
interval betweertJH-37 - UH-39. It has become more abundant just before the
bounday, in UH-49 increasing its abundance3d@s.
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Verneuilinaspeciegs rare to common in whole Maastrichtian samples, except for
UH-39, UH-40 andUH-46 in which they were found to be very raverneuilina
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Figure22: The relativeabundance chart for the most common Maastrichtian species

in the studied section in the Haymana Basin

67



sp.litself seems to be common in the lower parts of the studied section between
UH-34 andUH-38, and als®&JH-41. Sproplectinellasp. 1 issimilar toVerneuilina
sp.1,recovered as common in the lower portions betw#dr8317 UH-36 and also
UH-45. In the rest of the section, it is rare to very rare and not presért4Y and
UH-48.

Lenticulinasp. 1 Lenticulinasp. 2and Lenticulinaspp.togetherarealso rare to
common in all samples, apart frdoH-43 andUH-48 in which they are very rare.
Anomalinoides acutus together with Anomalinoides affinis/welleri and
Anomalinoidesspp. is presentthroughout the section, abumian UH-36, rare to
common rest of the section, exclusivdii-38 andUH-49 in which they are very
rare. It has the peak value with %% UH-36.

Thebwer Danian Yexkilyurt For magtoinostly on
epifaunal species inclualy Alabamina wilcoxensjsAnomalinoidesacutus and
Lenticulinaspp. are common to abundant in this portion with values of average of
5.7, 7.3%6 and 3.84, respectively (Figure3.

Anomalinoidess abundant throughout the Danian section,with peak vali. 6%
in UH-50. Cibicidoides has its the uttermost value WH-50 with 24.Px.
Gyroidinoidesspp. is found as common to abundant fldkHB-4 toward the top
of the sectionOsangulariais abundant, average 10.4%, between sanitd4B-
4 andUKHB-9. InUH-50 and UKHB-10 it is very rare.

Cibicidessp. 1 appears idKHB-6 as rare, thereafter become common to abundant
with average 4% until the uppermost samplePulsiophonina primaand
Stensioeina? aff. beccariformisappear also up to the section as common or

abundantVerneuilinaspp. is found as rare to common with averag&o2.6

For the paleoenvironmental and ecological concern of the relative abundance of the
species, see Chapter Section 4.2 and Chapter &or presencabsence data

tracking, taxawithcout s of O1 on absolute cBunt
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3.4 Biodiversity Indices

Estimation of odiversity indices isvital elementfor ecological investigations
(HammerandHarper, 2006)In order to estimatthosein this studya quantitative
assessment @ communitywasachievedusinga datasetomposingof individual

counts of taxa.

Total number of species (S), Fishdae nd Shannonés H are consi de
used diversity measures in foraminiferal researches (Haye@Buzas, 2013). The
authorsalsopointed thaBergerParker indexvas generally used in the planktonic

communities, buhot frequently used in the bemthliterature Moreover,they

stressedhe simplicity and usefulnessf BergerParker index as diversity measure

The authorslso suggested that the number of species should always be given with

the number of individual counted from per split, rather thaking estimations.
Furthermore,Fisher U index is considered as less sensitive to the sample size

(Setoyama et al., 2017Jherefore, above mentioned indices were chosen for this

studyin order to test the diversity of the deep water benthic foraminiferancwrity

in the studied samples.

Thebiodiversity indices were calculated by usP@ST (Paleontological Statistics
version 3.18) program packafjdammeret al.,2001) The notes on those indices
which wereadapted from{Hammer, 2002; Hammend Harper, 2006}and their

formula(Table7) aregivenas follows:

1 N and S values are number of specimens counted anaf that identified
in a given assemblageespectively.

 FisherUindex is considered as less sensitive to differences in sample size.
To estimate this index, N and S values are needed.

1 S h an n o rhéterogdteityndex To estimate this index, N and S values
are needed

1 BergerParker dominance indesimplecomputesatio ofthe most common

taxon toN.
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Table7: Formulaof thediversityindices used for estimation of benthic foraminifera
association in this study following thecommendationf HayekandBuzas (2013)

# of specimengindividuals) per split N

# of taxa per sample S

Shannon's H index H H = mhgEp

Bergeri Parker index BP BP =maxpi wherep (=n/ E n
Fisherd alpha (U) index U S =*Inl 1 + (N/

The computed biodiversity indices in this study are given in Tadledetermined
tests were exaded from the abundance matrik the determination of the

biodiversity indices.

According to the numerical resulthe computed Fisheld index is oscillating
between 13.2rad 22.1 (minimumand maimum) with averagevalue 17.2 inthe
MaastrichtianIn the Danian, t decreases isampleUH-50 to 10.9 and begsto
increasaasfrom UKHB-7 as goingup to the Danian sectioraching the maximum
value of 17.6 for the Danian sectidfor the whole Danian part, tlaweragd-isher
Uis 12.5.These results were compared with the Fighexues of he El Kef section
in Tunisia sincethe El Kef was reported as upper bathyal by Speijer (10%ble
9). Moreover, this localitywas known asGlobal Stratotype Section and Point
(GSSP) for the KPg boundary In the El Kef sectionthis index isaveragel9.2 for
theMaastrichtianaveragé.6 in the earliest Paleocene avéragel 0.9 intheearly
PaleocenéTable9). In the Haymana BasirfisherUvaluesareindicating ahighly
diverse fauna ithe Maastrichtiarsectionwhich average of 17.@nd relatively less
diverse namelypoor to moderately diverse fauiva whole the Danian section

which average of 12.8able8).
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Table9: Fi s h ealuesdd El Kef (Speijer, 1994) and Haymana Basin (This study)

Fi sher U Fisher U
Age El Kef Tunisia The Haymana Basin
’ (This study)
The early Paleocene 10.9 -
The earliest Paleocene 6.6 125
The Maastrichtian 19.2 17.2

Estimaed Berger Parkendex (BP) seems to bslightly higher during the whole

of the Maastrichtian section, frooH-33 toUH-49 with average BP=23.0%nd in

the lowermost Danian sampldH-50 with BP=25.4%. Those BP values are
associated with the most abund&uuvigerinasubsculpturarelative abundance

with average 18.1%) in the Maastrichtian &ibicidoidesspp. (relative abundance

with 17.9%) in the earliest Danian, respectively. For the rest of the Danian section,
from UKHB-4 toUKHB-10, Berger Parkeralue is average of BP=134dwhich is

lower than the Maastrichtian and the earliest DaniamtégSpondinglythere is no

very abundant taxa whose relative abundance is > 15% observed in the early

Danian.

Estimated Shannon H indésr the Haymana Basiis oscilating between 2.7 and
3.4 throughout the studiesttction (Table). Accordingto FriedrichandHemleben
(2007) the values between 215 3.4 is commonin open marine conditions.
Therefore, open marirsettingare assigned for whole studied section.

The relationship between the specietimess and Fish&tandShannorH can be
explained as follows; higher Fishé&f and ShannorH values indicate higher
diversities, while high dominance is associated with low dive(&tsmri et al,
2018)
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CHAPTER 4

PALEOENVIRONMENTAL AND PALEOECOLOGICAL
INTERPRET ATIONS

4.1 Benthic Foraminifera Associationsand Paleobathymetry

Foraminifera, benthic or planktonic mode, live within many different environment
distributed both laterally (from marginal marine to deep marine) and vertically
(alongwater column)BouDaghetfFadel, 2008)Throughout the geological record,

this eukaryotic organisms took the records of paleoeocology and paleoceanography

and help scientist to understand paleoenvironment.

Benthic braminiferaconstitutedifferent associationm different facies due to the
various phgical and chemical parametesince they closely interact withottom
sediment layerDistribution of deep water benthic foraminifera over the basin is
affected byseweral factors, such dmottom water oxygenation and nutrition levels,
waterdepth, presence or absence of calcium carbonate and some other
oceanographigparametergKuhnt et al., 1989) The waterdepth itself is not a
controlling factor(Van Der Zwaan et al., 199%ut particularly food and oxygen

are considered as two dominant parameters which efiedistribution of benthic

foraminifera(Jorissen et 311995)

Benthic foraminifera are known as powerful indicatwirpaleobathymer(Molina
et al, 2004) Distributionof the species along different bathymetrical intervals are
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depending orthevariations in organic flux (food) and oxygéWan Der Zwaan et
al., 1999) Usage ofplanktonicbenthic foraminifera ratio (P/Bgsa quantitative
manney together with morgeneralizedathymetrical schemes in order to make
crosscheck were suggested ftine assignmas of paleobathymetr(dan Der
Zwaan et al., 1999Moreover, itwas also suggestetly these authorthat the
assessment of paleowatlpth should not be based on single marker species.

In this studybathymetrical assignment waarried outconcerninghe constiuens

of the assemblag@he Maastrichtian sampl@sclude calcareous taxa made up of
Bolivinoides draco, Eouvigerina subsculptura Gyroidinoides octocameratus
Gyroidinoidessp. 1, Gyroidinoidesspp, Laevidentalinaconstrictg Laevidentalina
monile, Laeidentalina spp.,Lagenaglobosa, Lagenaf. sulcate, Lagenap. 1,
Lagenaspp, Lenticulinasp. 1,Lenticulinasp. 2 Lenticulinaspp.,Nonionellinasp.

1, Pseudouvigeringplummerae Pullenia jarvisi, Pullenia sp. 1, Pullenia spp.,
Pyramidina minuta and Sitella spp. togetherwith average33.4% of the total
assemblagéor those sampledhis assemblage is very similar$tallow Bathyal
Assanblage (SBA) offered bywidmark and Speijer (1997b) Shallow Bathyal
Assemblage (SBA) stands ftre LateMaastrichtian upper bathyal environment
in the Central Tethysholding relative abundance of 32 to 60% the southern
margin of Central ethyswith preference of upper bathyal settingsthe southern
parts of Central Tethys, the percentages of SBA within the total assemblage is
32.4% in El Kef (Tunisia), 36.7% in Wadi Nukhl (Egypt) and 59.7% in Nahal Avda
(Israel) section which were laihferred as upper bathyal settings (~400 m) by
Widmark and Speijer (1997{Jigure 24). In the northern parts of the Central
Tethys,this assemblage was reported to be holding relative abundance of i22.7%
Caravaca, pair) which was referred as middtethyal setting~800 m)by the
same authors. In thikesis in the Haymana section the relative abundance of this
assemblagés recorded as33.4% as mentioned abowehich favours the upper

bathyal environmer(Figure 24)
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El Kef, Tunisia (32.4%)

Haymana Basin, Turkey (33.4%) (This Study)
Wadi Nukhl, Egypt (36.7%)

Nahal Avdat, Israel (59.7%)

Caravaca, Spain (22.7%)
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Figure 24: Interpretedpaleobathymetric position of the studied section and other
localities with percentages of Shallow Bathyal Assemblage (SBA) of Widmark and
Speijer(1997h. Image modified afteMacLeod and Kelleri994)

High relative abundance of SBA endali@c forms implies large amount of food
flux at the upper bathyal environmerf®idmarkandSpeijer, D97b) In thisstudy
identified infaunal taxa among the above mentioned -calcareous species
corresponding to SBAas overall relative abundance of aver&@.2% within the
assemblagewhich means relatively abundargroup throughout the studied

Maastrichtiarsection.

The Maastrichtian assemblage iscontaining a mixture of calcareous and
agglutinatedtaxain the studied sectionCalcareous cemented agghatied taxa
includingClavuinoidedrilatera, Arenobuliminaspp., Dorothiapupa Dorothiasp,
Gaudryinasp. 1,Gaudryinasp, Verneuilinasp. 1,Verneuilinasp. 2,Verneuilina

spp. and Heterostomellaaustinanaand Heterostomellasp. 1 togetherconstitute
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average 108% of the total assemblageThis associationis similar to mixed
calcareousindagglutinated assemblage in low and Hatitudeslope Deep Water
Agglutinated biofacies offered byKuhnt et al. (1989) This biofacies is also
characterizedby highly diverse abundant mixed calcareous and #&gghted
benthic foraminifer which are belonging to mostly calcareous cemented forms.
Estimated Fishett al so agrees with highllwdiversifi
and midlatitude slope assemblage®re differentiated byKuhnt et al.(1989)in

terms of bathymetrical situation8ccording to the atlors,the upper slopavas
characterizedby fair benthic diversity, rare flysch forms and common calcareous
agglutinated forms, hencomparedo middle slope where flysdermswhich are

in considering amount. Furthermorglcareous taxarevery variabledue to the

local carbonate lysocline and/or dissolution.

According to bathymetric division oBerggrenandMiller (1989)upper bathyal

environment corresponds to 2600 meterinterval Kar abeyoj | u (2017)
previously calculated P/B ratispanning 3.55 nbelow K-Pg boundaryin the

studiedsection The paleowater depth wasfered as 400 mby the same author
Paleobathymetricahssignmentvith benthic foraminiferal daten this studyagres

with thathnumeri@l assignment calculated byis authorbased orthe P/B ratio.

In the smaller fraction (681250 mitwo species wenecordecbased on only their
presenceabsencedatg Tappanina selmensiand Spiroplectamminaaff. S.
spectabilis Tappnina selmensiss considered tde mainly a neritic species,
though itmay hold aropportunisticstrategy in nutrient rich aor dysoxic settings
independent from bathymetandalsomay befound in the bathyal environment
(Van Morkhoven, 1986)This sm#l form was found in all studied section.
Spiroplectamminaaff. S. spectabilisvas found in only Maastrichtian samples.
Spiroplectamminaspectabiliswas reported to badapted to &thyal to abyssal
environmentgKaminskiandGradstein, 2005)Therefore, th@resencef those two
also agree witthe assignetathyal location of the studied section.
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There is nerceivabldathymetrical changi®r the studiedthe Danian parafter

the boundary evenAlmost all of the studied sanigs aredevoid of planktonic
foraminiferai n t he studied si ze fr aobahynemy ( >
estimationwith P/B ratio could have not beeappliedfor the Danian samples
However, for the assemblage point of viéaraminifera assemblagenstitutes of
Alabamina wilcoxensis Anomalinoides acutys Anomalinoides rubiginosuys
Cibicides sp.1, Cibicidoides pseudoacuts, Cibicidoides spp., Dorothia spp.,
Gyroidinoidesspp.Lenticulinaspp.,Loxostomoides applinPulsihponinaprima,
Osangularia Verneuilinaspp, whicharerecorded agareto abundanin thestudied
Danian section Among this assemblage,Anomalinoides rubiginosys
Loxostomoides applirind Tappanina selmens{&om 6311250 m f r)avere i o n
reported fromassemblages dPakocene lthyal benthic foraminifera zonation
(BB1) offered byBerggrerandMiller (1989) Loxostomoides applims anindicator

of Pdeocene neritic environment but also ranges to upper bathyal (Van
Morkhoven, 1986)Besides,it is component of neritic Midway Type fauna of
BerggrenandAubert (1975) together witAlabamina wilcoxensjsAnomalinoides
acutus Osangularia plummeraandPulsihponinaprima. Therefore the presence

of both bathyal taxa and shelf tatcmether possibly no bathymetrical changas
appliedfor the studiedaniansection after the ¥g boundary event.

4.2 PaleoecologicaRemarksfor Maastrichtian and Danian Benthic

Foraminifera Species

Widmark andSpeijer (1997agstablished fivgpaleoecologicaimportant species
from TethyarLate Maastrichtiaathyal to abyssal settingshich areEouvigerina
subsculptura Sliteria varsoviensis Gavelinella beccarifornsi and Gavelinella
pertusa, Nuttallides truempyin the Maastrichtian samplesyd of thosewere
recordedn this studyEouvigerina subsculpturandSliteriavarsoviensiswhereas
Gavelinella pertusaGavelinellabeccariiformisandNuttallidestruempyiwere not

encounteredWidmark and Speijer (1997a) mention&hvelinella pertusaas
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typical boreal specieshichadapted tmeritic to middle bathyal settings in the Late
Maastrichtian The authors also reported th&avelinella beccariiformis and
Nuttallides truempyiare abundantonstituentsn middle bathyalabyssal settings
with oligotrophic conditiongrovided that the endobenthic populations are less than
20% of the whole assemblaggince mesotrophic to eutrophic conditions in the
upper bathyal settingere assigned for the Maastrichtian part of the studied section,
the aforementionedhree ecomarker species were not recorded in the studied

Maastrichtian materials.

Eouvigerina subsculptuna considered as an opportunistic form, which adapts high
foodfluxes in upper to middlbathyalsettinggWidmark andSpeijer,1997a) This
form together with abunda@avelinellabeccariiformisand Nuttallides truempyi
often indicatesfairly oxic surroundings.Later study byWidmark (2000) also
supportsthe idea ofpreference ok. subsculpturahroughthosebathyal settings
with large organiccarbon fluxes|t is also stated thas being distant from the
hypothetical upwelling site forecasted Bgirrish andCurtis (1982) the abundance

of E. subgulpturadecreases.

The ecomarker specieSliteria varsoviensisis mentioned to bevell adaptedto
Maastrichtian upwelling beltsoldingan opportunistic mode where somewhat high
food flux in mesotrophicenvironment (Widmark and Speijer, 1997a)lhe
Maadrichtian Praebuliminaspeciesre linked withhigh organic flux and lowxic
conditions at the bottoifirriedrichandHemleben, 2007 Heterostomellaspp. and
Sitellaspp are also indicators of the environments with high orgamatter flux
(Speijer, 1994).

