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Abstract

The early Aptian (121 to 118 million years ago) represents a case history of excess
CO, derived from a major volcanic episode, namely the emplacement of the Ontong Java
Plateau. During this time-interval, oceans experienced a global phenomenon of
widespread deposition of organic carbon-rich sediments under oxygen-depleted
conditions, called the Oceanic Anoxic Event 1a (OAE1d). The sedimentary expression of
the OAEla is represented by the Selli Level, a regiona marker-bed identified in the
Umbria-Marche area (central Italy) consisting of laminated black shales rich in organic
matter and low carbonate content, alternated with radiolarian silts.

This thesis is aimed at investigating the OAEla across the Selli Level equivalents at
DSDP Site 463 (Mid-Pacific Mountains) and in the Cismon core (Southern Alps, northern
Italy) in order to provide a detailed and quantitative study of the planktonic foraminiferal
assemblages, because a quantitative documentation in terms of species composition,
variation in shell sizes and absolute abundances is still lacking. This study is performed
on pelagic sediments and both sections are well-dated through bio-, magneto- and
chemostratigraphy.

The project was divided in four distinct phases: 1) taxonomic and biostratigraphic
analyses at the stereomicroscope, and SEM (Scanning Electron Microscope) to identify
genera and species; 2) morphometric analyses of foraminiferato measure the variationsin
population size in washed residues (measure of the maximum diameter of each species
using SEM images); 3) quantitative analyses to evaluate fluctuations in abundance at
genera level (and species where possible) in thin sections and washed residues; 4)
integration of results with geochemical, nannoplankton and sedimentological data and
interpretations.

Taxonomic and biostratigraphic  analyses reveal that planispirad (genus
Globigerinelloides), trochospiral (genus Hedbergella), globigeriniform with globular
chambers (genera Gorbachikella and Gubkinella) and pseudo-planispiral taxa with very
elongate chambers (genus Leupoldina) occur at both studied sites, whereas trochospiral
and planispiral taxa with elongate chambers (genera Lilliputianella and

Globigerinelloides) are found only in the Cismon core.



Shell size measurements show a general increase from the base to the top of the
studied interval at both sites (much higher at Cismon core) due to an increase of
calcification. The group with the highest range of variation in shell size is represented by
the Globigerinelloidids, followed by Lilliputianellids and then by Hedbergellids.

Planktonic foraminiferal abundances and comparison with the nannoconid abundance
datarevea that both groups responded to variations in surface-water fertility, temperature
and COg-induced acidification. In particular, when nannoconids underwent a
biocalcification decline and crisis (started ~1 Ma before OAELa), planktonic foraminifera
decreased too.

At the onset of the OAE1a, both calcareous groups show a marked decline that can be
related to widespread meso- to eutrophic conditions, combined with excess CO; in the
ocean - atmosphere system. No extinctions within nannoconids and planktonic
foraminifera have been observed in the OAEla interval, and both calcareous groups can
be considered as virtually absent. At Cismon core after the decline, nannoconids resume
in the middle part of the Selli Level equivalent and continue to increase even above it,
mirroring the 8*3C trend, but never become so abundant as before the OAEla

Planktonic foraminifera remain stable and start to increase significantly just above the
Selli Level equivalent, where they become more abundant than before the OAEla. The
different timing recovery between the two calcareous groups could be justified by the
higher susceptibility to dissolution of planktonic foraminiferathan nannoconids.

Ecological interpretations of planktonic foraminiferareveal that: at both sites the genus
Hedbergella is the most common component of the foraminiferal fauna across the studied
interval and, thus, considered the most opportunistic taxon. The genus Globigerinelloides
is a typica meso-oligotrophic taxon, while Lilliputianella and Leupoldina are meso-
eutrophic taxa that likely proliferated in oxygen - depleted, deep and cool waters
associated to a possible expansion of the OMZ (Oxygen Minimum Zone). The high
values in abundances of the 3 groups of planktonic foraminifera, and their fluctuations in
abundance above the Selli Level equivalent, can be related to the ecological competition
among them, where planispirals resulted to be the most efficient and successful
competitors compared to the pseudo-planispiral and trochospiral taxa.

The data and results presented here contribute to the understanding of the evolution of

early Cretaceous (Barremian-Aptian) planktonic foraminifera, to the improving of the



biostratigraphic correlations on global scae, and provide additional and new
interpretations of the response of planktonic foraminiferato ocean acidification.

My results emphasize the planktonic foraminiferal ability to evolve and diversify in a
time-interval of complex and profound perturbation of the ocean-atmosphere system
without undergoing extinction and, on the contrary, showing significant capacity of
adaptation.
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Chapter 1
Introduction

My PhD research project is focused on the studh@Barremian - Aptian planktonic
foraminiferal assemblages across the OAEla withaihe to model and quantify the
planktonic foraminiferal response to ocean acidifin across the Cretaceous OAEs
(Oceanic Anoxic Events) and to understand if antbowhich extent the foraminiferal
responses (e.g. shell size and composition changeer excess CCGare comparable to
those observed in the modern assemblages (e.geBarklderfield, 2002; Moyt al.,
2009).

Planktonic foraminifera are marine heterotrophiotists with a calcium carbonate
shell commonly divided into chambers that are addfi@ihg growth. Cytoplasm inside
the test contains eukaryotic cellular organellepptemented by fibrillar bodies, which
allow to control the buoyancy (Hemlebenal., 1989). Outside the shell, cytoplasm is
stretched into thin, anastomosing strands (rhiz@)pdvhich serves to collect food
particles and transport them toward the primarynope of the shell (aperture). The
structure and composition of the test wall is intaot to the classification of the group
and being foraminifera small, abundant and ofteimeexely diverse, they are in many
respects ideal biostratigraphic markers for maroos.

They are widespread in the global ocean, consisioti cosmopolitan and endemic
taxa, have a very long evolutionary history, and arost sensitive to environmental
change in the ocean-atmosphere system. For thaseng planktonic foraminifera have
been widely used in biostratigraphy and representuseful tool to investigate the
Cretaceous period (145 to 65 Ma), a particular tioharacterized by a prolonged
greenhouse stage due to massive injection of cartiorthe atmosphere-ocean system
(Armstrong & Brasier, 2005).

The value of foraminiferal calcite in terms of reder of chemical and isotopic
signals was identified by Emiliani (1954a, 1954k)ieth understood that stable isotopic
signals extracted from planktonic foraminifera ebube a standard tool for the
recognition of glacial cycles and orbital pacingtioé ice-ages (Shackleton & Opdyke,
1973; Hayst al., 1976).
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The record of planktonic foraminiferal evolution raghgh the Cretaceous is
characterized by periods of diversification thaemdate with periods of stasis when the

assemblages apparently underwent little or no ataf(igig. 1.1).

Polar Planktonic Planktonic Planktonic Paleocea
Ma “!J . " i al nography
65| 65 " 29R Replacement & extinction |Mixing, increased temperature gradient
i - 30N1 A. mayaroensis PE
] R 1L Mi ;
inor diversification
. C. tusa-A.fructicosa
73 an contusa: s
b _32N1 G. gansseri (—— Abathemphalus i ’8 Stasie Provinces, increased latitudinal and vertical
1 - 32R1 - gradients
b "32N2 | G aegyptiaca | Ganssenna GE
78] -32R2 G. havanensis . [P Rapid diversification,
~ - — == Initiation of *modern ocean conditions®
] - 33N o
J G. ventricosa -
80l Stasis
] - 33R G. elevata
-
7 . E. Mixing, nutrient changes, brief collapse of
85| D. - it Major tumoaver, all groups |niches in upper water column
_ — large
. . Fluctuating climatic conditions, nutrient
] D. concavata | |stasis changes, dissolved intervals,
B lesser effects with lowering global
20| o T Archa o i temperatures
- . primitiva — M. s — eoglobigenina
- el =i primitiva - Diversification, increased |Increasing e
B H. helvetica L marg i ' size “Cenomanian slme wnlh deeper niches
i T — 1 | stasis Warmer, increased runoff, mixing
- | W.archeocrefacea |
95 e t [ retaliporids P.E Diversification in ;
=2 R. cushmani Dg‘;:‘",:;g "~ newg Increasing mixing, weakened thermocline
] |- A. reicheli —A.oreonh. | _ Expansion of warm dry climate,
. R. brotzeni Stasis stratified deep thermociine, deep
| niches
100| R. appenninica J{T.E
. R. ticinensis = mﬁmﬂ‘“ |Strong thermocline, development of deep
b & R. sublicinensis orms Diversification niches, first oceanic conditions similar to
1 ay T prastici i moderm ocean
105 ALB e | S8T prasticinensis
i upenrent X Rapld diversification, inc. | Stronger thermocline, increased climatic
] T. primula L Giobi size, test modifications radient, "Aptian state”
i M . o Slow diversification, Mixing flucluales, Milankovitch overprint,
R nischi fluctuating abundance  |"Hauterivian state®
110, W @ - -------- — Ticinatla primula
. {, i Strong mixing, disruption of weak
122 H. planispira Stasis §hrong mixing, di pti we
e e oo
] T. bejacuaensis o JPTE
118 | Ticineda = . )
en [ T0CCI0EE "1 | panomatins : Rapid diversification, | Strengthening of the thermociine,
B G. algerianus I - o increased size, appearance of mixed layer,
i | - EeE i test modifications, first intermediate-water
4 G. i |, first thick-walled, madium first ornamented forms
J L. cabri | hized planinics / _
120} o Leupoldina iy T Diversification Changes in upper water column >Selli Event
] Hhythuri océurrence of . Gradual diversification, |Development of intermediate waters,
1 G. blowi Globigerinelioides B increased size, variable climatic conditions,
] e LS . fluctuating common Milankovitch overprint,
125 ows  |H.similis-H.kuznetsovas| ) & abundance fluctuating weak thermocline ?
_ o Leupolding &
- CMEvs
—oM7 .
- cus  |H. sigali-H. delricensis 5 Milankovitch cverprint on stable oceanic
134] &ho Prolonged stasis conditions
b CM10N
T cMit N .
T e = | globigerinslicidids
i il . ] Changes in upper water column,
1 cmiza | - sigali-H. aptica increase in current intensity, nutrient
188 o M . - geli | |P_First diversification recycling and upwelling, runoff?
= cMis ¥ 2 favusstics
7] BER cMiB globuligerinids Stasis Continuation of Jurassic oceanic conditions
- oMIT
140

Figure 1.1. Planktonic foraminiferal evolutionary patterns apdleoceanographic changes through the
Cretaceous plotted against planktonic foraminifemdnal scheme and major stratigraphic events,
magnetostratigraphy, and absolute age (from Erlah, 1995, Channekt al., 1995). Arrows for evolutionary
changes not in scale and exaggerated for changesvénsification. P: precursor events; T: turnover;
extinctions. From Premoli Silva & Sliter, 1999.
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Premoli Silva & Sliter (1999) recognize three pipat intervals in terms of evolutionary
and paleoceanographic changes:

a) the first interval extends from the first diviécstion in the early Valanginian until
the uppermost Aptian showing a continuously indrepsdiversification that is
interrupted by a single episode of moderate turnoear the Selli Event, an episode of
organic carbon-rich (§-rich) sediment deposition greenhouse climate ¢ in the
late early Aptian (Coccioret al., 1992; Erba, 1994).

b) the second interval starts from the Aptian/Afbiboundary, another (grich
episode (Bréhéredt al., 1986; Tornaghet al., 1989; Arthuret al., 1990) and extends
until the latest Albian. New data from Petrizetoal. (2012; 2013) and Kennedy al.
(2014) reveal that the interval labelled as a geabstasis (Fig. 1.1) by Premoli Silva &
Sliter (1999) instead corresponds to an abruptkpteaic foraminiferal turnover across
the Aptian/Albian boundary interval. The faunalnowver, recognized at the Col de Pré-
Guittard section, in the Vocontian Basin (southdastnce) occurs across the Kilian
Level and is concomitant with a 1%egatived'*C excursion in bulk carbonate. The
Aptian-Albian planktonic foraminiferal turnover ddube considered as the most
dramatic event in the evolutionary history of Coetaus planktonic foraminifera, with a
change from large-sized and heavily ornamentedispeéa the latest Aptian to small-
sized globigeriniform specimens in the earliestiatb(Fig. 1.2).

c) The third interval, from near the top of the il until the end of the Cretaceous is
characterized by short periods of rapid diversifamaand turnover separated by longer
periods of stasis except around theg@ch Bonarelli Event (OAE2) near the
Cenomanian/Turonian boundary (Arthetr al., 1990), when the cycles of alternation
were strongly accelerated (two periods of diveration separated by a stasis within < 6
m.y.).

During the Cretaceous, the Earth system has expede extreme environmental
conditions resulting from the natural input of largmounts of C® These perturbations
appear to have been caused by major magmatic-te@pisodes, perhaps augmented by
release of gas hydrate reservoirs (Jenkyns, 201@jer such extreme conditions, the
oceans experienced prolonged global anoxia, kn@v@aeanic Anoxic Events (OAES),
when unusually large amounts of organic matter medated in marine sediments
(Schlanger & Jenkyns, 1976).
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Figure 1.2. Abundance (%) of planktonic foraminifera and oxygand carbon stable isotope stratigraphy from
Petrizzoet al. (2012), and carbon-isotope data from Herrle (2ab2ough the Niveau Kilian at Pré-Guittard.
Species illustrated (not to scale) with their rangaclude: 1:Paraticinella rohri; 2: Pseudoguembelitria
blakenosensis; 3: Hedbergella infracretacea; 4: Hedbergella aptiana; 5: Microhedbergella miniglobularis, 6:
Microhedbergella renilaevis. From Kennedt al., 2014.
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This thesis is aimed at investigating one of theseeme case-histories, namely the
early Aptian Oceanic Anoxic Event la (OAEla), irder to provide a detailed and
guantitative study of the planktonic foraminife@semblages across the Selli Level
equivalents at DSDP Site 463 (Mid-Pacific Mountairend in the Cismon core
(Southern Alps, northern Italy) because a quantgadocumentation in terms of species
composition, variation in shell sizes and absolltendances is still lacking.

The project was divided in four distinct phases:

a) taxonomic and biostratigraphic analyses at ttexegmicroscope, and SEM
(Scanning Electron Microscope) to identify genard apecies;

b) morphometric analyses of foraminifera to meashieevariations in population size
in washed residues (measure of the maximum diantdte&rach species using SEM

images);
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C) quantitative analyses to evaluate fluctuatiansalbundance at genera level (and
species where possible) in thin sections and wastsedues;

d) integration of results with geochemical, nanaogton and sedimentological data
and interpretations.

The data and results presented here contributeetariderstanding of the evolution of
early Cretaceous planktonic foraminifera, to thepriaving of the biostratigraphic
correlations on a global scale, and provide addtioand new interpretation of the

response of planktonic foraminifera to ocean aidifon.
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Chapter 2
Oceanic Anoxic Events (OAES)

During the Mesozoic and, in particular in the Ccetaus time, was observed a
common occurrence of carbon cycle disturbances two®e associated with the
widespread development and deposition of orgamnisecarich sediments deposited in
both shallow and deep marine environment. The dadour, high organic carbon
content, typical fine laminations, and lack of biditations that characterize most of these
sediments, suggest unusual conditions of anoxigear anoxia over the seafloor during
the time of deposition (Arthuet al., 1979).

More than 30 year ago, Schlanger & Jenkyns, (19@8)hg the Deep Sea Drilling
Project (DSDP) expeditions in the Pacific, Atlardied Indian Oceans, discovered black
carbon-rich deposits in Cretaceous sediments adatedu on submarine volcanic
plateaus (Shatsky Rise, Manihiki Plateau) that ideatical in age with similar deposits
cored from the Atlantic Ocean and known from oypsran Europe, particularly in the
geological record of the limestone-dominated Apeasichain in Italy. This evidence
highlighted that these deposits were not of logghiScance and strictly controlled by
local basin geometry, but widespread intervals Wwhigcorded highly unusual oxygen-
depleted conditions in the world ocean during savelistinct discrete periods of
geological time: they called them "Oceanic Anoxieekts” (OAEs) that formed in a
variety of paleo-bathymetric settings including acie plateaus and basins, continental
margins and shelf seas (Schlanger & Jenkyns, 1&T6uyr et al., 1979) (Figure 2.1).

The OAEs were interpreted as the results of seal leging (Late Cretaceous
transgression) associated with an increase of tineapy productivity, a reduced ocean
circulation and the existence of an equable glabatate. The consequence was the
formation of an expanded oxygen-minimum layer aadasition of organic carbon-rich

deposits on global scale (Schlanger & Jenkyns, 1976
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Figure 2.1. Stratification during an "Oceanic Anoxic Event"three different environments : a) shelf type (these
may be locally intensified by the introduction efrestrial organic material from large rivers);rise type (these
should be relatively free of terrestrial plant dejrc) barren basin type (contain abundant tenedgilant debris
delivered to these basins in their early openiraggest by rivers and turbidity currents). From Soidain&
Jenkyns, 1976.

Several OAEs were recognized starting from theshicePeriod as the Toarcian OAE
(Posidonienschiefer Event, ~ 183 Ma) (Jenkyns 19888; McArthuret al., 2000,
2008; Sabatinet al., 2009), the Valanginian OAE (Weissert Event, ~ 138&) N5cholle
& Arthur, 1980; Cotillon & Rio, 1984; Arthur & Deari986; Weissert, 1989; Limt al.,
1992; Weissert & Erba 2004; Erleaal., 2004), the Hauterivian OAE (Faraoni Event, ~
130 Ma) (Ceccat al., 1993; Baudin, 2005; Bodiet al., 2007), the Early Aptian OAEla
(Selli Event, ~ 120 Ma), the early Albian OAE1b ¢Beer Event, ~ 111 Ma, first
recognized in the Vocontian Trough of the SE Frantdee OAE1c (which is probably
regional, ~ 103 Ma), the late Aptian OAEld (Breafier Event, ~ 100 Ma), the
Cenomanian-Turonian OAE2 (Bonarelli Event, ~ 93 Majl the Coniacian-Santonian
OAE3 (~ 86 Ma), (Jenkyns, 2010) (Figure 2.2).

All the Mesozoic OAEs are characterized by simifaatures, in fact they are
represented by organic carbon-rich sediments, aoe m carbonate content, and are
associated with major perturbations of the C-cyelmorded by13C anomalies both in
carbonate and organic matter (Weissert, 1989; Ardowal., 1990; Weissert & Lini,
1991; Erba, 1994; Erbachet al., 1996; Weissertet al., 1998; Jenkyns, 1999, 2003;
Larson & Erba, 1999; Leckiet al., 2002; Jenkyns, 2003) and in some areas they are

characterized by abundant radiolarian sands.
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Figure 2.2. Stratigraphic  positon and
nomenclature of OAEs. From Jenkyns, 2010.

Studies of Osmium and Strontium isotopes highlilat during the OAEs a relative
paleotemperature maxima occurred, accompanied yceelerated hydrological cycle
and global increase in weathering rates (Jenkyr3)32 Because Osmium is
concentrated in organitch sediments, it is used as geochemical proxyetonstruct
changes in the composition of ancient seawatertegbld#o volcanic activity and/or
continental weathering, as well as, Strontium igets used to understand the geologic
history of chemical weathering, carbonate dissoluaind hydrothermal activity at mid-
ocean ridges.

As regard thé®’Srf°Sr excursions (Braloweet al., 1997; Jones & Jenkyns, 2001;
Frijia & Parente, 2008) and th&'0s/®®0s record (Peucker-Ehrenbrink & Ravizza,
2000; Coheret al., 2004; Cohen & Coe, 2007; Turgeon & Creaser, 20@fadaet al.,
2009), they reflects enhanced continental weatgeaimd/or hydrothermal activity, and

coincide with increased ocean crust production krde igneous provinces (LIPS)
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emplacement (Larson, 1991a, 1991b; Kerr, 1998;dmis Erba, 1999; Jenkyns, 1999;
Leckieet al., 2002; Erba, 2004; Ned al., 2008).

Obviously all these strong changes in the oceamsinere system during the mid-
Cretaceous OAEs have influenced the plankton maassemblages that experienced
accelerated rates of speciation and/or extinctear the major Cretaceous OAEs leading
to a reorganization of plankton community struct{lreckie, 2002; Erba, 2004).

2.1 Oceanic Anoxic Event la

2.1.1 Lithological and geochemical features

The OAEla (Early Aptian, 120-119 Ma) was identifiegl Wezel (1985) at the
transition between the Maiolica and Marne a Fucpéalagic formations in the Umbria-
Marche area (central Italy).

The lithological expression of OAEla was called vi&llo Selli” in honour of
Raimondo Selli and defined as an “icthyolithic-biimous-radiolaritic 1-3 m thick
regional marker-bed consisting of laminated blat¢lales rich in organic matter,
alternated with radiolarian silts and a carbonaiaent close to zero” by Coccioeti al.
(1987, 1989). The cyclic organic-rich and orgamoipsediments of the Selli Level were
interpreted to be largely deposited during a tinterval comprised between 500 kyr and
1 Myr (Menegattet al., 1998).

Coeval lithological expressions of OAEla outside thipe area are referred to as
“Selli Level equivalent”. Selli Level equivalentsave been identified and studied in
many sections: in the northern Italy (Cismon, setuthAlps; Bersezio, 1994; Erlshal.,
1999), southern ltaly (Apulia and Sicily; Cobianehal., 1999; Bellancat al., 2002), in
the Pacific Ocean where it was recovered at se@s8)P (Deep Sea Drilling Project)
sites (Mid Pacific Mountain, Magellan and Shatskgd’, and Manihiki Plateau) (Sliter,
1989; Erba, 1994; Baudin, 1996; Andpal., 2008),at DSDP and ODP (Ocean Drilling
Program) sites in the North and South Atlantic (B&yBiscay, Bermuda Basin, Galicia

Bank, Angola basin, Falkland Plateau), in the Indi@cean (Exmouth Plateau)
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(Braloweret al., 1994; Premoli Silvat al., 1999; Leckieet al., 2002), in the northern
Caucasus (Baraboshkin, 1996), in the North Seakyden 1980) and in the southern
France, where it is called “Niveau Goguel” (Brétgt®88, 1994, 1997).

The geochemical data of the early Aptian OAEla abweteresting information: a
pronounced negative carbon isotope excursion (n);GHat coincides with the lowest
stratigraphic levels of the organic-rich black ghabk followed by a positive carbon
isotope excursion in marine pelagic sediments,halew-water carbonates, in marine
organic matter and in terrestrial higher-plant mate (Arthuret al., 1979; Weisseré&t
al., 1985; Lini, 1994; Follmit al., 1994; Menegattet al., 1998; Grockeet al., 1999;
Hesselboet al., 2000; Jahreret al., 2001; Heimhofeet al., 2003; Van Breugett al.,
2007). The n-CIE suggests a large input of isoaficlight carbon in the ocean-
atmosphere system either through methane liberdtiom gas-hydrate dissociation
(Grockeet al., 1999; Hesselbet al., 2000; Jahremt al., 2001; Beerlinget al., 2002;
Heimhoferet al., 2003; Van Breugedt al., 2007) or volcanogenic G@missions during
the Ontong Java and Manihiki Plateau emplacemémisgn, 1991a; Weissert & Lini,
1991; Braloweret al., 1994; Erba, 1994; Weissatt al., 1998; Menegattet al., 1998;
Larson & Erba, 1999).

The general trend of tH&Srf®Sr isotopes curve is characterized by a declimesety
with that of the negative carbon isotope excursiomlying that hydrothermal or other
mantle derived sources of strontium were becoming increggiimportant in governing
seawater chemistry (Jones & Jenkyns, 2001).

The *’0s/*0s profiles through the Livello Selli in Italy (Ggw a Cerbara section)
indicate a pulse of radiogenic osmium to the océatesrupting a trend to lower values,
linked to the eruption of submarine volcanic praduwith attendant hydrothermal
activity (Tejadeet al., 2009) (Figure 2.3).
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Figure 2.3. The characteristic carbon isotope signature (negafllowed by positived™*C
excursion) and strontium isotope profile througk th6é km shallow water platform carbonate
section at the Resolution Guyot, Mid-Pacific Mouns&a{ODP Site 866). Accompanying osmium
isotope data derive from an Aptian (OAEla, Sellvélg pelagic black shale from central Italy
(Tejadaet al., 2009). From Jenkyns, 2010.

At the onset of OAE1la the oxygen isotopes data @dattiet al., 1998; Luciankt al.
2001; Price, 2003; Andcet al., 2008) and TEXs suggest high, but fluctuating
temperatures (30-36°C) during deposition of theaoigy matter, with at least two
episodes of cooling (Dumitresetial., 2006) (Figure 2.4). This warming event, with the
highest temperatures recorded in the core of tlgatne carbon-isotope interval, was
recorded worldwide in the Tethys (e.g. Menegeittal., 1998; Hochuliet al., 1999;
Lucianiet al., 2001; Bellancat al., 2002; Jenkyns, 2003; Milld al., 2009; Erbaet al .,
2010; Jenkyns, 2010; Kelletal., 2011; Steiret al., 2011; Bottiniet al., 2012; Huet al.,
2012; Husineet al., 2012), Vocontian Basin (e.g. Moullageal., 1998; Kuhntet al.,
2011), Boreal Realm (Mutterlose al., 2010; Bottini & Mutterlose, 2012; Paugy al.,
2013; Mutterlose & Bottini, 2013), eastern Europ&arssian Platform (Zakhara al.,
2013), and Pacific Ocean (e.g. Jenkyns, 1995; P2i@@3; Schoutert al., 2003; Ando
et al., 2008; Bottiniet al.,2012) and documents the effects of volcanic amttdthermal
activity that produced a greenhouse climate modeeased weathering rates and sea
level rise (Haget al., 1988). This sea level rise is probably relatedhi lithospheric

bulge produced by the rising "superplume” in theifRtaOcean, the massive amount of
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new midplate volcanism, and the contemporaneousease in ridge spreading rates
(Larson, 1991b).
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Figure 2.4. Geochemical profiles of stable isotop85'C ands'®0), %CaCO3 and TOC for the uppermost
Barremian-lower upper Aptian pelagic limestones & Mid-Pacific Mountains, DSDP Site 468C
segments are according to Angtal., 2008. From Andet al., 2008.