In the Maastrichtian sectippresence of all morphogrospogethemay indicate
mesotrophic conditionSetoyama et al., 20Bhdreferences thereinBesides, lie
much relativeaburdances of infaunal taxaerager/5% for whole Maastrichtian
including bitri serial taxa sut asBulimina strobilg Eouvigerina subsculptura
Heterostomellaspp.,Praebuliminareussj Sitellaspp. andverneuilinaas well as

trochospiral formSliteria varsoviensesmay suggest a high food flux for this
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section which make the environmefdr away from oligotrophic conditions and
possiby closing eutrophic conditionr more particularlythrough the upper parts
of the Maastrichtianust below the KPg boundary However, there is nalear

distinction coulchavebeenmade between mesotrophicdagutrophic environment

due to the unpredicted oxygen levels.

In the Danian section, on the other hatlte assemblages outnumberedby
epifaunal taxawvhich corstitutesaverageof 75.8% of tha total assemblage. This
section includes mainly trochospiral forms including mos#yabamina
wilcoxensis Anomalinoides acutiysAnomalinoides rubiginosysCibicides sp.1,
Cibicidoidespseudoacuts, Cibicidoidesspp.,Gyroidinoidesspp.Lenticulinaspp.,
Pulsihponinagprima, andOsangulariaspp. The change in the assemblage structure
from abundant irdunalto abundanepifaunalassociationsuggests a lowered food
flux to benthic foraminiferan the Danianwhen compared to ¢hMaastrichtiarfor

the studied intervalThis shift isconsidered as a result of sudden decline in the
primary productivity right at th&-Pgboundary and consequenterruptionin the

organic carbon fluxCulver, 2003)
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CHAPTER 5

SYSTEMATIC PALEONTOLOGY

Taxonomical identification o$mall benthic foraminifera genera and speciese
mainly based orthe external morphological features. Taxomoal study was
carried out by using wall composition and structure, coiling type (chamber
arrangement), number of chambershalast coil, shape of test, primary aperture,
and shapef apertural face, stace ornamentations, charactédsof sutures on
both spiral and umbilical sideo gain better understanding about the morphology

of benthic foraminifera, the glossaryldbttinger 006)wasutilized.

In search of originaldefinitions of the speciesEllis and Messina (1940)
foraminiferal catalogvasbroadlystudied.Moreover Cushman (1946Berggren
andAubert (1975)Van Morkhoven et al. (1986)Kaminski et al. (1988)Gawor
Biedowa (1992)Bolli et al. (1994) Speijer (1994 Alegretand Thoma (2001)

and Widmark (1997)were used for mer detailed descriptions dfethyan and
cosmopolitanforms Additional publicationsvere also reviewedfor some taxa
Loeblich and Tappan (1988yvas followed for suprageneric and generic
classifications3 suborders, 23 superfamily, 32 subfamily, 71 genus and 82 species

were identified in this study.

This chapter is not dealing with the literature revision oflt@ethic foraminifera
species, onlyheir brief taxonomic descriptions and distinguishingttees were

givenfor specific and generic leve¥ariability of thespecies were alseemarked
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whenever possibld®ue to the preservation acdmplex taxonomy of deepater

benthic foraminiferasomeaffiliations were needed to hesed for the assignment

of the species. The affiliatiom s p wasousedfor more than one different

popul ati ons @aapdlatidghgrquped untlea genusBiees i d e s, Aaff . o
was putafter the genusname for a specific taxon, when some morphological

features of theonveniat specieswvere notclearly observed Bolli et al. (1994)

revealed theEarly Cretaceoudvliddle Miocene deepvater benthicforaminifera

stratigraphy stressing the need for the taxonomical revisions of ipamiic

foraminifera groups. Moreover, Widmark (I®9assumed that there was an
overabundance othe Upper Cretaceous benthic foraminifera spedmsthe

literature.

Platesveredesigned for illustration of the identifidenthic foraminiferaaxa. The
micrographs introducinghe images o§canning electmmand lightmicroscopeas
well as transmitted lightimages are given inAppendix A The systematic

classification of identified taxa igivenin alphabetical ordeas follows:

Phylum PROTOZOA
Order FORAMINIFERIDA Eichwald, 1830
Suborder LAGENINA Delage and Herouard, 1896
Superfamily NODOSARIACEA Ehrenberg, 1838
Family ELLIPSOLAGENIDAE A. Silvestri, 1923
Subfamily OOLININAE Loeblich and Tappan, 1961
GenusOolina d'Orbigny, 1839

Oolinais unilocular.lts testshape is spherical or oval. The lowest parest thay
be pointed. Test surface may be smooth or decorated with thin elongate striations.

It hasterminal and roundedperturedeveloped on more or less pronounced neck.
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Oolinasp.1
Plate2, Hg. 5
Diagnostic features & Remarks:

Shape of this form is samwhat elongated, not completely globular. Test is
decorated with fine longitudinal striations. Aperture is terminal, circldeatedon

theslightly developeadheck.
Occurrence

UH-37, UKHB-10

Family LAGENIDAE Reuss, 1862
GenusLagenaWalkerand Jacob,1798

Test is unilocular, its shape may be globular or ellipsoidal. Wall is calcareous, and
surface may be decorated by striae or more thick costae. Aperture is terminal,

developed on a distinct neck.

Lagena globoséMontagy 19417)
Platel, Ag. 12
1953 Lagenaglobosa(Montagu) LeRoy,pl. 8, fig. 15
Diagnostic features& Remarks:

Shape of test is almost spherical. Surface is smooth. Aperture is at thetbad of

shortly developed neck.
Stratigraphic distribution in the literature:

Late Cretaceous andaily Tertiary (LeRoy, 1953)
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Occurrence

UH-35, UH41, UKHB-10

Lagenacf. sulcata(Walker and Jacob, 19Y8
Platel, Fg. 11
1988 Lagena sulcatg§WalkerandJacob). Keller, p. 160, pl. 4, figs. 112
1997 Lagenacf. sulcata(Walker and Jacob). Widmark, p. Z&). 11h
Diagnostic features& Remarks:

Unilocular est is pointed at both extremities andstlyglobular in outline. Test is

decorated by many longitudinal costae. Aperture is produced on aesxtkn

Hermelin and Malmgren (1980)published a biometric studyon the Latest
MaastrichtianLagena sulcata Their studyrevealed thathe dissimilarities of

costatd_agenain different stratigraphic levelsvhichweremost probably resulted

from its ecological variationTaxonomic revision okagenawas also suggested in

that study. Widmark (1997) referréldeirworkand used fdAclhgema f or cost
forms. Therefore this taxonis allocatedunderLagenaficf.0 sulcatain this study

following Widmark (1997).

Stratigraphic distribution in the literature:
MaastrichtiarDanianin the South Atlanticq(Widmark, 1997).
Occurrence

UH-36, UH-37 UH-42, UH43, UH47, UH48, UH-49, UKHB-10
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Lagenasp.1
Platel, Hg. 13
Diagnostic features& Remarks:

This form is distinguished fro Lagenacf. sulcataby its elongated testnd neck

All other features are similar to that species.
Occurrence

UH-34, UH-38

Family NODOSARIIDAE Ehrenberg, 1838
Subfamily NODOSARIINAE Ehrenberg, 1838
GenusLaevidentalinaLoeblich and Tappan, 1986

Testis uniserial, elongate and arcuate. Sutures may be horizontal to more or less
oblique. Wall is calcareous, very slightly perforated with secondary lamination.
Test surface is smooth, not ornamented. Aperture is terminal developed by radiating

slits.

Laevdentalina constrictgFranke, 1928)
Platel, Fig. 6
1941 Dentalina cylindracegReuss)Marie, pl. 12 fig. 135

1994 Glandulina (?) cylindraceaconstricta (Franke). Bolli et al., p. 201, figs.
34.17

2000 Laevidentalineconstricta(Franke).Frenzelp. 62, fig. 26.&b
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Diagnostic features& Remarks:

Shape of test and chambers @l@ngated and slightly arcuate. The first chamber is
kind of acuminated at the base, but not very sharpened. Its height is snise a

width. Test is constricted in the middle part between two chambers.

Variabilities of this species in the studied samphesthe length of chamberdhe
degree of constriction in the middle part between two chamberthadegree of
sharpening oftte initial tip.Laevidentalina constricthas only two chambers in the
studied specimens.

Stratigraphic distribution in the literature:

TuronianMaastrichtianFrenzel, 2000), Late Maastrichti&arly Eocene (Bolli et
al., 1994)

Occurrence:

UH-36, UH-38,UH-43, UKHB-10

Laevidentalina monilévon Hagenow, 1842)
Platel, Fig. 7
2000 Laevidentalina monileFrenzelpl. 11, fig. 3
Diagnosticfeatures & Remarks:

Laevidentalina monilbas smooth wall and consisting of uniseri&vo chambers
which nearly splerical in shape. Test is elongated slightly arcuatdnitial part of

the test is rounde&utures between chambers are deeply incised.
Stratigraphic distribution in the literature:

Late TuroniarMaastrichtian (Frenzel, 200
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Occurrence:

UH-37, UH41, UH-48

Laevidentalina? sp. 1
Platel, Fig.9
Diagnostic features &Remarks:

This taxonhas elongatedestand uniserial chamber#is generic affiliation was
remained unceria, becausdhe specimens belong to this taxaere found as
brokenin the stuliedsamplesTherefore, itvasnot possible to understand whether
thetest isarcuateor rectilinear as well as not possible to identify apertural features.
Additionally, this taxon is very similar tthe specimenillustrated byKaiho (1992)

asNodosaria longiscata
Occurrence

UH-33, UH-35, UH-38, UH-39, UH-41, UH-42, UH-45, UH-46, UH-47, UH-48,
UKHB-4, UKHB-6, UKHB-9, UKHB-10

GenusPseudonodosarioomgaart, 1949

Cylindrical, rounded test is elongated in the growth axis and somewhial
Initial chambers are embracing and expanding as added. Sutures are flush and
horizontal. Aperture is terminal and radiate.
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Pseudonodosaria manifesfgeuss, 1851)
Plate2, Fig. 6

1975 Pseudoglandulina manifes{®euss). Berggreand Aubert. p. 173, pl. 12,
fig. 10

2000 Pseudonodosaria manifesterenzelpl. 20, fig.9
Diagnostic features& Remarks:

Testis circularin transverse sectioricarly chambers are less inflatadd more
overlappingthan the later oneS&utures between later chambers are more incised.

Terminal aperture is consisting of radiating slits.

Stratigraphic distribution in the literature:

SantoniarMaastrichtian (Frenzel, 200@)ate Cretaceous (Cushman, 1946
Occurrence

UH-40, UH42, UH-48, UH-49

GenusPyramidulina Fornasini, 1894

Pyramidulina has rectilinear, uniserial test. Test surface is decorated by

longitudinal ridgesAperture is developed at the end of short neck.

Pyramidulinaspp.
Plate2 Fig. 7, Plate 3 kg. 1
Diagnostic features& Remarks:

Rectilinear uniserial testsvith various chamber shapes awdnamented by

longitudinal costasvith various thicknessemregrouped undethis taxon.
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Tess weremostlyrecordedas brokerspecimens
Occurrence

UH-34, UH38, UH42, UH43, UH46, UH48, UH49, UKHB-5, UKHB-6,
UKHB-7, UKHB-10

Subfamily FRONDICULARIINAE Reuss, 1860
GenusFrondicularia Defrance, 1826

Palmate to lanceolate test is flattendth considerably aradd chambers. Wall is

calcareous. peture is terminal and radiate.

Frondicularia spp.
Platel, FHg. 1
Diagnostic features& Remarks:

FIl attened tests with inverted AVO0O shaped

in this group. Some teskgvevery fine striations.

This taxonwasrarelyrecorded in the studied materidiests wereusuallyfound as

brokenspecimens
Occurrence

UH-36, UH-43, UKHB-4
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Family POLYMORPHINIDAE d'Orbigny, 1839
Subfamily POLYMORPHININAE d'Orbigny, 1839
GenusGlobulina d'Orbigny, 1839

Test is spherical or oVvan shape Chambers are added in five planes in early stage,
later diminished to three planesperture is terminal, radiate.rttay be covered by
fistulose developmertf radiating tubes which have open ends.

Globulinaprisca(Reuss, 1862)
Platel, Fg. 2
1992 Globulina prisca(Reuss). GaweBiedowa, pl.8, fig. 8
1994 Globulinacf. prisca(Reuss). Bolli, p. 199, fig. 33-8
Diagnostic features& Remarks:

This specieshasfistulose aperture. Due to the preservation, chamber arrangement
of this forms isnot always examined clearlyrhis species hasriability in degree
of sharpemg of basal portion of test, that of elongation of the test and density of

tubular projections.

Stratigraphic distribution in the literature:
Early Maastrichtian Early EocendBolli, 1994).
Occurrence

UKHB-10
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GenusGuttulina d'Orbigny, 1839

Inflated chambers arranges in five planes with strongly overlapping previous

whorls. Aperture is terminal and radiate.

Guttulina trigonula(Reus$
Platel, FHgs.3-4
1946 Guttulina rigonula (Reus$. Cushmanpl. 40, figs.6
1992 Guttulina trigonula(Reus$. GaworBiedowa, pl. 8, fig.7
1994 Guttulina trigonula(Reuss$. Bolli et al., p. 199, fig. 33.2Q2
Diagnostic feature® Remarks:

Guttulina trigonulahas a rounded test with quinqualiine chamber arrangement.

Testis truncatedat the base.

The studied specimermavesomewhadull wall texture Convexity of chambers,
test sizeandthe degree of elongation of the tasé includedn the variability of

this species.
Stratigraphic distribution in the literature:

Campanan Globotruncana stuarZzone)i Early EoceneGloborotalia subbotinae
Zone)(Bolli et al., 1994).

Occurrence

UH-33, UH-35, UH-36, UH41, UKHB-8, UKHB-10
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GenusPyrulina Marie, 1941

Fusiform test is elongated édmounded intransversesection with teminal and
radiated aperture. Base of test is rounded to weakly pointed. Chambers are
overlapping and arranged in P2flanes aside as a firphase, later becoming

biserial.

Pyrulinasp.
Plate 3, k. 2
Diagnostic features& Remarks:

Small, fusiform tess with radial aperturare grouped undehis taxon.In well
preserved specimemp®lymorphinid chamber arrangement is sdmrimost of the

specimens were poorly preserved.
Occurrence

UH-36, UH49, UKHB-10

Subfamily RAMULININAE Brady, 1884
GenusRamulina Jones, 1875

Spherical or irregular chambers are roughly joined each other by straight or
branching tubes. Wall is calcareous. Testfesie may be smooth or hispid.

Apertures are developed at the end of open tubes.
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Ramulinasp. 1
Plate 3, Figs. 3,4
Diagnostic features& Remarks:

This specieasalmostsphericaltestwith hispid surfaceTests were commonly

foundas fragmentedpecimens
Occurrence:

UH-37, UH42, UH50, UKHB-4, UKHB-7, UKHB-8, UKHB-9, UKHB-10

Ramulinasp. 2
Plate3, Hg. 5
Diagnostic features& Remarks:

This speciess distinguitied fromRamulinasp. 1by manybranchingtubes and
relatively smoothsurface oftest Tests were commonlyound as fragmented

specimens.
Occurrence:

UH-45, UH-48

Family VAGINULINIDAE Reuss, 1860
Subfamily LENTICULININAE Chapman, Parr, and Collins, 1934
GenusLenticulina Lamarck, 1804

Chamber arrangement is panispiral, infrequently some species may be weakly
trochospiral or asymmetrical. Chambers are gradually increasing in size as added.

Last chambers ay tend to uncoiling. Wall is calcareous and perforated. Aperture
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is developed at the peripheral angle. It may be radiate or slitlikesrgislightly

produced.
Lenticulinasp.1
Plate2, FHg. 1
Diagnostic features& Remarks:

Test is involute, planispitand biumbonateShape of test is quite circular side
view. Final whorl is consisting of about seven chamb@éyserture ismostly

invisible.
Occurrence:

Throughout the Maastrichtian and Danian section, except feB4YHJH-35, UH
43

Lenticulinasp.2
Plate2, Ag. 2
Diagnostic features& Remarks:

This form is distinguished by othéenticulinaspecies by its distin@cute angle,
more or less developdael? like structureChambers are alsmore curved and

more in numberAperture isusuallyinvisible.
Occurrence

UH-33, UH-35, UH-38, UH-39, UH-44, UKHB-10
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GenusMarginulinopsis A. Silvestri, 1904

Early smalland compaagplanispiral stages followed by uncoiled part with straight
and depressed sutures. Chambers are inflated. Wall is calcaradaseSnay be
decorated by longitudinal ridges. Aperture is terminal and developed at the dorsal

angle.
Marginulopsis multicostaté_ipnik, 1961)
Plate2, Hg. 3
1994 Marginulopsis multicostatéLipnik). Bolli et al, figs. 29.3e81
Diagnostic features& Remarks:

This species has inflatedincoiled lastchambers Test is decorated with many

longitudinal costae.

Bolli et al. (1994) mentioned &ariety of Cretaceousspecies belonging to
Marginulopsis. Among thee noticed species onlarginulinopsis curvisept
Marginulinopsis multicostata and Marginulinopsis praetschopppossess test
surfacesornamented by elongated ridg@dy, 2016). In the illustrated specimens
of Bolli et al. (1994), the costae ornamentationMafginulinopsis curviseptand
Marginulinopsis praetschoppiare more thicker and sparse than that of
Marginulinopsismulticostata Moreover,Marginulinopsis praetschopgeems to

be more flattened in the side view when compared other two.

Our studied specimens agssignedto Marginulopsis multicostatasince the
ornamentations are thinner and denser and very resemble to the specimendllustrate
in Bolli et al. (1994).

Stratigraphic distribution in the literature:
CampanianGlobotruncana stuartzone) (Bolli et al., 1994)
Occurrence

UH-47
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GenusSaracenariaDefrance, 1824

Planispiral portion is followed by flaring and nearly rectilinear st#@gpertural face
is typically wide, carinate on this is common. Aperture is radiate at the dorsal side

of the periphery.

Saracenarissp.
Plate 3, Hg. 6
Diagnostic features& Remarks:

All forms with planispiralearly part, with later flaring chambers \witvery broad
apertural face are allocated in this taxa. Most of the specimens have triangular in

shape when looked from the tapertural view.
Occurrence

UH-33, UH-39, UH41, UH45, UH-49, UKHB-6, UKHB-7, UKHB-9, UKHB-10

Subfamily MARGINULININAE Wedek ind, 1937
GenusVaginulinopsisSilvestri, 1904

Very small involute coiled early part is followed by uncoiled and rectilinear series.
Test may be laterally compressed. Sutures are horizontal, straight and might be
more or less incised in the uncoiled phdssst surface is unornamentégerture

is developed at the dorsal angle, terminal.
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Vaginulinopsis? sp.
Plate 3, Hg. 7
Diagnostic features &Remarks:

The tess with alnost invisible initial coiledpart and following uncoiled portion.
Sutures are nelg horizontal and slightly depressed in this stagiests were

recovered mostly as broken specimens.
Occurrence

UKHB-5, UKHB-7, UKHB-8, UKHB-9

Subfamily PALMULINAE Saidova, 1981
GenusNeoflabellinelaBartenstein, 1948

Test is bigpalmateand flattend. Test margin is truncated and may possess keel.

Chambers are arranged planispiral in initial part, then flaring turning into uniserial.

Neoflabellinela jarvis{Cushman 1935)
Plate2, Hg. 4
1986 Neoflabellinela jarvisiCushman). Van Morkhoven, fig.3(8-19,25
Diagnostic features& Remarks:

This speies ischaracterizethy single or more semicircular loops at the-pmpnted
ends of straight and steep sutures, and papillae test surface between thelastures.
shape is almost rhomboidal to ovoBbmeindividuals have moreurved test sides,

while others have more parallel developed sidlest size is variable.
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Stratigraphic distribution in the literature:

Late Cretaceous (Maastrichtian)Late Paleocene (PXVan Morkhoven et al.,
1986) Paleocene (Bolli et al., 1994)

Occurrence

UH-34, UH-35, UH43, UH47

Suborder ROTALIINA Delage and Herouard, 1896
Superfamily ASTERIGERINACEA d'Orbigny, 1839
Family EPISTOMARIIDAE Hofker, 1954
Subfamily NUTTALLIDINAE Saidova, 1981
GenusNuttallinella Belford, 1959

Trochospiral test has two or three coils with narrow chambers and oblique sutures
on spiral side; nearly radial, straight or curved sutures on umbilical Beds.
periphery is possessing a broad keel. Wall is calcareous. Aperture isnabkgioal

and elongate opening.

Nuttallinella spp.
Plate4, Hgs.1, 2
Diagnostic features& Remarks:

This taxonis characterizedby its thickened spiradnd intercamarautures andts
distinct well developed keel. Umbilicusasremained operil he convexity of spiral

and umbilical sides are varying among the group.
Occurrence

UH-38,UH-39,UH-41,UH-42,UH-43, UH-46, UH-47,UH-48, UH-49
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Superfamily BOLIVINACEA Glaessner, 1937
Family BOLIVINIDAE Glaessner, 1937
GenusBolivina d'Orbigny, 1839

Biserial elongate tesbval or rhomboidal in shape and relatively compressed.
Chambers are elongated and long. Sutures are flush to little incised. Aperture a

smallloop shapeadvith thickened one margin.

Bolivina decurrengEhrenberg, 1854)
Plate4, Hgs.3,4
2012 Bolivina decurrengEhrenberg)DubickaandPeryt, p. 277, fig.4AC
Diagnostic features& Remarks:

Bolivina decurrenss distinguished by spines at thedsnof the broad and low
chambers, giving an impression of ragged test margin and almost rhomboidal test

shape. Chambeese bent downward direction.
Stratigraphic distribution in the literature:

Late CampaniaiMaastrichtianGaworBiedowa, 1992)
Occurrence

UH-34,UH-42
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Bolivina incrassatdReuss 1851)
Plate4, Hgs.5, 6
1986 Coryphosbma incrassatgReuss). Van Morkhoven et al., p. 383, pl. 126
1992 Bolivina crassgReuss). GaweBiedowa, pl. 19, figs. }h, 2ab, 3ab
1997 Brizalina incrassata(Reuss). Widmark, p. 33, fig.13I[Q@
2000 Bolivina incrassatgdReuss 1851). Frenzel, pl.Z&s. 59.
Diagnostic features& Remarks:

Test is usually opaque and compressed to some extent. Chambers are numerous and
fairly inflated. Sutures are oblique and locdtyckened

GaworBiedowa (1992) examined three different generations of this spéei@s

of which are megalosperic and one of which is micropsheric. The first one of the
megalosperic generation is consisting of usually ten chamber pairs, with long and
slim test shape. The other megalospheric generation is short and having wider test
shag includig nearly seven chamber pairs. The tests of microspheric generations,
on the other hand, have smaller and more pointed initial extremity and more
expanding test shape with relatively more chamber pairs when compared to

megalospheric generations, iafn is approximately thirteen chamber pairs.

Number of chambers, amount of enlargement of test with respect to growth axis
and degree of protrusion of sutures are included in variability of this species, in the
studied materials. Moreover, fine striatiom test surface which is one
characteristic of this species, are not observed in the studied specimens, most

probably due to the recrystallization.
Stratigraphic distribution in the literature:

Late Cretaceous (late Campanlate MaastrichtianjVan Markhoven, 1986)

102



Occurrence

UH-33, UH-34, UH-35, UH-36,UH-37,UH-38, UH-41,UH-43,UH-44,UH-45

Family BOLIVINOIDIDAE Loeblich and Tappan, 1984
GenusBolivinoidesCushman, 1927

Test is biserial, rhomboidal, somewhat expandigginstapertural end. Tess
laterally compressed. Itransversesection, it seems as lenticul@hambers are
elongated Test surface may be smooth or ornamented with tubercles or costae.

Aperture is areal and elongate, with internal tootplate.

BolivinoidesdecoratugJones, 188)
Plate4, Hg. 7
1994 Bolivinoides decoratuglones). Speijer, p. 61, pl. 9, fig. 2.
2016 Bolivinoides decoratuglones). Dubicka and Peryt, p. 81, figs-4.4.
Diagnostic features& Remarks:

Test is small and rhomboidal. Itransversesection, it is wal-shaped and
compressed. On chamber surfaces, there are four to five protrusions, joining into

irregular costae.
Stratigraphic distribution in the literature:

Campanian MaastrichtianDubicka and Pery016),Late Maastrichtiaii Early
Paleocene (Syjer, 1994)

Occurrence

Throughout Danian section ex¢dpr UKHB-5
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Bolivinoides dracdMarsson 1878)
Plate4, Hg. 8
1878 Bolivinadraco(Marsson) p. 157, pl. 3, fig. 25h
1970 Bolivinoides dracqMarsson)Barr, pl. 99, figs.2ab, 3ab

1986 Bolivinoides dracdMarsson). Van Morkhoven et al., p. 379, pl. 124, figs.
2 ab.

1992 Bolivinoides dracqMarsson). GaweBiedowa, pl. 20, fig. 8.
1997- Bolivinoides dracqMarsson). Widmark, p. 33, fig.13.F

2002 Bolivinoides dracalraco (Marsson. ReichandFrenzel (2002)p. 115, pl.
10, fig.6

2006 Bolivinoides draco dracMarsson)El-Nady, pl. 1, figs. 1214

2016 Bolivinoides dracdMarsson)DubickaandPeryt,p. 84, figs 6.66.10.
2016 Bolivinoides dracqMarsson)Machalski e@l., p. 219, fig. 10. B
Diagnostic features& Remarks:

Test is biserialnd rhomboidalin outline. Test margin is acute. There are two
characteristicentrallongitudinalribs on test surface as ornamentation. Apertural

end of the test is smooth, unamented.
Stratigraphic distribution in the literature:

Regarded as excellent index fossil for the Maastrichtian in North Africa, Australia,
North and South America, Middle East and Eur(iparr, 1970)

Late Maastrichiain (Dubicka and Peryt, 2016).
Occurrence

Throughout Maastrichtian secti@xcept forUH-37, UH-43, UH44,UH-45, UH-
48,UH-49
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Family BOLIVINIDAE Glaessner, 1937
GenusLoxostomoidedReiss, 1957

Test is elongte and biserial. Chambers are beconhigher as added. Wall is
calcareous and finely perforated. Test surface is smooth and may be finely costate.

Aperture is interiomarginal in early stage, later it becomes terminal and slit with
lip.

Loxostomoides aphipi (Plummer 1926)

Plate5, Fgs. 1,2

1926 Bolivina appliniPlummer. p. 69, pH4, fig.1
1994 Loxostomoides appling®lummer). Bolli et al., p. 201, fig. 34.2%
1994 Loxostomoides applifPlummer). Speijer, p. 51, pl. 4, fig.3.
2006 Loxostomoides gpini (Plummer).OrtizandThomas p. 141, pl. 9, fig. 3.

2014 Loxostomum applina@lummer).OrabiandKhalil, supplementary pl. 1.,
fig 12

Diagnostic features& Remarks:

This species is characterized by florgitudinalstriationsornamentinghe earlier
part of the test and therenulated base dhe latter chamberdestis also very

slender elongateand ovalin transverseection.
Stratigraphic distribu tion in the literature:
Indexspeciedor Paleocene (Van Morkhoven et al., 1986)
Occurrence

UKHB-4, UKHB-6, UKHB-7, UKHB-8, UKHB-10
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GenusTappaninaMontanaro Gallitelli, 1955

This genuss small,slightly rotated around axis of coiling and possessarmated
angles and flattened sides tlansversaection, test is rhomboidal to quadrangular.

Aperture is interiomarginal basal with a slighdentation

Tappanina selmens(€ushman, 1933)
Plate 5, Igs. 3,4
1946 Bolivinita selmensiéCushman). Cusman, pl. 49, fig.
1946 Bolivinita costifera(Cushman). Cushman, pl. 49, fig. 3
1986 Tappanina selmens{€ushman). Van Morkoven, p. 333, pl. 108

1994 Tappanina selmens{€ushman). Speijer, p. 57, pl. 7, fig. 2

Diagnostic features& Remarks:

This sgecies ischaracterizetby its small test and concave chambers on which there
are lateral carina along sutures presergidgaracteristic zigag display at the test
periphery. Inapertural viewtest is rhomboidal or rectangular.

Tapanninaselmensiss distinguished fronmEouvigerinasubsculpturaby its small
testand the absence of apertural neck.

This species is -I2% or@ictoe fduewitsdsymalltest. 63 Om
Stratigraphic distribution in the literature:

Middle PaleoceneQloborotalia amgulata Zone)i Early Eocene Globorotalia
subbotinaZzone) (Bolli et al., 1994)

Occurrence

Throughout the studied section
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Superfamily BULIMINACEA Jones, 1875
Family BULIMINIDAE Jones, 1875
GenusBulimina d'Orbigny, 1826

Test is elongate and triserial. ltashambers may have a tendency to uniserial
arrangement. Wall is calcareous, perforate and smooth. Lower margins of chambers

may be ornamented. Aperture is typical loojsédped.

Bulimina arkadelphian&€ushman and Parker vanidwayensis
(Cushman and Pagk, 1936)
Plate5, Hg. 5

1994 Bulimina midwayensis (Cushmaend Parker). Bolli et al., p. 205, figs.
36.19- 21

1997 Bulimina arkadelphiana midwayensis (CushraadParker).Ayyad et al,
p. 154, fig.9d.

Diagnostic features& Remarks:

Test is ornmented by blunt projectioran the lower part of the chambers, e t

last chambers ammooth, unormamente@hey are relatively more inflated.

Somespecimensgave a basal spine, whereas some have not. Additionally, test size

Is varying among differenipgcimens.
Stratigraphic distribution in the literature:

Campanian Globotruncana stuartiZone) 1 Late Paleocene Globorotalia

pseudomenardiZone).
Occurrence

UH-33, UH-34, UH-36, UH41, UH43, UH46, UH47, UH-49

107



Bulimina strobila(Marie, 1941)
Plate5, Hgs. 6,7,8
1941 Bulimina strobilaMarie. pl. 32, figs. 302a
1976 Bulimina asperoculatéBrotzen). Aubert and Berggren: p. 421, pl. 5, fig. 4
1988 Bulimina farafraensigLeRoy).Keller, p. 159 pl. 3, figs. 134
1994 Bulimina strobila(Marie). Speijer, p. 57, pl. 7, fig. 3
Diagnostic features& Remarks:

Bulimina strobilahas small test wittbunded edges and concave sides. As growing,
the test is becoming almost equally tripartite consisting of three equal lobes. On the
test surface, characteristangitudinalirregular ridges and grooves are beginning
from the base, gradually fading upward and failing to reach to last three chambers.

Test isstretchednore at its basmorethan at the apertural end.

Some tests are twisted in the studied samples. Moreover, degree of strpgben

initial part is rather variable.

Stratigraphic distribution in the literature:

Late Maastrichtiaii Early Paleocene (Speijer, 1994)
Occurrence

From UH33 to UH50, UKHB-6, UKHB-8

Family REUSSELLIDAE Cushman, 1933
GenusReussellaGalloway, 1933

Triserial and triangular test have carinate margins. Sutures are bent. Wall is

perforated. Aperture an elongate narrow opening, interiomarginal.
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Reussell&® sp. 1
Plate5, FHg. 9
Diagnostic features:
Small, tiserial tesis pointed in the initial endAngles are acute and ragged.

Aperture of this taxon seems like subterminal and little more widened opening
rather than being slit. However, the oth@orphologicalfeaturesmnake it closer to

Reusella Therefore, generic assignment of this taxon remaineértain.
Occurrence

Throughout the Danian section, except for UKHB9

Superfamily CASSIDULINACEA d'Orbigny, 1839
Family CASSIDULINIDAE d'Orbigny, 1839
Subfamily CASSIDULININAE d'Orbigny, 1839

GenusGlobocassidulinavoloshinova, 1960

Biserially enrolledtest is globular or lenticular in shape. Angled and radial sutures

are kind of depressed. Aperture may be elliptical opening or curved.

Globocassidulinasp.
Plate5, Hg. 10

Diagnostic features& Remarks:

Small, subspherical tegiith biserially enrollecchambers and depressed sutures
observed from outside of the tesise allocated to this taxon. Test surface is not

smooth, but somewhat roughened.
Occurrence

UKHB-8, UKHB-9, UKHB-10
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Superfamily CHILOSTOMELLACEA Brady, 1881
Family ALABAMINIDAE Hofker, 1 951
GenusAlabaminaToulmin, 1941

Testis trochospiral with spiral side evolute and umbilical side involute. Sutures
may be depressed, obliqwaoothlycurved or straight on spiral side. On umbilical
side, they are radial. Umbilical area is closed. Winely perforatedindentation

of apertural face is the major characteristic of this genus. This folding appears like

a false secondaperture but there is indeed no opening into chamber lumen.

AlabaminawilcoxensigToulmin, 1941)
Plate6, Hgs. 1,2,3
1994 Alabamina wilcoxensiéToulmin). Speijer, p. 61, pl. 9, fig. 7
1988 Alabamina midwayens{®rotzen). Keller, p. 158, pl. 2, figs:B

2001 Alabamina wilcoxensi§Toulmin). Alegret and Thomas, p. 293, pl. 1, fig.

3ac
Diagnostic features& Remarks:

The most characteristic feature of this species are planoconvex test with apparently
more convex umbilical side with an acute periph&he last whorl is consisting of
usually five to six chamber&utures on spiral side are weakly depressed, while

suures on umbilical side are radial.

Some studied specimens have slightly convex spiral side. This species are
differentiated fromGyroidinoidesspecies by characteristic apertural indentation.
Apertural indentationis another distinguishing parametef typical Alabamina

wilcoxensis
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Stratigraphic distribution in the literature:
Early Eocene (Globorotalia subbotinae Zone) (Bolli et al., 1994)
Occurrence

UH-38, UH39, UH42, UH45, UH49, and throughout Maastrichtian section.

Family CHILOSTOMELLIDAE B rady, 1881
Subfamily CHILO STOMELLINAE Brady, 1881
GenusAllomorphina Reuss, 1849

Trochospiral, involute test is oval in shape. The last coil haetbhambers.

Aperture isslit-like, interiomarginal with lip.