2.1.2 Calcareous plankton features

As regards the calcareous plankton assemblages1®#fes within theLeupoldina
cabri planktonic foraminifera Zone andhiastozygus litterarius (C6) calcareous
nannofossil Zone (Erba, 2004). Previous studies¢ai et al., 1987, 1992; Bréherét &
Delamette, 1989; Sliter, 1989, 1992b; Bralowetral., 1993, 1994; Weiss, 1995)
attributed the Selli Level and equivalent black lekaof OAEla totally to the
Globigerinelloides blowi Zone because no specimensLofcabri were found below or
within the Selli, although the first appearancedenipoldinids was reported in the middle

lower Barremian at Rio Argos (Coccioni & Premoliva, 1994). An early appearance of
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L. cabri has been reported in the Vocontian Basin by Magd@minet al. (1997),
whereL. cabri was found below the Goguel Level (OAE 1a equivalerihe SE France)
in the D. weiss ammonite Zone of early Aptian age. This discrepancforaminiferal
zonal attribution of OAE1la is due to the raritylofcabri at the beginning of its range
and to its supposed susceptibility to diagenegsisgd& al., 1999).

It is worth mentioning the uncertainty of the styedphic position of the base of the
Leupoldina cabri Zone as it is either placed at its FO level otatcme level. However,
the FO ofL. cabri is well dated, through calibration to magnetosgraiphy, in the
Cismon core (Erba&t al., 1999) and in the Gorgo a Cerbara section (Cocabai.,
2006) at an age of 124.47 Ma and 124.26 Ma, resebet

According to previous studies the planktonic fornaifieral assemblages reveal
interesting changes in morphology, shell size anérsification across the OAEla at
Cismon, where planktonic foraminifera are mainlyegarved as siliceous moulds
(Premoli Silvaet al., 1999), and in few other sections where they dmo¢Bellancaet
al., 2002; Tardunet al., 1989; Cobianchet al., 1999; Cocciongt al., 2006; Lucianiet
al., 2006; Andcet al., 2008).

So far data collected from the upper part of @ebigerinelloides blowi Zone to the
top of theLeupoldina cabri Zone show that planktonic foraminifera are rattimerse
and abundant before the onset of OAEla. Peculiangds in morphologies and sizes
have been documented in this interval (Bellastal., 2002), with diversification of
clavate hedbergellids and leupoldinids with ragliaflongate and elongate bulbous
chambers, respectively. Normally-shaped morphotoge either absent or alternate
with “clavate” forms; in particular leupoldinids sfilay an acme in abundance at the
beginning of the C-isotopic recovery phase (PrerSdlia et al., 1999; Bellancat al.,
2002; Coccionkt al., 2006). At the same time some new species shoanngcrease in
test size and morphological complexity are docueeentithin a long and progressive
radiation episode following OAEla (Lecket al., 2002). Calcareous nannoplankton
assemblages show a decrease in nannoconids abendamown as “nannoconid
decline”, Erba, 1994; Erbet al., 1999; Erbaet al., 2010) below the base of magnetic
polarity zone CMO which culminated with a "nannoicbarisis” just 40-100 kyr before
the deposition of OAEla black shales (Braloweasl., 1993, 1994, 1999; Erba, 1994,
2004; Aguadcet al., 1997, 1999; Channett al., 2000; Bellancat al., 2002; Berseziet

al., 2002; Erba & Tremolada, 2004). The "nannoconidi€t occurred in an interval
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characterized by a major rise in relative sea |ewhich started close to the
Barremian/Aptian boundary (Hajal., 1988).

Prior to the "nannoconid crisis" nannofloral asskmés display a speciation event
(First Occurrence oflabellites oblongus, Rucinolithus irregularis, Nannoconus truittii)
that started in the latest Barremian, in additiafter the "nannoconid crisis” event, a
short interval with a virtual absence of nannoceradd dominated by other nannofossils
was observed.

Nannoconid decline and crisis seem to be synchmondgth early Aptian volcanic
eruptions (DSDP site 463 and ODP site 807) assatwmith the "superplume” episode
(Larson, 1991a, 1991b) and related to the formatfdhe Ontong Java Plateau (Tarduno
et al., 1991; Mahoneyet al., 1993, 1994), which induced high primary produtfiv
(Erba, 1994, 2004) introducing a large amount ofitmiting metals (Sinton & Duncan,
1997; Larson & Erba, 1999; Leckieal., 2002; Erba, 2004).
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Chapter 3
Geological and stratigraphic setting

To perform this study the Lower Aptian stratigraphiterval recovered at two drill-
sites were investigated (Figure 3.1), as follows:
1) Cismon core, located in the Belluno Basin (Nonthisaly);
2) DSDP Site 463, situated in the Mid-pacific Mounga(Pacific Ocean).

- .
gl

,{"“ﬁ

-
-
DSDP Site 463 N /}

(Mid-Pacific Mountains)

—— N e ——
Figure 3.1. Paleogeographic location of the studied secti@ismon core and DSDP Site 463. From Colorado
Plateau Geosystem Inc. (http://www2.nau.edu/rctttidl.jpg).

3.1 The Cismon core

The Cismon core drilling is part of a program cadliEPTICORE (Larsoret al., 1993)
aimed to obtain a documentation of the global oiweanoxic events, isotopic excursions
of carbon and strontium, paleotemperatures in tesmies and fluctuations in terms of
abundance and diversity of the planktonic flora éaha. The Cismon core was studied

for integrated cyclochronology and litho-, bio-, eco- and magneto-stratigraphy
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(Herbert, 1992; Erbat al., 1999; Premoli Silveet al., 1999; Larson & Erba, 1999;
Channelet al., 2000; Erba & Tremolada, 2004; Van Breugedl., 2007; Liet al., 2008;
Malinvernoet al., 2010).

The drill site is located in the Venetian Preal@sithern Alps, NE Italy), west of the
town of Feltre (Belluno Basin), along the Passolé&kabad, at km 52.6 (46°02'43.46"N;
11°45'46.85"E; 398 m altitude). The Venetian Prealpe part of the Southern Alps,
which represent a portion of the southern margithefMesozoic Tethys on the eastward-
deepening slope between the Trento Plateau arBetheno Basin (Figure 3.2).

46° 02" SE:

CISMON (vl i %

DRILL SITE

11°45' 40" 11245 50° 117 46' 00"

Figure 3.2. Location of the Cismon drill site in the Southerip# (northern Italy, Belluno basin). From
Premoli Silvaet al., 1999.

The Cismon core was drilled to a total depth of.&3thbwh (meters below well head),
with dips to the north of 17-22 degrees from 0 @onbwh and more variable dips below
60 mbwh. The significant dip throughout the core enadcessary to convert the hole
depths into stratigraphic thicknesses.

The cored interval extends from the upper Aptiathtolower upper Hauterivian and it
is attributed to the Biancone Formation (Hautenvizarremian) and Scaglia Variegata

Formation (Aptian), respectively the local equivalef the Tethyan Maiolica Formation
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and Scisti a Fucoidi Formation of the Umbria-Mar@eesin (Erba & Larson, 1998). The
Biancone Formation consists of dominant limestonghk intercalated black shales and
radiolarian-rich layers while the Scaglia Variegdtarmation is characterized by

marlstones, marly limestones, black shales analathn beds.

The cored sequence was subdivided into 8 lithtigtegohic units based on carbonate
content, dominant colours, occurrence of black eshathert and radiolarian-rich levels
(Erbaet al., 1999) and the sequence was deposited at an estirpaleo-depth of 1000-
1500 m during the Early Cretaceous (Weissert & ,Lt891; Erba & Larson 1998;

Bernoulli & Jenkyns, 2009) (Figure 3.3).
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Figure 3.3. Magnetostratigraphy, calcareous nannofossil, ptarikt foraminiferal, dinoflagellate and

radiolarian events of the Cismon core. From Eattal., 1999.
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The Selli Level is comprised within the Scaglia Mgata Formation between 23.68
and 18.77 stratigraphic meter depths and it is 4Bthick. Lithologically it can be
subdivided into three discrete intervals based mesgnce/absence of black shales: a
lower interval, 1.32 m-thick (23.68-22.36 m), clweaized by marlstone alternated with
1 cm-thick black shales and few discrete radiofabads; a middle interval, 1.95 m-thick
(22.36-20.41 m), richer in carbonates and nearlyode of black shale with rare
radiolarian beds; and an upper interval (20.41-181Y), characterized by alternating
marlstone, common radiolarian beds and black sl{&dsaet al., 1999; Premoli Silvat
al., 1999).

At Cismon core the Selli Level equivalent occurgha upper part of the nannofossil
Chiastozygus litterarius Zone, and in the upper part of the radiolarranthocircus
carinatus Zone as well as in the upper part of thecarinatus perforatus Subzone (Erba
et al.,, 1999). In terms of planktonic foraminiferal hi@digraphy, the Selli Level
equivalent is entirely comprised in the foramirgleLeopoldina cabri Zone and it is
marked by &*°C anomaly, consisting of a pronounced negative &hiibwed by a long
positive excursion (Figure 3.4).

At Cismon core, across the magnetic chron MO,&H€ profile (From Erbeet al.,
1999, Fig 3.4; see also Chapter 7, Fig. 7.5 a) shawentle decrease followed by an
increase of values close to 3%, (segments Cl1 and Sdapsequently, a negative
pronounced excursion (C3) at the base of the Bellel equivalent (values range from ~
3%o to ~ 1.8%0) was documented. The middle part efSelli Level eq., displays constant
values close to 3 %o (C5), followed by a positivewsion that starts from the top of it
(from 2.7 %o to 3.7%0, C6) and continues above iflunaximum values of approximately
5%o in the uppermost of tHeeupoldina cabri Zone (C7) (Erbat al., 1999).
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Figure 3.4. Magneto- and chemostratigraphy of the Cismon ca@mFErbaet al., 1999.

3.2 DSDP Leg 62 Site 463

DSDP Site 463 was drilled at a water depth of 252%ers in the western Mid-Pacific
Mountains (21°21.01'N, 174°40.07’E), which consi$tseveral segments thought to be
part of an ancient fracture-zone-ridge-crest systeat separated the North and South
Pacific Plates (Figure 3.5). During the Early Ccetaus site 463 was situated roughly at
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20°S and 150°W paleo-latitude (Lancelot, 1978),hwa paleo-depth between few
hundred meters (Mélieresal., 1978) and 1 km (Roth, 1981).

g

Figure 3.5 Location of the DSDP site 463 in the Mid-Pacific
Mountains. From Thiedet al., 1981.

The hole was continuously cored to a total subdmottlepth of 822.5 meters, where it
was abandoned because of bit destruction. The setlny sequence at Site 463
comprises Cenozoic ooze and Cretaceous (post-8argemian) chalk and limestone
(Thiedeet al., 1981). The section is subdivided into four lithgik units, based mainly on
composition, sedimentary structures and diagefedittires (Figure 3.6):

e Sub-unit 1A: Nannofossil Ooze (0-46.8 m); SubtunB: Foraminifer
Nannofossil Chalk and Nannofossil Foraminifer Ch@li&.8-452 m);

* Unit IIl: Multicolored Limestone and Silicified Linstone (452-587.7 m);

* Unit lll: Tuffaceous and Carbonaceous Limeston€/ (3&632.5 m);

* Unit IV: Interbedded Pelagic and Clastic Lime&¢632.5-822.5 m).
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As regard the Unit lll, the limestone is highlyigiied, and thin volcanic ash layers

are present from 623.7 mbsf (meters below sea )flt@r606.7 mbsf, representing

approximately 1 My (Dean & Thiede, 1978), possibhked to Ontong Java Plateau

volcanism. The altered-ash beds appear to be cporameous with the generation of

basaltic basement farther east in the Mid-Pacifauhains.
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Figure 3.6. Litho- and biostratigraphy at DSDP Site 463

The paleodepth of deposition (Figure 3.7) for didesdiments at Site 463 is difficult

to reconstruct because the sediments consist afiselimestones that are interbedded

with layers rich in clastic, shallow-water calcareacomponents. Stromatolites, oolites,

and mollusk fragments apparently were displaceth fam adjacent neritic environment.
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Dredge hauls from flanks of guyots in other paftshe Mid-Pacific Mountains contain
shallow water fossils supporting the conclusiort thany of the submarine volcanoes and
guyots were islands surrounded by reefs or carkeomanks during much of the

Cretaceous.
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Figure 3.7. Bathymetric map of the western Mid-Pacific
Mountains, and cross-section through Site 463. Hremy &
Schaaf, 1981.

Lithologically the Selli level equivalent at DSDReS463 is not represented by black
shales (as at the Cismon core), and correspond$2an (between ca. 626-615 mbsf) of
tuffaceous limestone containing a number of digcoeganic-rich horizons with TOC up
to 7 (wt%) (Thiedeet al., 1981; Erba, 1994). Other authors as Amtial., (2008)
positioned the Selli Level equivalent between 624645.53 mbsf, considering the
increased hydrogen index of >150 mg HC/{g, @he value typical of Type Il Kerogen).

At DSDP site 463 the Selli Level occurs in the uppart of the nannofossil
Chiastozygus litterarius Zone and the foraminiferéleopoldina cabri Zone.
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As regards the geochemical data, the Selli Leveivadent at DSDP Site 463 is
marked by &'*C and5'®0 anomalies occurring immediately before OAE1la (@\aial.,
2008) (Figure 3.8). Th&"*C values were nearly constant between 2.2%. and 3r0fae
latest Barremian-earliest Aptian, then decreaseudtically by ~7%.to a minimum
value of - 4.2%o After that, they increased again dramatically9®%. (from - 4.2%o. to
4.8%0) across OAE 1a until to reach values simiahe pre-excursion level of ~3%o.

The 80 values were typically ranging from -2 to -38sring the earliest Aptian and
then shifted toward more negative values as low 4%%o. just prior to OAE la. After
that, they returned to ~ -3%buring the CIE of the early Aptian, followed bygeadual
increase to up to - 1.2%o in the early late AptiAndo et al., 2008).
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Figure 3.8. Geochemical profiles of stable isotopeg*C and §'¢0), %CaCO3 and TOC for the uppermost
Barremian-lower upper Aptian pelagic limestonesatMid- Pacific Mountains, DSDP Site 463. From Artlal,
2008.
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Chapter 4
Material and methods

Samples were processed using different methodaodiee to the lithology and
hardness of sediments. Planktonic foraminiferal aaliolarian analyses were conducted
on washed residues and thin sections, following stendard micropaleontological
procedure.

Samples studied from the Cismon core are 217,llmsvir 112 washed residues with a
sampling resolution from 5 to 50 cm, 105 thin swwiwith a sampling resolution from 5
to 20 cm within the Selli Level equivalent, andrfr@dO cm to about 1 m below and above
it (see Table 1).

177 samples were studied at DSDP Site 463, inqoéati 76 in washed residues and
101 in thin sections. Considering that Site 468haracterized by several intervals of no
recovery, the sampling resolution is variable froone to core (see Table 2), as follows:
17 samples of core 73, 19 samples for core 72a@tpkes for the core 71, 48 samples for
the core 70, 11 samples for the core 69, 3 sanfiptdbe core 68, and 6 samples for the
core 67. Most of the samples were studied bothimdection and washed residue.

For the washed residues, being the sample rocks srerll in size, samples were
selected according to their content in planktooi@minifera and after observation of the
thin sections. Subsequently, | studied all the oga@nples and | continued to investigate
the stratigraphic interval using a variable sangpliasolution. Almost all samples were
barren in planktonic foraminifera, except for fevangples above the Selli Level
equivalent characterized by soft carbonate lithel®g@nd a high content of planktonic
foraminifera and for few samples below the Sellvéleequivalent with a low carbonate
content and very rare planktonic foraminifera. Téwdire interval including the Selli
Level equivalent is barren of planktonic foramingdgexcept two samples (74c and 13a).

On the washed residues it was not possible to aghy@lysame methods used in the
Cismon core for producing quantitative analysisaose of the rarity of planktonic

foraminifera associated with the lower carbonatgeat and the hard lithologies.
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4.1 Planktonic foraminiferal preparation

Planktonic foraminiferal preparation was conductad washed residues and thin
sections in both studied sites:

* Washed residues were prepared using standard ptiepamethod (Figure 4.1):

a) Cismon core samples: hard siliceous samples precessed with hydrochloric acid
to extract isolated radiolaria, while softer litbhgies were soaked in hydrogen peroxide
and desogene for few hours to extract isolatedkpdauc foraminifera. All samples were
then washed, dried and sieved through a set oésigMum, 150um and 25Qum).

Previous studies on the Cismon core (Premoli Séval., 1999; Erbaet al., 1999)
revealed that washed residues initially processedafdiolaria were characterized by the
presence of common siliceous moulds of planktordarhinifera with a peculiar
preservation, and for that reason, they have beeinesl.

b) DSDP Site 463 samples: soft lithologies havenlsmaked in hydrogen peroxide for
several hours (about 5 to 24 hours), while lithifrecks have been processed using acetic
acid (CHCOOH) according to the procedure developed by L(R26800). The acid causes
a very low reaction that allows disaggregatingrtheks without destroying and corroding
the fossil content.

Rock samples were broken into small fragments &wkd to obtain three fractions (>
250 um , > 125um and >40um). Each size-fraction was placed in separate lvsake
covered by a solution of 80% acetic acid and 2080 Fbr a time interval from 1 hour to
10 hours depending on the hardness of the rocklsampring the preparation process,
samples were monitored until the maximum degredisdggregation was reached and
then removed from the solution. After this phabe, three fractions were washed under

water, dried and used for the micropaleontologicellyses.
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Figure 4.1. Pictures from 1 to 6 represent all steps necedearitain a washed residue.

Washed residues were examined under a stereonop®so select the significative
and crucial species for biostratigraphic, taxongmieorphometric and abundance
analysis.

The most significant and best preserved specimesre wbserved and identified
under the Scanning Electron Microscope (SEM) ab&lat the Department of Earth

Sciences “A. Desio” of the University of Milan.

» Thin sections for both sites were prepared staftimgm small rock fragments, then
each of them was cut, polished (mechanically aed thanually) and mounted on a glass
slide. After this phase, it was made another ogitiollowed by a manually thinning up to
ca. 30um. To optimize the view of planktonic foraminiferthe thin sections were
manually polished to a thickness of ~gfh. The thin sections were studied under a

microscope to perform quantitative analysis.

4.2 Taxonomic and biostratigraphic analyses

The results of the taxonomic analyses are presentgdhapter 6 and the SEM
images of the most significant specimens are refdart Plates 5 to 23. All the species
and genera identified during this study are regbitethe taxonomic list in Chapter 5
“Taxonomy”.

The results of the biostratigraphic analyses amddistribution charts (“Appendix”,

Table 3 and 4) are discussed and shown in Chapiérebpresence/absence of planktonic
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foraminiferal species and their relative abundar(tetal number of planktonic
foraminifera in each sample) is plotted against zbeal schemes. The abundance of

planktonic foraminifera is expressed in terms efjfrency classes as follows:

0 specimen =barren (b),

1 specimen = very rare (vr);

2-3 specimens = rare (r);

4-5 specimens = rare to few (r/f);

6-8 specimens = few (f);

9-12 specimens = few to common (f/c);

13-16 specimens = common (C);

17-20 specimens = common to abundant (c/a);
21-25 specimens = abundant (a);

> 25 specimens = very abundant (va).

In all the studied sites the stratigraphic disttidm of planktonic foraminifera has been
calibrated to the nannofossil zonation and the retgtratigraphic scale according to
Erbaet al., 1999.

4.3 Planktonic  foraminiferal = morphometric

analyses

The identification of the species has been followgdnorphometric analyses carried
out on SEM images. The maximum diameter of eaathtrepiral and planispiral species
was measured starting from the last chamber ofldke whorl (passing through the
proloculus) and arriving to the opposite side (Fégd.2). It was not possible to measure
the pseudo-planispiral forms because of their higbrphologic variability at species
level. For instance, the pseudo-planispiral specaeshave elongated chambers with one
ampulla, with two ampullae or the ampulla can beeab because broken. Actually, |

have not found a unique method for measuring theirmam diameter in this group of
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specimens that avoids mistakes in the measurenaadt®nables to obtain comparable
data. The globigeriniform taxa recognized in bottess (generaGorbachikella and

Gubkinella) have not been measured.

Figure 4.2. Measurement of the maximum diameter of throcospgland planispiral forms (b) but not
pseudo-planispiral forms.

As regard the Cismon core the specimens assignexhdb species have not been
measured in each sample examined because of thentimious occurrences of the
species. However, it has been possible to evalcadmges in test size within single
species and changes in test size among speciesn wjdnera across the studied
stratigraphic interval. The data are discussetieri'Results” Chapter 6.

At DSDP Site 463 it was not possible to obtain aticmous record of planktonic
foraminiferal shell size throughout the stratigr@pbection being most of the samples

barren of planktonic foraminifera.

4.4 Planktonic foraminiferal and radiolarian

guantitative analyses

Quantitative analyses have been carried out bytoauthe total number of planktonic

foraminifera and radiolaria in thin sections ance ttotal number of planktonic
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foraminifera in the washed residues with the aintampare the results obtained using
the two different methods.

Planktonic foraminifera and radiolaria were countedach thin section in 40 fields of
view randomly chosen (Figure 4.3) using a 125X nifegtion (1 field of view
corresponds to an area of 2,0096 Tnthus the total area counted is 80,384 riigure
4.4). For both studied sites | obtained two cunm® representing the total planktonic
foraminiferal abundance and the other one the tathblarian abundance (see “Results”).

Being the amount of the washed residues very Marilom sample to sample, |
decided to analyse the same amount of residuééathree fractions of each sample from
both sites. In this way | counted the total numbeplanktonic foraminifera observing
always the same amount of residue. As regard DSBR I&ing most sample barren or
containing very rare planktonic foraminifera, threant of residue observed was higher
than that used for the Cismon samples and highigbi@ from sample to sample.

Area’=2,0096 mm?

o
-

(10x)
Figure 4.3. Schematic thin section with the 40 ~ Figure 4.4. Schematic drawing of a field of view at
fields of view randomly chosen. 125X magnification.

4.5 Microfacies analyses

Using the Dunham classification (1962) (Figure 4l5)recognized under the
microscope all the different kinds of microfaciestihe Cismon core and DSDP Site 463.
The data obtained are shown in the “Results” Chiapte



Chapter 4: Materials and methods 33

Depositional texture recognizable Depositional

= S texture not
Components not bound together during dep Comp ts | recognizable

were bound

Contains carbonate mud Lacks mud together
(clay / fine silt) and is during
grain deposition
Mud supported Grain supported
supported

Less than More than
10% grains | 10% grains

Mudstone Wackestone | Packstone | Grainstone | Boundstone | Crystalline

Smm. m 2.mm_ .‘ISmm I[;Z’" 5 mm

&
> -
@ @i TEINN RS e
@ ap(: . ) -

e 4 o G 2
L) Vo i p gl
@ ) #L | I St
Floatstone Rudstone Framestone
(large grains) (large grains) -.’.:.::-vg#}é;;':ff o] _dm

30 mm | 30 mm [(ie o [ AT e
d: Z - —~— Bindstone
Q. - ‘*::’ ; *::' 100 mm
\ @ Bafflestone
* L
\ I:;.fg.' n:.fz: W 100 mm
Figure 4.5. Dunham’s carbonate rock texture classification (ifred by Embry &
Klovan, 1971).

4.6 Descriptive Statistics

To quantify the data obtained, two statistical metgwere used:

- Box Plots: They display and compare the distribution of aapeeter/variable
across several groups. A boxplot (Fig. 4.6) depingscentral tendency of the variable in
terms of the median of the values (the smallestibd{ack) that is the central half of the
data roughly between the 25% and 75% points.

The variability of the values is represented irs thiot by the quartiles (the $5and
75" percentiles) and by the minimum and maximum valoésthe variable (the
"whiskers" in the plot). Extreme values are plotigth a circle and called "Outliers" that
are values "faraway" from the middle of the disitibn.

The confidence interval considered around the nmeidi@5% .
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& +«— Qutlier =Vvalue that is "far" from the middle of the

distribution

<«—  Upper Whisker

q75 =upper quartile, 25% of the data lie above this @alu

050 =median, 50% of the data

Y ——

025 =upper quartile, 25% of the data lie below this ealu

J_ < _Lower Whisker

Figure 4.6. Schematic representation of Box plot elements.

In this work boxplots have been used to display qumahtify the range of variation of
planktonic foraminiferal test sizes within singlgesies and among species within genera
across the studied interval.

- Pearson Coefficient (R): in statistics the R Coefficient is a measure oflthear
correlation (dependence) between two variaklesdY, giving a value between +1 and
-1 inclusive, where 1 is total positive correlatibatween X and Y, O indicates no

correlation, and -1 is total negative correlatibig(4.7).
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R=-1 -I<R <0

0<R<+1 R=+1 R=0

Figure4.7. Examples of scatter diagrams with different valoksorrelation coefficient (R).

In particular, is it possible to quantify the stgémof correlation as follows:
IF 0 <R <0,3 and -0,3 < R < 0, the cortielatis weak positive and negative,
respectively;
IF 0,3 <R <0,7 and -0,7 < R < -0,3, tlwerelation is moderate positive and
negative, respectively;
IF R>0,7 and R > - 0,7, the correlatiosti®ng positive and negative, respectively.
IF R =0, no correlation which means thatttke variables are independent.
In this work Pearson’s R has been used with the t@inguantify and analyze the

relationships between the test size variationssaradigraphic depth (time interval).
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Chapter 5
Taxonomy

5.1 Introduction

The classification of planktonic foraminifera haseh always based entirely on the
features of their external shells allowing the iifezation of Order, Superfamily, Family,
Subfamily, Genus and Species. According to Loebdicfiappan (1987), in the studied
assemblages | recognized species belonging touperfamilies Rotaliporacea (Sigal,
1958) and Planomalinacea (Badtial., 1957).