Allomorphinasp. 1

Plate6, Figs.5, 6

Diagnostic features& Remarks

Small test ischaracterizedy nearly triangular tesh spiral and umbilical view
open umbilicus, witimore or less developed apertuijal Sutures on the spiral side
are depressed, on the umbilical side they are flush tatlglidepressed.

Occurrence

UH-33, UH-35, UH-37, UH40, UH42, UH-49
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GenusChilostomellaReuss, 1849

This genus is planispiral, involute with firmly enveloping chambers. Ovoid test is
rounded intransversesection. Aperture is slitike opening, interiorgeak

equatorial.

Chilostomellasp.
Plate8, Hg. 4
Diagnostic features& Remarks:

Small strongly involute test with smooth surface is attained to this taxon.
Equatoria) interiomarginal aperture has an elevated one margin.

Occurrence

UKHB-10

Family GAVELINELLIDAE Hofker, 1956
Subfamily GAVELINELLINAE Hofker, 1956
GenusAngulogavelinellaHofker, 1957

Test is biconvex, lenticular and low trochospiral. Whorls include many chambers.
Spiral side is evolute and umbilical side involute. Umbilicus is smedit periphery
is with carina which is poreless. Wall is calcareous. On spiral side, wall is perforated

while it is nonperforated on umbilical side.

112



AngulogavelinellaangustiumbilicatgWeidich 1995)
Plate6, Hgs. 7, 8,9, 10
1995 AngulogavelinellaangustiumbilicatawWeidich, fig. 10, pl.5 figs.14
Diagnostic features& Remarks:

Test is biconvexXenticular,low trochospiral circular. It has evolute spiral side and
involute umbilical side. Sutures are on the spiral side distinct locally may be
limbate. On the umbilical side, chambers are crescent shaped, sutures are little
curved as well as limbate. Umbilicus is small and ddéyre are irregularities
around umbilicusPeriphery is acute and keel&dall is imperforated on spiral side,

perforated orumbilical side.

The thickened sutures restrictecetalusivelyaround umbilicusegionis the most
characteristic feature ofAngulogavelinellaangustiumbilicata which makes it
different from a similar fornrAngulogavelinellbettenstaedtiSutures on tlsi side

also curved more pronounctthnA. bettenstaedti
GenusAngulogavelinellahas bilamellawall as stated byWeidich (1995)
Stratigraphic distribution in the literature:

The Latest Campaniah The Late MaastrichtiafWeidich,1995)
Occurrence

UH-33, UH-35,UH-38, UH-40, UH-41,UH-43, UH-44,UH-46, UH-48

GenusGavelinellaBrotzen, 1942

Test is trochospiral biconvex with flattened sides. Spiral side is evolute while
umbilical side is involute. Wall is calcareous and perforated. Aperture is
interiomarginal, extending alost periphery to umbilicus with a thin lip. Umbilicus

is partially obscured by umbilical flaps from chambers.
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Gavelinellaaff. monterelensi¢Marie, 1941)
Plate8, Hgs. 5,6,7
1992 Gavelinella monterelensi{®arie). GaworBiedowa, pl. 36, figs.-P
2000 Brotzenella monterelens{Marie). Frenzel, pl. 43, figs-8
2012 Gavelinella monterelensi®ubicka and Peryp. 277, fig. 4.F.13
Diagnostic features& Remarks:

Relatively flattenedtest is big and robus®he final coil is consisting ofmary
chambers up to thirtee®piral side ofGavelinellaaff. monterelensiss strikely
similarto Anomalinoides acutysince both species have thickened, slightly curved
sutures on the spiral side, distinct knob on this side and possessing many chambers
in the finalwhorl. However the firsttaxonhas much more biggand robustest.
Umbilical features also differs in amount of the thickening of sutures through the
umbilicus and also differs in pore sizégiomalinoides acutuBas coarser pores
scatteredntheventral side.

Characteristis of the suture®n spiral sidearevariable in the present literature.
Some formdavethickenedsuturegFrenzel 2000), whereasomehaveflush even
depressed suturégValaszczyket d., 2016) Hence,fi a f wasatiributedfor this

taxon.

Amount and size of the central boss on spiral side and umbilical boss on umbilical
sidewereincluded inthe variability of thigaxonin the studied material

Stratigraphic distribution in the lit erature:
Campanian td.ate Maastrichtian (Frenzel, 2000)
Occurrence

UH-33, UH-34, UH-36, UH-38, UH40, UH41, UH42, UH45, UH46, UH47,
UH-48
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Gavelinellasp. 1
Plate8, Fgs. 8,9, 10
Diagnostic features& Remarks:

This taxon is distinguished by ewbé to slight partially evolute spiral side arety

thick, limbate, curved sutas on both side of the teStest isperforated on both
side, with distinctly dense and coarse perforations on the umbilical sides. Test
margin is rounded to subacute. Theafircoil is comprising of about eleven

chambers.

The coarse perforation exclusively on the one side of the test is common in the
majority of CretaceouSavelinellaspecies, as pointed Kpubicka et al.2015) In

the studied specimens there are coarse perforations scattered on the umbilical side,
and relatively sparse on the spiral side. Thickened and limbate sutures on both side
of the test together with the other mentioned features, this taxon is alloécated

Gavelinella

Occurrence

ThroughoutMaastrichtian section, except for B4, UH-35, UH39, UH43, UH
45

GenusParalabaminaHansen, 1970

Test is trochospiral, biconvex and nearly circular in outline. Umbilical side is
somewhat more convex than spiraddes The last coil is consisting of near six
chambers. Periphery may be rounded or subacute. Wall is calcareous, perforated.
Perforations are somewhat more dense and big on spiral side, compared to
perforations on umbilical sid&pertureis interiomarginbplaced on umbilical side

with thin lip. Umbilicus is not open.
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Paralabaminasp. 1
Plate11, Fgs. 1,2,3
Diagnostic features& Remarks:

This species has a hyaline ackeeledperiphery which isery slightlylobate.Test
is elevated in the centralag on both sideOn the spiral side, chambers are
crescentic. The lasbil has six to seven chambers.

Paralabaminasp. 1has a closed umbilicus.
Occurrence

UH-3540, UH42-45, UH-47-49

Paralabaminatoulmini Brotzen(1948)
Plate10, Fgs. 6,7,8
1948 Eponides toulminiBrotzen (fide Ellis and Messina, 1940)
1992 Paralabamina toulmin{Brotzen).GaworBiedowa, pl. 32, figs. 46
Diagnostic features& Remarks:

Paralabaminatoulmini hascoarselypunctatespiral sidewith raisedsutureswvhich
can be locally transparenn this sideUmbilical side is smooth. @ureson this
sideare depressed. Test is biconweikh always more convex umbilical side. Test

margin is acute. Chambers are increasgingjze as added.

The studied materials are close to Poland specimens shown by-Bedowa
(1992). The thicknesof the suture®n the spiral sidare variable. Theydtome

locally narrower Most of thestudiedspecimensiavenearly flat spiral side.
Stratigraphic distribution in the literature:

Late Cretaceoukarly EocendGaworBiedowa, 1992)
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Occurrence

UH-50, UKHB-4, UKHB-5, UKHB-6, UKHB-8, UKHB-9, UKHB-10

Subfamily GYROIDINOIDINAE Saidova, 1981
GenusGyroidinoidesBrotzen, 1942

Test is planoconvexand trochospiral. Spiral side is flat and evolute, whereas
umbilical side is convex and involute. Sutures are radial on umbilical side. Wall is
calcareous, perforate and surface is smooth. Aperture is an interiomarginal slit

which is extending from periphgto umbilicus.

Gyroidinoides octocamerat€ushman and Hanna, 1927)
Plate9, FHgs.1,2,3

1927 Gyroidina soldaniid'Orbigny octocamerata(Cushman and Hanna) (fide
Ellis and Messina 1940)

1994 GyroidinoidesoctocameratugCushman and Hanna). Speijer,54, pl. 4,
fig. 4

Diagnostic features& Remarks:

Sutures on flat spiral side are gently depressed and slightly oblique. Umbilical side
is more convex with tyipal depressed umbilical ardanal whorl is comprising of

eight chambers.
The studied sp@&mens have rounded to subacute periphery and large apertural face.
Stratigraphic distribution in the literature:

Late MaastrichtiarEarly Paleocene in El Kef (Speijer, 1994)
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Occurrence

Throughouthe studied section, except tdH-40,UH-41,UH-42,UH-45, UH-46,
UH-47,UH-50,UKHB-4

Gyroidinoidessp.1
Plate9, Hgs. 4,5, 6
Diagnostic features& Remarks:

Test isplanoconvex witlconsiderablyconvex umbilicakide.Coils are narrow. In
spiral and umbilical view test is nearly circular. Spiral suturesflash in earlier

ones, depressed in laté&pertural face is large.
Occurrence

UH-36, UH-39, UKHB-5, UKHB-6, UKHB-7, UKHB-8, UKHB-9

GenusSiliteria (Gawor-Biedowa 1992)

Test is low trochospiral. Spiral side is partially involute, and depressed in the
middle. Near this depressed area, sutures are kind of elevated and ended with spines.
Umbilical side is involute with umbilical flaps covering umbilicus. Periphery of test

is rounded. Wall and septa are trilamellar. Aperture is interiomarginal with a thin

lip.
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Sliteria varsoviensigGaworBiedowa, 1992)
Plate11, Fgs. 7,8,9,10
1992 Sliteria varsoviensigGaworBiedowa).pl. 33, figs. 913
1994 Gavelinella nartini (Sliter). Speijer, p. 64, pl. 2, fig. a

1997 Sliteria varsovienigGaworBiedowa).WidmarkandSpeijer,p. 148, pl. 1,
fig. 1-3

Diagnostic features& Remarks:

Test is small, low trochospiral. Spiral side is partially involute and characteristically
concave in the middle paifthis concavity is about or#ird of whole test diameter.
There are nodike ornamentations (spines) on this side. Umbilical side is involute
Test periphery idoroadly rounded Chambers on umbilical side have flége
extensions against small umbilicdgertural facas large, almost flat, trapezoidal
The kst chamber apparently inclines towards spiral side, which is typical for
Sliteria varsoviensisAperture is interiomarginal with narrow lip, a large slit which
continues to umbilical sidé&even to eight chambers are visible on the umbilical

side in wellpreserved specimens.

GaworBiedowa (1992 mentionedGyroidinoides quadratus martimis very close
species t&literia varsovienisThe latter species differs from the first in terms of
having visible umbilical flapsslightly smalersize andcoarsgporesnear umbilicus
on the ventral sideAdditionally, Gyroidinoides quadratus martinhas also
somewhat flattened umbilical side.

In the studied specimens, the depressed centediarthespiral sidswereusually
filled with the sedimenthence thenodoseornamentationsvere not usually seen
clearly.Apertural flapswverenoticeable Size of test is variable.

Stratigraphic distribution in the literature:

Maastrichtiann Poland(GaworBiedowa, 1992)

119



Occurrence

UH-33-40, UH42, UH43-49

GenusStensioinaBrotzen, 1936

Test is trochospiral, planoconvex or inequally biconvex. Spiral side is flat and
evolute with slowly expanding whorl. Sutures are limbate on this side, looking like

networking irregular ridges.

Stensioina excolatgCushman 1926)
Plate12, Fgs. 1,2
1946 Stensioina excolatéCushman). Cushman., pl. 66, fig 1da
1994 Stensioina excolat@Cushman). Bolli et al., figs. 45.333

1986 Stensioina excolatgCushman). Van Morkhoven et al., p. 381, pl. 125, figs.
1-3.

Diagnostic features& Remarks:

The irregular ornamentation created by thickened costae on the spiral side is the
most distinctive feature of this species.tEHpiral side, limbate angised sutures
on the umbilical sidare also characteristic features.

This species is an index &kfor the Late Cretaceous. (Van Morkhoven et al.,
1986)

Stratigraphic distribution in the literature:
Late Cretaceous (Campanian to Maastrichti@iglbourn et &, 2013)
Occurrence

UH-40, UH42, UH-44, UH45
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Stensioin& aff. S. beccariformis
Plate12, Fgs. 3,4
Diagnostic features& Remarks:

Roundedvery low trochospiral test has lobate periphery. Sutures on the umbilical
side are becoming thicker trougtetimbilicus. Test is fairly perforated. Apertural

face is large and somewhat rounded.

This taxon is lacking the typical thickenedstaeconstructing an irregular sutures
of genusStensioein@n the spiral side. Moreover, some individuals included under
this taxonhad near partially evolutepiral sidewhich makes this taxonclose to

Anomalinoides

This taxonwasclose toStensioina beccariformisased onts umbilical features
There are threatike lines radiating from the umbilicus to some extent andlsma
depressions between theMoreover |t is possessing around nine chambarghe

final whorl andvery rounded periphery. However, it lacks the extensional growth
covering the umbilicus which is one of thgpical featuresof Stensioina

beccariformis
Occurrence

UKHB-10
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Family HETEROLEPIDO#E0, 18680 Nnz 2| es
GenusAnomalinoidesBrotzen, 1942

Test is with low trochospiral coil. Spiral side is partially evolute, while umbilical
side is involute. Wall isdistinctly perforated, calcareous. Apemtu is

extraumbilical, basal sliwhich continue to periphery.

Anomalinoides acus (Plummerl926
Plate7, Fgs. 1,2, 3,4

1926 AnomalinaammonoidegReuss) varacutaPlummer, p. 189, pl. 10, figs.
2aC

2001 Anomalinoidesacutws (Plummer). Alegret anthomas, p. 293, pl.1, fig. 9
Diagnostic features& Remarks:

The most characteristieatures of this species are very compressed test, distinct
knob and limbatehickenedsutures orthe spiral side.The final whorl consists of
nearlyfourteen narrow andslightly curvedchambersTest is much perforatesh

the umbilical sidevhen compared to spiral side. Test periphesuisacuteThere

is an irregular plug developed in the central partoorthe spiral side.
Stratigraphic distribution in the literatur e:

Reported from Paleocene Midway Formation (BerggmahAubert, 1975)
Occurrence

Throughout the studieskction except folJH-43, UH-45, UH-49
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Anomalinoides rubiginosy€ushman, 1926)
Plate7, Hgs. 9,10,11

1986 Anomalinoides rubiginosugCushma). Van Morkhoven, p. 367, pl. 119,
fig. 1-2

1991 Anomalinoides danicu®rotzen).Nomura, p.26, pl. 2, fig. 4 &

1992 Gavelinella danicgBrotzen). Gawor Biedowa, pl.35, fig. 1B

2009 Anomalinoides ruiginosus(Cushman). Giusberti, p. 106, pl.1, fig. 1
Diagnostic features& Remarks:

This species is easily distinguished from otAaomalinoidespecies baseoh its
characteristic coaely/ pitted wall texture on both side of the test and irregular
ornanentations on the umbilical sidehe spiral side is kind of convex, whereas the
umbilical side is concav@.he final coil possesses around nine chambehas a

distinct white, opaque, glossy wall texture.

Degree of ornamentatioon the umbilical side d the angularity of the test
peripheryare variable in the studied materi@me specimens have slightly more

angular periphery.

Stratigraphic distribution in the literature:

Late Cretaceous (CampaniarBaleocen¢Van Morkhoven, 1986)
Occurrence

ThroughoutDanian section, except falKHB-10

123



Anomalinoides welleri/affinigroup
Plate7, Hgs. 5,6,7,8

1975 Anomalinoides wellerfPlummer). AuberandBerggren, p. 164, pl. 5,
figs. 3 ac

1976 Anomalinoides wellerfPlummer) AubertandBerggrenp. 463, pl. 9, figs.
S5ac

1994 Anomalinoidesvelleri (Plummer). Bolli et al., p. 221, fig.44.225
1994 Anomalinoides affinigHantken) Speijer, pl. 3, fig. 6
Diagnostic featues & Remarks:

This taxon is distinguished from othé&nomalinoidesspecies by itscoarsely
perforated tesand the periumbilical ridge produced jmning of sutures around

the open umbilicus. Test igery low trochospiral coiled and flattened wéthbaute

to somewhat rounded margin, partially evolute to evolute spiral side and involute
umbilical side. Moreover,gures ardimbate butflush with the surface omoth
sides,sometimes locally more visible through umbilicagcept for thedatterones

which is slightly depressedJmbilicus is open.

Berggrenand Aubert (1975) considerednomalinoides welleras conspefic to

Anomalina praespissiforms Cushman an@8ermudez.

Salajet al. (976)described a similar form @&nomalinoides affinifom Paleocene
Tunisia He al® regardedh. welleriidentified by BerggremndAubert (1975) as a

conspecifidorm to his material.

Bolli et al. (1994) mentioned that this extensive in Late Cretaceous to Early
Paleocene taxa had besssignedinder various names suchfadrotzeniSad and
Kenawy, loweryi Mallory, praespissiformsi Cushman and Bermudez,
pseudowellerDlsson andeginaMartin.

124



Speijer (1994) reported very similar form As affinis regardingA. welleriis a

junior synonym.