Taxonomic concepts for genera and species idedtiidic in this research project
follow Sigal (1977), Caron (1985), Banner & DeskE9§8), Verga & Premoli Silva (2002,
2003 and 2005), Moulladst al. (2002, 2008), Huber & Leckie (2011), Ellis and Nies
Foraminifera Catalogue (Micropaleontolgy Press, wavieropress.org) and CHRONOS
online Mesozoic Planktonic Foraminiferal Taxonomic Dictionary
(http://portal.chronos.org).

The taxonomic analysis highlights that all taxaobel to the Order Globigerinina and
they have been assigned to three different genethebasis of their coiling mode and
shape of the chambers, as follows:

1) trochospiral taxa with globular chambers: geidegbergella;

2) trochospiral taxa with elongate chambers: genlligoutianella;

2) planispiral taxa with globular and elongate charabgenusslobigerinelloides;

3) pseudo-planispiral taxa with very elongated dbars: genuseupoldina.

All speciemens are characterized by a bad preservat the original shell because of
strong dissolution due to diagenesis that occutligthg the OAE 1a. In particular, most
of the Cismon core specimens show a peculiar prasen being characterized by

siliceous moulds.
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5.2 Description of species

Genera and species within genus are discussece itexh following the alphabetical
order.

Comments are included for each examined species wieeessary to clarify the
taxonomic concept followed in this study and toensignificant morphological features.
Additional references are included when neededufpart the species concepts here
adopted.

All holotypes of species here treated are showrlates 1, 2, 3 and 4.

Order GLOBIGERININA Delage & Hérouard, 1896
Superfamily PLANOMALINACEA Bolli, Loeblich & Tappanl957
Family GLOBIGERINELLOIDIDAE Longoria, 1974
Subfamily GLOBIGERINELLOIDINAE Longoria, 1974

GenusGlobigerineloides Cushman & Ten Dam, 1948
Type speciesGlobigerinelloides algeriana Cushman & Ten Dam, 1948, p.
43, pl. 8, figs. 4-6.

Globigerinelloides aptiensis (Longoria, 1974)
(Pl. 1, 1a-b; PI. 5, figs. 1a-b, 2a-b, 3a-b, 4&db, 6a-b; PI. 19, fig. 1a-b)

Planomalina escheri (Kaufmann), Bolli, 1959, p. 260, pl. 20, figs. 7-8.
Globigerinelloides aptiense Longoria, 1974, p. 79, pl. 4, figs. 9-10 (holotypel.
8, figs. 4-6, 17, 18.

Blowiella solida Krechmar & Gorbachik, 1986, p. 123, pl. 27, fig. 3
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Globigerinelloides aptiense (Longoria), Coccioni & Premoli Silva, 1994, p. 679

fig. 13.16-21.

Blowiella solida (Krechmar & Gorbachik), BouDagher-Fadglal. 1997, p. 181,
pl. 10.2, fig. 4.

Alanlordella aptiensis (Longoria), BouDagher-Fadet al. 1997, p. 212, pl. 12.2,
figs. 1-3.

Blowiella sp. 1, Moulladest al. 1998 p. 206, pl. 5, figs. 9-10.
Globigerinelloides (?) aptiensis (Longoria), Moulladest al. 2002, p. 131, fig. 4A-
E.

Description Test small in size, planispiral, evolute, equaloperiphery lobate,
periphery outline subcircular to slightly lobate556.5 chambers in the last whorl,
increasing gradually and slowly in size. Chambeitsesical to subspherical and inflated,
sutures straight to slightly curved, radial andrdeped; umbilical area rather wide and
shallow; aperture a low to medium arch.

Dimensions holotype, maximum diameter 290m. Cismon, maximum diameter
86.75-211.9Qum. Site 463, maximum diameter 136 8.

Distinguishing features Globigerinelloides aptiensis differs from G. paragottis

(Verga & Premoli Silva, 2003a) for itwore numerous chambers (5.5-6.5 instead of 5-
5.5) in thelast whorl and a slower growth rate. Moreover, aptiensis can be easily
distinguished from its descendaBtobigerinelloides ferreolensis for its less numerous
chambers (5.5-6.5 instead of 7-9), a slower grovatie and a hexagonal (instead of
ovoid) test, and a more lobate equatorial periphery

Remarks Globigerinelloides aptiensis displays some morphological variability mainly
regarding a) the number of chambers of the outarmfhanging from 5.5 to 6.5) and in
b) the periphery outline, which can be more or Iglgghtly lobate. The original wall
texture is not preserved.

The Upper Aptian specimen from Trinidad describgdBblli (1959) asPlanomalina
escheri Kaufmann (illustrated in Bolli, 1959, pl. 20, figs-8), is included here within the
morphological variability ofG. aptiensis as Bolli's description corresponds perfectly to
Longoria’s diagnosis.

The poorly illustrated holotype (umbilical viewté&t) of Blowiella solida (Krechmar

& Gorbachik, 1986, pl. 27, fig. 3) is a six-chamdxrspecimen characterized by a slow
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and gradual growth with a slightly lobate equatoperiphery. According to Verga &
Premoli Silva (2003b) this morphotype has the samwphological features a6.
aptiensis and, consequently, it is treated as its junior syno.

The specimen illustrated @&owiella solida by BouDagher-Fadedt al. (1997, pl.
10.2, figs. 5-6), clearly differs from the holotypé Krechmar & Gorbachik (1986) by
possessing five chambers in the outer whorl and ughnfaster growth rate. This
morphotype is assigned & paragottisi (Verga & Premoli Silva, 2003a).

Stratigraphic distributionlower part of the Late Barremian-Aptian, from tlosver

part of theGlobigerinelloides blowi Zone to theMi. miniglobularis Zone.

Globigerinelloides blowi (Bolli, 1959)
(Pl. 1, 2a-b; PI. 5, fig. 7a-b, 8a-b, 9a-b, 104-a-b; PI. 19, fig. 2a-b)

Globigerinelloides blowi Bolli, 1959, figs 9.7-13, 10.1-12.
Planomalina blowi Bolli, 1959, p. 260, pl. 20, fig. 2a, b (holotypept fig. 3.

Globigerinella gottisi Chevalier 1961 p. 32, pl. 1, figs. 9-13.

Globigerinelloides blowi (Bolli), Moullade, 1966 p. 129, pl. 8, fig. 25, not figs.
24, 26.

Not Globigerinelloides blowi (Bolli), Hermes, 1966 p. 161, text-figs. 1, 2.
?Globigerinelloides blowi (Bolli), Kuhry, 1971p. 228,pl. 1, figs. 3a, b.
Globigerinelloides blowi (Boll), Longoria, 1974 p. 82, p#, figs. 4, 11-13, not fig.
7.

Globigerinelloides blowi (Bolli), Caron, 1985, p. 47, fig. 29.10-11.

Not Blowiella blowi (Bolli), Banner & Desai, 1988, p. 170, pl. 4, figs7.
Globigerinelloides blowi (Bolli), Coccioni & Premoli Silva, 1994 p. 680, fig4.1-
6.

Blowiella blowi (Bolli), BouDagher-Fadeét al. 1997, p. 179, pl. 10.1, figs. 1-4;
fig. 10.1.
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Blowiella maridalensis (Bolli), BouDagher-Fadeét al. 1997, p. 180, pl. 10.1, fig.
14.
Not Blowiella blowi (Bolli), Moulladeet al. 1998, p. 205, pl. 3, figs. 5, 6.

Description Test small to medium in size, planispiral, evelub seminvolute,
equatorial periphery slightly lobate, 5 chambersthe last whorl (rarely 4.5 or 6
chambers also reported) increasing gradually analglin size. Chambers from spherical
to subglobular with the last chamber inflated ahdmabers slightly reniform in lateral
view. Sutures straight, radial and depressed, ucabérea rather wide and deep, aperture
a low to medium arch.

Dimensions holotype, maximum diameter 310m. Cismon, maximum diameter
95.35-373.23um. Site 463, maximum diameter 87 (3®.

Distinguishing features Globigerinelloides blowi differs from Globigerinelloides

paragottisi by having a markedly slower growth rasulting in a circular and less lobate
equatorialoutline (instead of ovoid), and a more inflated Ewmber.

Remarks Globigerinelloides blowi displays a relatively wide morphological
variability mainly regarding a) the number of chargof the last whorl ranging from 4.5
to 6 (usually 5-5.5), b) the shape of the chamlrers spherical to slightly reniform in
lateral view, c) the more or less slightly lobatpiatorial periphery, and d) the more or
less depressed and wide umbilical area. The otigiak texture is not preserved.

The specimens shown in Pl. 5, figs. 11a-b and ®lfigs. 2a-b have been identified as
Globigerinelloides cf. (= confer) blowi because morphologically similar to
Globigerinelloides blowi but having the last chamber less inflated in |dt&rw.

The specimens illustrated by Bolli (1959, pl. 4@, B) and by Banner & Desai (1938
pl. 4, figs. 5-7, do not correspond to the holotgp&. blowi, possessing four chambers
in the outer whorl and a cross-shaped outline. Ating to Verga & Premoli Silva
(2003a) these specimens should be included in tloephological variability of
Globigerinelloides duboisi.

Moullade (1966)llustrated asGlobigerinelloides blowi three specimens (only in spiral
view), among them only one (pl. 8, fig. 25) cormsgs to the holotype of the nominate
taxon, whereas the other two possess four chanible, fig. 24) and five chambers (pl.

8, fig. 26) in the last whorl. According to Verga Bremoli Silva (2003a), these
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specimens are close @& duboisi (because of its cross-shaped outline) and postliby
paragottisi (because of its faster growth rate), respectively.

The seven-chambered form illustrated by Longori®74 pl. 4, fig. 7) as
Globigerinelloides blowi does not correspond to the original diagnosifisftaxon (‘with
5 or 6 chambers’) reported by the Author. According/erga & Premoli Silva (2003b),
the large number of chambers, the depth of the licabarea and the reniform chambers
in lateral view are likely similar to a juvenile mphotype ofGlobigerinelloides barri
(Bolli et al., 1957). According to Banner & Desai (198&lobigerinelloides blowi
identified by Kuhry (1971) does not belong to tbgecies because of the very lobate
periphery and higher number of chambers. The pgards by Kuhry (1971) preclude a
positive attribution tdG. blowi or an agreement with Banner & Desai’s opinion. Fyna
the specimen illustrated by Moullade al. (1998, pl. 3, fig. 5) aBlowiella blowi is
assigned tdaslobigerinelloides duboisi because it has four outer chambers resulting in a
cross-shaped test, and the specimen figured in Ittt al. (1998, pl. 3, fig. 6) falls
within the morphological variability ofGlobigerinelloides paragottiss because of its
rapidly enlarging five outer chambers.

Stratigraphic distribution middle Barremian-Aptian, from thé&slobigerinelloides

blowi Zone to theMi. miniglobularis Zone.

Globigerinelloides blowi lobatus (Verga & Premoli Silva, 2005)
(PI. 1, 3a-b)
Globigerinelloides blowi lobatus Verga & Premoli Silva, 2005, p. 253-255, pl.2,
figs. 1 (holotype), 2-14.

Description Test medium in size, planispiral, evolute to gwmmolute, laterally
inflated, equatorial periphery subcircular to lahab to 6 chambers in the outer whorl,
increasing in size rather slowly and gradually. @hars globular to subglobular,
progressively becoming radially elongate; sututesight to slightly curved, radial and
depressed, umbilicus broad and rather depressedusp straddling the periphery as a

low arch.
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Distinguishing  features: Globigerinelloides blowi lobatus differs  from

Globigerinelloides clavatus in having a) a decidedly lower growth rate, bsletongate
chambers resulting in c¢) a circular (instead ofidydobate (instead of substellate) test;
this subspecies can be easily distinguished falwbigerinelloides elongatus for the
same reasons and, in addition, in not having poskgelongate chambers.

Dimensions holotype, maximum diameter 233.A61. Cismon, maximum diameter
196.08-336.0Qum.

Remarks This subspecies shows a little morphological ataifity mainly concerning
(a) the number of chambers in the last whorl anthé) elongation obviously resulting in
(c) a more or less lobate test. The original wealture is not preserved.

According to Verga & Premoli Silva (2005¥lobigerinelloides blowi elongatus
derives fromGlobigerinelloides blowi (Bolli 1959) from which differs only in developing
slightly elongate chambers.

Stratigraphic distribution Early Aptian-lower part of the Late Aptian, frothe

Leupoldina cabri Zone to the middle part of tiaobigerinelloides algerianus Zone.

Globigerinelloides clavatus (Verga & Premoli Silva, 2005)
(Pl. 1, 4a-b; PI. 8, figs. 2a-b, 3a-b)

Blowiella saunders (Bolli), Gorbachik, 1986, pl. 27, fig. 4.

Claviblowiella saundersi (Bolli) BouDagher-Fadett al., 1997, p. 181, pl. 10.2,
figs 10-11, pl. 10.3, fig. 6.

Globigerinelloides paragottisi clavatus Verga & Premoli Silva, 2005, p. 256-257,
Figs. 4.4 (holotype)-13, Fig.5.1-6.

Description Test small to medium in size, planispiral, evelub seminvolute,
equatorial periphery ovoid and strongly lobate; Harmabers (also 5.5 reported in the
literature) in the outer whorl increasing rapidlgdagradually in size as added. First
chamber spherical to subspherical, the last twohmre radially elongate and forward

directed on both spiral and umbilical sides, ldtgnaflated; sutures straight to slightly
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curved, radial and depressed, umbilical area ratmall and shallow; aperture straddling
the periphery as a low to medium arch.

Dimensions holotype, maximum diameter 343.86n. Cismon, maximum diameter
115.33-377.0§um.

Distinquishing featuresThis species differs fronGlobigerinelloides elongatus in

having (1) laterally inflated chambers and, (2) batkward elongate chambers and from
Globigerinelloides blowi lobatus by having a (1) faster growth rate resulting in(2h
ovoid, strongly lobate peripheral outline (instedictircular and moderately lobate).
Remarks Globigerinelloides clavatus shows a small morphological variability mainly
regarding (a) the number of chambers of the outesriwanging from 5 to 5.5, (b) the
involution of the test (varying from evolute togiitly seminvolute), (c) the number of
clavate chambers and (d) their elongation, andesprently (e) the shape of the periphery
which can be more or less strongly lobate. Theimmai wall texture is not preserved.
According to Verga & Premoli Silva (200&)lobigerinelloides clavatus evolves from
Globigerinelloides paragottisi from which differs only in developing elongate ofizers.
Stratigraphic distribution:Early Aptian-lower part of the Late Aptian, fronmet

Leupoldina cabri Zone to theGlobigerinelloides algerianus Zone.

Globigerinelloides duboisi (Chevalier, 1961)
(Pl. 1, 5a-b; PI. 5, figs. 12a-b, 13a-b, 14a-b-b5RI. 6, 1a-b, 2a-b, 3a-b, 4a-b, 5a-
b, 6a-b, 7a-b, 8a-b; PI. 19, 3a-b, 4a-b)

Globigerinella duboisi Chevalier, 1961, p. 33, pl. 1, figs. 14 (holotypaE)-17, not
fig. 18.

Globigerinelloides blowi (Bolli), Moullade, 1966, p. 129, pl. 8, fig. 24.
Globigerinelloides duboisi (Chevalier), Longoria, 1974, pp. 83-84, pl. 1§sfi12,
13; pl. 4, not figs. 15, 16.

Globigerinelloides gottisi (Chevalier), Longoria, 1974, p. 85, pl. 7, figs87
Blowiella duboisi (Chevalier), Banner & Desai, 1988, p. 172, pfids. 10-12.
Blowiella duboisi (Chevalier), BouDagher-Fadetial., 1997, p. 179, pl. 10.1, figs.
5-8.



Chapter 5: Taxonomy 45

Blowiella maridalensis (Bolli), BouDagher-Fadeé&t al., 1997, p. 180, pl. 10.1,
figs. 15-16.
Blowiella blowi (Bolli), Moulladeet al., 1998, p. 205, pl. 3, fig. 5.

Description: Test small to medium in size, planispiral, evolute seminvolute,
equatorial periphery cross-shaped, lobate to skyolodpate, 4-4.5 chambers in the last
whorl increasing in size gradually but rather r&picesulting in a very globular last
chamber. Chambers globular to subglobular on botlalsand umbilical sides, inflated in
lateral view; sutures straight, radial and deprssenbilicus medium to wide and
shallow; aperture as a low arch bordered by alihin

Dimensions holotype, maximum diameter 342m. Cismon, maximum diameter
91.10-358.1um. Site 463, maximum diameter 71.81-113uid

Distinguishing featuresGlobigerinelloides dubois differs from G. maridalensis in

having a symmetrical spiral view (instead of asyririoal), inflated and globular to
subglobular chambers (instead of laterally comm@sand subglobular to elongate
chambers tangentially in the direction of the cg)i It differs from the other 4/4.5-
chambered specimens belongingxosigali, G. e ongatus andG. clavatus by not having
the last two or three chambers radially elongated.

RemarksThis taxon reveals a little morphological varigiimainly concerning a) the
number of chambers in the outer whorl (from 4 t8)4b) their shape from globular to
subglobular, and consequently c) the shape ofdsievthich can be slightly to strongly
cross-shaped. In addition, d) a slight differencéhie width of the umbilical area can be
also recognized. The original wall texture is nagerved.

Moullade (1966), Risch (1971) and Caron (1985) mered Globigerinelloides
duboisi a junior synonym ofs. blowi. According to Longoria (1974), Banner & Desai
(1988), Coccioni & Premoli Silva (1994) and BouDagifradelet al. (1997) these forms
are two distinct taxa on the basis of the morphicklglifferences mentioned above.

The individual illustrated by Chevalier (1961, Al fig. 18) asGlobigerinelloides
duboisi does not correspond to the related description mEnchere assigned to
Globigerinelloides paragottisi. According to Verga & Premoli (2003a), the specimen
identified asGlobigerinelloides duboisi by Longoria (1974, pl. 4, figs. 15-16), is not
typical of this species, being strongly involutedagxhibiting a faster growth rate (not

cross-shaped outline). Finally, the 4-chamberedcispms of Globigerinelloides
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maridalensis illustrated by BouDagher-Fadet al. (1997, pl. 10.1, figs. 15-16) are
referred tadG. duboisi because they have symmetrical and laterally edlahambers.

Stratigraphic distribution Early Aptian-lower part of the Late Aptian, fromme

uppermost part of thélobigerinelloides blowi Zone to theHedbergella trocoidea Zone.

Globigerinelloides elongatus (Verga & Premoli Silva, 2005)
(Pl. 1, 6a-b; PI. 8, fig. 4a-b)

Planomalina saundersi (Bolli), 1959, p. 262, pl. 20, fig. 9.

Claviblowiella saundersi (Bolli), BouDagher-Fadeét al., 1997, p. 181, pl. 10.2,
fig. 6.

Globigerinelloides maridalensis elongatus Verga & Premoli Silva, 2005, p. 256,
Fig. 5. 7-10, 11 (holotype), 11-12.

Description Test small to medium in size, planispiral, seroiote to evolute,
equatorial periphery strongly lobate to stellatds #b 5.5 chambers in the outer whorl,
increasing in size gradually but rather quickly aded. First chambers globular to
subglobular, the last two or exceptionally thredially elongated, posteriorly directed,
slightly compressed on both spiral and umbilicalesi slightly laterally compressed;
sutures straight to slightly curved, radial and rdeped; umbilicus rather small and
shallow; aperture straddling the periphery as adooh.

Dimensions holotype, maximum diameter 252.94n. Cismon, maximum diameter
169.54-243.93um.

Distinguishing featuresGlobigerinelloides elongatus differs from G. clavatus in

having chambers posteriorly directed (instead oivéwd) and fronG. sigali because the
latter doesn’t have backward elongate chambers.

Remarks This species has shown a moderate morphologiealahility mainly
concerning (a) the number of chambers in the ldsirisranging from 4.5 to 5.5, (b) the
elongation of the last two/three chambers and, exqunantly, (c) the shape of the test that

can be more or less strongly lobate. The origirell texture is not preserved.
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The individuals illustrated by Bolli (1959) in #0, fig. 9 and by BouDagher-Fadz|
al. (1997) in pl. 10.2, figs 10-11 and in pl. 10.3).f6 (the same specimen reported by
Bolli) possess backward directed, elongate lasimtiesis respectively. According to
Verga & Premoli Silva (2005), they fall in the mbrogical variability of
Globigerinelloides elongatus. Moreover, Globigerinelloides elongatus evolves from
Globigerinelloides maridalensis (Bolli 1959) by developing elongate chambers; tthes
latter taxon is the only small planispiral morphmyyielding backward asimmetrycal
chambers. This feature allow to clearly recogriebigerinelloides elongatus from all
the other clavate globigerinelloidids.

Stratigraphic distribution:Early Aptian-lower part of the Late Aptian, fronmet

Leupoldina cabri Zone to themiddle part oiGlobigerinelloides algerianus Zone.

Globigerinelloides maridalensis (Bolli, 1959)
(Pl. 1, 7a-b; PI. 6, fig. 9a-b, 10a-b, 11a-b, 12a-b

Planomalina maridalensis Bolli, 1959, p. 261, pl. 20, figs. 4-5, 6 (holotype
Globigerinelloides maridalensis (Bolli), Longoria, 1974, p. 86, pl. 9, figs. 4-M-1
13; not pl. 27, fig. 18.

Globigerinelloides maridalensis (Bolli), Masters, 1977, p. 406, pl. 11, fig. 3.
Blowiella maridalensis (Bolli), Banner & Desai, 1988, p. 172, pl. 9, figs3, not
fig. 1.

Not Planomalina (Globigerinelloides) maridalensis Bolli, Salaj, 1990, pl. 18, fig.
6.

Globigerinelloides maridalensis (Bolli), Coccioni & Premoli Silva, 1994, p. 682,
figs. 14. 11-14.

Blowiella moulladei BouDagher-Fadel, 1995, p. 146, pl. 4, figs. 1-2.

Blowiella maridalensis (Bolli); BouDagher-Fadett al., 1997, p. 180, pl. 10.1,
fig.13, not figs. 14 16.

Blowiella moulladel BouDagher-Fadel; BouDagher-Fadebl., 1997, p. 180, pl.
10.2, figs. 1-3.
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Description: Test small to medium in size, planispiral, evolute seminvolute,
equatorial periphery moderately lobate, 4-5 chasibethe outer whorl increasing fairly
fast but gradually in size. Chambers subglobulagltmgate tangentially in the direction
of the coiling, asymmetrical in spiral view (moreweloped in their posterior part),
laterally compressed; more or less cross-shapatierd-chambered morphotypes and
ovoid in the 5-chambered specimens. The last chadigglays a crescentic shape in side
view; sutures are straight, radial and rather dsy@@; umbilical area rather wide and
shallow; aperture as low arch bordered by a tipin i

Dimensions holotype, maximum diameter 320m. Cismon, maximum diameter
78.29-292.45um.

Distinguishing features Globigerinelloides maridalensis differs from the 4/5-

chambered specimens belonging respectively Globigerinelloides dubois and
Globigerinelloides paragottisi in having laterally compressed (instead of inflatand
subglobular to elongate chambers that are tandjgntia direction of coiling,
asymmetrical in spiral view (instead of symmetrjcal

Remarks Globigerinelloides maridalensis displays a rather small morphological
variability mainly regarding a) the number of chaarsoin the last whorl (ranging from 4
to 5), b) their backward elongation degree, c)sth@pe of the test (cross-shaped to ovoid,
more or less slightly lobate) and further smalfeténces relating to d) the width of the
umbilical area. The original wall texture is noegperved.

The specimen illustrated by Longoria (1974, pl. 3., 18) cannot be referred 6.
maridalensis because of its inflated chambers. The individllakirated by Banner &
Desai (1988, pl. 9, fig. 1a), re-figured by BouDagkadelet al. (1997, pl. 10.1, fig. 14),
belongs taGlobigerinelloides blowi as supported by its slow growth rate, its circidest
and uncompressed and symmetrical chambers. Thamhgred specimens illustrated by
BouDagher-Fade#t al. (1997, pl. 10.1, figs. 15-16) are referredGlmbigerinelloides
duboisi because of their globular, uncompressed chamberally Blowiella moulladei,
illustrated by BouDagher-Fadel (1995, pl. 4, fi@s2) and re-figured by BouDagher-
Fadel et al. (1997, pl. 10.2, figs. 1-3), does not exhibit #igant morphological
characters which can distinguish this taxon from4kchambered specimens belonging to
Globigerinelloides maridalensis.

Stratigraphic distribution:lower part of the Late Barremian-Aptian, from the

Globigerinelloides blowi Zone to theMi. miniglobularis Zone.
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Globigerinelloides paragottis (Verga & Premoli Silva, 2003a)
(Pl. 1, 8a-b; PI. 6, figs. 13a-b, 14a-b, 15a-b;7Plla-b, 2a-b, 3a-b, 4a-b, 5a-b, 6a-
b, 7a-b, 8a-b, 9a-b,10a-b, 11a-b,12a-b; PIl. 19 5fgb)

Globigerinella duboisi Chevalier, 1961, p. 32, pl. 1, fig. 18.

Globigerinelloides blowi (Bolli), Moullade, 1966, p. 129, pl. 8, fig. 26.
Globigerinelloides blowi (Bolli), Hermes, 1966, p. 161, text-figs. 1, 2.
Globigerinelloides gottis (Chevalier), Longoria, 1974, p. 85, pl. 7, figs, 18, not
figs. 7, 8.

Globigerinelloides gottis (Chevalier), Sigal, 1979, pl. 2, fig. 21.

Blowiella gottisi (Chevalier) Banner & Desai, 1988, p. 172, pl. §sfi13-15.
Planomalina (Globigerinelloides) maridalensis Bolli, Salaj, 1990, pl. 18, fig. 7.
Globigerinelloides gottisi (Chevalier), Coccioni & Premoli Silva, 1994, p. 681).
14.7-10.

Blowiella gottisi (Chevalier), BouDagher-Fadet al., 1997, p. 180, pl. 10.1, figs.
9-12; fig. 10.1.

Blowiella solida (Krechmar & Gorbachik), BouDagher-Fadlal., 1997, p. 181,
pl. 10.2, fig. 5-6.

Blowiella blowi (Bolli), Moulladeet al., 1998, p. 205, pl. 3, fig. 6.