Regarding thislisagreementsn thisspeciesn the literaturein this studythis taxon

waskept undethe name oAnomalinoides welleri/affinigroup.
Stratigraphic distribution in the literature:

Santonian Globotruncana fornicataZone) - Late Paleocene Globorotalia

pseudomenardiZone) (Bolliet al., 1994)
Occurrence

Throughout Maastrichtian section, exceptitt-33, UH-40, UH-41, UH-42

Anomalinoidesp. 1
Plate8, Hgs.1,2,3
Diagnostic features& Remarks:

This relatively smaltaxonis diagncssedbased on itsurved and limbatsutures a
both side of the test very strongly embracing final whdrimbilicate test angle

has acute margin.
Occurrence

Throughout Danian section, except BiKHB-5 andUKHB-9

125



Family OSANGULARIIDAE Loeblich and Tappan, 1964
GenusOsangulariaBrotzen, 1940

Test is trochospiral, biumbonate, lenticular and carinated. Spiral side is evolute with
slightly expanding coils. Sutures on this side are prominent, at an angle and bent.
Umbilical side is involute, with depressed, curved and radial sutures. Wall is
calareous and slightly perforated. Test surface is sm&@ghngulariahas areal
aperture, which igblique. Apertural face is folded. This indentation may give an

impression of false interiomarginal aperture.

Osangularia plummeragrotzen, 1940)
Plate10,Figs. 1,2, 3,4,5
1940 Osangularia plummeragrotzen). p. 30, fig. 8 (Speijer, 1994)

1975 Osangularia plummeraéBrotzen).Berggrenand Aubert, p.161, pl. 3,
figs.6 ag

1992 OsangulariaplummeragBrotzen). p. 252, pl. 4, fig@ac
1994 OsangulariaplummeragBrotzen) Speijerp. 57, pl. 7, fig.5
Diagnostic features& Remarks:

Biconvex test with eight to nine chambers in the final whorl. Acute periphery with

more or less developed flange can be observed in finely preserved specimens.
Stratigraphic distribution in the literature:

Paleocene (BerggreandAubert, 1975)

Occurrence

Throughout the studied sectiaxceptfor UH-35,UH-42, UH-43,UH-45, UH-46,
UH-47,UH-48,UH-49, UKGB 9
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Family ORIDORSALIDAE Loeblich and Tappan, 1984
GenusOridorsalisAndersen, 1961

Test is biconvex and low trochospiral made up of three gradually expanding coil.
Spiral side is evolute, umbilical side is involute. Sutures are radial and depressed.
Wall is calcareous and very finely perforated. Surface is smooth. Umbisicus
closed. Primary aperture is an interiomarginal openimeginning from
approximately periphery continuing to near umbilicus. Secondary apertures, which
characterize the genus, are positioned; on spiral side where spiral angmataic
sutures are intsecting;on umbilical side around midway of sutures where they

havecurvature

Oridorsalis? sp. 1
Plate9, Hgs. 7, 8,9, 10,11
Diagnostic features& Remarks:

Test is small and biconvex. Coils are narrow. Chambers are gradually incigasing
sizeas alded. The ultimate whorl is consisting of seven and half chanilest.
surface is smooth and shiny in well preserved specimgresture is located on the
umbilical side, extending from almost periphery to near umbilicus, but not reaching

the umbilicus

Secondary apertures, if exist, are not observed in the studied specimens, though this
may be resulted from recrystallization. Therefore, the generic level of this taxa

remains uncertain.

The convexity of spiral side is changing among the specimens st&disw: has

more convex spiral side, whereas others have nearly symmetrical biconvexity.
Occurrence

UH-33, UH-34, UH-37, UH-38, UH-39, UH42, UH43, UH45, UH47
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Family QUADRIMORPHINIDAE Saidova, 1981
GenusQuadrimorphinaFinlay, 1939

Test is ovate, bicorex. Chambers are kind of elongated in last whorl. Chamber
arrangement is low trochospiral. Test margin is rounded. Wall is calcareous, finely
perforate. Test surface is smooth. Apertureexdraumbilicalinteriomarginal,

covered by big lip.
QuadrimorphinaallomorphinoidegReuss, 1860)
Plate11, Fgs. 4,5,6
1926 Discorbis allomorphmoide@Reuss)Cushmanpl. 21, figs. 5a
1983 Quadrimorphina allomorphinoideReuss)Dailey, p. 776, pl. 4, fig. 9
1997 Quadrimorphina allomorphinoideg®Reuss). Widmark, p. 58, fig. 26gf

2001 Quadrimorphina allomorphinoidgfeuss). Alegret and Thomas, p. 3dl1,
10, fig. 7

2016 Quadrimorphina allomorphinoide#legret et al.p. 52, pl. 1, figs. 146
Diagnostic features& Remarks:

Biconvex elliptical ted has somewhat elongate, inflated final chamber. It covers
quite half of the tedength Chambers are increasing in size as adBedpheryis
broadly roundedThe kst whorl is made up of about four chambéhmnbilicus is

masked bydistinct platelike triangularextension.

Stratigraphic distribution in the literature:

Maastrichtian Paleocene in Mexico (AlegrandThomas, 2001)
Occurrence

UH-34, UH-35, UH-36, UH-39, UH40, UH42, UH43, UH50, UKHB-9, UKHB-
10
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Superfamily DISCORBINELLACEA Sigal, 1952
Family PARRELLOIDIOAE Hofker, 1956
GenusCibicidesde Montfort, 1808

Test is planoconvex and trochospiral. Spiral side is flat or concametevSutures

on this side may be thickened. Umbilical side is much convex and involute with
depressed sutures. Wall is calcareous. Perforations of spiral side are coarser than
that of umbilical side. Aperture is interiomarginal extending onto both urabili

and spiral side.

Cibicidessp. 1
Plate12, Hgs. 5,6, 7
Diagnostic features& Remarks:

This species has a quite circular small test with evolute, flat to concave spiral side
and involute, convex umbilical side. The final coil is comsgbf aroundeleven
chamberslt has an umbonal boss. Test is shiny on umbilical &iderelatively

rough on spiral side.

Occurrence
Throughout the Danian section
Cibicidessp 2
Plate12, Hgs. 8,9, 10
Diagnostic features& Remarks:

Concaveconvextest ischaraterizedwith a prominent umbonal kndly which it
is distinguished fronCibicidessp. 1. Moreover,test of Cibicidessp. 2is more
robust than that dCibicidessp. 1.
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Occurrence

UH-35,UH-36,UH-38, UH-42,UH-43,UH-45, UH-46

GenusCibicidoidesThalmann, 1939

Test is biconvex, biumbonate and trochospiral. Sutures may be curved and
thickened on spiral side. On umbilical side, they are radial and almost straight.
Periphery may be subacute, acute and even carinate. Wall is perforated on spiral
side while itis imperforate or very rarely perforated. Aperture is interiomarginal
and equatorial.

Cibicidoidesalleni (Plummer, 1927)
Plate13, Fgs. 1,2,3
1975 Cibicidoides alleniBerggren and Aubenp). 7, figs. 23
Diagnostic features& Remarks:
This specietiasbiconvex test with distinct central calcite plug.

Cibicidoides allenidiffers from Cibicidoidessp. 1 by its more developed central

shell material and relatively more punctate spiral side.
Stratigraphic distribution in the literature:
PaleoceneEarly EocengBerggrenandAubert, 197%
Occurrence

UH-35,UH-40,UH-41,UH-42
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Cibicidoides pseudoacutiislakkady, 1950)
Plate13, Fgs. 4,5, 6

1950 Anomalina pseudoacutdakkady, pl. 90, figs. 232
1994 Cibicidoides pseudoacutislakkady). Speijer, p. 57, pl. 7, fig. €a
1988 Anomalinoides acutéPlummer). Keller, p. 158, pl. 2, figs. 9, 10.
2001 Cibicidoides pseudoacutislakkady). Alegret and Thomas, p. pl. figs.
20® Cibicidoides pseudoacutijslakkady).GaleottiandCoccioni,p. 198, figl.
Diagnostic features& Remarks:

The most characteristic feme of this species partially involute spiral side,
secondary calcite plug in the middle of the test and deptkespiral suture on this
side andsutures are thickening toward the spiral &tming flap-like extensions.
Moreover, perforations on the saliside is coarser than that on the umbilical side.

Cibicidoidespseudoacutukas nearly equally biconvex test by which it differs from
Cibicidoidessp.1 andCibicidoidessp. 2. The latter two species have also biconvex
test, however their umbilical side always more convex. It resemblestaalleni

and Cibicidoidessp. 1by possessing central calcite plug on the spiral side, but
differs fromboth by having characteristic flaplike extension on this side. Central
plug on the spiral side €. alleni and C. pseudoacutusire more developed,
protruding when compared to the central plugddicidoidessp. 1 which thinner

and horizontal.

Stratigraphic distribution in the literature:

Around Cretaceou$ertiary in TunisiagGaleottiandCoccioni, 2002)
Occurrence

Throughout studied section except ti-33, UH-34, UH-35, UH-36, UH-49
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Cibicidoidessp. 1
Plate13, Fgs. 7, 8,9
Diagnosic features& Remarks:

Test is planoconvex talightly biconvex with acuteand somewhat pinched
periphery. Spiral side is flab slightly convexwith a smooth horizontal central
plug. Umbilical side is more convex, with a clear shell material (umbitioas).

Last whorl is consisting of about nine chamgbé\perture is interiomarginal

This taxon differs fromCibicidoides alleniby relatively acute evenpinched
periphery and less developed censtall materiabn spiral sideln side view, it is
more Ike bell shapedyherea<C. alleni has near equally biconvex test with distinct
spiral calcite plug distinguished from side vidtdiffers from Cibicidoidessp. 2

by flush sutures on spiral side and lesser number of chambers in the last whorl.
Occurrence:

ThroughoutMaastrichtiarsamples except fadH-47, UH-48, UH49

Cibicidoidessp. 2
Plate 14, Fgs. 1,2,3
Diagnostic features& Remarks:

Biconvex test is more convex at umbilical sid#n the spiral side, sutures are
thickened and slightly obliqu®&eforations on this side is somewlatarser than

on umbilical sideOn the umbilical side, sutures are flush with the surface, locally
ver slightly thickened, radial and curvdgarly whorls are covered by later wall
materials but not much as irCibicidoides alleni. Periphery is subacute and
thickened as irCibicidoidessp. 1, but the latter species has somewhat pinched
periphery. This species differs fronCibicidoidessp. 1 in higher number of

chambers in the final whorl which is about thirteen, and diffeom Cibicidoides
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pseudoacutuby absence of flaplike extensions toward the center of the test on the

spiral side.
Occurrence

Throughout Maastrichtian section exceptf-35.

Superfamily EOUVIGERINACEA Cushman, 1927
Family EOUVIGERINIDAE Cushman, 1927
GenusEouvigerinaCushman, 1926

Test is biserial throughout and long, with last chamber(s) almost in uniserial
arrangementTransversesectionis subquadrate. Wall is smooth or finely hispid.

Aperture is terminal at the end of a distinct neck and ipleidilp.

Eouvigerina subsculpturéMcNeil and Caldwell 1981)
Plate 14, Fgs. 4,5, 6
1933 Eouvigerina aculeat§Cushman)(fide Ellis and Messina, 1940)

1981 Eouvigerina subsculpturenomen novum). Mcneil and Caldwell, p. 21, pl.
18, figs. 20 21. (Widmark, 1997

1994 Eouvigerina subsculpturéMcNeil and Caldwell). Bolli et al., p. 203, fig.
35.1213

1994 Eouvigerina subsculpturé@McNeil and Caldwell). Speijer, p 45, pl. 1, fig. 7
1997 Eouvigerina subsculpturéMcNeil and Caldwell). Widmark, p.37, figl4d.

2001 Eouvigerina subsculpturéMcNeil and Caldwell). Alegret and Thomas, p.
303 pl. 6, figs. 12
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Diagnostic features& Remarks:

The most distinguishing feature of this species is ti&inct rims acrossthe
chambers, indistinct earlier chambers dhd latter chamberswith tendencyto
uniserial arrangementhe lower part of the chambers are somewhat conGast.
is slenderTest margin is slightly lobat&ouvigerina subsculpturia distinguished
by Tappanina selmensisy its bigger test and possessiterminal aperture on a
distinct neckTest surfacés mainly hispidor even rugose the studied materials

The rimsover the chambel@re imperforate.

A possible senior synonym & subsculpturan the literature i€. aegyptiacaas
remarked by Speady (1994).The closerelationship between those twmth in
morphologcal and stratigraphical aspeat&s also noted bynan (2011 and

references therejn
Stratigraphic distribution in the literature:

Late Maastrichtian Abathhomphalus mayaroensiZone) (Bolli et al., 1994),

Maastrichtian (Widmark]997)for Eouvigerina subsculptura

Maastrichtiann Egypt as well as in United Arab Emirates, Spain, Mexidlantic
and IndiarOcean Tunisia forEouvigerina aegyptiacéAnan2011b and references
therein).

Occurrence

Throughout the Maastrichtian section asd-50.
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Superfamily FURSENKOINACEA Loeblich and Tappan, 1961
Family FURSENKOINIDAE Loeblich and Tappan, 1961
GenusCoryphostoméa_.oeblich and Tappan, 1962

Test is slender, biserialransversesection is circular to ellipticaFinal chambers
have a tendency to uniserialism and theyragher, cuneate in shape. Surface is
smooth. Wall is calcareous, little punctate. Aperture is interiomarginal in earlier

part, later turning into terminal.

Coryphostoma plaiturCarsey 1926)
Plate 14, Fgs. 7,8
1992 Coryphostoma plaitéCarsey) GaworBiedowa, pl.25, fig. 7
1994 Coryphostoma plaiturfCarsey). Speijer, p. 45, pl. 1, fig. 6
Diagnostic features& Remarks:

This species with biserial chamber arrangement is very slender im.shap
possessesumerous chamberround nine chamber pairs and desed sutures.
Some tests are twisted. In the studmedteria] the height of chamberwere
increasing as going thugh the apertural end.

Stratigraphic distribution in the literature:
CampaniarMaastrichtianGaworBiedowa, 1992)
Occurrence

UH-42
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Superfamily NONIONACEA Schultze, 1854
Family NONIONIDAE Schultze, 1854
Subfamily NONIONINAE Schultze, 1854
GenusNonionella Cushman, 1926

Nonionella has low trochospiral coilBroad and low lsambers are increasing
quickly in size as addedhich giving theimpression of flaring test. Spiral side is
partially evolute and has a distinct umbonal boss. Umbilical side is involute.

Extensiondrom chambers exist on this sideehanging over the umbilicus.
Nonionellasp.
Plate15, Fgs. 1,2
Diagnostic features& Remarks:

Small low trochospiral tests witsomewhat elongated chambarg included in

this taxon.Spiral side haapparentmbonal boss.
Occurrence

UH-38,UH-40,UH-41, UH-50, UKHB-7, UKHB-8, UKHB, 9UKHB-10

GenusNonionellina Voloshinova, 1958

This genus has similar morphological features whitbnionella It has trochospiral
in early stage, lik&lonionella.However ,Nonionellinais different fromit by means
of lateralmostplanispiralcoiling and also by open umbilicus which is not masked

by projectiosof chambers.
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Noniorellina sp. 1
Plate15, Fgs. 3,4,5
Diagnostic features& Remarks:

This species hagery low trochospirahearly planispiral last wharbiumbilicate
test, seven toeight chambers irthe final coil and roundedand slightly lobae
periphery.Inflated elongatechambers are increasing in size as addégre are
distinctly coarse perforations on the umbilical sida.this sidesmallumbilicus is
somewhat more openedmpared toheumbilicus on spiral side which is narrower
Spiral side isa little more involute Sutures are depressed on both swite more
incision through the umbilicusAperture is interiomarginal almost equatorial,

extending to both sides.

The studied specimemseclose to El Kef taxoassigne@sAnomalinoigssimplex

by Speijer (1994)in the aspects aimbilical features such a®arse pedrations

on this sideopen butsomewhasmall umbilias; in the aspects of side view such
as broad, rounded, slightly elongatingward one side andinteriomarginal
somavhat equatorial aprture; and also in the aspeaif nhumber of chambers
(around severgndinvolute last whorlHowever, Haymana specimens are different
by nearlymore elongated chambamarrowing through the test centgarticulary

on the spiral sidandslightly more elongated test shape.

In the present study, thiaxonis allocated tdNonionellg sinceit has high rate of
chamber growthnvolute and veryow trochospirabpproaching planispirabiling

on both spiral and umbilical sid€est size ivariableamong specimens.
Occurrence

Throughout the studied section, except for-84 UH35, UH40, UH43, UH-48,
UKHB-6, UKHB-7, UKHB-8, UKHB-9
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Subfamily PULLENIINAE Schwager, 1877
GenusPullenia Parker and Jones, 1862

This genus has sphericalmore flattened, phnispiral and involutéest Sutures are
radial. Wall is calcareous, with numerous fine pores. Aperture is a long equatorial

and interiomarginal slit.

Pullenia jarvisi(Cushman, 1936)
Plate 15, Fgs. 6,7
1936 Pullenia jarvisi(Cushman). Cshman pl. 13, figs6 a-b
1992 Pullenia jarvisi(Cushman). GaweBiedowa, p.146, pl. 30, figs-8
1997 Pullenia jarvisi(Cushman).Widmarlp. 56, fig. 25€f
2001 Pulleniajarvisi (Cushman)p. 311, pl. 10, fig. 6
Diagnostic features& Remarks:

This spetes has relativelflattenedand biumbilicateéestwith four to five chambers

in final coil and lobate peripher@hambers are increasing in size as added.