Blowiella sp. 1, Moulladeet al., 1998, p. 206, pl. 5, fig. 10, nfag. 9.
Globigerinelloides paragottisi, Verga & Premoli Silva, 2003a, p. 332-333, Fig. 6.
7-14, Figs. 7. 1-6, 7 (holotype), 8-14.

Description Test small to medium in size, planispiral, equatloperiphery ovoid,
moderately lobate, 5-5.5 (usually 5) chambers énldéist whorl increasing rapidly in size.
Chambers globular to subglobular on both spiral amdbilical sides, inflated in lateral
view; sutures straight, slightly depressed andatadimbilical area rather shallow and
wide; aperture as a low arch bordered by a thin lip

Dimensions holotype, maximum diameter 222.3@n. Cismon, maximum diameter
82.72- 427.71um. Site 463, maximum diameter 117 pét.
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Distinguishing features Globigerinelloides paragottisi differs from the five-

chambered specimens belongingGiobigerinelloides maridalensis in having inflated
(instead of laterally compressed), and symmetr{catead of posteriorly developed)
chambers. It differs also frorslobigerinelloides blowi by having a markedly faster
growth rateresulting in an ovoid equatorialutline (instead of circular and less lobate)
and, a less last inflated chamber.

Remarks Globigerinelloides paragottis has a moderate morphological variability
mainly regarding a) the shape of chambers fromujéolio subglobular, b) a more or less
markedly lobate and ovoid outline, ¢) the numbeclddmbers in the last whorls (ranging
from 5 to 5.5), and further differences that conady the width of the umbilical area. The
original wall texture is not preserved.

The morphotype identified aSlobigerinella duboisi by Chevalier (1961, pl. 1, fig.
18), corresponds well to the diagnosisGibbigerinelloides paragottisi. Moreover, the
five-chambered specimen illustrated by BouDagheteFeat al. (1997, pl. 10.2 figs. 5-6)
as Blowiella solida clearly falls within the morphological variabilityf G. paragottisi.
According to Verga & Premoli Silva (2003&). paragottisi comprises most of the
specimens previously identified & gottis except for the following: a) the specimens
illustrated by Chevalier (1961, pl. 1, figs. 9-1113) asGlobigerinella gottisi are here
assigned toG. blowi (being characterized by a slower growth rate resplin a
subcircular-shaped test), while the individual mpd by the same author (Chevalier,
1961, pl. 1, fig. 12) is assigned @obigerinelloides aptiense because of its six spherical
chambers, growing slowly and gradually, resultimga hexagonal-shaped peripheral
outline typical of the species of Longoria (1974)the specimens @. gottis illustrated
by Longoria (1974, pl. 7, figs. 7-8) cannot be udgd inG. paragottis because they
possess four chambers and a cross-shaped tesgriheytributable t&lobigerinelloides
duboisi Verga & Premoli Silva (2003a). On the basis of gemeral morphology the
specimen ofG. blowi illustrated by Moullade (1966, pl. 8, fig. 26) mighelong toG.
paragottisi, even though its growth rate is somewhat slowan ih the latter taxon.

The specimen illustrated by BouDagher-Fadelal. (1997, pl. 10.2 figs. 5-6) as
Blowiella solida does not correspond to the original diagnosis ©f tdixon provided by
Krechmar & Gorbachik (1986). In fact, this indivaluis characterised by only five
chambers (instead of 6-7) on the outer whorl amnatfzer fast growth rate. According to

Verga & Premoli Silva (2003a) it falls within the omphological variability of



Chapter 5: Taxonomy 51

Globigerinelloides paragottisi. Finally, the individual reported aBlowiella sp. 1 by
Moulladeet al. (1998, pl. 5, fig. 10) is assigned @bobigerinelloides paragottisi because
of possessing five, rapidly enlarging, outer charspehereas the individual figured as
Blowidlla sp. 1 by the same authors (Moullagteal., 2002, pl. 5, fig. 9) appears to be
close toGlobigerinelloides aptiense Longoria, 1974.

Stratigraphic distribution: Uppermost Valanginian—lower part of the Late Apii

from the middle part of theledbergella sigali Zone to theHedbergella trocoidea Zone.

Globigerinelloides primitivus (Fuchs, 1971)
(PI. 1, 9a-b; PI. 13, fig. 13a-b; PI. 8, fig. 1a)

Globigerinelloides primitivus Fuchs, 1971, p. 37, pl. 9, fig. 27 (holotype).
Globigerinelloides involutus Verga, 2004, p. 45, pl. 5.3, figs. 1-15.

Description Test very small in size, planispiral, involute sbghtly seminvolute,
equatorial periphery rounded to lobate, lateratiffated; only 4 chambers in the outer
whorl, arranged in two parallel rows, increasingwdly in size as added. Chambers
globular to subglobular on both spiral and umbilis&les; sutures straight to slightly
curved, radial and slightly depressed; umbilicusemw visible, small and rather shallow;
aperture straddling the periphery as a very low.arc

Distinguishing featuresGlobigerinelloides primitivus differs from Globigerinelloides

duboisi in having a) an involute to slightly seminvolutalie mode (instead of evolute
to semi-involute), b) chambers arranged on two atddfel rows resulting in c) a
subrectangular (instead of cross-shaped), d) mamgpact test. For the same reasons it
can be easily distinguished from the 4-chamberdividuals of G. maridalensis, which,
in addition, possesses a) laterally compressed lohenthat are b) asymmetrical in their
posterior part.

Dimensions holotype, maximum diameter 250m. Cismon, maximum diameter
115.11-322.03um.

Remarks This species shows a little morphological vatigbmainly concerning (a)
the number of chambers in the last whorl that arg 4, (b) the involution of the test
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(varying from totally involute to seminvolute), aifc) the shape of the periphery which
can be more or less lobate. The original wall texts not preserved.

The individual illustrated by Longoria &lobigerinelloides duboisi in pl. 4, figs 15-
16 may be possibly included in the morphologicatialality of Globigerinelloides
primitivus.

Stratigraphic distributionlower middle-Barremian-uppermost part of Earlytiap,

from Globigerinelloides blowi Zone to thd_eupoldina cabri Zone.

Globigerinelloides sigali (Longoria, 1974)
(Pl. 1, 10a-b; PI. 8, figs. 5a-b, 6a-b)

Globigerinelloides sigali Longoria, 1974, p. 88, pl. 3, fig. 1, pl. 7, figs 8
(holotype).

Globigerinelloides saundersi (Bolli), Longoria, 1974, p. 88, pl. 3, figs 10-12.
Claviblowiella sigali (Longoria), Boudagher-Fadet al., 1997, p. 182, pl. 10.3,
figs 4-5.

Claviblowiella saundersi (Bolli), BouDagher-Fadedt al., 1997, p. 181, pl. 10.2,
figs 7-9.

Globigerinelloides duboisi (Chevalier)sigali (Longoria), Verga & Premoli Silva,
2005, p. 255-256, Fig. 3.1-14, Fig. 4.1-3.

Description Test small to medium in size, planispiral, evelub seminvolute,
equatorial periphery cross-shaped and stronglytéolga4.5 chambers in the outer whorl
increasing gradually and rather slowly in size @tdbe last two or, exceptionally, three
growing more rapidly. First chambers spherical sbbspherical, the last two or three
radially elongate and round; sutures straight tghdly curved, radial and depressed,
umbilical area rather small and shallow; aperturadsiling the periphery as a low to
medium arch.

Dimensions holotype, maximum diameter not specified; paratypaximum diameter
140pum. Cismon, maximum diameter 115.02-328.4d.
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Distinguishing featuresGlobigerinelloides sigali differs from the 4-4.5-chambered

specimens belonging td@. clavatus and G. elongatus by not having chambers
respectively forward and posteriorly directed.iffeds also fromG. dubois in having the
last two or three chambers radially elongated.

Remarks Globigerinelloides sigali displays a wide morphological variability mainly
regarding a) the number of chambers of the outarm(nanging from 4 to 4.5), b) the
involution of the test (varying from slightly semmiute to evolute), c) the number of
clavate chambers, d) their elongation and, consgtyiee) the shape of the equatorial
periphery that can be more or less strongly lobatee original wall texture is not
preserved.

Longoria (1974), in his original diagnosis, affirdheéhat the main morphological
feature ofGlobigerinelloides sigali is its last, radially elongate chamber; howevbkeg t
same author included in this species a specimer8(fig. 1) exhibiting a cross-shaped
test resulting from the elongation of the last ¢hebambers.

According to Verga & Premoli Silva (2005) it appgdahat radial elongation may
randomly occur on all the chambers of the outer Wwhathin the 4- 4.5 chambered
planispiral plexus (see Figs. 3.1-14, 4.1-3). Cqusetly, it is possible to extend the
morphological variability ofGlobigerinelloides sigali to include all the morphotypes
mentioned above. The individual illustrated by Long (1974, pl. 3, figs. 10-12) as
Globigerinelloides saundersi does not correspond to the original diagnosishi taxon
as it possesses four rounded chambers resultiagcinss-shaped test, and it falls within
the morphological variability oBlobigerinelloides sigali.

Stratigraphic distributionEarly Aptian- lower part of the Late Aptian, froimet

Leupoldina cabri Zone to theGlobigerinelloides algerianus Zone.
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Order GLOBIGERININA Delage & Hérouard, 1896
Superfamily ROTALIPORACEA Sigal, 1958
Family HEDBERGELLIDAE Loeblich & Tappan, 1961
Subfamily HEDBERGELLINAE Loeblich & Tappan, 1961
GenusHedbergella Bronnimann & Brown, 1958

Type speciesAnomalina lornelana d’Orbigny var trocoidea Gandolfi, 1942, p.
99, pl. 2, figs. 1a-c, pl. 4, figs. 2, 3, pl. Jdi 2a, b, 5a,.b

Hedbergella aptiana (Bartenstein, 1965)
(Pl. 2, 2a; PI. 10, figs. 1a-b, 2a-b, 3a-b, 4a&bb56a-b, 7a-b, 8a-b; PI. 20, figs. 1a-
b, 2a-b)

? Globigerina sp. D9 Hecht, 1938, p. 17, pl. 23, figs. 60 (hobaty63.

Hedbergella aptiana Bartenstein, 1965, p. 347-348, text-figs. 4-6.

Hedbergella delrioensis (Carsey), Leckie, 1984, p. 598, pl. 1, fig. 12.
Blefuscuiana occulta (Longoria) quinguecamerata Banner & Desai, 1988, p. 162-
163, pl. 7, figs. 9-11.

Blefuscuiana aptiana (Bartensteinjpptiana Banner, Copestake & White, 1993, p.9,
pl. 6, figs. 4-6.

Blefuscuiana daminiae Banner, Copestake & White, 1993, p. 10, pl. 4s.fitp-b.
Blefuscuiana laculata Banner, Copestake & White, 1993, p. 13, pl. 3.fRp-c.
Blefuscuiana laculata alobata Banner, Copestake & White, 1993, p. 13, pl. 3.fig
3-5.

Blefuscuiana praesimilis Banner, Copestake & White, 1993, p. 14, pl. &.fdp-c,
non figs. 5-6

Blefuscuiana aptiana (Bartenstein)sensu strictu Boudagher-Fadedt al., 1996, p.
252, fig. 4(1-5).
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Blefuscuiana aptiana (Bartenstein)sensu strictu Boudagher-Fadedt al., 1997, p.
125, pl. 8.2, figs. 1-8.

Description Test medium in size, coiled in a flat to low thospire, equatorial
periphery ovoid, slightly to moderately lobate,db%5 chambers in the last whorl (rare
juveniles with 4.5 chambers are reported in thezdiure) increasing rather rapidly in size.
Spiral and umbilical sides with globular to subgitar chambers and sutures depressed,
radial to slightly curved; umbilical area shallowdamoderately wide; aperture a low to
medium arch sometimes bordered by a lip.

Dimensions holotype, maximum diameter 242.7im. Cismon, maximum diameter
74.45-190.8um. Site 463, maximum diameter 71.27-94.66.

Distinguishing featuresHedbergella aptiana differs fromH. infracretacea by having

a flat to slightly depressed spiral side and aefagtowth rate of the chambers resulting in
an ovoid (instead of sub-circular) test.

Remarks This taxon shows a rather wide morphological ataitity mainly regarding
the number of chambers in the final whorl, usualipging from 5 to 5.5. Rare 4.5-
chambered juveniles as well as few 6-chambered matypes have been signalled. The
outline of the periphery or equatorial margin canrbore or less slightly lobate. The
original wall texture is not preserved.

The specimen shown in PI. 10, figs. 8a-c, has hdentified asHedbergella cf.
aptiana because morphologically similar tdedbergella aptiana but slightly flat and
deformed.

The individual figured asBlefuscuiana daminae by Banner, Copestake & White
(1993) in pl. 4, figs. 1la-b (a paratype) exhibit®fsubglobular chambers coiled on a flat
trochospire and resulting in an ovoid test; thigcgmen is here regarded as junior
synonym of Hedbergella aptiana Bartenstein (1965). Similarly, the specimen of
Blefuscuiana laculata illustrated by Banner, Copestake & White (1993plin3, figs. 2a-c
(paratype) falls in the variability ofHedbergella aptiana. Again, the types of
Blefuscuiana laculata alobata, reported by Banner, Copestake & White (1993)lir3p
figs. 3-5 shows the same general morphology ospexies formalised by Bartenstein in
1965.

Stratigraphic distributionlower part of the Early Barremian-Aptian, fromethpper

partof Leupoldina cabri Zone to theMicrohedbergella miniglobularis Zone.
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Hedbergella daminiae (Banner, Copestake & White, 1993)
(Pl. 2, 3a-c; PI. 20, figs. 3a-b, 4a-b, 5a-b, 6a-b)

Blefuscuiana daminiae Banner, Copestake & White, 1993, p. 10, pl. 45.fitp-b.
(holotype)

Description Test medium in size, coiled in a low trochospieguatorial periphery
subquadrangular, 5 chambers in the final whorligasing gradually in size. Chambers
globular to subglobular in both spiral and umbilisales, slightly depressed in the last
whorl of the spire.

Sutures moderatly depressed and radial, umbilizalllsand deep, resulting from the
distinct overhang of the chambers in the last whbe aperture appears to be a narrow
slit.

Dimensions holotype, maximum diameter 279.Q&n. Site 463, maximum diameter
70.83-79.45um.

Distinguishing  features Blefuscuiana daminiae differs from Hedbergella

infracretacea by having a smaller and deeper umbilicus, an apethat appears to be a
narrow slit instead of a low to a medium arch andae compact and subquadrangular
test. The much more rapid chamber enlargementeiat whorl of this species, as seen
dorsally, easily distinguishes it froBiefuscuiana laculata Banner, Copestake & White,
1993, s. I.

Remarks:This species displays low morphological variapiltainly related to a) the
number of chambers (five) and the shape of theclaatber from subglobular to slightly
depressed. The original wall texture is not preserv

The specimen shown in PIl. 20, figs. 6a-c has beentified asHedbergella cf.
daminiae because morphologically similar téedbergella daminiae but having a flatter
trochospire and the last chamber in umbilical view visible because covered by glue.

Stratigraphic distributionHauterivian-Barremian, from the upper partHedbergella

sigali Zone to theGlobigerinelloides blowi Zone.
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Hedbergella excelsa (Longoria, 1974)
(PI. 2, 4a-c; PI. 11, figs. la-c, 2a-c, 3a-c, 4&ic20, 7a-c, 8a-c; PI. 21, figs. la-c,
2a-C)

Hedbergella excelsa Longoria, 1974, p. 55-56, pl. 18, figs. 6-8, 9-1114-16
(holotype).

Hedbergella aff. H. trocoidea Leckie, 1984, p. 599, pl. 3, figs. 5-10.
Hedbergella aff. H. trocoidea Leckie, 1990, p., pl. 31, figs. 14-17.

Blefuscuiana excelsa cumulus Banner, Copestake & White, 1993, p. 11, pl. 6,.figs
la-c, 2a-c.

Blefuscuiana excelsa (Longoria), Boudagher-Fadet al., 1997, p. 126-127, pl. 8.5,
figs. 4-6.

Blefuscuiana excelsa (Longoria) cumulus Banner, Copestake & White;
Boudagher-Fadedt al., 1997, p. 126, pl. 8.5, figs. 7-12.

Description Test small to medium in size, coiled in a highvesy high trochospire,
equatorial periphery circular to subcircular, stigho moderately lobate, 5 to 6 chambers
in the last whorl, increasing gradually in sizeir8pand umbilical side with globular to
subglobular chambers and sutures depressed, tadilightly curved; umbilical area
medium and rather deep, aperture a low to mediaim ar

Dimensions holotype, maximum diameter 160m. Cismon, maximum diameter
71.45-172.41um. Site 463, maximum diameter 79.32-112ufAT.

Distinguishing featureHedbergella excelsa differs fromH. infracretacea by having a

higher trochospire, a smaller and deeper umbicah.Hedbergella ruka is similar toH.
excelsa in spire height but has a narrower umbilicus anty @ chambers in the final
whorl.

Remarks Hedbergella excelsa displays a moderate morphological variability mginl
regarding the a) number of chambers of the outasrvarying from 5 to 6), b) the
height of the spiral side varying from convex tooegly convex. The original wall
texture is not preserved.

Blefuscuiana excelsa cumulus Banner, Copestake & White (1993) is here regasded
junior synonym ofBlefuscuiana excelsa Longoria (1974) being the differences reported

by these authors (the number of outer chambers)vieak in differentiating these two
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taxa. Moreover, the individuals (the holotype awd paratypes) figured by Longoria in
pl. 18, figs. 6-11, 14-16 exhibit a final whorl Wi6.5-6 chambers.
Stratigraphic distributionupper part of the Late Barremian-Aptian, from ungper

part of theGlobigerinelloides blowi Zone to theMicrohedbergella miniglobularis Zone.

Hedbergella gorbachikae (Longoria, 1974)
(PI. 2, 5a-c)

Hedbergella gorbachikae Longoria, 1974, p. 56-58, pl. 15 figs. 11-13 (hyphz).
Hedbergella gorbachikae (Longoria), Leckie, 1984, p. 598, pl. 4, figs. 9-1
Hedbergella gorbachikae (Longoria),Gorbachik, 1986, p. 94, pl. 16, figs. 1-2.
Blefuscuiana gorbachikae (Longoria), Banner & Desai, 1988, p. 160, pl. §sfi8-
12.

Lilliputianella longorii Banner & Desai, 1988, p. 165-168, pl. 4, fig. 12.

Not Blefuscuiana gorbachikae (Longoria), Banner, Copestake & White, 1993, p.
11, pl. 6, figs. 3a-c.

Blefuscuiana gorbachikae (Longoria), Shanin, 1993, p. 422, pl. 5, fig. 4.
Blefuscuiana gorbachikae (Longoria), Boudagher-Fadel, 1995, p. 143, pli@,5.
Blefuscuiana gorbachikae (Longoria), Boudagher-Fadet al., 1997, p. 127, pl.
8.6, figs. 1-6.

Description Test medium in size, coiled in a flat to veryghklly convex trochospire,
periphery subcircular to ovoid, slightly to modetgitlobate,5 to 5.5 chambers in the
outer whorl (rare juveniles with 4.5 chambers atso areported in the literature)
increasing rather gradually and slowly in size. @hars globular to subglobular with the
last two or three tending to become subtrapezoatiathe spiral side, subrounded to
subtriangular on the umbilical side with the laBamber protruding into the umbilicus
and partly or completely covering it; chambers f@mnn in edge view. Sutures depressed,
radial and straight; umbilical area small and siva/laperture a low to medium arch.

Dimensions holotype, maximum diameter 2¢4n.
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Distinguishing featuresHedbergella gorbachikae differs from all the other 5 to 6-

chambered species of the gendsdbergella by having a triangular last chamber
protruding toward the umbilicus and totally or abhavholly covering it. In addition, it
differs fromHedbergella excelsa in its lower spiral side and froidebergella aptiana in

its slower growth rate of the chambers resulting subcircular (instead of ovoid) test.

Remarks Hedbergella gorbachikae shows a rather wide morphological variability
mainly regarding a) the number of chambers in thal fvhorl (ranging from 4.5 to 5.5),
b) the height of the spire (varying from flat tagkkly convex), and c) the outline of the
periphery, which can be more or less moderatelgtimb

The specimen reported by Gorbachik (1986) in pl, figs. 1-2, even probably
deformed, falls in the variability dfedbergella gorbachikae Longoria (1974).

The specimens reported by Banner & Desai (1988)plirb, figs. 8-12 match the
original description of this taxon; moreover, thgeaimen in pl. 5, fig. 9 testify that
juveniles possessing 4.5 outer chambers ahavedbeaay signaled in the literature.

The paratype oLilliputianella longorii, reported in pl. 4, fig. 12 by Banner & Desai
(1988) does not possesses radially elongate chanihgr conversely, high reniform
chambers in lateral view. Besides a sligltly maybulate peripheral outline, it exhibits
the same general morphology bfedbergella gorbachikae Longoria (1974) and is
therefore included in the sinonimies of the latéetwon.

The specimen illustrated by Banner, Copestake &t®V{i993) in pl. 6, figs. 3a-c is
here assigned thedbergella hispaniae Longoria (1974) based on the morphology of its
six outer chambers resulting in a hexagonal, lotese

The individuals reported by BouDagher-Fadedl. (1997) in pl. 8.6, figs. 1-6 testify
the rather wide variability of the peripheral ondi(ranging from more or less moderately

lobate), which characterise this taxon.

Stratigraphic distributionupper part of the Late Barremian-Aptian, from thildle-
part of theGlobigerinelloides blowi Zone to theMicrohedbergella miniglobularis Zone.
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Hedbergella kuznetsovae (Banner & Desai, 1988)
(Pl. 2, 6a-c)

Blefuscuiana kuznetsovae Banner & Desai, 1988, p. 156-158, pl. 3, fig. 10
(holotype), pl. 4, figs 1- 4.

No Hedbergella kuznetsovae (Banner & Desai), Coccioni & Premoli Silva, 1994,
p. 676-677, figs 12.1-12 (Hedbergella primare).

Blefuscuiana kuznetsovae (Banner & Desai), Boudagher-Fadglal., 1997, p. 124,
pl. 8.1, figs. 1-5 (refigured holotype and 3 pap&y in one view).

Blefuscuiana kuznetsovae (Banner & Desai), Boudagher-Fadstlal., 1997, p. 130,
pl. 8.8, figs. 9-10.

Description Test large in size, a low trochospire complewlplute (the spire opens
slowly) and flat or slightly concave on the spisdle, equatorial periphery lobate, 6-8
chambers in the last whorl. Chambers globular togkbular and inflated on the spiral
and umbilical sides, equally biconvex on the l|dtar@w. Sutures are moderately
depressed and radial, umbilical area wide and®hathe aperture is a low arch.

Dimensions holotype, maximum diameter 292.681. Cismon, maximum diameter
96.01-123.04um.

Distinguishing featuresHedbergella kuznetsovae differs from H. luterbacheri by

having a wider umbilical area, a trochospire corghjeevolute and an equally biconvex
profile. Hedbergella kuznetsovae differs fromH. primare by having reniform chambers in
edge view, a very depressed spire (clos&lubigerinelloides) and an umbilicus rather
large on both sides.

Remarks Hedbergella kuznetsovae displays a moderate morphological variability
mainly regarding a) the number of chambers of tierowhorl (from 6 to 8) and b) an
evolute trochospire.

Stratigraphic distributionuppermost Barremian-lower part of the Late Aptiiom

the uppermost part the&lobigerinelloides blowi Zone to the Globigerinelloides

algerianus Zone.
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Hedbergella infracretacea (Glaessner, 1937)
(Pl. 2, 7a-c; PI. 11, figs. 5a-c, 6a-c, 7a-c; Rl.figs. la-c, 2a-c, 3a-c, 4a-c; PI. 21,

figs. 3a-c, 4a-c, 5a-c, 6a-c)

Globigerina infracretacea Glaessner, 1937, p. 28, fig. 1 (holotype).

Globigerina aptica Agalarova 1951, p. 49, pl. 8, figs. 9-11.

Globigerina infracretacea (Glaessnerjrochoidea, Moullade, 1960, p. 136, pl. 2,
figs. 21, 23-25.

Globigerina infracretacea (Glaessnergjargasiana Moullade, 1961, p. 214.
Hedbergella beegumensis (Marianos & Zingula), 1966, p. 335, pl. 37, figa-c.
Hedbergella infracretacea (Glaessner), Glaessner, 1966, p. 179-184, plg&, fia-
3c.

Hedbergella aptica (Agalarova), Gorbachik & Kretchmar, 1969, p. 50-p1, 1,
figs. la-c.

Blefuscuiana cf. aptica (Agalarova), Banner & Desai, 1988, p. 160, pl.i§sf4,
5a-b.

Hedbergella aff. Hd. infracretacea (Glaessner), Leckie, 1990, p. 321, pl. 2, figs. 1-
18.

Blefuscuiana infracretacea (Glaessner¥ensu strictu Banner, Copestake & White,
1993, p. 11, pl. 4, fig. 2, pl. 8, fig. 1.

Blefuscuiana infracretacea (Glaessner)sensu strictu, Boudagher-Fadekt al.,
1997, p. 128-129, pl. 8.7, fig. 1-5, non figs. 6-8.

Blefuscuiana aptiana (Agalarova)orientalis BouDagher-Fadedt al., 1997, p. 125,
126, pl. 1.1, figs. 3, 4; pl. 8.2, figs. 9-11, 13, figs. 1-8.

Hedbergella infracretacea (Glaessnerpccidentalis BouDagher-Fadedt al., 1997,
p. 129, pl. 8.7, figs. 9-15.

Description Test medium in size, coiled in a flat to slighttpnvex trochospire,
equatorial periphery subcircular to ovoid, slighttymoderately lobate, 4.5-5.5 chambers

in the final whorl, increasing gradually in sizeh&nbers globular to subglobular,
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reniform when viewed laterally. Sutures depressadial to slightly curved; umbilical
area rather wide and shallow; aperture as a lawedium arch.

Dimensions holotype, maximum diameter 270.22n. Cismon, maximum diameter
67.89-193.32um. Site 463, maximum diameter 73.45-145./0

Distinguishing featuredHedbergella infracretacea differs fromH. aptiana in having a

slower growth rate of the chambers resulting intzcgcular (instead of ovoid) test. It can
be easily recognised froi. excelsa by possessing a flatter spiral side and a shatowe
umbilical area.

Remarks Hedbergella infracretacea displays a moderate morphological variability
mainly regarding a) the number of chambers of titerowhorl (from 4.5 to 5.5), b) the
height of the spiral side varying from almost ftatvery slightly convex and c) in the
chamber growth rate in the final whorl. The originall texture is not preserved.

The specimen shown in PIl. 12, figs. 4a-c has beentified asHedbergella cf.
infracretacea because morphologically similar edbergella infracretacea but having
the last chamber ovoid instead of subglobular.

Stratigraphic distributionupper part of the Late Barremian — Aptian, frdre middle

part of theGlobigerinelloides blowi Zone to theMi. miniglobularis Zone.

Hedbergella laculata (Banner, Copestake & White, 1993)
(Pl. 2, 8a-c; PI. 12, fig. 5a-c; PI. 21, figs. 7,88a-c)

Clavihedbergella eocretacea (Neagu), Sigal, 1979, p. 290, pl. 1, figs, 31,.?30
Blefuscuiana laculata Banner, Copestake & White, 1993, p. 13, pl. 3s.figa-c
(holotype).

Hedbergella sigali (Moullade), Coccioni & Premoli Silva, 1994, Fig2.16-18.
Blefuscuiana praesimilis (Banner, Copestake & White), BouDagher-Faetedl .,
1997, p. 129, pl. 8.9, figs. 1-3.

Description Test small to medium in size, coiled in a flat weakly convex
trochospire, equatorial periphery subquadrangutarchambers in the last whorl,

increasing gradually in size. Chambers subglobutarthe penultimate whorl and
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subglobular to slightly depressed in the last wh8ditures moderately depressed and
radial; umbilical area broad and the aperturenaraow slit.

Dimensions holotype, maximum diameter 17@n. Cismon, maximum diametegtm.
Site 463, maximum diameter 73.30-182y18.

Distinquishing featuresH. laculata differs from H. sigali for a) the number of

chambers in the final whorl abutting the umbiligésand 4-4.5 respectively) and b) by
showing a slower increase in the growth of theespirthe last whorl.

Remarks Hedbergella laculata displays a moderate morphological variability mginl
regarding a) the number of chambers of the outarfive), b) the height of the spiral
side varying from almost flat to weakly concave aod an equatorial periphery
subguadrangular. The original wall texture is rnaserved.

The specimen illustrated in Fig. 12, 16-18Hassigali from the Rio Argos section by
Coccioni & Premoli Silva (1994) is very similar kb laculata and is here regarded as a
junior synonym. Moreover, in agreement with BouDaghadel et al (1997), the
holotype ofBlefuscuiana praesimilis Banneret al. (1993) from the lower Barremian of
the North Sea falls within the variability dd. laculata, is also considered a junior
synonym.

Stratigraphic distributionEarly Barremian, upper Valhall Formation.

Hedbergella luterbacheri (Longoria, 1974)
(PIL. 2, 9a-c; PI. 22, 1a-c, 2a-c, 3a-c)

Hedbergella luterbacheri Longoria, 1974, p. 61, pl. 19, figs. 21-26, pl. #§s. 15-
17 (holotype).

Blefuscuiana kuznetsovae Banner & Desai, 1988, p. 156-158, pl. 3, fig. 10,49
figs. 1-4.

Blefuscuiana occulta (Longoria), Banner & Desai, 1988, p. 162, pl. §sfi9-10.
Blefuscuiana multicamerata Banner & Desai, 1988, p. 165, pl. 6, figs. 7a-d.
Hedbergella kuznetsovae (Banner & Desai), Coccioni & Premoli Silva, 1994, p
676-677, figs. 12.1-12.
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Blefuscuiana kuznetsovae (Banner & Desai), Boudagher-Fadielal., 1997, p. 124,
pl. 8.1, figs. 1-5.

Blefuscuiana multicamerata (Banner & Desai), Boudagher-Fadslal., 1997, p.
130, pl. 8.8, figs. 9-10.

Description Test small to medium in size, coiled in a veny lvochospire, equatorial
periphery subcircular to ovoid, slightly lobate,t® 7.5 chambers in the last whorl
increasing gradually but rather rapidly in size.a@iers globular to subglobular in the
spiral and umbilical sides with the last two oreaichambers possibly becoming slightly
reniform in lateral view. Sutures depressed, ramiallightly curved; umbilical area wide
and shallow; aperture a low to medium arch.

Dimensions holotype, maximum diameter 300m. Cismon, maximum diameter
136.44-236.48m. Site 463, maximum diameter 94.23-210u61

Distinguishing featuresHedbergella luterbacheri differs from H. kuznetsovae by

having a narrower umbilical area and an unequatigrivex profile.

Remarks Hedbergella luterbacheri displays a moderate morphological variability
mainly regarding a) the number of chambers of titerowhorl (from 6.5 to 7.5), b) the
height of the spiral side varying from almost flatweakly concave and the peripheral
outline which can be more or less weakly lobatee Triginal wall texture is not
preserved.

The specimen shown in PIl. 22, figs. 2a-c has beentified asHedbergella cf.
luterbacheri because morphologically similar tdedbergella luterbacheri but is lacking
of the umbilical view and for that reason is nosgible to compare all features.

The specimen shown in Pl. 22, figs. 3a-c has beentified asHedbergella cf.
luterbacheri because morphologically similar tdledbergella luterbacheri but it has six
chambers instead of seven in the last whorl.

The holotype oBlefuscuiana kuznetsovae Banner & Desai (1988), illustrated in pl. 3,
figs. 10, even possessing 7 outer chambers (instéatl5), shows the same general
morphology ofHedbergella luterbacheri Longoria (1974) and is treated here as a junior

synonym.
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At the sameBlefuscuiana multicamerata Banner & Desai (1988) illustrated in pl. 6,
figs. 7a-d does not display any meaningful diffeeshfromHedbergella luterbacheri and
is therefore included in the synonymy of the lafigecies.

Stratigraphic distributionuppermost Barremian- lower part of the Late Apt{rom

the uppermost part @lobigerinelloides blowi Zone to theGlobigerinelloides algerianus

Zone)

Hedbergella occulta (Longoria, 1974)
(PI. 3, 1a-c; PI. 12, figs. 6a-c, 7a-c, 8a-c; Bl.figs. la-c, 2a-c, 3a-c, 4a-c)

Hedbergella occulta Longoria, 1974, p. 63, 64, pl. 11, figs. 1-3, 7pB 20, figs. 5-
7, 8-9 (holotype), 17, 18.

Hedbergella sp. 1 Leckie, 1984, p. 599, pl. 4, figs. 5-8, 12.

Hedbergella cf. H. rischi (Moullade), Leckie, 1984, p. 599, pl. 7, figs. 14,

? Blefuscuiana aptica (Agalarova), Banner & Desai, 1988, p. 160, pfid, 7.
Blefuscuiana globigerinelloides (Subbotina) lobulata Banner & Desai, 1988, p.
164, pl. 6, figs. 1-3.

Blefuscuiana occulta perforocculta Banner, Copestake & White, 1993, p. 13, 14,
pl. 8, figs. 2a-c, 3.

Hedbergella occulta (Longoria), Boudagher-Fadet al., 1997, p. 130, pl. 8.8, figs.
11-12.

Description Test medium in size, coiled in a low trochospieguatorial periphery
subcircular to ovoid, slightly lobate, 6 chambensthe last whorl increasing rather
gradually and slowly in size. Chambers globulastibglobular, subtrapezoidal on the
spiral side, tending to become subtriangular onutimbilical side with the last chamber
inflated. Sutures depressed, radial to slightlywedr umbilical area slightly wide and
rather deep; aperture a low to medium arch.

Dimensions holotype, maximum diameter 25Im. Cismon, maximum diameter
74.50-200.88um.
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Distinguishing featuresHedbergella occulta differs from Hd. praetrocoidea by

having a thinner test, a wider umbilical area ahanebers less triangular in the umbilical
side. It differs fromHd. infracretacea andHd. aptiana, by having 6 chambers in the final
whorl and fromHd. excelsa by having a low trochospire.

Remarks Hedbergella occulta displays a rather wide morphological variabilityimg
regarding a) the height of the spiral side, whiah be almost flat to slightly convex, and
b) the peripheral outline ranging from subcircutaovoid; c) other small differences can
be detected in the outline of the peripheral makgimch can be more or less weakly
lobate. The original wall texture is not preserved.

The specimen shown in PI. 13, figs. 4a-c has beéemified aHedbergella cf. occulta
because morphologically similar téledbergella occulta but having five chambers
instead of six in the last whorl and more globulaambers.

The specimen reported Biefuscuiana aptica by Banner & Desai (1988) in pl. 5, fig.
7, even illustrated only in spiral view, seems ¢sgess a general morhology very close to
Hedbergella occulta.

Blefuscuiana globigerinelloides lobulata formalised by Banner & Desai (1988) and
illustrated in pl. 6, figs 1-3, even showing a Btlg more lobate peripheral outline, falls
in the variability ofHedbergella occulta Longoria (1974).

The specimens reported Bkefuscuiana occulta by Banner & Desai (1988) in pl. 6,
figs 9, and 12 characterized by having 7 globukamnabers in the outer whorl increasing
rather rapidly in size as added are here assigmétedbergella luterbacheri Longoria
(1974).

Stratigraphic distributionAptian, from the uppermost part of ti&obigerinelloides

blowi Zone to theMi. miniglobularis Zone.

Hedbergella praetrocoidea (Kretchmar & Gorbachik, 1986)
(PI. 3, 2a; PI. 13, figs. ba-c, 6a-c, 7a-c, 8aic2P, figs. 4a-c, 5a-c, 6a-c, 7a-c, 8a-
c; PI. 23, figs. 1a-c, 2a-c, 3a-c, 4a-c, 5a-c, H6&aec)

Hedbergella praetrocoidea Kretchmar and Gorbachik (in Gorbachik), 1986, p. 95
pl. 16, figs. 3 (holotype)-5.
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Blefuscuiana praetrocoidea (Kretchmar & Gorbachik), Boudagher-Facdstl al.,
1997, p. 130-131, pl. 8.9, fig. 4, figs. 5-6, figs.9 and 12, figs 8, 10, 11 (= 4
paratypes).

Blefuscuiana rudis Banner, Copestake & White, 1993, p. 14, pl. 5,.f1)5.
Blefuscuiana aptiana (Bartensteinymplana, Banner, Copestake & White, 1993, p.
10, pl. 7, fig. 2, non figs. 3-4.

1996 Blefuscuiana aptiana (Bartenstein)orientalis, Boudagher-Fadedt al, 1996,
p. 252, fig. 2.11, figs. 3.1-2.

Blefuscuiana infracretacea (Glaessner), Boudagher-Fadehl., 1996, p. 246-249,
fig. 2.1-2.

Blefuscuiana aptiana (Bartenstein)orientalis, Boudagher-Fadeét al., 1997, p.
125-126, pl. 8.2, fig. 11.

Description Test medium to large in size, coiled in a low traghire, equatorial
periphery subcircular to ovoid, slightly lobate cbambers in the last whorl (juveniles
with 5.5 chambers are recognized in this study speties with 6.5 chambers are also
reported in the literature) increasing graduallg atowly in size. Chambers subspherical
to trapezoidal in the spiral side, subtriangulatrimngular on the umbilical side, reniform
in lateral view. Sutures depressed, radial to Higturved; umbilical area medium and
deep; aperture a low to medium arch.

Dimensions holotype, maximum diameter 180m. Cismon, maximum diameter
71.22-183.1qum. Site 463, maximum diameter 67-102,60.

Distinguishing featuresHedbergella praetrocoidea can be easily differenciated from

its ancestoHedbergella occulta by possessing less triangular chambers in the lioalbi
side and a smaller umbilicus.

Remarks Hedbergella praetrocoidea displays a slight morphological variability
mainly regarding a) the number of chambers of tierowhorl (from 5.5 to 6.5) and b)
the height of the spiral side varying from almdat fo weakly convex. The original wall
texture is not preserved.

The specimens shown in Pl. 13, figs. 7a-c, 8a-c Rhd23, Fig. 7a-c have been
identified as Hedbergella cf. praetrocoidea because morphologically similar to

Hedbergella praetrocoidea but having 5-5 1/2 chambers instead of six inléisewhorl.
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Stratigraphic distribution Early Hauterivian-Aptian, from the middle part dfe

Hedbergella sigali Zone to theMi. miniglobularis Zone.

Hedbergella primare (Kretchmar & Gorbachik, 1986)
(PI. 3, 3a; PI. 14, fig. 1a-c)

Clavihedbergella primare Kretchmar & Gorbachik (in Gorbachik), 1986, p. 120-
121, pl. 25, figs. 2 (holotype), 3.

Lilliputianella similis (Longoria), Banner, Copestake & White, 1993, p.d58,
figs. 8a-c.

Blefuscuiana primare (Kretchmar & Gorbachik), Boudagher-Fadglal., 1997, p.
131, pl. 8.10, figs. 1-3.

Description Test medium in size, coiled on a very low troghos equatorial
periphery circular to subcircular, lobulate, 6 telYambers in the outer whorl increasing
gradually and slowly in size. Chambers globularstdbglobular, the last two or three
becoming slightly reniform in lateral view; suturdspressed, radial to slightly curved,
umbilical area extremely wide and shallow; aperagea low to medium arch sometimes
bordered by a lip.

Dimensions holotype, maximum diameter 138n. Cismon, maximum diameter of
185.71um.

Remarks Hedbergella primare displays a moderate morphological variability mginl
regarding the number of chambers of the outer wifimin 6 to 7) and the height of the
spiral side varying from almost flat to weakly came; other small differences are
associated with the peripheral outline that camloee or less lobulate. The original wall
texture is not preserved.

Hedbergella primare differs from Lilliputianella maslakovae Longoria (1974) mainly
in not having radially elongate chambers; this gmecan be distinguished froi.
luterbacheri Longoria (1974) a) by having a slower growth ratehe chambers, b) by
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becoming reniform when laterally viewed, and (c gmssessing a circular (instead of
ovoid) test.
Stratigraphic distributionEarly Barremian-lower part of the Late Aptian (frahe

Lilliputianella similis Zone to theGlobigerinelloides algerianus Zone)

Hedbergella sigali (Moullade, 1966)
(PI. 3, 4a-b; PI. 14, figs. 2a-c, 3a-c, 4a-c, 5aa:¢c, 7a-c, 8a-c)

Hedbergella sigali Moullade, 1966, p. 87-88, pl. 7, figs. 20-23, 24(R6lotype).
Praehedbergella sigali (Moullade), Banner, Copestake & White, 1993, ppl7 2,
figs. 2a-c.

Hedbergella sigali (Moullade), Coccioni & Premoli Silva, 1994, p. 6878, fig.
12.16-18, not figs. 12. 13-15, 12.19-21.

Praehedbergella sigali (Moullade), Boudagher-Fadel, 1995, p. 142, pl.igs.f1,
2.

Praehedbergella sigali (Moullade); Boudagher-Fadet al., 1997, p. 108, pl. 7.3,
figs. 4-8, pl. 7.4, figs. 1-4.

Praehedbergella tatianae Banner & Desai; Boudagher-Fadlal., 1997, p. 109,
pl. 7.4, figs. 5-7.

Praehedbergella tuschepsensis (Antonova)grigelis Banner & Desai, Boudagher-
Fadelet al. 1997, p. 106, pl. 7.1, figs. 12-14.

Description Test small to medium in size, coiled in a flat teeakly convex
trochospire; equatorial periphery cross-shapedjh@)i to strongly lobate, 4 to 4.5
chambers in the last whorl increasing slowly tdheatrapidly in size. Chambers shape
globular to subglobular on the spiral and umbilisades, possibly becoming slightly
reniform in lateral view. Sutures depressed, rathaklightly curved; umbilical area
small/medium and deep, aperture a low to mediuin. arc

Dimensions holotype, maximum diameter 230m. Cismon, maximum diameter
70.22-199.85um.
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Distinguishing featuredHedbergella sigali differs fromHedbergella tuschepsensis by

having a higher trochospire, an evident equatpeailphery cross-shaped.

Remarks Hedbergella sigali displays a rather wide morphological variabilityiny
regarding a) the number of chambers of the out@rifrom 4 to 4.5), b) the growth rate
of the chambers, and c) the size of the umbilicasdging from small to medium). Other
small differences can be detected in the heiglth@fspiral side varying from almost flat
to slightly convex. The original wall texture istrmyeserved.

The specimens shown in Pl. 14, figs. 6a-c, 7a-c @md have been identified as
Hedbergella cf. sigali because morphologically similar tdedbergella sigali but having
a higher trochospire.

Stratigraphic distribution Early Valanginian- Aptian (from the base of the

Hedbergella sigali Zone to theMi. miniglobularis Zone).

Hedbergella tuschepsensis (Antonova, 1964)
(Pl. 3, 5a-c; PI. 3, 1a-c; PI. 15, figs. 1a-c, 28a:-c; PI. 23, fig. 8a-c)

Globigerina tuschepsensis Antonova, 1964, p. 59-60, pl. 12, figs. 3a-c (hgbat).

? Clavihedbergella tuschepsensis (Antonova), Gorbachik, 1986, p. 118-119, 236,
pl. 25, fig. 1.

Not Praehedbergella tuschepsensis (Antonova), Banner, Copestake & White,
1993, p. 8-9, pl. 2, figs. 4a-c.

Praehedbergella tuschepsensis (Antonova), Boudagher-Fadet al. 1997, p. 105-
106, pl. 7.1, figs. 1-7.

Description Test small to medium in size, coiled in a flat teeakly convex
trochospire, equatorial periphery cross-shapedhtsi to strongly lobate, 4 chambers in
the last whorl increasing slowly to rather rapittiysize (4.5 chambers are also reported in
the literature).

Chambers globular to subglobular on the spiral@andilical sides, possibly becoming
slightly reniform in lateral view. Sutures depretseadial to slightly curved, umbilical

area small/medium and shallow; aperture a low tdiome arch.
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Dimensions holotype, maximum diameter 229.16n. Cismon, maximum diameter
72.78-199.29um. Site 463, maximum diameter 67.97-104u8%
Distinguishing featuresHedbergella tuschepsensis differs from Hedbergella sigali

andHedbergella ruka by having a very low trochospire and a shallowebilical area.

Remarks Hedbergella tuschepsensis displays a rather wide morphological variability
mainly regarding a) the number of chambers of thierowhorl (from 4 to 4.5), b) the
growth rate of the chambers, and c) the size ofutimbilicus (ranging from small to
medium). Other small differences can be detectdtiarheight of the spiral side varying
from almost flat to very slightly convex. The ongi wall texture is not preserved.

The specimens reported HAgdbergella tuschepsensis by Gorbachik (1986) in pl. 25,
fig. 1, cannot be attributed tdedbergella tuschepsensis being illustrated only in spiral
view. The specimen reported &kedbergella tuschepsensis by Banner, Copestake &
White (1993) in pl. 2, figs. 4a-c is assigned heréledbergella aptiana because of its
five outer chambers coiled in a flat trochospire amcreasing rapidly in size as added,
resulting in a ovoid, moderately lobate test. Thene specimen was choosen as the
holotype ofPraehedbergella yakoviaevae by BouDagher-Fadet al. (1993)

Stratigraphic distributionEarly Valanginian-Aptian, from the base of tHedbergella

sigali Zone to theMi. miniglobularis Zone.
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Order GLOBIGERININA Delage & Hérouard, 1896
Superfamily ROTALIPORACEA Sigal, 1958
Family PRAEHEDBERGELLIDAE BouDagher-Fadel,
Banner & Whittaker, 1997
Subfamily PRAEHEDBERGELLINAE BouDagher-Fadel,
Banner & Whittaker, 1997.

GenusGorbachikella Banner & Desai, 1988
Type speciesGlobigerina kugleri Bolli, 1959, p.158-159, PI. 23, figs. 3-5.

Gorbachikella kugleri (Bolli, 1959)
(Pl. 1, 11a-c; PI. 19, fig. 6a-c),

Globigerina kugleri Bolli, 1959, p. 270, pl. 23, figs. 3-5 (holotype).

Caucasella hoterivica (Subbotina), Longoria, 1974, p. 49, pl. 11, fig$19 14-16.
Gorbachikella kugleri (Bolli), 1988, Banner & Desai, p. 151, pl. 2, fiy.
Gorbachikella kugleri (Bolli), 1995, BouDagher-Fadet al., 1995, p. 188, pl. 2,
figs 1-5.

Gorbachikella anteroapertura BouDagher-Fadedt al., 1995, p. 190-192, pl. 5, figs
1-6.

Globuligerina spiralis Maamouri and Salaj, 1995, p. 132, pl. 2, figs $I63, figs 3-
4, pl. 4, figs 1-2.

Gorbachikella kugleri (Bolli), BouDagher-Fadedt al., 1995, p. 142, pl. 1, figs 1-
6.

Gorbachikella anteroapertura BouDagher-Fadedt al., 1995, p. 141, pl. 1, figs 11-
12.

Gorbachikella kugleri (Bolli), BouDagher-Fadedt al., 1997, p. 87, pl. 6.1, figs 1-6,
pl. 6.2, figs 1-6
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Gorbachikella anteroapertura (BouDagher-Fadel), BouDagher-Faegeél., 1997, p.
87, pl. 6.3, figs 1-10.

Gorbachikella grandiapertura (BouDagher-Fadel), BouDagher-Fadehl.,1995, p.
88, pl. 6.6, fig. 4.

Description: Test small to medium, trochospirally coiled, glgdmiiniform, peripheral
outline round and lobulate, dorsal side slightlystoongly convex, 4 chambers in the
outer whorl increasing slowly and gradually in si@dambers globular to subglobular on
both spiral and umbilical sides; sutures depressadial, straight to slightly curved,
umbilicus rather broad and shallow; aperture urchlilas a medium arch.

Dimensions holotype, maximum diameter 280.0@m. Cismon core, maximum
diameter 83.75-116.52m. Site 463, maximum diameter 115,5%5.

Distinguishing featuresGorbachikella kugleri differs from Gubkinella graysonensis

mainly by possessing a wide umbilical area andrein-kke aperture.

Remarks:This species displays a moderate morphologicahlgity regarding a) the
number of species in the last whorl (four) and lgoasal side from slightly to strongly
convex. The original wall texture is not preserved.

The specimens reported @orbachikella anteroapertura by BouDagher-Fadedt al.
(1995) and illustrated in pl. 5, figs 1-6, are hereluded in the variability of
Gorbachikella kugleri (Bolli, 1959). At the same, the individual desedb as
Gorbachikella anteroapertura by BouDagher-Fadedt al. (1995) and illustrated in pl. 1,
figs. 11-12 shows the same general morphologyGofbachikella kugleri and are
therefore here included in the variability of thagter taxon.

Stratigraphic distributiontpper part of Valanginian-upper part of the loweastian,

from the middle part of theledbergella sigali Zone to thé.eupoldina cabri Zone.
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GenusLilliputianella Banner & Desai, 1988
Type specied:illiputianella longorii Banner & Desai, 1988, p.158-159, pl.
4, figs 11-12.

Lilliputianella globulifera (Kretchmar & Gorbachik, 1971)
(Pl. 3, 11a-c; PI. 16, figs. 1a-c, 2a-c, 3a-c, 48ecc, 6a-c, 7a-c, 8a-c; Pl. 17, figs.

la-c, 2a-c)

Clavihedbergella globulifera Kretchmar & Gorbachik, 1971, p. 136, pl.30, figa-1

c (holotype).

Lilliputianella globulifera (Kretchmar & Gorbachik), Banner & Desai, 1988, p.
170-171, pl. 8, figs. 1-4.

Lilliputianella globulifera (Kretchmar & Gorbachik), Bou-Dagher Fadsl al.,
1997, p. 164-165l. 9.1, figs. 8-9.

Praehedbergella globulifera (Kretchmar & Gorbachik), Moulladet al., 2008, p.
24, pl. 7, figs. 2-7, 9-11, 15-17.

Description Test small in size, coiled in a flat to weaklyngex trochospire, test
outline from rounded to oval, lobate; 5-5.5 chamsherthe last whorl (also 6-7 chambers
reported in the literature) increasing uniformlysize. Chambers in the first whorl are
spherical, later chambers are oval in outline am ghiral and umbilical sides. Sutures
straight and depressed, umbilical area wide angd.dggerture bordered by a short lip.

Dimensions holotype, maximum diameter 270.40n. Cismon, maximum diameter
83.75-221.08m.

Distinguishing featured.illiputianella globulifera differs from H. aptiana by having

more elongate chambers and a flatter trochospitelewt differs from L. similis by
possessing less elongate chambers.

Remarks:This species displays a rather wide morphologieailability mainly related
to a) the number of elongate chambers (from 5 tand) to b) the chambers’ elongation

degree. The original wall texture is not preserved.
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The individuals reported in Banner & Desai (pl.&sf 1-3, 1988) exhibit a last
chamber more prominently radially elongate thanhbktype. Bou-Dagher Fadet al.
(1997) illustrated a topotype (pl. 9, figs. 8-9)which the spiral view is close to the
holotype instead of the umbilical view that lookether species.

Stratigraphic distributianEarly Barremian-lower part of the Late Aptianorfr the

Lilliputianella similis Zone to theGlobigerinelloides algerianus Zone.

Lilliputianella kuhryi (Longoria, 1974)
(PI. 3, 12a-c; PI. 17, figs. 3a-c, 4a-c)

Hedbergella kuhryi Longoria, 1974, p. 60, pl. 14, figs 1-3, 4-6 (hgju).
Lilliputianella kuhryi (Longoria), Banner & Desai, 1988, p. 169, pl.ig, 5.
Lilliputianella kuhryi (Longoria), BouDagher-Fadel, 1995, p. 144, pfigs 7.
Lilliputianella kuhryi (Longoria), BouDagher-Fadet al., 1997 p. 165, pl. 9.2, figs
7-10.