Degree of test compressisraschanging amonthe studiedgspecimens. However,
still the relatively compressed tesind lobate periphergre standing to b fair
distinguishing fature of this species.

Stratigraphic distribution in the literature:

Santonian Globotruncana fornicataZone) 1 Early Eocene Globorotalia

aragonensigone) (Bolli et al., 1991
Occurrence

UH-36, UH-38, UH-44, UH46, UH47, UKHB-7, UKHB-9, UKHB-10
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Pulleniasp. 1
Plate16, Fgs. 1,2
Diagnostic features& Remarks:

Planispiral involute test has fotarfive chambers in the final convolution. Apertural
face is convexPulleniasp. 1is distinguished fronPullenia jarvisiby nontlobulate
periphery more convex and higher apertural face eatdtivelysmalltest

Occurrence

UH-34, UH-35, UH-39, UH41, UH42, UH44, UH45, UH-46

Superfamily PLEUROSTOMELLACEA Reuss, 1860
Family PLEUROSTOMELLIDAE Reuss, 1860

Subfamily PLEUROSTOMELLINAE Reuss, 1860
GenusPleurostomellaReuss, 1860

Earlier chambers are biserial or alternattumeate, then uniserial. Elongated test

is tiny. Wall is calcareous, perforated. Terminal aperture has dagile t

Pleurostomell&? sp.
Diagnostic features &Remarks

Prolonged tests with alternating chambeeseallocated this taxon. Apertural ends
are broken in most of the specimens, therefore apertural characteristics could not

have beembserved.
Occurrence

UH-38, UH-44, UH-46,UH-48, UKHB-8
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Superfamily SIPHONINACEA Cushman, 1927
Family SIPHONINIDAE Cushman, 1927
Subfamily SIPHONININAE Cushman, 1927
GenusPulsiphoninaBrotzen, 1948

Test is biconvex, lenticular and trochospiral. Test margin is ragged @yitbe

with keel. Chambers are crescentic on spiral side, whilst they are subtriangular on
umbilical side. Sutures are oblique, elevated and beaded on spiral side; depressed,
bended and almost radial on umbilical side. Aperture is short interiomargtnal sli
on umbilical side near periphery, with a thin lip.

Pulsiphonina primgPlummer, 1926)
Plate 16, Fgs 3,4,5
1926 Siphonina primgPlummer) (fide Ellis and Messina, 1940)
1946 Siphonina primgPlummer). Cushman, pl. 59, figs53
1994 Pulsiphonina prima (Plummer). Speijer, p. 63, pl. 10, fig. 1
Diagnostic features& Remarks

This species has a small, quite circidet withsomewhat lobulated peripherest
margin is strongly acute and serra®eitures on gpal partare obliquely curved,;
umbilical sutires are depressed and radial. Umbilicus is very swiadinever
visible, not deep. The last whorl is comprising of about five chambers. Aperture is

located on the umbilical side at the periphery, very short slit without a distinct neck.

According to Plummer (1926) this species would probably be an ancestor of
CenozoicSiphonina species regardinthe aperturalstructurs. Siphoninaspecies
has a developed short neck with a phialine lip, whdPedsiphonina primaas not

possess a distinct neck, only small opening vattiativenarrow lip.
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Aperture is hardly visible in the studied specimens under the binocular microscope.
Moreover, some spenens have a visible open umbilicus, whereas it is generally

not observable in the most of the specimens.
Stratigraphic distribution in the literature:
Paleocend-ocene (BerggeandAubert, 1975)
Occurrence

UKHB-8, UKHB-9, UKHB-10

Superfamily TURRILIN ACEA Cushman, 1927
Family TURRILINIDAE Cushman, 1927
GenusPraebuliminaHofker, 1953

Test is egeshaped, ovoid, triserial. Wall is calcareous, finely perforate, opaque.
Test surface is smooth. Aperture is a lbeginnngfrom the base of apertural face.
It has an internal tootplate.

Praebulimina reussiMorrow, 1934)
Plate 16, Hg. 6
1992 Praebulimina reussiMorrow). GaworBiedowa, pl. 21, figs. %8
1994 Praebulimina reussiMorrow). Speijer, p. 45, pl. 1, fig. 11
1997 Praebulimina reussiMorrow). Widmark, p. 37, figl4f.
Diagnostic features& Remarks:

Test is triserial, smooth. Last chamber is curved and rounded at the top. Aperture is

characteristic subterminal, comsshaped, upward from the base of apertural face.
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GaworBiedowa (1992)mentionedtwo varieties of this speciewhich possibly
representing two different generations. One variation has slender, not well
broadened test and last whorl overlapping utmost 2/3 of total test height. On the
contrary, thesecond one has more overweight eaquidly lroadening test with final

chamber seriewhich overlapping near 3/4 of total test height.

In the studied specimens, the degree of overlappirtgedfist chamber series is

changing among different individuals.
Stratigraphic distribution in the literature:

ConicianSantonian Globotruncana concavataZzone) to Late Maastrichtian
(Abathomphalus mayaroengisne) (Bolli et al., 1994)

Occurrence

ThroughoutMaastrichtiarsectionand UH50

GenusPseudouvigerindCushman, 1927

Test is small, tapering and trisdridransverse section is triangulaiall is
calcareous and perforate. Test surface may be smooth or pustulose. At margins,
single or double longitudinal carinae may exist. Aperture is terminal, circular and

surrounded with thin rim. It has also internabthplate.

Pseudouvigerina plummerg€ushman 1927)
Plate16, Hgs.7,8,9; Plate 17, gs. 1, 2
1994 Pseudouvigerina plummerg€ushman). Bolli et al., p. 203, fig. 35.34
1994 Pseudouvigerina plummerd€ushman). Speijer, p. 51, pl. 4, fig.2.

1997 Pseuouvigerina plummeragCushman). Widmark, p.37, figl4g.
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Diagnostic features& Remarks:

This species has characteristic two rows of keel at the eddes.keel is
imperforate Crenulated test marggrhas broad undulations. Aperture is terminal

and circulamand have thickened rim.

This form does not have well-developedapertural neck, but has thick rim

surrounding aperture in the studied material.
Stratigraphic distribution in the literature:

Maastrichtian Globotruncana gansserZone to Abathomphalusmayaroensis
Zone) (Bolli et al., 1994)

Occurrence

Throughout Maastrichtian section, except for 381 UH-35 and also occurs in
UH-50

Pseudouvigerinap. 1
Plate17, Rg. 3
Diagnostic features &Remarks:

Triserial test has a rounded terminal apertucefarely perforated test. Sutures are
indistinct. It diffels from Pseudouvigerinplummeraeby relatively small test with

unkeeledand subacutmargins.
Occurrence

UKHB-9, UKHB-10

143



GenusPyramidina

Triserial test with latter chambers tending to becom& uniserial. Chambers are
more or less elongate. Sutures are flush or gently incised. Aperture is nearly

terminal, high looped opening.

Pyramidina minutgMarsson, 1878)
Plate17, Fgs. 4,5, 6
1992 Pyramidina minutgMarsson). GaweBiedowa, pl. 23fig. 7-8
2000 Cuneusminuus(Marsson) Frenzel, pl. 27, figs.-b
Diagnostic features& Remarks:

Chambers are arranged in trisemabde Test is slightly expandingMargins are
rounded, sutures are invisible at this porti®ides are concaveiperture is
extending from base of the apertural facevag as a high looped openirand
becoming nearly areahd subterminaWall is smooth, unornamentedery finely

perforated

GaworBiedowa (1992) mentioned theaviabilities of this specieas following;

proongation of the last chambeamnvexity of chambergpunding of test margin,
incision of sutures and acuminating of initial part of the ¢ aubor also stated
that some of their specimens wesightly twisted. In our studiedhaterial,some

specim@shave twisting test, tao
Stratigraphic distribution in the literature:
MaastrichtianPaleocenéGaworBiedowa 1992
Occurrence

UH-34, UH42, UH43, UH45, UH47, UH49
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GenusSitella Voloshina, 1974

Test is high trochospiralShape of chambers aréoegate. hey are strongly
overlapping. There are four to five chambers per whorl. Sutures may be slightly
depressed. Wall is calcareous and smooth. Aperture is distinguishing-dpsgide
ATO shaped opening.

Sitella cushman{Sandidge, 1932)
Plate17, Fgs 7,8

1932 Buliminella cushmansandidggfide Ellis and Messina, 1940)
1953 Buliminella cushman{Sandidgg Le Roy,pl. 8, fig. 12
1994 Turrilina cushmaniSandidge). Bolli et al., p. 205, fig. 36.6
1994 Sitella cushman{Sandidge). Speijer, p. 45,.dl, fig. 9
2001 Sitella cushmaniSandidge)AlegretandThomas, p. 311, plLO, fig. 13
2011a Sitella cushmaniSandidge)Anan, pl. 1, fig. 8

2014 Buliminella cushman{Sandidge, 1932)0rabiandKhalil, supplementary
pl. 1, fig. 13

Diagnostic features& Remarks:

Testis high trochospiral, tightly coiledhe last coil is consisting of four chambers.
Sutures are depressadflush with the surfacdransverse section isrcular. Initial

end ispointed while apertural ends more smoothly tapering
Stratigraphic distribution in the literature:

Maastrichtian Globotruncana lapparentitricarinata Zone to Abathomphalus
mayaroensigone)(Bolli et al., 1994)
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Abundant occtences reported from the Maastrichtian rocks from Egypt (Anan
2011a and references therein).

Occurrence

Throughout the Maastrichtiasection

Suborder TEXTULARIINA Delage and Herouard, 1896
Superfamily AMMODISCACEA Reuss, 1862
Family AMMODISCIDAE Reuss, 1862
Subfamily AMMODISCINAE Remis, 1862
GenusAmmodiscusReuss, 1862

Ammodiscu$as tubular second chamber which enrolls planispirally, with simple

interior. Aperture is located at the end of the tube.

Ammodiscuspp.
Plate 18, Fig. 1

Diagnostic features& Remarks:

Very finely agglutinated tests with a variety of size were included in this taxon.

Occurrence

UH-36, UH-37, UH46, UH-47
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Subfamily AMMOVERTELLININAE Saidova, 1981
GenusGlomospiraRzehak, 1885

Streptospiral test is bilocular with naate elongate tubular second chamber and

finely agglutinated wall.

Glomospiraspp.
Plate18, Fg. 2
Diagnostic features& Remarks:

Streptospiral tests with very finely to finely agglutinated tests were included this

taxon.
Occurrence

UH-34, UH-38, UH-39, UH45, UH-46, UH-48

Superfamily ASTRORHIZACEA Brady, 1881
Family BATHYSIPHONIDAE Avnimelech, 1952
GenusBathysiphonM. Sars, 1872

Unbranchedorizontaltubular test have agglutinated watidaperture at the open

ends.
Bathysiphorspp.
Plate18, Fig. 3
Diagnostic features& Remarks:

A variety of straight, nonbranching, tubular agglutinated tests are allocated this

taxon.
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Occurrence

UH-33, UH-33, UH-36, UH-37, UH-39, UH40, UH-41, UH42, UH43, UH-44,
UH-45, UH-46, UH48, UH49

Superfamily ATAXOPH RAGMIACEA Schwager, 1877
Family ATAXOPHRAGMIIDAE Schwager, 1877
Subfamily ATAXOPHRAGMIINAE Schwager, 1877
GenusArenobulimina Cushman, 1927

Test is high trochospiral. Each coil has four or more chambers. Wall is agglutinated.

Aperture is interiomarginal.

Arenobuliminaspp.
Plate18, Fg. 4
Diagnostic features& Remarks:

High troctospiral, small tests with fine to mediwegglutinated wadl are included
in thistaxon The convexity and rounding of the last chambers are variable among

the individuals
Occurrence:

UH-36, UH41, UH42, UH43, UH-46, UH47
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Family RHABDAMMINIDAE Brady, 1884
Subfamily RHABDAMMININAE Brady, 1884
GenusRhizamminaBrady, 1879

Elongate, sparsely branching, tubular agglutinated tests are cemégign
materials like sand paeles, other microorganism tests like foraminifera or

radiolaria. Apertures are located at the end of the tubes.

Rhizamminap. 1
Plate 18, Fgs. 5,6

Diagnostic features& Remarks:

This agglutinated form isharacteriedby its irregular, elongatedjbular test form.

Wall is coarsely agglutinated.
This taxon is counted as a rare form in Maastrichtian samples.
Occurrence

UH-34, UH-37, UH44, UH46, UH47, UH-48

Superfamily HAPLOPHRAGMIACEA Eimer and Pickert, 1899
Family AMMOSPHAEROIDINIDAE Cushman, 1927
Subfamily AMMOSPHAEROIDININAE Cushman, 1927

GenusAmmosphaeroidingCushman, 1910

Rounded test has streptospiral chamber arrangement. Inflated chaanbers
stronglyoverlapping. The last three chambersexelusivelyvisible at the outside
of the test The genus has coarsely agglutinated test wall witimtariomarginal

aperture.
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Ammosphaeroidin@ sp.

Diagnostic features& Remarks:

Streptospirally (?) enrolled telsave strongly overlapping chambers. Outside of the
test, only the final chamberseavisible. Wall moderate to coarsely agglutinated.
Tests are small.His taxon is very rarely recorded. Only about three chambers are

visible from external view.
Occurrence

UKHB-7, UKHB-8
Subfamily RECURVOIDINAE AlekseychikMitskevich, 1973
GenusRecurvadesEarland, 1934

Subglobular tesis coiled streptospirally with final coils closing to trochospiral or
planispiral coiling even may change coiling direction by, 9bie former chambers

are not observable outside of the test. Wall is agglutinated. Apéstareal.

Recurvoidespp.
Plate18, Ag. 7

Diagnostic features& Remarks:

Streptospirakoiled tests with coarsely to medium agglutirchigall are included

this taxon.
Occurrence

UH-37, UH44, UH47
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Superfamily HORMOSINACEA Haeckel, 1894
Family HORMOSINIDAE Haeckel, 1894
Subfamily REOPHACINAE Cushman, 1910
GenusHormosinellaShchedrina, 1969

Ovate to fusiform chambers are connected by elongate necks arranged inluniseria
end of which there are apertures. Wall is agglutinated. Large testeum@ ih

commonly broken pieces.

Hormosinellasp.
Plate19, Fg. 1
Diagnostic features& Remarks:

Shape of chambers are variabldeyarenearly discoidal and flattened but some

specimens have more inflated onkssts were found as fragments.
Occurrence

UH-36,UH-37, UH-38, UH-39 UH-40, UH-42, UH-46

Superfamily LITUOLACEA de Blainville, 1827
Family HAPLOPHRAGMOIDIDAE Maync, 1952
GenusHaplophragmoide€Cushman, 1910

Planispiral test is involute to a little evolute. Periphery is somelobate. Wall is

agglutinated. Aperture is equatorial.
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Haplophragmoidesp.
Plate19, Hg. 2
Diagnostic features& Remarks:

Test islobulated involute andsomewhat asymmetricplanispiral Wall is medium

grained
Occurrence

UH-47

Family LITUOLIDAE de Blainville, 1 827
Subfamily AMMOMARGINULININAE Podobina, 1978
GenusAmmomarginulinaWiesner, 1931

Flattened, agglutinated e has planispiral initial patbecaming later uncoiled.

Terminal aperture is located at the dorsal angle.

Ammomarginulinaff. aubertagGradsein andKaminski, 1989)
Plate19, Hg. 3

2005 Ammomarginulina aubertadGradsteinand Kaminski). Kaminski and

Gradstein pl. 72b, figs. 1&, 2ac, 3ac
Diagnostic features& Remarks:

This taxon haslghtly lobulate,evolute, initally planispirallater nearlyuncoiled

test The uncoiled uniserial part is tangential with respect to the planispiral portion.
Umbilicus is open and coil suture is visibkperture isareal in the coiled part
becomingerminaland located on very shoréck in the uncoiled parPeriphery is

roundedo slightly lobulated.
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The chambers are hardly visible in the studied matefiials.number of chambers
and sutural characteristics wamet clearly dserved.Wall is medium to coarse

grained.

Stratigraphic distribution in the literature:
Maastrichtian to MiocengKaminskiandGradstein, 2005)
Occurrence

UH-43, UH46, UH47

Superfamily SPIROPLECTAMMINACEA Cushman, 1927
Family SPIROPLECTAMMINIDAE Cushman, 1927
Subfamily SPIROPLECTAMMININAE Cushman, 1927
GenusSpiroplectamminaCushman, 1927

Test is elongate, narrow, planispiral in initial stage, later becoming biserial. Wall is

agglutinated and noncanaliculate. Aperture is basal interiomarginal.

Spiroplectamminaff. S. spectabit (Grzybowski, 1898),
emend. Kaminski, 1984
Plate19, Fg. 4
Diagnostic features& Remarks:

Relatively flattened test is comprising of two phase of chamber arrangement. The
first stage is the planispiral and thaeccessivetage is biserialn the latte stage

sides are parallel. Aperture is interiomarginal.

Based on th@ersonatommunication witiProf. Dr.M. Kaminski this taxorwas

assigned under the name S$piroplectamminaff. S. spectabilisHe suggestec
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seach onthe cement typdor this taxa, since it isalsocloseto Bolivinopsis or
may possiblybe an intermediate fornKaminskiandLazarus(2009)nominated a

lectotype,Spiroplecta rosulaas type species 8olivinopsis

Spiroplectamminaff. S. spectabilif©ias smaltest in the studiedamplessince {
wasonlyreo r d e d i-In2 56 30 n® ndnly based ortberpresenceabsence

data.