Description Test medium to large in size, coiled in a flat hospire, peripheral
outline subcircular, strongly lobate to stellate;chambers (5.5 to 6 chambers also
reported in the literature) in the outer whorl, resing rather fast in size. Chambers
initially globular to subglobular on both spiraldanmbilical sides, the last two or three
tending to become radially elongate, laterally caasped and pointed at their end; spiral
side flat tending to pseudoplanispirality; sutuseésight to slightly curved on both spiral
and umbilical sides; umbilicus broad and shalloperture as a low extraumbilical arch.

Dimensions holotype, maximum diameter 310m. Cismon, maximum diameter
115.12-216.1m.

Distinguishing featured.illiputianella kuhryi may be distinguished froi. roblesae

mainly by its pointed (instead of round), sligtlpnepressed chambers; a wider and
shallower umbilical area and because of its pecwaling mode tending to become
planispiral.

Remarks:This species displays a moderate morphologicabbiity regarding a) the

number of chambers (5 to 6) in the outer whorl, thgir elongation degree and,
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consequently, c) the peripheral outline which maynhore or less strongly lobate; in
addition d) the spiral side may range from flaiatmost pseudoplanispiral. The original
wall texture is not preserved.

The specimen poorly illustrated (only in umbilica¢w) by Banner & Desai in pl. 8,
fig. 5 is probably an intermediate form betwedehiputianella kuhryi andL. bizonae; in
fact, this specimen exhibits a growth rate whiclclsser to that of the latter species
resulting in an ovoid test (instead of subcircyldrdwever, this morphotype can be
included here in the variability dfilliputianella kuhryi because of its three globular,
round initial chambers of the outer whorl.

Stratigraphic distributionEarly Aptian — lower part of the Late Aptian, frothe

Leupoldina cabri Zone to the&slobigerinelloides algerianus Zone.

Lilliputianella labocaensis (Longoria, 1974)
(PI. 4, 1a-c; PI. 17, figs. 5a-c, 6a-c)

Hedbergella labocaensis Longoria, 1974, p. 60, pl. 16, figs 7-9, 22-24 (itgpe).
Lilliputianella labocaensis (Longoria), BouDagher-Fadet al., 1997 p. 165, pl.
9.2, figs 1-3.

Description Test medium to large in size, coiled in a low trogpire, peripheral
outline subcircular, strongly lobate, 5 to 6 charsbie the outer whorl, increasing very
slowly and gradually in size. Chambers initiallylgllar to subglobular on both spiral
and umbilical sides, the last three or four tendimdecome slightly radially elongate,
round at their end; sutures straight to slightlyved on both spiral and umbilical sides,
umbilicus narrow and rather shallow; aperture Eswvaextraumbilical arch.

Dimensions holotype, maximum diameter 29Im. Cismon, maximum diameter
107.91-221.9%um.

Distinguishing featureslLilliputianella labocaensis is quite similar toL. maslakovae

Longoria (1974) from which differs mainly by its adr and slightly deeper umbilical

area.
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Remarks This species displays a small morphological \alitg mainly regarding a)
the number of chambers (5 to 6) in the outer whad b) their elongation degree. The
original wall texture is not preserved.

The specimen illustrated by Longoria in pl. 16sfi¢t9 (the paratype), exhibiting only
5 chambers in the outer whorl, does not match thggnal diagnosis of this taxon given
by Longoria (“six to seven chambers in the finalonwt); however, this individual
possesses a general morphology which is very ¢ttod®at ofLilliputianella labocaenss;
on the other hand, none 7-chambered specimenseasmsrbported in the literature and,
therefore, on the basis of this observatidiiputianella labocaensis is characterized by 5
to 6-chambered individuals.

Stratigraphic distributionEarly Aptian — lower part of the Late Aptian, frothe

Leupoldina cabri Zone to theGlobigerinelloides algerianus Zone.

Lilliputianella maslakovae (Longoria, 1974)
(PI. 4, 2a-b; PI. 17, figs. 7a-c, 8a-c; PI. 18sfiga-c, 2a-c)

Hedbergella maslakovae Longoria, 1974 p. 61-63, pl. 20, figs 1-3, 14-Ab,24,
figs 11-12 (holotype), 13, 14.

Hedbergella similis Longoria, 1974, p. 68-69, pl. 23, figs, 14-16.
Lilliputianella maslakovae (Longoria), Banner & Desai, 1988, p. 169, pl.igsf6-
7.

?Lilliputianella bizonae (Chevalier), Banner & Desai, 1988, p. 168, pfigs 13-
14.

Lilliputianella similis (Longoria), Banneet al., 1993, p. 15, pl. 8, figs 8a-c.
Lilliputianella globulifera (Kretchmar & Gorbachik), BouDagher-Fadkhl.,
1997, p. 164-165, pl. 9.1, figs 10-11, not fig9,5:2-15.

? Lilliputianella bizonae (Chevalier), BouDagher-Fadetlal., 1997, p. 164, pl. 9.3,
11-14.
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Description: Test medium to large in size, trochospirally atil@eripheral outline
subcircular, strongly lobate, 6 to 6.5 chambertheouter whorl, increasing very slowly
and gradually in size. Chambers on both spiral amdbilical sides initially globular to
subglobular, the last three or four tending to beecslightly radially elongate, round at
their end; spiral side very low to flat; suturesagght to slightly curved, umbilicus broad
and shallow; aperture as a low extraumbilical aeztcthing the periphery.

Distinguishing features:Lilliputianella maslakovae differs from L. labocaensis

Longoria (1974) mainly by its a) wider and shallowenbilical area and by b) its low to
flat spiral side; in addition it may be distingueshfromH. similis Longoria (1974)y
having a slower growth rate resulting in a lessgate final chamber.

Dimensions holotype, maximum diameter 30om. Cismon, maximum diameter
115.35-204.11um.

Remarks:This species displays a small morphological vditgbmainly regarding the
number of chambers (6 to 6.5) in the outer whowirtelongation degree and the spiral
side, which may range from low to flat. The oridinall texture is not preserved.

The specimens shown in Pl. 17, 8a-c and Pl. 18 2&ave been identified as
Lilliputianella cf. maslakovae because morphologically similar tailliputianella
maslakovae but having less elongate chambers.

The specimen shown in Pl. 18, la-c has been idshtiés Lilliputianella cf.
maslakovae because morphologically similar tailliputianella maslakovaebut having
more inflated chambers.

The specimen illustrated (only in umbilical viewy BouDagher-Fadeét al. in pl.
9.1, figs 5-7 (the holotype o€lavihedbergella globulifera Kretchmar & Gorbachik,
1971) and fig. 8 are here assignedHedbergella aptiana Bartenstein (1965) because
they possess globular, non-elongate chambers;nitigidual in pl. 9.1, figs 12-15 is
attributed toHedbergella similis Longoria (1974) because of its slightly fastergiorate
resulting in a more elongate last chamber, whigegborly illustrated (only in umbilical
view) specimen in pl. 9.1, fig. 15 falls in the eduility of Hedbergella roblesae Obregon
de la Parra (1959) on the account of its fast aadugpl growth rate and of its decidedly
elongate last two chambers.

Stratigraphic distribution:Early Aptian-lower part of the Late Aptian, fronhmet

Leupoldina cabri Zone to theGlobigerinelloides algerianus Zone.
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Lilliputianella roblesae (Obregon de la Parra, 1959)
(Pl. 4, 3a-b)

Globigerina roblesae Obregon de la Parra, 1959, p. 149, pl. 4, figs Ha-4
(holotype).

Hedbergella roblesae (Obregon de la Parra), Longoria, 1974, p. 65-661) figs
1-3, 4-6, pl. 20, figs 10, 11.

Hedbergella semielongata Longoria, 1974, p. 66-68, pl. 21, figs 4-5.
?Lilliputianella bizonae (Chevalier), Banner & Desai, 1988, p. 168, plfi@s 12,
15.

Clavihedbergella semielongata (Longoria), Coccioni & Premoli Silva, 1994, p.
670-671, figs 9.16-21, not figs 10.1-3.

Lilliputianella roblesae (Obregon de la Parra), BouDagher-Faetedl., 1997, p.
165-166, pl. 9.3, fig. 1-7

Description Test medium to large in size, coiled in a flat trospire, peripheral
outline ovoid and strongly lobate; 5 chambers (ya#e5 to 6) in the outer whorl,
increasing rapidly but gradually in size. Chambensboth spiral and umbilical sides
initially globular to subglobular, the last two three moderately to strongly elongate;
chambers round at their end; spiral side low toiomaehigh; sutures straight to slightly
curved on both spiral and umbilical sides; umbagicather wide and shallow; aperture a
low extraumbilical arch.

Dimensions holotype, maximum diameter 17@m. Cismon, maximum diameter
105.23-231.7§um.

Distinguishing featured. . roblesae differs fromL. globulifera andL. similis mainly

on the account of its more cilindric chambers.

Remarks This species displays a rather wide morphologialiability mainly
regarding a) the number of chambers (4.5 to 6he duter whorl, b) the number of
elongate chambers, c) their elongation degreehel)peripheral outline which can be
more or less strongly lobate, and e) the heighthefspire which can range from low to
moderately high.

The specimens reported by Coccioni & Premoli S{i¥894) in figs 9.16-21, even

possessing 4.5 chambers in the outer whorl argrassihere td.illiputianella roblesae
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because of their fast and gradual growth rate efctiemmbers which are arranged in an
ovoid test outline. Conversely, the specimen regblty the same authors in figs 10.1-3
does not fall in the variability of this taxon besa of its very high spiral side.

Stratigraphic distributionmid-Barremian — lower part of the Upper Aptiamrotigh

the upper part of théilliputianella similis Zone to theGlobigerinelloides algerianus
Zone.

Lilliputianella similis (Longoria, 1974)
(Pl. 4, 4a-c; PI. 18, figs. 3a-c, 4a-c, 5a-c, 6a-c)

Hedbergella similis Longoria, 1974, p. 68-69, pl. 16, figs 10-11, 12-18-18, 19-
21 (holotype), pl. 18, figs, 12-13, pl. 23, notdjd 4-16.

Clavihedbergella eocretacea Neagu, 1974, p. 112-113, pl. 89, figs 3-4.
Lilliputianella similis (Longoria), Banner & Desai, 1988, p. 169-170,8lfig. 8,
not fig. 9.

Not Lilliputianella similis (Longoria), Banneet al., 1993, p. 15, pl. 8, figs 8a-c.
Lilliputianella eocretacea (Neagu), Bannegt al., 1993, p. 15, pl. 6, figs 8.
Hedbergella similis (Longoria), Coccioni & Premoli Silva, 1994, p. 6889, figs
13.1-3, not figs 13.4-9.

Lilliputianella globulifera (Kretchmar & Gorbachik), BouDagher-Fadel al.,
1997, p. 165, pl. 9.2, figs 1-3.

Description Test medium to large in size, coiled in a flat teeakly convex
trochospire, peripheral outline ovoid, lobate, @rbers in the outer whorl (6 chambers
are also reported in the literature), increasiogvil and gradually in size; on both spiral
and umbilical sides chambers initially globular swmbglobular, the last two or,
exceptionally, three tending to become slightlyialigl elongate, in some specimens the
final one may be more decidedly elongate (chamimensd at their end). Spiral side low,
sutures straight to slightly curved on both spaatl umbilical sides; umbilicus rather

wide and shallow; aperture a low extraumbilicaharc
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Dimensions holotype, maximum diameter 26dm. Cismon, maximum diameter
104.05-230.88um.
Distinguishing featuresti.illiputianella similis is quite similar toL. maslakovae

Longoria (1974) from which differs mainly in itsgihtly faster growth rate, in its slightly
more elongate last two chambers (especially thed fine) resulting in an ovoid (instead
of subcircular) testlLilliputianella similis also differs fromLilliputianella globulifera by
having more elongate last two chambers (espediatiyinal one).

Remarks: This species displays a rather wide morphologieatiability mainly
regarding a) the number of chambers (5 to 6) inatlter whorl and b) their elongation,
especially of the last one. The original wall teetis not preserved.

The specimens shown in PIl. 18, figs. 6a-c has heentified asHedbergella cf.
similis because morphologically similar ktedbergella similis but having less elongated
chambers.

The specimens reported by Longoria in pl. 23, figs16 (paratype), display a slightly
slower growth rate and a less elongate last charibeompared to the holotype of this
taxon. Thus, this individual falls in the variabjliof Lilliputianella maslakovae Longoria
(1974). The specimen illustrated by Longoria in }8, figs 12-13 (paratype), yields a
decidedly faster growth rate resulting in the ldsee strongly elongate chambers. This
individual is not a typicaLilliputianella similis; even possessing six chambers in the
outer whorl, its general morphology is rather cltskilliputianella roblesae Obregon de
la Parra (1959) and, therefore, it is considere® las an intermediate form between the
two taxa. For the same reason, the specimen dliestiby Banner & Desai (1988) in pl. 8,
figs 9a-b is probably an intermediate form betwées two species even though this
individual exhibits éroken third chamber preventing its certain attidou

The paratype o€lavihedbergella eocretacea Neagu (1975), reported in pl. 89, figs 4-
5, possesses 5 outer chambers, the final one diégielongate and is therefore assigned
to Lilliputianella similis Longoria (1974).

The specimens figured by Banngral. (1993) in pl. 8, figs 8a-c falls here in the
variability of Lilliputianella maslakovae Longoria (1974) by having a slower growth rate
of the chambers, which are very slightly elongate] a subcircular test.

The specimens reported by Coccioni & Premoli Silvdigs 13.4-6 and 13.7-9 are
here assigned tailliputianella roblesae Obregon de la Parra (1959) because of their

rather fast growth rate and decidedly elongatetVestchambers.
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Stratigraphic distributionEarly Barremian - lower part of the Late Aptiam,augh the

upper part of the&illiputianella similis Zone to theGlobigerinelloides algerianus Zone.
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Order GLOBIGERININA Delage & Hérouard, 1896
Superfamily PLANOMALINACEA Bolli, Loeblich & Tappanl957
Family SCHACKOINIDAE Pokorny, 1958
Subfamily SCHACKOINIDAE Pokorny, 1958

GenuslLeupoldina Bolli, 1957, emended Banner & Desai, 1988, newly
emended.
Type specied.eupoldina protuberans Bolli, 1957, p. 277, pl. 2, figs 7, 7a .

PREMISE:

Several specimens within different species illusttain Verga & Premoli Silva
(2002) are considered not valid because they do fihoin the species’ original
descriptions and illustrations. However, the awhdhrough a verbal communication,
explained the discrepancy between species’ illtistra and descriptions as due to the
wrong placement of the figure captions in the mi#d paper. Therefore, figures and

captions by Verga & Premoli Silva (2002) have bemnsed as follows:

Leupoldina cabri: Fig. 6.1-12; Fig. 7.1-6.

Leupoldina pustulans pustulans: Fig. 4.1-15; Fig. 8.1.
Leupoldina reichdli: Fig. 7.7-17.

Leupoldina pustulans quinquecamerata: Fig. 5.1-4; Fig. 8.2-12.

Leupoldina pustulans hexacamerata: Fig. 5.5-12.
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Leupoldina cabri (Sigal, 1952)
(Pl. 3, 6a-b)

Schackoina cabri Sigal, 1952, p. 20, text-fig. 20.

Leupoldina protuberans Bolli, 1957, p. 277, pl. 2, figs 2, 5-13, not fids 3, 3a,
and 4. (Holotype Fig. 7, 7a).

Schackoina pustulans pustulans Bolli 1957, p. 274, pl. 1, figs 2, 4, and 5.
Schackoina pustulans quinquecamerata Bolli 1957, p. 274, pl. 1, fig. 6.
Schackoina cabri (Sigal), Sigal, 1959, p. 72, figs 19-46.

Leupoldina protuberans (Bolli), Bolli, 1959, p. 264, pl. 20, figs 20a, b.
Leupoldina protuberans (Bolli), Loeblich & Tappan, 1964, part C, vol. €, 658,
fig. 526, 10 a, b.

Leupoldina protuberans (Bolli), Gorbachik, 1971, p. 125, pl. 30, figs Ta,
Leupoldina cabri (Sigal), Longoria, 1974, p. 90, pl. 2, figs 1-12.

Leupoldina pustulans (Bolli), Longoria, 1974, p. 90, pl. 3, fig. 3; Bl.fig. 7.
Leupoldina protuberans (Bolli), Bartenstein & Bolli, 1977, p. 559, pl. 8gs 15,
17, not fig. 16.

Leupoldina gr. cabri (Sigal), Banner & Desai, 1988, p. 176, pl. 10, fignot figs
1-6, and 8.

Leupoldina protuberans (Bolli), Loeblich & Tappan, 1987, p. 461, pl. 49@ys 14-
15.

Not Leupoldina cabri (Sigal), Coccioni & Premoli Silva, 1994, p. 683, P4, figs.
15-16.

Leupoldina cabri (Sigal), BouDagher-Fadet al., 1995, p. 147, pl. 4, fig. 8, not
fig. 9.

Schackoina cabri (Sigal), BouDagher-Fadet al., 1997, p. 185, pl. 10.6, figs 8, 9,
14, not figs 10-13.

Leupoldina protuberans (Bolli), BouDagher-Fadedt al.,1997, p. 184, pl. 10.6, figs
1,2,6,and 7.

Not Schackoina (Leupoldina) cabri (Sigal), Moulladeet al.,1998, p. 223, pl. 6, figs
9, 11-12.
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Leupoldina cabri (Sigal), Verga & Premoli Silva, 2002, p. 200-268;. 7.1-6, not
7.7-12; not Fig. 8.1-6.

Description Test small to large in size, slightly trochospiseminvolute to involute,
equatorial periphery irregular, strongly lobatestmongly stellate, 4 to 6 chambers in the
last whorl increasing gradually and slowly in siZ&e first, second and exceptionally the
third one pyriform or radially elongate, rarely gldar, with a radial prolongation bearing
a single ampulla; last chambers bi-, tri- or exweylly quadrifurcated bearing
consequently two or three ovoid to spherical angaylsutures radial, depressed, straight
to slightly curved; umbilical area very small, dbal, partially visible only in the
seminvolute morphotypes; aperture straddling th@ppery as a low asymmetric arch
bordered by a lip.

Dimensions holotype, maximum diameter 401.p60.

Distinguishing featuresteupoldina cabri differs from Leupoldina pustulans and its

subspecies by having an involute to seminvolutst€isd of evolute) coiling mode and, in
general, more branched chambers that lead to a imegellar shape of the test. It differs
from Leupoldina reicheli by having an involute to seminvolute (instead\aflete, a more
clearly trochospiral coiling mode, a bifurcateduaty stout, and less radially elongate
chambers.

Remarks This species displays a wide morphological valitglregarding the number
of chambers in the last whorl (from 4 to 6), thegm@e of involution, the presence of
chamber bifurcation and, consequently, the numbbeangpullae for each chamber. In
particular, a wide range of intermediate morphosypeetween the seminvolute,
pseudoplanispiral individuals and strongly involutdearly trochospiral, extremely
branched specimens is observed.

According to Verga & Premoli Silva (2002), the mioopypes illustrated in pl. 1, figs.
2, 4, 5, ad_eupoldina pustulans pustulans and in pl. 1, fig. 6 aseupoldina pustulans
guinquecamerata by Bolli (1957) seem to belong tioeupoldina cabri being involute,
while the specimens identified asupoldina protuberans in pl. 2, figs. 1, 3 are assigned
to Leupoldina pustulans pustulans as they display 4 chambers and an evolute coiling
mode. As regard Bolli's specimens in pl. 2, fig.ptpvided with 5 chambers and an

evolute coiling mode is Beupoldina pustulans quinquecamerata instead of d_eupoldina



86 Chapter 5: Taxonomy

protuberans. The specimen illustrated by Gorbachik (1971) agrotuberans is assigned
to Leupoldina cabri, which is the senior synonym (Verga & Premoli §j12002).

The individuals illustrated by Longoria (1974)laspustulans in pl. 3, fig. 3 and in pl.
8, fig. 7, being involute, are assigned_taabri.

The 5-chambered morphotype of Bartenstein & Bd9q7) in pl. 3, fig. 16, even if
poorly illustrated, seems to possess an evolutkngpitherefore is assigned here to
Leupoldina pustulans quinquecamer ata.

According to Verga & Premoli Silva (2002) the indiuvals illustrated by Banner &
Desai (1988) aseupoldina gr. cabri in pl. 10, figs. 1, 2, 4, 5, and 8 are assigned.to
pustulans pustulans as they possess an evolute coiling mode and 4 lodramthe
extremely elongate specimen in figs. 3a, b,.agpoldina reicheli; the one illustrated in
fig. 6, in the same plate, iseupoldina pustulans quinquecamerata being evolute and
provided with 5 chambers.

The specimens illustrated by Coccioni & Premolv&i(1994) in pl. 14, figs. 15, 16
can be attributed tbeupoldina pustulans pustulans as it exhibits an evolute coiling.

The morphotype described by BouDagher-Fadel (1985)eupoldina cabri and
illustrated in pl. 4, fig. 9 seems to belong to gesusSchackoina.

The specimenschackoina cabri described by BouDagher-Fadetl al. (1997) and
illustrated in pl. 10.6, figs. 10, 12 could be iatited toLeupoldina pustulans pustulans,
being evolute; the individual illustrated in theveanpl., fig. 11 is d.eupoldina reicheli
because of its evolute coiling and very elongatbers, while the specimen illustrated
in fig. 13 is aL. pustulans quinguecamerata having 5 chambers and an evolute coiling.
Finally, the individuals illustrated dseupoldina protuberans by BouDagher-Fadedt al.
(1997) in pl. 10.6, figs. 1, 2, 6, and 7, are assthby Verga & Premoli Silva (2002) to
Leupoldina cabri, which is the senior synonym; the individuals ilhaséd in the pl. 10.6,
figs. 3, 5, are referable ta pustulans pustulans, while the specimen in pl. 10.6, fig. 4 is a
L. pustulans quinquecamer ata.

The individuals illustrated by Moulladet al. (1998) in pl. 6, figs. 9, 11-12 being
evolute and provided with 4 chambers are assigmedupol dina pustulans pustulans.

Stratigraphic distributionEarly Aptian. The presence béupoldina cabri identifies its

Total Range Zone. In the Cismon core the first apgrece of this taxon is just below the
Selli Level Equivalent, at the radiolarian level/164-170. At Cismon, the assemblages

of the middle to the lower upper part of theupoldina cabri Zone contain also
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morphotypes ofL. cabri with 6 chambers in the outer whorl (no taxa witbnglate
chambers were found at DSDP Site 463).

Leupoldina pustulans hexacamerata (Verga & Premoli Silva, 2002)
(Pl. 3, 7a-c)
Leupoldina pustulans (Bolli) hexacamerata,Verga & Premoli Silva, 2002, p. 205,
Fig. 5.5 (holotype)-12, not Fig. 6.5-12.

Description: Test medium to large, slightly trochospiral, ewe|luequatorial periphery
strongly stellate, 6 chambers in the last whorkeasing gradually and slowly in size,
predominantly pyriform in shape throughout. Shatlial prolongations, bearing a single
subspherical ampulla except the last one or twardceate (rarely trifurcate) chambers
which bear two or exceptionally three ampullaeséhampullae exhibit different size and
grow asymmetrically with respect to the coilingn@aSutures radial, depressed, straight;
umbilical area shallow and rather large, aperturaddling the periphery as a low
asymmetrical arch bordered by a lip.

Dimensions holotype, maximum diameter 3@fn;

Distinguishing feautures Leupoldina pustulans hexacamerata differs from L.

pustulans pustulans, L. pustulans quinquecamerata, L. reicheli by having 6 chambers in
the outer whorl (mainly pyriform), instead of 4 5r and usually two asymmetrically
developed ampullae in the last chamber.

Remarks This subspecies displays a little morphologicatiability related to the
subglobular shape of the first chambers in thevdmsirl, and the presence of bifurcation
also in the penultimate chamber.

Stratigraphic distributionRange restricted to the lower part of thaipoldina cabri
Zone Eensu Sigal, 1977 and Caron, 1985). In the Cismon coreafiiges from the
radiolarian level 13/119-127 up to the 12/209-214.
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Leupoldina pustulans pustulans (Bolli, 1957)
(PI. 3, 8a-b)

Schackoina pustulans pustulans Bolli, 1957, p. 274, pl. 1, figs. 1, 3, 3a (holpgy,
not figs 2, 4.

Leupoldina protuberans Bolli, 1957, p. 277, pl. 2, figs 1, 3, 3a.

Schackoina pustulans (Bolli), Sigal, 1959, p. 274, pl. 1, figs 1-7.

Leupoldina pustulans (Bolli), Gorbachick, 1971, pl. 30, figs 6a, b.

Leupoldina pustulans (Bolli), Longoria, 1974, p. 90, pl. 3, figs 4, Btfig. 3; pl. 8,
not fig 7.

Globigerinelloides saundersi (Bolli), Longoria, 1974, p. 88, pl.3, figs 2, 6-@l. 9,
figs 8, 9.

Schackoina pustulans pustulans (Bolli), Bartenstein & Bolli, 1977, p. 560, pl. 3,
figs 20, 21.

Leupoldina pustulans (Bolli), Salaj, 1984, pl. 3, fig. 10.

Leupoldina gr. cabri (Sigal), Banner & Desai, 1988, p. 176, pl. 10, fig, 4, 5,
and 8.

Leupoldina pustulans (Bolli), Salaj, 1990, pl. 18, fig. 3; pl. 19 figd 112.
Leupoldina pustulans (Bolli), Coccioni & Premoli Silva, 1994, p. 683l. 44, figs
17, 18.

Leupoldina cabri (Sigal), Coccioni & Premoli Silva, 1994, p. 683, p#, figs.15-
16.

Leupoldina protuberans (Bolli), BouDagher-Fadel, 1995, p.148, pl. 4, f§}%.
Schackoina cabri (Sigal), BouDagher-Fadet al., 1997, p. 185, pl. 10.6, figs. 10,
12.

Leupoldina protuberans (Bolli), BouDagher-Fadeét al., 1997, p. 184, pl. 10.6,
figs 3, 5.

Schackoina (Leupoldina) cabri (Sigal), Moulladeet al., 1998, p. 223, pl. 6, figs 9,
11-12.

Leupoldina pustulans pustulans (Sigal), Verga & Premoli, 2002, p. 203, 205, Fig.
4.1-15; not Fig. 5.1.
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Description Test small to large in size, slightly trochospiaad evolute, equatorial
periphery strongly stellate, rarely 4.5 chamberthanlast whorl increasing gradually and
slowly in size. The first and second chambers @f st whorl globular to slightly
cylindrical or pyriform; last chambers pyriform gitiform or tubular; mainly short, radial
prolongations, bearing a single subspherical amaptiiroughout or two bifurcate
ampullae in the last and penultimate chambers. r8sittadial, depressed, straight to
slightly curved; umbilical area shallow and ratkege; aperture straddling the periphery
as a low asymmetric arch bordered by a lip.

Dimensions holotype maximum diameter 4L0n.

Distinguishing featured:eupoldina pustulans pustulans differs fromLeupoldina cabri

by having a evolute (instead involute to seminwlutoiling mode and, in general, a
more regular shape of the test. It differs froeupoldina pustulans quinguecamerata and
Leupoldina pustulans hexacamerata by having a lower number of chambers in the last
whorl, 4 to 4.5 instead of 5 to 5.5 and 6.

Remarks This subspecies displays a little variability aedjng a) the number of
chambers from 4 to 4.5, a more marked morphologiaahbility concerning b) the shape
of the chambers in the last whorl that ranges feariglobular or pyriform in the first
chambers to pyriform, digitiform or tubular in tbeter ones; c) the presence/absence of
bifurcation in the last chambers, leading to bewr or two ampullae per chamber, and d)
the degree of constriction that separates the dagpdfilom their respective chambers,
abrupt to barely marked. In general, well-separaraegullae are associated with pyriform
chambers, whereas in cylindrically shaped chamtmnstrictions are almost absent.

According to Verga & Premoli Silva (2002) the speens illustrated by Longoria
(1974) asG. saundersi in pl. 3, figs. 2, 6-9 and pl. 9, figs. 8, 9 fallithin the
morphological variability ofeupoldina pustulans pustulans as the chamber extensions,
even broken, suggest the presence of bulb-shapethtgions.

Stratigraphic distributionUpper Barremian-Upper Aptian, studies are in pgeg to

better constain the stratigraphic distributionhs species.
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Leupoldina pustulans quinquecamerata (Bolli, 1957)
(Pl. 3, 9a-b)

Schackoina pustulans quinquecamerata Bolli, 1957 p. 274, pl. 1, figs. 6, 7a, b
(holotype).
Leupoldina protuberans Bolli, 1957 p. 277, pl. 2, fig. 4 (paratype only).
Not Schackoina pustulans pustulans (Bolli) Bartenstein & Bolli, 1977, p. 560, pl.
3, figs 22, 23.
Leupoldina gr. cabri (Sigal) Banner & Desai, 1988, p. 176, pl. 10, fig.
Schackoina cabri Sigal: BouDagher-Fadet al., 1997, p. 185, pl. 10.6, fig. 13.
Leupoldina protuberans (Bolli) BouDagher-Fadetdt al., 1997, p. 184, pl. 10.6, fig.
4.
Leupoldina pustulans quinquecamerata (Bolli), Verga & Premoli Silva, 2002, Fig.
5.2-4, not 5.5-12; not Fig. 6.1-4.

Description: Test small to large in size, slightly trochospieasid evolute, equatorial
periphery strongly stellate, 4 chambers in the \Wasbrl (rarely 4.5) increasing gradually
and slowly in size. The first and second chambérh® last whorl globular to slightly
cylindrical or pyriform; last chambers pyriform gitiform or tubular; mainly short, radial
prolongations, bearing a single subspherical amaptiiroughout or two bifurcate
ampullae in the last and penultimate chambers. r8sittadial, depressed, straight to
slightly curved; umbilical area shallow and ratkege; aperture straddling the periphery
as a low asymmetric arch bordered by a lip.

Dimensions holotype maximum diameter 370n.

Distinguishing features Leupoldina pustulans quinquecamerata differs from

Leupoldina pustulans pustulans by having a higher number of chambers in thevamirl,
5 to 5.5 instead of 4 to 4.5. The two subspeciesesthe same features as well as the
same morphological variability in terms of chambleape, bifurcation, number and shape
of ampullae and type of constrictions. Howeverjrdical chambers are a less common
feature inL. pustulans quinquecamerata than inL. pustulans pustulans.

Remarks:According to Verga & Premoli Silva (2002) the sipeens illustrated by
Bartenstein & Bolli (1977) in pl. 3 figs. 22, 23 leaupoldina pustulans quinquecamerata

do not display pyriform to tubular chambers bearlmgb-shaped extensions. These
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individuals might fall in the morphological varidiby of Lilliputianella roblesae
(Obregon de la Parra, 1959).
Stratigraphic distributionEarly Aptian, at Cismon from the middle to the &wpper

part of thel_eupoldina cabri Zone.

Leupoldina reicheli (Bolli, 1957)
(PI. 3, 10a-b)

Schackoina reicheli Bolli, 1957, p. 275, pl. 1, figs 8-10 (holotype).

Schackoina reicheli (Bolli), Sigal, 1959, p. 74, figs 48, 49.

Leupoldinareicheli (Bolli), Gorbachik & Kretchmar, 1969, pl. 2, fig® h-c.
Leupoldinareicheli (Bolli), Gorbachik & Kretchmar, 1970, p. 143, B, figs 3-6.
Leupoldinareicheli (Bolli), Gorbachik, 1971, p. 125, pl. 30, figs &a,
Leupoldina pustulans (Bolli), Longoria, 1974 p. 92, pl. 27, fig. 17.

Leupoldina gr. cabri (Sigal), Banner & Desali, 1988, p. 176, pl. 10, figs b.

Not Schackoina reicheli (Bolli), BouDagher-Fade#t al., 1995, p. 148, pl. 4, figs
10, 11.

Schackoina cabri (Sigal), BouDagher-Fadet al., 1997, p. 185, pl. 10.6, fig 11.
Leupoldina reicheli (Bolli), Verga & Premoli Silva, 2002, p. 205, 214t Fig.
8.7-17.

Description Test medium to large in size, pseudoplanispieaolute, equatorial
periphery strongly stellate, 4 to 5 chambers in lds whorl increasing gradually and
moderately in size; the first and the second pgmfooccasionally subglobular, then
pyriform to tubular with very long radial prolongats bearing a single subspherical to
ovoid ampulla. Very rare specimens display bifugdaprolongations; lateral profile
subparallel to slightly asymmetrical with one smacave and the other convex; sutures
radial, depressed, mainly straight; umbilical avesy shallow and rather large; aperture
straddling the periphery as a low asymmetrical &dmtdered by a lip.

Dimensions holotype, maximum diameter 5.
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Distinguishing featuresFor differences from the other leupoldinid specisee the

descriptions above.

Remarks This species shows a moderate morphological béitiamainly regarding
the number of chambers in the last whorl, from & tthe shape of the first chambers in
the outer whorl, the elongation degree of the tastmbers varying from moderately to
strongly elongate, the shape of the ampullae frabsgherical to ovoid, and the lateral
profile from subsymmetrical to distinctly asymme#l. In very rare specimens
prolongations are bifurcated.

According to Verga & Premoli silva (2002), the sipeens illustrated by BouDagher-
Fadel (1995) in pl. 4 figs. 10, 11 do not belonghe genud. eupoldina but probably to
the Schackoina pentagonalis group.

Stratigraphic distribution Early Aptian, from the lower part of tHesupoldina cabri

Zone to the lower part of thelobigerinelloides ferreolensis Zone.
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GenusGubkinella Suleymanov, 1955

Type speciesiGubkinella asatica Suleymanov, 1955

Gubkinella graysonensis (Tappan, 1940)

(PI. 8, figs. 7a-c, 8a-c, 9a-c, 10a-c, 11a-c9Pla-c, 2a-c, 3a-c, 4a-c, 5a-c; PI. 19,
figs. 7a-c, 8a-c, 9a-c)

Globigerina graysonensis Tappan, 1940, p. 122 pl. 19, figs. 15 (holotype)-17

Gubkinella graysonensis (Tappan), Longoria, 1974, 50 pl. 1, figs. 1-12.

Gubkinella graysonens(3appan) Pflaumann & Krasheninnikov, 197, 553 pl.

1, fig. 9-11.

Gubkinella graysonensis (Tappan), Leckie, 1984, 593 pl. 1, figs. 2-3.

Gubkinella graysonensis (Tappan), Leckie, 1990, PI. 1, Figs. 1-7.

Description Test tiny, coiled in a low to rather high trocpoe, chambers from three
to five in the last whorl, globular to subglobutard inflated in both spiral and umbilical
sides; sutures distinct and depressed; apertutdiksli which extends toward the
periphery.

Dimension holotype, maximum diameter 21@. Cismon, maximum diameter 99.36-
134.06um. 463 Site, maximum diameter 84.02-100u86

Distinguishing featuresGubkinella graysonensis differs from Gorbachikella kugleri

mainly by possessing a narrower umbilical area bBpdthe absence of an arch-like
aperture.

Remarks Gubkinella graysonensis displays some morphological variability regarding
the a) number of chambers of the outer whorl (ragdgiom 3 to 5), and the b) height of
the spiral side varying from slight to rather highhe original wall texture is not
preserved.

The generic identification of this species is somatwin doubt. It resembles
Globigerina in being trochoid and in having nearly globularactbers, but differs
somewhat in the feature of the aperture, as théxiep has an aperture that extends

toward the periphery. This species is also consdlarpossible benthic form.
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Stratigraphic distributionlower part of the Late Barremian-middle Albianorh the

middle-upper part of th&lobigerinelloides blowi Zone to theTicinella primula Zone.
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Chapter 6
Results

6.1 Cismon core

The studied interval at Cismon core is 25 metersktiffrom 32.49 m to 7.96 m)
including the Selli Level equivalent. The majorfdifilties of my research project have
been represented by the small size of the speciommnsring in this stratigraphic interval
and by the overall poor preservation of the assagdd; in fact, within the Selli Level
equivalent the very poor preservation in severai@as did not allow the identification

of all the specimens at species level.

6.1.1 Taxonomy

Taxonomic analyses reveal that the presence diyiwe species belonging to six
genera, as follows: genetdedbergella (twelve species)Lilliputianella (six species)
Globigerinelloides (ten species),.eupoldina (five species)Gubkinella (one species) and
Gorbachikella (one species)

Two main groups have been identified based on ckesnhorphology:

1) trochospiral (genusHedbergella), globigeriniform (generaGubkinella and
Gorbachikella) and planispiral taxa (genuslobigerinelloides) with globular chambers
(Fig. 6.1);

2) trochospiral (genud.illiputianella), planispiral (genusGlobigerinelloides) and
pseudo-planispiral taxa (genlgupoldina) with “clavate” or elongate chambers (Fig.
6.2).

In general, planispiral, pseudo-planispiral and bgjeriniform taxa are easily
recognizable thanks to their morphology (eGjobigerinelloides duboisi, Leupoldina
reicheli and Gubkinella graysonensis). On the contrary, trochospiral species show high

morphological plasticity being characterized byihgwt to 8 chambers in the last whorl,
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a low to very high trochospire, globular to eloregahambers (e.dd. sigali, H. aptiana,
H. occulta, H. infracretacea, andLilliputianella globulifera), so that the identification at
species level is sometimes very difficult also hseathe number of chambers is not

always a useful criteria to discriminate species.

GUBKINELLA

GLOBIGERINELLOIDIDS

HEDBERGELLIDS

Fig. 6.1. Planktonic foraminifera with globular chambers itiiéded at Cismon core.

100 mf‘h

LILLIPUTIANELLIDS GLOBIGERINELLOIDIDS

Photos of genud. eupoldina from Verga
&Premoli Silva (2002)

6b

LEUPOLDINIDS

Fig. 6.2. Planktonic foraminifera with “clavate” or elongatkeambers at Cismon core.
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6.1.2 Planktonic foraminiferal assemblage composition

Figure 6.3 shows the composition of the assembilageashed residues in terms of
main morphologies: below the Selli Level eq. thechospiral forms (mainly
Hedbergellids) are the most abundant group, whigeplanispiral and pseudo-planispiral

taxa are in suborder especially in some stratigcapkervals.
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Within the Selli Level eq. the pseudo-planispirakochospiral (principally
Hedbergellids) and globigeriniform forms are thestnabundant groups while planispiral
forms are very few; above it (from 18.43 m to tlop)tall the groups are equally
distributed and, in particular, Globigerinelloididsd Leupoldinids become very common
and abundant.

The stratigraphic distribution of taxa is quite adistinuous as reported in the
distribution chart (Table 3, in Appendix):

1) Hedbergellids show the best continuous recordsacthe entire studied interval
(e.g.H. aptiana, H. infracretacea andH. sigali);

2) Lilliputianellids have a very discontinuous ranigelow and within the Selli Level
eg. (e.g.L. similis, L. globulifera and L. labocaensis), while they become enough
common just above it.

3) Globigerinelloidids have a very discontinuouaga from the base of the studied
interval until the top of the Selli Level eq., whithey become very common and
abundant just above it (e @. duboisi, G. paragottisi andG. maridalensis);

4) Leupoldinids have a discontinuous record urité top of the Selli Level eq.,
afterwards they become very common and abundaistirttportant to underline that the
data regarding this group have been integrated thitke previously collected by Verga
& Premoli Silva (2002).

5) The globigeriniform taxonGubkinella graysonensis shows a stratigraphic
distribution similar to the Hedbergellids.

In several cases, the low preservation did notratlee identification at species level
(especially within the Selli Level eq.) making dstinuous the reconstruction of their
stratigraphic distribution.

Figure 6.4 shows all types of wall preservationoggized in the Cismon core

planktonic foraminiferal specimens:
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Fig. 6.4. Different types of wall texture recognized at Cisnzame . 1: smooth wall texture,
not dissolved; 2-3-4-5: different types of wall iaiy dissolved that simulates the faveolate
wall texture typical of the favusellid group wabl; internal mold. All scale bars = 10 um.
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6.1.3 Planktonic foraminiferal relative abundance

The total abundance values (a) and species riclibes$ planktonic foraminifera are

shown in Figure 6.5.
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Graph a) shows that the total abundance of plankfonaminifera is moderate below
the Selli Level equivalent (0 to 45 specimens fample), then decreases within it (O to
20) and become very high above it (0 to 254). Akedrchange in terms of number of
specimens is observed from the first sample (RAD18743 m) just above the Selli Level
eg. upward.

Graph b) shows that the species richness is madeeddw the Selli Level eq. (0 to 10
species in several samples), slightly lower witliiffrom O in several samples to 7-9
species) and high above it (from 0 in a coupleanfigles to 15-24 species).

The marked change observed from 18.43 m upwaraislyndue to the appearance of
clavate or elongate planispiral (Globigerinellog)idtrochospiral (Lilliputianellids) and
pseudo-planispiral (Lilliputianellids) taxa and, tae same time, to an increase of the

number of specimens in each sample of the threpmotgical groups.

6.1.4 Planktonic foraminiferal and radiolarian absolute

abundances

The OAEla is marked by a pronounced negative caidminope excursion preceding
the 8*3C increase registered in marine pelagic and shaNever carbonates, marine
organic matter, and terrestrial higher-plant materi

Figure 6.6 compares th&C record (a) with planktonic foraminiferal (b) and
radiolarian (c) abundances.

Three intervals have been recognized on the basiee@bundance values (Figs. 6.6b
and 6.6c):

1) The interval below the Selli Level eq. is chéeaezed by a low/moderate abundance
of planktonic foraminifera (34 to 459 specimens) anvery low abundance of radiolaria
(4-160), except for a couple of samples in whiclouabl1000 specimens have been
counted.

2) The abundance of planktonic foraminifera in ititerval within the Selli Level eq.
varies from very high at the onset of OAE1la to malues (0-479 specimens). Radiolaria

show marked fluctuations in abundance from verytowery high (5-3177 specimens).
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3) The last interval, above the Selli Level eqgchsaracterized by a marked correlation
between foraminiferal and radiolarian abundancesfolows: a strong increase of the
planktonic foraminiferal abundance (from 3 to 80Ppea@mens) occurs when the
radiolarian abundance (from 2617 to 3 specimensjedses. In particular, an evident
fluctuation in abundance of planktonic foraminifedaaracterizes the two meters above

the Selli Level equivalent.
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Finally, comparing the planktonic foraminiferal dawith thed'*C curve, similarities
and differences have been observed: at the ondgbedDAE1a, planktonic foraminifera
are characterized by a strong decrease of valueshwéiflect the same behaviour of the
83C record. The negative carbon isotope shift isofetid by a long positive excursion
already within the Selli Level eq., but planktofiazaminiferal values remain still very
low. They start to increase and become very hidlg fsom the first sample just above
the Selli Level equivalent (18.72 m).

Comparing the radiolarian data with t€C record an opposite trend was observed: at
the onset of the OAE1a, radiolaria show an increasdundance followed by a positive
and negative fluctuations until to very low valiesome intervals, while th&°C record

show a negative shift followed by a long positixew@sion.

6.1.5 Microfacies analyses

Microfacies analysis document eight different tyjgiés, as follows (Figs 6.7-6.14):
1) Mudstone with few planktonic foraminifera andfadiolaria;
2) Mudstone, locally wackestone due to accumulatmfplanktonic foraminifera;
3) Wackestone rich in planktonic foraminifera;
4) Wackestone very rich in planktonic foraminifera;
5) Wackestone very rich in radiolaria;
6) Packstone rich in radiolaria;
7) Wackestone with laminated organic matter (blsttide);
8) Wackestone with no laminated organic mattercfpkhale).
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Fig. 6.7. Mudstone with few planktonic foraminifera  Fig 6.8. Mudstone, locally Wackestone very rich in
and/or radiolaria planktonic foraminifera

-

Fig. 6.9. Wackestone rich i

R

n planktonic foraminifera. Fig. 6.1C.
In @) a perfect lateral cut of a trochospiral form. foraminifera. In a) a perfect equatorial and ldtexss
of planktonic foraminifera.

Wackestone very rich in planktonic

Bl % . e i . ' e tials 3 »
Fig. 611 Wackestone very rich in radiolaria of
different test sizes. morphology and test sizes.
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Fig. 6.13. Wackestone with laminated organic matter ~ Fig. 6.14. Wackestone with no laminated organic
(black shale). matter (black shale).

By comparing the absolute abundances of planktfmmaminifera and radiolaria with
the types of microfacies (Fig. 6.15) it is possitd@bserve:

1) the interval below the Selli Level eq. is typdi by mudstone with planktonic
foraminifera and/or radiolaria (A), mudstone logallackestone with accumulations of
planktonic foraminifera (B) (only one sample at 72B.m), and wackestone rich in
radiolaria (C);

2) the interval within the Selli Level eq. is cheterized by mudstone locally
wackestone with accumulations of planktonic forafena (B) (only one sample at 23.57
m), wackestone rich in radiolaria (C), wackestonth waminated (D) and not laminated
(D1) organic matter, and packstone (E) rich inokatia,;

3) above the Selli Level eq. the microfacies isresepnted by mudstone with
planktonic foraminifera and/or radiolaria (A), mtoise locally wackestone with
accumulations of planktonic foraminifera (B) (onbne sample at 18.72 m), and
wackestone from rich (B1) to very rich in planktof@raminifera (B2).
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6.1.6 Planktonic foraminiferal morphometric analyses

A total of twenty-one species from 112 samples fwdsresidues) belonging to three
different generaHedbergella, Lilliputianella and Globigerinelloides) were investigated
for test sizes. Species with scarse data or inceteplecord (e.gH. kuznetsovae, H.
gorbachikae, H. luterbacheri, G. elongatus, G. blowi |obatus and Gorbachikella kugleri)
and species belonging to the getespoldina and Gubkinella were excluded from the
analyses (see Chapter 4.3).

The test size measurements for each species hawecbenpared with the maximum
diameter of the respective holotype.

Unfortunately, it was not possible to measure #maes number of specimens for each
species in all the studied samples because ofdbepreservation of the assemblage. For
instance, planktonic foraminifera are very rarebsent within the Selli Level eq. where
the smallest shell size (53 um) were measured.

Nonetheless, all the acquired data are presentdddecussed since a quantitative
documentation in terms of shell size has never Ipegiormed before the present study.

For each species the maximum diameter value isdbasel to 5 measurements for
sample, obtained by choosing the value of the ssiallbiggest and intermediate
specimen measured (Figs. 6.16 and 6.17).

In Figure 6.16 the test size data of Hedbergellidd Lilliputianellids (trochospiral
forms) are reported: all species have been comparethe respective holotype. In
general, the trochospiral species show the sameavimir as their test sizes are
systematically lower than the size of their holatyphowever, some exceptions are seen in
two samples above the Selli Level eq.: the speEiegxcelsa, H praetrocoidea, H.

tuschepsensis andL. roblesae display values very close to the holotype’ tezési
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Fig. 6.16. Test size of Hedbergellids and Lilliputianellidsass the studied interval at Cismon core.

Hedbergellids show the most complete record aditosstudied interval; in general,
an increase in shell size from the base to thestgbserved; in fact, the values displayed
by the shell size are comparable below the SelieLeq. (from 70 um to 137 pum) and
within it (from 68 um to 125 um), then they becaostightly higher above it (from 84 um
to 236 um). It is important to underline that eweithin the Selli Level eq. test sizes >
125 pm (15/96 W; 23.66 m) have been observed gethaixa onlyH. aptiana (135.68
pum), H. praetrocoidea (183.16) andH. occulta (200.88 um). Most interesting is that all
the three species record a double value of test @mmpared to the previous sample
(RAD 75; 24.12 m) and this feature happens at tiseof the Selli Level equivalent.

Furthermore, all Hedbergellids have the same rasfgeariation across the studied

interval except foH. tuschepsensis andH. occulta that show wider ranges.
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Lilliputianellids have a less complete record bessaalmost all species appear in the
same sample above the Selli Level eq. (Sample RAD 18,43 m) except for
Lilliputianella labocaensis, L. globulifera andL. similis.

L. globulifera andL. similis show an increase in shell size from the base ¢otdp
while the other species show different trends. 3iinal sizes of the Lilliputianellids range
from 83um to 123 um below the Selli Level eq., fro@#um to 158 um within it (even if
data are very few) and from 96 um to 232 um abbvé&he range of size variation is
similar to the Hedbergellid group.

Figure 6.17 reports the results of the test sizasmements of the Globigerinelloidids
(planispiral forms): the comparison with the redmpec holotype shows different
behaviours, as follows: species with test sizeesyatically lower than the holotype (e.qg.
G. aptiensis and G. duboisi), species with test size higher than the holot¢gpe. G.
maridalensis) and species with test size values comparableethdlotype (e.gs. blowi);
in addition, some species &s paragottisi, G. sigali andG. primitivus show an irregular
behaviour.

Globigerinelloidids do not have a complete recomtduse only four species.(
aptiensis, G. maridalensis, G. blowi and G. paragottis) do occur from the base of the
studied interval, while the other species do o@stirer within G. duboisi andG. sigali)
or above G. primitivus, G. clavatus, G. blowi lobatus andG. elongatus) the Selli Level
equivalent.

Globigerinelloids’ species are characterized byitgwifferent test size trends as

follows, from the base to the top of the studigénval:

- G. aptiensis is the only species that shows an increase instestcomparable to
the Hedbergelllids;

- G. primitivus, G. duboisi and G.clavatus instead show a decrease in test size;

- All other species do not have a single trend ag theplay a test size increases
followed by a decrease (e@. maridalensis andG. paragottisi). Species such as
G. blowi lobatus and G. elongatus have too few data to make reliable
considerations.

The range variation of the test size is moderatspecies likeG. aptiensis and very

high in species lik&. maridalensis andG. blowi.
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The values displayed by the shell size are enoogiparable below the Selli Level eq.
(from 78 pm to 217 pm) and within it (from 85 pum2®8 um) and become higher above
it (from 82 um to 427 um).
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Fig. 6.17. Test size of Globigerinelloids across the studigdrival at Cismon core.

The comparison between the trochospiral (Hedbedgedind Lilliputianellids) and the
planispiral taxa (Globigerinelloidids) test sizertds illustrated in Figure 6.16 and Figure
6.17 highlights the following similarities:
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1) Several trochospiral and planispiral speciesashteir lowest occurrence in the
same sample (RAD 37; 18,43 m) and all of them Essengate chambers;

2) Some trochospiral formsH( tuschepsensis, L. roblesae and L. similis) show
fluctuations of the test size just above the SadVvel eq. The same but wider trend is
recorded within the planispiral groupgs.( maridalensis, G. blowi, G. duboisi, G.
paragottisi, G. primitivus and G. sigali). However, the major changes in test size are
concentrated above the Selli Level eq. likely beeaaf a higher number of specimens
per species in each sample (that allows more mesisand an increase of species
richness.

3) By comparing the test size of the taxa thatfiasé recorded below the Selli Level
eg. we note that (from the base to the top) thehtrspiral forms either became double
(e.g.H. aptiana) or triple (e.gH. tuschepsensis andL. similis) in size. On the contrary the
planispiral species can either twice their sizg.(@. aptiensis) or even quadruple it (e.g.
G. paragottisi). Once again, Globigerinelloidids show wider vaaas in test size than
Hedbergellids and Lilliputianellids.

To quantify the observed changes in test size wisingle species and among species
within genera the acquired data have been stalilstianalysed and depicted in Figure
6.18. A box-plot for each species was plotted ltgsitate the test size variation obtained
subtracting the minimum value of test size from mh@ximum value measured for each
species and for each sample. Graphically, it cdexiwith theno-outlier range, while the
outlier values were not considered because they staligtt@ not appear to follow the
distribution of theno-outlier.

Three groups have been recognized: 1) a group avidmge of variation in test size
below 100 um, which is typical of some Hedbergsllahd Lilliputianellids (e.gH.
aptiana andL. maslakovae); 2) a group with a range of variation in tesesiom 100 um
to 150 um. Representative of the three genera Ke.tuschepsensis, L. globulifera and
G. aptiensis) fall in this group; 3) a group with a range ofiation in test size > 150 um

represented only by Globigerinelloidids (e3y.primitivus andG. maridalensis).
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Fig. 6.18. Box plots of planktonic foraminifera test size as¢he Cismon core studied interval.