Stratigraphic distribution in the literature:

Maastrichtian Late Eocen¢KaminskiandGradstein, 2005pr Spiroplectammina
spectabilis

Late Cretaceous (Frenzel, 2086) Bolivinopsis rosula

Occurrence

UH-37, UH-39, UH40, UH42, UH44, UH46, UH47, UH-48

GenusSpiroplectinellaKisel'man, 1972

Test have an early stage planispiral coiling part, later biserial section which expands
rapidly. In sectional view shape of test is rhomboidal. Wall is noncanaliculate and
aggutinated. Aperture is interiomarginal.
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Spiroplectinellaknebeli(LeRoy, 1953)
Plate19, Fg. 5
1953 Spiroplectinellaknebeli(LeRoy). p.51, pl. 2, figs. 1€11.
Diagnostic features& Remarks:

The characteristic feature of this species are convex apertural face and rapidly
flaring test. Bst starts with indistinct planispiral part and continue to biserial
arrangement. It haan acute andosnewhat bluntly jagged margin. Tesh®re or
lessequidimensional with respect to height and widthambers andusures are

distinct, rather raised, gently inclining down and slightly arched.

In the studied specimens, the degree of rounding of thal ip#trt is varying. Some

specimens have more tapering initial extremity.
Stratigraphic distribution in the literature:

Upper Cretaceodis Lower Tertiary (Le Roy, 1953), Paleocer®1(Zong (Aubert
andBerggren, 1976)

Occurrence

ThroughoutMaastrichtian section, except for LB¥, UH38, UH39, UH41, UH
42, UH47, UH49

Spiroplectinellasp. 1
Plate19,Figs. 5,6
Diagnostic features& Remarks:

This form has very fie grained agglutinated wall with much cement. The base of
the test is almost flattened, but in some specimens it is somewhat rounded. Test
margin is acute. In apertural view, test is rhomboidal. Sutira® bent downward,

rather indistinct.
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The apertwal face of this species is more gently rounded when compared to
Spiroplectinella knebeliThe latter species also has more distinct sutures and

chambers.
Occurrence

ThroughoutMaastrichtian section, except for ¥, UH48

Superfamily TEXTULARIACEA Ehr enberg, 1838
Family EGGERELLIDAE Cushman, 1937
Subfamily DOROTHIINAE Balakhmatova, 1972
GenusDorothia Plummer, 1931

This genus has early chambers with trochospiral arrangement, later becoming
biserial. Sides of test has almost straight.transversesecton, test isalmost

rounded. Wall is finely agglutinated and canaliculated. Aperture is interiomarginal.
Dorothia pupa(Reuss1860)
Plate 20, Rg. 3
1992 Dorothia pupa(Reuss). GaweBiedowa,pl. 7, fig. 11
1994 Dorothia pupa(Reuss). Bolli et al., p. 181ig. 24-29
2001 Dorothia pupa(Reuss). Alegret and Thomas, p. 301 pl. 5, figd16
Diagnostic features& Remarks:

Dorothia pupahas astout test, with short multiserial stage and dishnmflated

last two chambers.
Stratigraphic distribution in t he literature:

Early Maastrichtian Globotruncana lapparentiZone) - Late Paleocene
(Globorotalia velascoensigone) (Bolli et al., 1994)
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Occurrence
UH-34, UH-35
Dorothiasp. 1
Plate 20, Fg. 4
Diagnostic features& Remarks:

This form is differenfrom otherDorothiaspecies by its long, nearly parallel sides
and almost circular biserial portion fransversesection. Test surface is smooth.

Sutures are flush, locally depressed.
Occurrence
UKHB-8, UKHB-10
GenusMarssonellaCushman, 1933

This genus dfers from Dorothia by more distinct conical test shape, instead of

having parallel sides. Additionally, it has flat or concave apertural face.

Marssonella oxyconéReuss1860)
Plate 20, Hg. 7,8
1988 Dorothia oxycongReuss). Kaminski et al., p. 225 pl.fig. 9.
1988 Dorothia oxycongReuss). Keller, p. 160, pl.4, figs:2L
1990 Marssonella oxyconéReuss)Hemleben et alp. 230, pl. 12, figs®
2001 Marssonella oxyconéReuss). Alegret and Thomas, p. 307 pl. 8, fig 14.

2004 Marssonella oxyconéRreuss). Peryt et al., p. 412, pl. .13
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Diagnostic features& Remarks:

Marssonella oxyconhas a conical test which isundedin transverseection and
nortinflated distinct chambers. Sutures are slightly depressed and locally flush.

This specie$as a distinguishing flat apertural éac
Stratigraphic distribution in the literature:
MaastrichtiarEarly EocenéKaminski et al., 1988)
Occurrence

UH-40, UH41 for Maastrichtian section, and throughout Danian section.

Marssonella indetta (Cushmarand Jarvis, 1928)
Plate 20, Fgs. 5,6
1946 Marssonella indetat§Cushman and Jarvisfushmanpl. 12, figs. 67

1988 Dorothia indentata(Cushman and Jarvis)Kaminski et al.,p. 225,pl. 9,
figs. 7-8

Diagnostic features& Remarks:

The elewated and dislocated sutures, which are fornewitar like circular rims on
the test surfacare main distinguishinfgaturef Marssonellandetata Moreover,

apertural face is concave, sharply erodiecluding irregular depressions.
Stratigraphic distr ibution in the literature:

Paleocendzarly EocendKaminski et al., 1988)

Occurrence

UKHB-4, UKHB-7, UKHB-8, UKHB-10
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Family PSEUDOGAUDRYINIDAE Loeblich and Tappan, 1985
Subfamily PSEUDOGAUDRYININAE Lo eblich and Tappan, 1985
GenusPseudogaudryina

Triserial stage is followed by biserial part, but testainsits triangular shape
completely. In biserial stage, two sets of chambers are unlike to each other. Shape
of chambers in onseerialis four-sided, wereas shape of chambersthe other

serial is triangular. Wall is agglutinated and canaliculate. Aperture is

interiomarginal small opening.

Pseudogaudryinap. 1
Plate21, Fg. 1,2
Diagnostic features& Remarks:

This taxon is distinguished from otheseudogaudryinapecies by big test, flush
sutures and slightly dislocated final chambers. The final chambers have also more
acute outside margins. In apertural view, test is more or less triangular appeared as

constricted in two sides.
Occurrence

UH-33,UH-36, UH-39, UH41, UH44, UH47, UH-48

Pseudogaudryinap. 2
Plate21, Rg. 3,4,5
Diagnostic features& Remarks:

This species resembles Rseudogaudryinasp. 1 but differs from it by more

distinct, thickenedbut locally incisedsutures smoothly finshed and more finely
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agglutinated wall.Test angles are also relatively more acute tasditself is
relatively smaltthanPseudogaudryinap. 1.

The specimenreported from Trinidad by Kaminski et al. (1988) @audryina
pyramidata(Cushman) seems closePseudogaudryinap. 2based on the external
morphologies. BothTrinidad material and ourspecimenshave completely
triangular test shape and thickened sutures. However, since there is no other
side/apertural view of that illustrated form, there can btcarry on any other

comparisorwith our specimens.
Occurrence
UH-36, UH-37, UH-38, UH-39, UH40, UH41, UH42, UH46, UH-48
Pseudogaudryinap. 3
Plate21, Hg. 6,7
Diagnostic features& Remarks:

This species is different from othd?Pseudogaudryinaforms by its nearly
equidimensional triangular testjmosttetrahedronin shape, but slightly more
elongated through the growth axis. Wall is medium to coarsely agglutiffagsd.

Size is varying among specimens.
Occurrence

UH-38, UH40, UH42, UH43, UH45

GenusClavulinoidesCushman, 1936

Test is elongate and triangular. Chamber are initially arranged as triserial, then they
distinctly continue to uniserial arrangement. Wall is agglutinated, outer part of test
hascanaliculatedvall. Aperture is interimarginal inthefirst stage, then becoming

terminal, rounded ithe laterstage.
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Clavulinoides amorph&Cushman 1926) emend. (Alegret and Thomas, 2001)
Plate 20, Fg. 1
1926 Clavulina amorphgCushman). (fide Ellis and Messina, 1940)
1988 Clavulinoides amarpha(Cushman). Kamisnki et al., p. 223, pl. 8, fig. 13.

2001 Clavulinoides amorph&Cushman). Alegret and Thomas, p. 301, pl. 5-figl
3

Diagnostic features& Remarks:

The most distinctive feauture @favulinoides amorphé&om otherClavulinoides
specis is rounded uniserial padiving an impression of columnar shape and
somewhat inflated last chambers. In our specimens, chambers are hardly visible.

Wall is medium to coarsely agglutinated
Stratigraphic distribution in the literature:

Cretaceoud’aleoene (Alegret et al., 2001)Late Paleocene Globorotalia

pseudomenardiZone) (Bolli et al., 1994)
Occurrence

UH-50, UKHB-4, UKHB-5, UKHB-6, UKHB-7, UKHB-8, UKHB-9

161



1926

1997

1988

2001

2004

2009

Clavulinoides trilatera(Cushman1926)
Plate 20, Hg. 2
Clavulina trilatera(Cushman). (fide Ellis and Messina, 1940)
Clavulinoides trilateralCushman). Ayyad, p. 151, fig.6i

Clavulinoides trilatera(Cushman)Kaminski et al. 1988, p. 195, pl. 9, fig.
2

Clavulinoides trilatera(Cushman). Alegret and Thomas. p. 30L, §
figs.6-8

Clavulinoides trilatera(Cushman). Peryt et al., p. 412, pl. 3, figs:.120

Clavulinoides trilateralCushman). Giusberti, p. 106, pl. 1, fig. 1

Diagnostic features& Remarks:

Clavulinoides trilaterahas elongate, completely trguiar test which is narrowing

in both ends. Sides are parallel. Wall is almost fine to medium grained, rather

smoothly finished. It has terminal and circular aperture on weakly developed neck.

Stratigraphic distribution in the literature:

Cretaceous’aleocene (Alegret et al., 2001Raleocene Globorotalia pusilla

pusilla Zondg G. pseudomenarddone) (Bolli et al., 1994)

Occurrence

Throughout tle studied section except for U8, UH41, UH42, UH45, UH48,
UH-50, UKHB-5, UKHB-8, UKHB-9, UKHB-10
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Superfamily TROCHAMMINACEA Schwager, 1877
Family TROCHAMMINIDAE Schwager, 1877
Subfamily TROCHAMMININAE Schwager, 1877

GenusTrochamminaParker and Jones, 1859

Trochospiral test has radial sutures and rounded periphery. Surface of test is usually

smooth. Agrture is umbilicakextraumbilical.

Trochamminaspp.
Diagnostic features &Remarks:

Agglutinated, trochospiral tests witharious amount of flatteningnd various

chamber shapes are grouped under this taxon.
Occurrence

UH-38, UKHB-6, UKHB-8

Superfamily VERNEUILINACEA Cushman, 1911
Family TRITAXIIDAE Plotnikova, 1979
GenusTritaxia Reuss, 1860

Test is triangular and triserial in initial part, then becoming uniserial with less
chambers. Wall is agglutinated and robust. Aperture is interiomarginaseéniati

part, therpassingnto terminal, may be depressed or at the end of a short neck.
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Tritaxia sp.1
Plate23, Hg. 6
Diagnostic features &Remarks:

Test is carinate, triangular. Sides are concave. Margins are acute. Aperture is
terminal, almost coular. Initial chamber arrangement type is triserial. Last few

chambers are uniserial.
Occurrence

UKHB-6, UKHB-7, UKHB-9, UKHB-10

Tritaxia ? sp.2
Plate23, Ag. 7
Diagnostic features& Remarks:

This taxon is distinguished froffritaxia sp.1 by subteninal oval aperture and
subrounded edge¥he final chamber is a little dispositioned like approaching the

uniserial, but not completely uniserial.

Generic affiliationof this taxon remains uncertaiine to the apeutal structureand
incomplete uniseriadrrangement of the last few chambénssome specimens the
location of the aperture islightly approaching to terminal positiollthough
BannerandDesai (1985arguedthat some oVerneuilinaspecies with Cretaceous
agedhad a subterminal aperture and tendency to uniserial arrangamtre
terminal partthis taxon is kept undédrritaxia in the present study. ight bean
intergrading form between these two gendtareover,the degree of rounding of

the edges are variable.
Occurrence

UH-33, UH-37, UH46, UH48, UKHB-5, UKHB-6, UKHB-7, UKHB-10
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Family VERNEUILINIDAE Cushman, 1911
Subfamily BARBOURINELLINAE Saidova, 1981
GenusHeterostomellaReuss, 1866

Test is intially triserial and later becoming biserial. Test margins have distinct
longitudinal ridges. Wall is agglutinated. Aperture is interiomarginal in initial part,
then becoming terminal and rounded. Aperture may also be on a neck.

Heterostomella austinan@ushman 1946)
Plate23, Fgs. 1,2
1946 Heterostomella austinan@ushman). Cushman, pl. 11, figs72
1994 Heterostomella austinan@ushman). Speijer, p. 45, pl. 1, fig.2
2004 Heterostomella austinan@ushman)Peryt et al.p. 412, pl.3, figs.®.
Diagnostic features& Remarks:

This species icharacterizedby large linear depressions It has also smoothly
truncated chamber marginsperture is terminal, rounded at the end of very short
neck.The neck is usually not seen clearly in most of the specimens. Some
individuals have only slightly developed neck. When the neck iavaitable a
rounded trace is apparent at the terminal ap&rface. Moreover, in the original
description of this species the growth axis is mentioned to be straight. In the studied
samples some individuals haarcuatdest.

Stratigraphic distribution in the literature:
Plummerita hantkeninoide®ne- Guembétria cretaceaZone(Peryt, 2004)
Occurrence

Throughout the Maastrichtian section and-561
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Heterostomellasp. 1
Plate23, Hg. 3,4
Diagnostic features& Remarks:

This form is distinguished frorleterostomella austinanhy its bigger,white,
robusttest with relatively more irregular decoratioiisansverse section is nearly

rounded.
Occurrence

UH-33, UH-35, UH-36, UH-38, UH-39, UH-40, UH-44, UH-45, UH-46, UH-47,
UH-50

GenusVerneuilina d'Orbigny, 1839

Test is triseriathroughout Wall is finely © coarsely agglutinated. Apare is

interiomarginal and ar&u opening.

Verneuilinasp.1
Plate24, Fgs. 1, 2
Diagnostic features& Remarks:

Test is triserial throughout. Wall is moderately agglutinated. Test surface is rough.
Last chambers are inflateAngles are roundedperture is an interiomarginal arch.
This form is distinguished fromther Verneuilinaspecies by itdrookenwhite

colored andscomewhat bigger test.
Occurrence

UH-33-45, UH47-49
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Verneuilinasp.2
Plate24, Fgs. 3,4
Diagnostic features & Remarks:

This form is distinguished frowerneuilinasp.1 by its more elongated test with
more acute angles. The final chambers are also inflated, however not that much as

in Verneuilinasp. 1.
Occurrence

UH-36,UH-40,UH-41, UH-43,UH-44,UH-47

Subfamily VERNEUILININAE Cushman, 1911
GenusGaudryinad'Orbigny, 1839

Test is triserial in early stage later biseriitansverse sectiois triangular or

rounded in shape Wall is agglutinated, noncanaliculate.

Gaudryinasp. 1
Plate22, Fgs. 3,4
Diagnostic features& Remarks:

Elongate andriangular test is triserial in most of the péf the last chambers are

biserial. Testmargin is subacute.

This form is very similar td/erneuilinasp. 1by the aspectsf wall textureand
acuity of the tesmargins. However, it is different from the latter species by the

distinct last two biserial chambers and more elongated test.
Occurrence

UH-34,UH-35,UH-36, UH-37,UH-40,UH-41, UH-42,UH-43, UH-46, UH-49
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Subfamily VERNEUILINOIDINAE Suleymanov, 1973
GenusEggerellinaMarie, 1941

Triserial test with nearly sphericar ovoid and overlapping chambers has
depressed sutureBolished testvall is agglutinatedcalcite particleswith much
cement.Aperture issimple narrowcut developing upward from the basé the

apertural face.

Eggerellinasp. 1
Plate22, Fgs. 1,2
Diagnostic features& Remarks:

Relatively smallnflatedtest is distinguished by its smooth, very finely agglutinated
wall and strongly overlapping last chambéngial apex is somewhatparing.The
top part of the test is broadly roundédhe of the last three chambers is hardly

visible from abovedue to the strong embracing of the last two chambers.

This characteristic is also pointed by Marie (1941). She discussedsdhed
Eggerellinaspeciesnay showonly some part ofhe uppesexteriorof three or two
chambersvhen observed dhetop of the testThismay give an impression &dlse

decline in number of chambers
Occurrence

UH-33, UH-34, UH-35, UH-37, UH-38, UH-39, UH42, UH43, UH-45, UH-49
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CHAPTER 6

DISCUSSION AND CONCLUSION

A 14.53m thick stratigraphic section correspondinghe flyschoidal mudstones
and mudstonenarl alternationsof the Upper Maastrichtiahlaymana Formation
and the Lower Danial e K i | y u r twadnoeasoreft the BlaymanaBasin
Central Turkey.In order to reveal the changes in the benthic fandera
associations, diversignd distributiortrough the sectioas well as to establish their
response to the #Rg boundary antheir taxonomy, a quaitative analysisvas
performed over cofrespopding tBem.36 m thicktportoom of the

whole measured section

25 washedsamplesn total were quantitativelyanalyzedfrom 3.15 m part of the
uppermost Maastrichtian and 1.21 m portion of tweermost Danian sections of
the Haymana Formatin and t he Yexki | yurApprokimatelmat i on,

300 benthic foraminifera individuaigere pickedrom each sample.

Three benthic foraminifera biozones were establistvetthe first time from Turke
based on the bioevents across the Maastrichtian and the Danian imetival
studied section Bolivinoides draco Zone and its equivalent Eouvigerina
subsculpturaacme Zondnewy proposed were established for the 3.15 m thick
uppermost Maastrichtianportion, whereas Angulogavelinella avnimelechi
Anomalinoides rubiginosuZone (BB1) was established for the 1.21 m thick

lowermostDanian parbf the measured sectiorhisintegrated usage of degyater
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benthic foraminifera biozones with the previouslytabished planktonic
foraminifera biozonesby Kar abeyojlu (2017) I n the
section served a well calibrated foraminiferal bioevert®sshe K-Pg boundary

bedsfrom the Haymana Basin, thfiom the Tethyan realm.

A morphogroup aalysis was carried out regarding the test shape of the species
infer infaunaepifauna ratio of the assemblagés the mosigeneralstatement,
benthic foraminifera with test shapes of cylindrical tapered, flattetapered,
rounded planispiralsphericad elongate multilocular and flattened trochospiral
shapes are considered as living as infaunal within the sediment surface.
Furthermore, foraminifera with planoconvex trochospiral, biconvex trochospiral,
rounded trochospiral, palmate, branching, tubwailed flattened& streptospiral

and elongate keeled morphology are regarded as living as epifaunal on the sediment
surface (Alegret et al., 2013). According to thpseferencesthe calcareous taxa
were divided ito 9 categories as follow€I1 (cylindical tapered), ClZflattened
tapered), CI3 (rounded planispiral), Cldpkerical for infaunal taxa and CEL1
(planoconvex trochospiral), QE (biconvex trochospiral), CE3 (rounded
trochospiral), CE4 (palmate), CHbranching) for epifaunal taxa. Furthermore
agglutinatedtaxa were categorizeithto 6 groups which aréAll (elongate
multilocular), Al2 (flattened trochospiral), Al3 (elongate tapered) for infaunal taxa
and AE1 (coiledlattened& streptospiral), AE2 (elongate keeled), AgGbular
branching for epifaunal taxaln the Maastrichtian, the most abundant calcareous
morphogroupwvas found a<Cl1 (48%), whereas Al123%)was recorded athe

most abundanagglutinated class. In the Danian, All is still the most abundant
group among thegglutinated taxabut it decreased its relative abundance to
average 11%. In this section, the most abundant morphogroup is CE2 and CE1 with

the average relative abundances of 53% and 22%, respectively.

Over all nfaunal and epifaunal groups, together both agglutinatéctalcareous
morphotypes, have relative abundancesawérage 75% and average 25%,
respectively, inthe Maastrichtian. Infaunal taxa is increasiitg abundanceas

closing to the boundarwith the peak value of 89.9%n the last Maastrichtian
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samplg(UH-49), just 5 cm below the boundary. In the Danian, infaunal groups were
decreased in abundanceaterage4.7%, whereas epifaunal groups were increased

in abundance taverager5.8% (Figure 3).

The relativeabundanceof calcareous taxa overall mverage73.9% whereas
agglutinated taxa iswverage26.1% through theMaastrichtian(Figure 25) For
Danian part, the percentages elnangingo average39.0% for calcareous taxa and
averagel1.0% for agglutinated taX&igure 25) These valuesffers a depositical
setting quiteabovethe Calcium Carbonate Compensation Depth (C@D}he
basin, assigned for the whole studied sectMoreover, based on the benthic
foraminifera associations upper bathyal environment was assigned for the whole
studied sectionThe asemblage in the whole studied Maastrichtian section was
found to be very similar to the Late Maastrichtian Shallow Bathyal Assemblage
(SBA) offered by Widmark and Speijer (1997b) holding the relative abundance of
33.4% (Figure 24) This result was compadewith the other Central Tethyan
localities includinghe upper bathydtl Kef (Tunisia), Wadi Nukhl (Egypt), Nahal
Avdat (Israel) and the middle bathyal Caravaca (Spain)rdlagve abundance of
thisassemblage in the Haymana Basams foundclose to tlat of the upper bathyal
localities in the Central Tehys, since the assemblage was becoming less abundant
as going deeper seetings such as imtltglle bathyalCaravacgdSpain) andn the
bathyal or even deep&estern TehygWidmark and Speijer, 1997b) his, the
studied Maastrichtian section was referred to the upper bathyal environment (~200
600 m).After the boundary, there is probably no change in the paleobathymetry,
since neritic and bathyal taxa were found togethethe Danian samples (See
Chaper4, Section 4.1).

The Maastrichtian section consist bfgh diverseassemblagevith Eouvigerina
subsculptura, Heterostomella austinana Sitella spp. together withSitella
cushmaniPseudouvigerin@lummeraeBulimina strobilg Verneuilinaspp. as well
as Cibicidoidesspp., Sliteria varsoviensisEouvigerinasubsculpturaasthe most

abundant species in this section vatleragel 8.1%.In the lower part of the section,
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Verneuilinasp.1, Spiroplectinellasp.1, Sliteria varsoviensisare Lenticulina spp.

are more common to abundaitroughthe top of the Maastrichtian section,
Pseudouvigena plummeraés becoming more common to abundavtiile relative
abundance oS$literia varsoviensiss fluctuating, buthe latter species isolding

more or less a decreasing treBdilimina strobila has its peak value (5.6%) just
below the boundary in sgple UH49, whereas ithe same sample infaunal forms
overall also have the peak valuef 89.9% Among these infaunal forms
morphogroup<CI1 and All have their maximum relative abundance of 58% and
29%, respectivelyn this sampleln this sensgthere isa general trend indicating a
possible increasing food for benthic foraminifera community towards the boundary.
Most of the above mentioned taxa have preference fgin food supply (See
Chapter 4, 8ction 4.2), therefore possibly the metmeutrophic coditions were
prevailed based on the assemblage as well as the relatively higher infaunal
percatage(average 75%n the late Maastrichtian

There is a remarkable change in the benthic foraminifera assemblage as passing
from the Haymana Formation to thée k i | y ur t ThE boweanBaniano n .
Yeki | yur tseckooconamg epilaunallputnumberegoor to moderately
diverseassemblage whickonsisting ofAlabamina wilcoxensjsAnomalinoides
acutus Anomalinoides rubiginosy€ibicidoidespseudoacuts, Cibicidoidesspp.,
Gyroidinoidesspp.Lenticulinaspp.,OsangularigoplummeraeandOsangularia spp
Verneuilinaspp. as well as mostly in the higher levét#axia spp.,Lenticulina
sp.1,Pulsihponinaprima andCibicidessp.1.In this Daniansection, the oly taxa

with very abundant category (> 15%)igportunisticCibicidoidesspp. (17.5%) in
sample UH50 in GuembelitriacretaceaZone Similar to that intervalPeryt et al.
(2002) revealed also an epifaupalominatedinterval, mainlyby Cibicidoides
grouwp, corresponding th&uembelitriacretaceaZonefrom a K-Pg lacality in Ain
Settera, Tunisialhis change right at the-Rg boundary may indicate a diminished
food supply in the Danian for benthic foraminiferal fauna when compared to the
Maastrichtian, turing the environment into more oligotrophic conditionsthe
Danian as offered by Peryt et @002).This evenmight bepossibly resulted from
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fall of primary productivity at the K2g boundary due to the extinction of planktonic
organisms and the corgeent interrupt of organic carbon flux (Culver, 2003).
Additionally, relative abundaces of sos®rialinfaunataxa includingzouvigerina,
Bolivinoides, Sitella, Reusselland Praebuliminawere reported tdhave been
decrease or extinctensuing the KPg baindary as stated by Widmark and Speijer
(1997a and references therein). The authors also argued that these failure in the
infaunal taxa is conspicuous in the upper bathyal localities such as El Kef, Nahal
Avdat and Wadi Nukhlin the Haymana Basin, the pemse of infaunal groupsgas

found to bevery similar to hat of these Tethyan localites. In this sernbes
established response loénthic foraminifera&communities for the studied section,
which is the observable decrease in the infauna &xaports bove mentioned

paleobathymetric assignmaenitthe studied sectioffigure 25)

The estimated biodiversity indices suggests that an open marine conditions based
on the Shannon (H) index for average of 3.0 for whole studied section with
minimum 2.7 and maxium 3.4. Moreover, Fishebt) index indicates a highly
diverse Maastrichtian fauna and relatively less diverse, namely poor to moderately
diverse fauna in the Danian (Figure 26). It was reported that Higher Fistrer
ShannorH values indicate higher divaties, while high dominance is associated

with low diversity(Elamri et al., 2018)

At the MaastrichtiarDaniantransition, based on only 82 identified taxa at specific

level, 30 out of 73 identified Maastrichtian species apparently cross the boundary.

4 of the whole Maastrichtian taxa, which are Eouvigerina subsculptura,
Heterostomella austinana, Heterostomellalspnd Praebulimina reussi, are found

in the first Danian sample (UH0) which corresponds to reworked levels, PO G.
cretacea zone. These four taxa were recorded only in this sample, thereafter they
disappeared from the record for the rest of the Daniatiose This zone was
reported earl i er as rewor ki ng zone by
Eouvigerina subsculpturais mentioned to be extinct at the-Rg boundary
(WidmarkandSpeijer, 1997a)Therefore, these four Cretaceous taxa remained as

suspicioussurvivors.
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39 out of 73 Maastrichtian speciegs disappearedrom the record andid not
reappear in the studied intervaljth the correspondinglisappearancef 53%.
Moreover,9 new taxa appears in the Danidimere is an abrupt fauneesponse

based on the dataset of relative abundance of species, many species assigned as
epifaunal mode increased in the abundance right after the boundary event (Figure
27).

In conclusiona total of 4.36n thick stratigraphic section was quantitatjstiudied
including mudstone and machlcareous mudstone samples of the Haymana
Formation and t h&omYhe HaymanaBasin, Ceotralmakey o n
3 suborders, 23 superfamily, 32 subfamily, 71 genus and 82 species were
recognizedafter carryingout a detailed taxonomical studyhe studied section was
divided into hree biozoned~or the Maastrichtian parBolivinoides dracaZone

and equivalenEouvigerina subsculpturacme Zone (new in this studyere
established.Eouvigerina subsculpturavas found to be very abundant in all
Maastrichtian samples (average 18,1%b to 23.0% Therefore, the acme zone of

this index speciesvas offered for this stratigraphigortion Angulogavelinella
avnimelechiAnomalinoides rubiginosugone (BB1Zone was defined for the
Danian part based on the benthic foraminiferal assemblage. Then,-Bte K
boundary was represented between the above mentioned two formations, through

which a noticeable change in the assemblage composition was recorded.

Morphogroup analysegsulted that meseutrophic conditions wengrevailedfor
the studied Maastrichtiasection Openmarine upper bathyal environmgr00
600 m)was offered based on threlative abundances dfenthic foraminifera
associations as well #seir diversiy for the whole studied sectioRisherUvalues
show highly diverse fauna in the Maastrichtiaavérage 17 and poor to
moderately diverse fauna in the Daniandgrage 12 Calcareous taxa were found
to be abundant with respect to agglutathtaxa througbut the section which imply
the deposition abowte CCD level.
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Considerable changevas recordedfrom infaunally abundant highly diverse
Maastrichtian assemblage to epifaunally dominant-poaderately diverse Danian
fauna after the KPg boundaryMoreove, just after the boundary in the Danian
section,Cibicidoidesspp. was recorded very alwlant. This response probably
resulted from the decline in the primary productivity coinciding at thRBgK
boundary event which resulted from the extinction of thakitanic organisms and
interrupt in the organic carbon flux (Culver, 2003). Theesiltsarealsopointing

a possibladiminished food supply in the Danian.
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APPENDIX A

PLATES AND EXPLANATIONS

PLATE 1

Figure Al Explanations:

Suborder LAGENINA Delage and Herouard, 1896
Superfamily NODOSARIACEA Ehrenberg, 1838

Frondicularia sp.sampleno.UH-34, Maastrichtian, side view, >1250m
fraction

Globulina prisca(Reuss, 1862sampleno.UKHB-10, Danian, side view,
>125Qm fraction

Guttulinatrigonula (Reus$. sampleno. UH-40, Maastrichtian side view,
>1250m fraction

Guttulina trigonula (Reus$. sampleno. UKHB-10, Danian,apertural
view, >1250m fraction

Globulina sp., sampl@o. UKHB-9, Danian, side view, >128m
Laevidentalinaconstricta(Franke, 1928fampleno. UKHB-10, Danian,
side view, >12%m fraction

Laevdentalina monile (Von Hagenow, 1842)sample no. UH-37,

Maastrichtian, side view, >125m fraction light microscope image
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10.

11.

12.

13.

Laevidentalinasp.sampleno. UH-36, Maastrichtian, side view, >12%n
fraction

Laevidentalin® sp. 1sampleno. UH-36, Maastrich&an, side view, >125
Om fraction

Laevidentalinasp.sampleno. UH-36, Maastrichtian, side view, >12%n
fraction

Lagena cf. sulcata (Walker and Jacob, 1978 ampleno. UH-34,
Maastrichtian, side view, >125m fraction

Lagenaglobosa(LeRoy, 1953) sampleno. UH-34, Maastrichtian, side
view, >1250m fraction

Lagenasp. 1sampleno. UH-34, Maastrichtian, side view, >128n

fraction
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PLATE 1

Figure Al: SEMand light microscopemages of benthic foraminifera taxacale

bar= 100 & m, ot herwise stated
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PLATE 2

Figure A2 Explanations:

Superfamily NODOSARIACEA Ehrenberg, 1838

Lenticulina sp.1 sampleno. UKHB-10, Danian, side view, >126m
fraction

Lenticulina sp.2 sample no. UKHB-9, Danian, side view, >12&m
fraction

Marginulopsis multicostata (Lipnik, 1961) sample no. UH-34,
Maastrichtian, side view, >125m fraction

Neoflabellinela jarvisi (Cushman 1935) sample no. UH-34,
Maastrichtian, side view, >128m fraction
Oolinasp.1sampleno.UH-37, Maastrichtian, side view, >8%m fraction
Pseudonodosaria manifesta (Reuss, 1851) sample no. UH-42,
Maastrichtian, side view, >125m fraction

Pyramidulinasp. sampleno. UH-36, Maastrichtian, side view, >1Z8n

fraction
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PLATE 2

Figure A2: SEM image®f benthic foraminifera taxaSc al e bar = 100
otherwise stated
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PLATE 3

Figure A3 Explanations:

Superfamily NODOSARIACEA Ehrenberg, 1838

Pyramidulinasp. sampleno. UH-36, Maastrichtian, side view, >1Z5n
fraction
Pyrulina sp, sampleno. UH-36, Maastrichtian, side view, >128m
fraction
Ramulinasp. 1 sampleno. UH-49, Maastrichtian, side view, >128n
fraction
Ramulinasp. 1sampleno. UH-49, Maastrichtian, side view, >128n
fraction
Ramulinasp. 2 sampleno. UH-40, Maastrichtian, side view, 2% Cm
fraction
Saracenariasp.sampleno. UKHB-9, Danian, side view, >125m fraction
Vaginulinopsis? spsampleno. UKHB-9, Danian, side view, >126m

fraction
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PLATE 3

Figure A3: SEM images of benthic foraminifera tax@c. al e bar = 100
otherwise stated
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PLATE 4

Figure A4 Explanations:

Suborder ROTALIINA Delage and Herouard, 1896
Superfamily ASTERIGERINACEA d'Orbigny, 1839

Nuttallinella sp. sampleno. UH-49, Maastrichtian, spiral view, >128n
fraction

Nuttallinella sp. sampleno. UH-40, Maastrichtian, umbilical view, >125
Om fraction

Superfamily BOLIVINACEA Glaessner, 1937

Bolivina decurrengEhrenberg, 18543ampleno. UH-34, Maastrichtian,
side view, >12%m fraction,under transmittetight

Bolivina decurrengEhrenberg, 1854)sampleno. UH-34, Maastrichtian,
side view, >12%m fraction

Bolivina incrassatgdReuss 1851)sampleno. UH-38, Maastrichtian, side
view, >1250m fraction

Bolivina incrassatgdReuss 1851)sampleno. UH-38, Maastrichtian, side
view, >1250m fraction under transmitted light

Bolivinoides decoratugJones, 18863ampleno. UKHB-4, Danian, side
view, >1250m fraction

Bolivinoides draco(Marsson 1878) sampleno. UH-36, Maastrichtian,

side view, >12%m fraction
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PLATE 4

Figure A4: SEM and transmitted light images of benthic foraminifera toae
bar = 100 em, otherwise stated
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