Finally, the observed increases and decreases xifram diameters with depth (and
time) have been quantified for all species by asiaty the relationships between test size
variations and depth through application of therg@a correlation (R). First of all, the
respective R-value, regression line and angulafficesnt () were calculated for each
species; subsequently, species belonging to the ggnus were plotted against each
other in order to understand if there were sintiksior differences.

All graphs obtained are included in the Appendiaptier and only the most significant
examples are illustrated and discussed herein bpmoéogical group, as follows:

1) In general, considering the relationship betwdest size and depth, all
Hedbergellids are characterized by moderate neg&ivalues (from R= -0,508 to R= -
0,700), by negative slopes and angular coefficiehthe regression lines. It confirms that
all taxa assigned to the Hedbergellids group shmvsame behaviour since there is a

good negative correlation related to a constantease of test size with the decrease of
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depth and age. In other words there is an incr@adest size from the older to the
younger stratigraphic level. This increase couldikely linked to a higher number of
specimens per sample and species richness thasé&wvable just above the Selli Level
equivalent.

Figure 6.19 shows two examples that summarize the riends obtained for the
Hedbergellids:H. aptiana vs. H. praetrocoidea (Fig. 19a) andH. infracretacea vs. H.
tuschepsensis (Fig. 6.19b).
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Fig. 6.19. Relationships between test size variations of ldeghilids and depth. aH. aptiana and H.
praetrocoidea: Ra= Pearson’s coefficied. aptiana; Rp= Pearson’s coefficiertd. praetrocoidea; pa= angular
coefficientH. aptiana; pp= angular coefficienH. praetrocoidea. b) H. infracretacea and H. tuschepsensis. Ri=
Pearson’s coefficienH. infracretacea; Rt= Pearson’s coefficientl. tuschepsensis; Bi= angular coefficientH.
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The variation in test size dfl. aptiana and H. praetrocoidea ranges exactly in the
same way as a function of depth (Fig. 19a); in,fadth species possess two similar

negative R values, slopes and angular coefficients.
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On the contraryH. tuschepsensis shows a stronger relationship as function of depth
and a more negative slope and angular coeffickeriti. infracretacea (Fig. 19b).

2) The results obtained on the Lilliputianellidse ajuite different compared to the
Hedbegellids as the species show a very low pesiiad negative R value (from
R=0,291 to R= -0, 268) confirming a weak correlatimetween test size variation and
depth. Consequently, the slopes of the regressien are both positive and negative. The
results obtained by comparing the Lilliputianellidpecies can be summarized using
three examples (Fig. 6.2Q): maslakovae vs. L. kuhryi (Fig. 6.20a) L. globulifera vs. L.
similis (Fig. 6.20b) andL.. globulifera vs. L. roblease (Fig. 6.20c).

The correlation trends observed in Figure 6.20aFfagdre 6.20b both display a weak
correlation with depth, and with comparable valoe& andp, respectively positive and
negative.

The comparison betwedn globulifera and L. roblease (Fig. 20c) demonstrates that
the two taxa show an opposite trend as functicsepth. For both species the relationship

is weak and it is justified by the low R valuesgjioe and negative) displayed.
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Fig. 6.2(. Relationships between test size variations ofifutianellids and depth. d). maslakovae and L.
kuhryi: Rm= Pearson’s coefficieit masakovae; Rk= Pearson’s coefficieht kuhryi; Bm= angular coefficient
L. maslakovae ; k= angular coefficient. kuhryi. b) L. globulifera andL. similis: Rg= Pearson’s coefficieht
globulifera; Rs= Pearson’s coefficieqt similis; fg= angular coefficient. globulifera; fs= angular coefficient
L. similis. c) L. globulifera andL.roblesae: Rg= Pearson’s coefficieht globulifera; Rr= Pearson’s coefficient
L. roblesae; pg= angular coefficient. globulifera; fs= angular coefficierit.roblesae.

3) The results obtained by comparing the Globigdlondids species vary from very
low to moderate positive and negative R values @=%,658, R=0,032 and R=-0,518) to
confirm that some species have either a good pesitrrelation with depth (decrease in
size paralleled by decrease in depth/time) or goedative correlation with depth
(increase in size paralleled by the decrease ithtape) while other taxa show a weak
or null correlation.

Three examples are here discussed to summarizeghks (Fig. 6.21)G. duboisi vs.

G. primitivus (Fig. 6.21a)G. maridalensis vs. G. paragottisi (Fig. 6.21b)G. aptiensis vs.
G. duboisi (Fig. 6.21c).
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Fig. 6.21. Relationships between test size variations of bigkrinelloidids and depth. &. duboisi and
G.primitivus: Rd= Pearson’s coefficiel@d. dubois ; Rp= Pearson’s coefficied.primitivus;, fd= angular
coefficient G. dubois ; pp= angular coefficienG.primitivus. b) G. maridalensis and G.paragottisi: Rm=
Pearson’s coefficiers. maridalensis, Rp= Pearson’s coefficiel@.paragottisi; m= angular coefficien®.
maridalensis; Bp= angular coefficientG.paragottisi. c¢) G.aptiensis and G. duboisi: Ra= Pearson’s
coefficient G.aptiens's; Rd= Pearson’s coefficier. duboisi; pa= angular coefficienG.aptienss; pd=
angular coefficienG. duboisi.

G. dubois and G. primitivus are characterized by comparable values of R, pesiti
slopes and angular coefficients; in fact, both gsehave a moderate positive correlation
with depth(Fig. 6.21a). A null correlation with depth betwe@nmaridalensis and G.
paragottisi is shown in Figure 6.21b to indicate the abserfca knear (unidirectional)
correlation, in fact both species have R valuesamgllar coefficients close to zef®.
aptiensis and G. duboisi (Fig. 6.21c) show opposite trends as R valuescatdi a

moderate correlation species-depth, negative asitiyi® respectively.
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6.2 DSDP Site 463

The studied interval at DSDP Site 463 is about @&emthick (from 648 m to 586.53
m), including the Selli Level equivalent. Similarthe Cismon core, the major difficulties
were represented by the small sizes of specimemws gn the overall very poor
preservation of the DSDP Site 463 assemblages.

Being most of washed residues barren in planktfmmaminifera, total abundances and
test size curves were not plotted; in fact, it wassible to obtain only semi-quantitative
data on test variations across the studied interval

Planktonic foraminiferal and radiolarian abundaneese obtained using thin sections.

6.2.1 Taxonomy

Taxonomic analyses reveal that at DSDP Site 463t mamples are barren in
planktonic foraminifera and the assemblages areposed by fourteen species assigned
to four genera characterized by having globulamdters (Fig. 6.22): genekdedbergella
(eight species),Globigerinelloides (four species),Gorbachikella (one species) and
Gubkinella (one species). Forms with “clavate” or elongateansbers do not occur in the
washed residues, but the possibility that rare ee forms belonging to the genus
Leupoldina sp.could be present in the thin sections cannot bridzd.

In general, planispiral and globigeriniform taxa &asily recognizable thanks to their
morphology (e.gGlobigerinelloides duboisi, G. aptiensis, Gubkinella graysonensis and
Gorbachikella kugleri). On the contrary, identification at species legetometimes very
difficult for the trochospiral species charactedz®/ having from 4 to 7 chambers in the
last whorl, a low to very high trochospire, globulehambers (e.gHedbergella
tuschepsensis, H. infracretacea andH. excelsa) also because the number of chambers is

not always a useful criteria to discriminate amepgcies.
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GUBKINELLA

GORBACHIKELLIDS

GLOBIGERINELLOIDIDS

HEDBERGELLIDS

Fi

g. 6.22. Planktonic foraminifera with globular chambers rgaized at DSDP Site 463.

6.2.2 Planktonic foraminiferal assemblage composition

In Figure 6.23 is shown the composition of the ad#age in washed residues in terms
of main morphologies: across the studied intervadilbérgellids are the most common
group and show a more continuous range, while gbaril, pseudo-planispiral and
globigeriniform taxa occur only in some samplesajraphic distribution of taxa is
reported in the distribution chart (Table 4, in &pgdix) in which is possible to observe
that the record at DSDP Site 463 is very discomusualso due to the very poor
preservation that did not allow the identificatiah species level in several samples
including the stratigraphic interval within the bdlevel equivalent (as seen in the
Cismon core). For this reason, it was not possiblguantify the composition of the

assemblage and plot the relative abundances aofdinghological groups in percentage.



Chapter 6: Results 119
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SIN-SELLI

PRE-SELLI

Fig. 6.23. Planktonic foraminiferal composition across thedgd interval at DSDP Site 463 .
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Figure 6.24 shows all types of wall preservaticcognized at DSDP Site 463:

Fig. 6.2« Different types of wall texture recognized at DSBie 463 . 1-2 : smooth
wall texture, not dissolved; 3-4-5: different types wall partially dissolved that
simulates the faveolate wall texture typical of fagusellid group wall; 6: internal
mold. All scale bars = 10 um.
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6.2.3 Planktonic foraminiferal and radiolarian absolute
abundances

At DSDP Site 463 a pronounced negative carbon pgotxcursion at the onset of the
Selli Level equivalent is recorded.

Figure 6.25 shows the comparison betweendt€ record (a) and the planktonic
foraminiferal (b) and radiolarian (c) abundances.

In Figures 6.25a and 6.25b three interval are lgpted according to variations in
abundances:

1) The interval below the Selli Level eq. is chaeaeed by low abundance of
planktonic foraminifera (0 to 43 specimens) anduatfiation from low to high values of
radiolaria (104-3578 specimens).

2) The interval within the Selli Level eq. showdexrease in abundance of planktonic
foraminifera until to null values (0-4 specimens)most of the samples and a fluctuation
from low to very high values of radiolaria (170-B0€§pecimens).

3) The last interval, above the Selli Level eqghfights a strong increase of the
planktonic foraminiferal abundance (from O to 3g¢f#®a&mens) and a decrease until to
very low/moderate values of radiolaria (from 4 &92 specimens), except for a couple of
samples in which radiolaria reach values of abdii03specimens. It is important to
underline that the strong increase in planktoniraniferal abundance that occurs
several meters above the Selli Level eq. (594.53smprobably related to the higher
number of specimens in thin sections and to the ¢ove recovery in the underlying
stratigraphic level (Fig. 6.25).

Finally, comparing the planktonic foraminiferal datith thed'*C curve, similarities
and differences have been observed: at the ons#teofOAEla, thes*C record is
characterized by a negative shift followed by agl@ositive excursion that falls already
within the Selli Level equivalent, while planktorficraminifera in the same interval are
absent or very rare (from 0 to 4 specimens). Ptam&tforaminifera start to increase and

become very common only several meters above thid_8eel equivalent.
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DSDP Site 463
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Fig. 6.25. Comparison between th&’C record (a) and the planktonic foraminiferal (b)daradiolarian (c)
abundances at DSDP Site 463 Mid-Pacific Mountait3C modified after Bottiniet al. (2012). Nannofossil
biostratigraphy is from Erba (1994). Foraminifebébstratigraphy is from this study. Magnetostragjgny is from
Tardunoet al. (1989).

Comparing the radiolarian data with %1éC curve an opposite trend was observed: at
the onset of the OAEla, radiolaria show an incretdiewed by fluctuations in
abundance until to very low values above the Sadliel equivalent, while thé'C
record displays a negative shift followed by a Igugitive excursion already within the

Selli Level equivalent.
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6.2.4 Microfacies analyses

Microfacies analysis document seven different tggas, as follows (Figs 6.26-6.32):
1) mudstone with few planktonic foraminifera andiadiolaria;

2) wackestone rich in planktonic foraminifera;

3) wackestone rich in radiolaria;

4) wackestone very rich in radiolaria;

5) packstone rich in radiolaria;

6) wackestone with laminated organic matter (blsitkle);

7) wackestone with no laminated organic mattercfpkhale).

e - 1
b X i o IR SO

Fig. 6.26. Mudstone with few planktonic foraminifera  Fig. 6.27. Wackestone rich in planktonic foraminifera.
and/or radiolaria In @) a perfect lateral cut of a trochospiral form.

1 T - :‘%’: o .'. g : L v.“.“,’. - e e .“' “‘L‘ 2
Fig. 6.28. W icl Fig. 6.29. Wackestone very rich in radiolaria of
test sizes different test sizes and morphology
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Fig. 6.30. Packstone rich in radiolaria with different Fig. 6.31. Wackestone laminated organic matter (black
morphology and test sizes shale)

~~~~~~

A R W “I:‘_ﬁ '
Fig. 6.32 Wackestone with no laminated organic
matter (black shale)

Comparing the absolute abundances of planktonaniorifera and radiolaria with the
types of microfacies (Fig. 6.33) it is possibletmserve:

1) the interval below the Selli Level eq. corresp®nto a mudstone with few
planktonic foraminifera and/or radiolaria (A) ar@ld wackestone very rich in radiolaria
(C1);

2) the interval within the Selli Level eq. is chetexrized by wackestone with laminated
(D) and not laminated (D1) organic matter, wackest(C1) and packstone (E) very rich
in radiolaria;

3) above the Selli Level eq. microfacies are regmesd by wackestone rich in
radiolaria (C) and wackestone rich in planktoni@fainifera (B1).
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Fig. 6.3 Absolute abundances of planktonic foraminifera eadiolaria and microfacies types at 463 DSDP Site.
INTERVAL 1 = low abundance of planktonic foraminéeand moderate-high abundance of radiolaria: macie$
types A and C1 (mudstone and wackestone); INTERVALV2ry low/null abundance of foraminifera and loery
high abundance of radiolaria: microfacies types CDD, E (wackestone and packstone); INTERVAL 3 =hhig
abundance of foraminifera and low-moderate aburelaicadiolaria: microfacies types B and C (mudstand
wackestone). Nannofossil biostratigraphy is fronb&(1994). Foraminiferal biostratigraphy is fromstistudy.
Magnetostratigraphy is from Tarduebal. (1989).
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6.2.5 Planktonic foraminiferal morphometric analyses

Fourteen species belonging to four different gen@radbergella, Gubkinella,
Gorbachikella and Globigerinelloides) were investigated for test sizes across the etludi
interval in 76 samples (washed residues). Beingciepecharacterized by a very
incomplete record across the entire stratigraphierval, only a semi-quantitative
evaluation of test size variation was obtained mmtest size curves were plotted.

Comparing the values before, within and above thé Bevel eq., a slight increase
has been observed throughout the stratigraphi®msect

1) Below the Selli Level eq., test sizes range f@fimqum to 146 um;

2) Within it, test sizes range from 89 um to 116;um

3) Above it, sizes range from 70 um to 210 pm.
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Chapter 7
Discussion

7.1 The Dbiological response of planktonic

foraminifera during the OAEla

The Aptian Oceanic Anoxic Event 1a is considered one of the major perturbations in
the Earth’s history during the last 150 m.y. and is recorded on a global scale. The
stratigraphic distribution of planktonic foraminifera in marine sediments and the relative
abundance of different morphological groups are either related to their evolution and
ecological response to environmental changes or to the sedimentation control such as

dissolution, dilution and diagenesis (Luciani et al., 2001).

7.1.1 Composition, distribution and species richness of the

planktonic foraminiferal assemblages

Coccioni & Premoli Silva (1994) reported the occurrence of Cretaceous planktonic
foraminifera starting in the lowermost Valanginian in the Rio Argos succession and
suggested a new zonal scheme for the Valanginian-Aptian interval.

After Coccioni & Premoli Silva (1994), other authors (Cobianchi et al., 1999, Luciani
et al., 2001, Luciani et al., 2006, Coccioni et al., 2007) have collected data on planktonic
foraminiferal assemblages from Lower Cretaceous sedimentary sequences. The most
important planktonic foraminiferal Zones correlated to the Lower Cretaceous ammonite
zonation are shown in Figure 7.1 (Coccioni et al., 2007).

It is worth mentioning the uncertainty of the stratigraphic position of the base of the
Leupoldina cabri Zone that is either placed at its FO level or at its acme level. However,

the FO of L. cabri is well dated, through calibration to magnetostratigraphy, in the
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Cismon core (Erba et al., 1999) and in the Gorgo a Cerbara section (Coccioni et al., 2006)
at an age of 124.47 Ma and 124.26 Ma, respectively.
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Fig. 7.1. Planktonic foraminifera biozonation according to various authors and plotted against the Lower Cretaceous
ammonite zonation by Reboulet et al. (2006). Time scale after Gradstein et al. (2004). From Coccioni et al., 2007.

The planktonic foraminiferal biological response to the OAEla palaeoenvironmental
perturbations in terms of changes in species richness, composition, abundance, and test
size is documented in this work at Cismon core and at DSDP Site 463.

Considerations about the assemblage composition, distribution and species richness of
planktonic foraminifera across the OAE1a are especially based, at both sites, on data from
washed residues. In fact, the analysis in thin sections is hampered by a certain degree of
uncertainty in assigning species names to different cuts (equatorial, oblique, lateral, etc.)
of planktonic foraminiferal test. In several thin sections it was a problem to distinguish a
planispiral from a trochospiral form when the cuts were not perfectly lateral or equatorial
and there were “ghosts” of planktonic foraminifera. The differences in test thickness,
morphology of the margin (e.g. forms with single or double keels) and type of wall
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texture (e.g. forms with muricae) are important keys that help to discriminate planispiral
from trochospiral taxa in the Late Cretaceous assemblages. Unfortunately, Barremian-
Aptian taxa do not possess keels and muricae, and no differences in terms of wall
thickness were observed to help in discriminate between planispiral and trochospiral taxa.

Therefore, only the absolute abundance data of planktonic foraminifera in thin sections
are discussed for both sites.

In the washed residues, planktonic foraminifera have a general poor preservation and
are evenly distributed across the studied interval, especially for the DSDP Site 463 where
almost all samples are barren of foraminifera. Fortunately, at Cismon core planktonic
foraminifera are more common and with a peculiar preservation as siliceous molds in the
radiolarian beds.

At Cismon core globigeriniform taxa (genera Gorbachikella and Gubkinella), pseudo-
planispiral with elongate chambers (genus Leupoldina) and both trochospiral and
planispiral forms with globular (genera Hedbergella and Globigerinelloides) and elongate
chambers (genera Lilliputianella and Globigerinelloides) were recognized. In Figure 7.2
is shown the percent abundance of these groups across the studied interval.

At DSDP Site 463 only globigeriniform (genera Gorbachikella and Gubkinella),
planispiral and trochospiral taxa with globular chambers (Globigerinelloides and
Hedbergella) were observed. Forms with “clavate” or elongate chambers do not occur in
the washed residues, but the possibility that rare to few forms belonging to the genus

Leupoldina sp. could be present in the thin sections cannot be excluded.
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The distribution of the planktonic foraminiferal assemblages is here discussed by
morphological groups:

a) At both sites trochospiral forms with globular chambers (Hedbergellids) are the most
common group across the studied interval and show the highest continuous record, when
compared to the other groups. At Cismon core, the trochospirals were observed from the

Upper Barremian (Globigerinelloides blowi Zone) until the top of the studied interval
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(Upper Aptian, Globigerinelloides algerianus Zone). No variation in species composition
across the studied interval has been observed: species recognized from the base of the
section are also present until the top of the interval (e.g. Hedbergella praetrocoidea, H.
infracretacea and H. sigali). Exceptions are the species H. luterbacheri, H. laculata, H.
gorbachikae and H. primare that occur in very few samples, mainly above the Selli
Level, where Hedbergellids are more common and abundant. In general, Hedbergellids
shows a slight increase in test size from the base to the top of the interval; in fact, the
values displayed by the shell size are comparable below the Selli Level eq. (from 70 um
to 137 um) and within it (from 68 um to 125 um), then they become slightly higher above
it (from 84 pum to 236 pum).

Moreover, trochospiral forms with clavate chambers (Lilliputianellids) are also
recognized at this site from the Globigerinelloides blowi Zone to the Globigerinelloides
algerianus Zone. Below and within the Selli Level eq., this group is very rare and
represented principally by Lilliputianella globulifera, Lilliputianella similis and
Lilliputianella labocaensis, while above it (from 18.43 m, RAD 37 upward) new clavate
morphotypes do occur (Lilliputianella roblesae, Lilliputianella maslakovae and
Lilliputianella kuhryi) and the group become more common.

Coccioni et al. (2004, 2006) record the first occurrence of Lilliputianellids (Lilliputianella
semielongata and Lilliputianella roblesae) in the Upper Hauterivian, predating the onset
of the Faraoni Event and its equivalent, at Rio Argos and in other localities of the
Mediterranean Tethys (Fig. 7.3).

The shell sizes of the Lilliputianellids range from 83 pum to 123 um below the Selli Level
eq., from 104 pm to 158 pm within it (even if data are very few) and from 96 pum to 232

pum above it. The range of size variation is similar to the Hedbergellid group.
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At DSDP Site 463 only trochospiral taxa with globular chambers (Hedbergellids)
occur: they are, in general, rare and show a very discontinuous range. Only very rare
specimens were recognized below and above the Selli Level equivalent (e. g. Hedbergella
praetrocoidea and Hedbergella infracretacea) from the Upper Barremian
(Globigerinelloides blowi Zone) until the Upper Aptian. Moreover, besides the presence
of one specimen of Globigerinelloides cf. blowi (sample 473-73-3, 6-7 cm), the other
zonal marker species were not recognized, so that planktonic foraminiferal Zones were
not identified. For this reason, the comparison between the two studied sites, in terms of
absolute abundances (see Chapter 7.1.2), is based on the §*3C record (data from Erba et
al., 1999 and Méhay et al., 2009 for Cismon core; data from Ando et al., 2008 and Bottini
et al., 2012 for the DSDP Site 463).

The values displayed by the shell size are enough comparable below the Selli Level eq.
(from 61 pm to 146 pum) and within it (from 89 pum to 116 pm), and become higher above
it (from 70 pm to 210 pm).

b) Another important group that occurs in the studied interval is represented by
Leupoldinids, pesudo-planispiral taxa with very elongate chambers and ampullae. The
bulbose ampullae, appearing as small additional clavate chambers, considerably increase
the surface/volume ratio of Leupoldinid tests. In particular, is possible that the branching
ampullae, making better the contact with the surrounding water mass, improved buoyancy
and may have been a better adaptation to flotation (Coccioni et al., 2004).

At Cismon core Leupoldinids are present below, within and especially above the Selli
Level, where they are a common component of the assemblages (from RAD 37, 18.43 m
upward). Data on the distribution and composition of this group acquired in this study are
integrated with those by Verga & Premoli Silva (2002). The lowest occurrence of
Leupoldinids with the FO of Leupoldina pustulans pustulans was observed in the Lower
Barremian (Coccioni & Premoli Silva, 1994).

At DSDP Site 463 the Leupoldinid group has not been recognized in the washed
residues but forms with “clavate” or elongate chambers belonging to the genus
Leupoldina sp. could likely be present in the thin sections.

c) Planispiral taxa at Cismon core are represented by forms with clavate and globular
chambers. The latter have a very discontinuous range below and within the Selli Level
eq., while they become very abundant and common (e.g. Globigerinelloides blowi and

Globigerinelloides paragottisi) from the first sample above it (RAD 37,18.43 m upward).
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Planispiral taxa with clavate chambers occur from this sample upward
(Globigerinelloides blowi lobatus, Globigerinelloides clavatus, Globigerinelloides
elongatus), except for Globigerinelloides sigali that is present till the base of the Selli
Level eq. (23.66 m).

The values displayed by the shell size are enough comparable below the Selli Level eq.
(from 78 pm to 217 pm) and within it (from 85 um to 298 pm) and become higher above
it (from 82 um to 427 pm).

At DSDP Site 463, only five planispiral specimens, all with globular chambers, were
recognized in the washed residues across the entire interval. The values displayed by the
shell size are from 71 pm to 136 pm below the Selli Level eq. and from 113 pm to 117
pm above it.

In general, the species richness increase upward through the Cismon core in agreement
with the general trend described in previous studies (Coccioni et al., 1992; Coccioni &
Premoli Silva, 1994; Premoli Silva & Sliter, 1997, 1999), that reported an increase in
planktonic foraminiferal diversity in the early Valanginian through the Aptian.

At DSDP Site 463 no evident changes in terms of species richness are observed and
data are too few to make reliable considerations.

Shell size measurements show a general increase from the base to the top of the
studied interval at both sites (higher at Cismon core), probably due to an increase of
calcification efficiency. However, the group with the highest range of variation is

represented by Globigerinelloidids.
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7.1.2 Comparison between planktonic foraminiferal and

nannofossil absolute abundances

During the Early Cretaceous marine biota were strongly affected by wide global
changes in the ocean-atmosphere system. In surface waters, changes in temperature,
nutrients and the increase of pCO; and biolimiting metals, must have influenced the
composition of biogenic sediments (Erba & Tremolada, 2004).

The comparison between the two studied sites, in terms of absolute abundances of
planktonic foraminifera, is based on data of the &C record, characterized by 8
chemostratigraphic segments (C1 to C8) defined by Menegatti et al. (1998), in the
uppermost Barremian-Aptian interval.

At Cismon core, across the magnetic chron MO, the 5'*C profile (Fig. 7.4 a) shows a
gentle increase of values close to 3%o. (segments C1 and C2), followed by a negative
pronounced excursion (C3) at the base of the Selli Level equivalent (values range from ~3
%o 10 1.5%0). The middle part of the Selli Level eq., displays constant values close to 3 %o
(C5), followed by a positive excursion that starts from the top of it (from 2.7 %o t0 3.7%o,
C6) and continues above it until maximum values of approximately 5%o in the uppermost
part of the Leupoldina cabri Zone (C7) (Erba et al., 1999; Méhay et al., 2009).

At DSDP Site 463 (Fig. 7.4 d), a gentle increase was observed across the base of
magnetic chron MO (from 2.3%o to 3.3%0, segment C1), followed by an interval with
values ranging from 3.2%o to ~ 2%o (C2). The base of the Selli Level eq. is characterized
by a very pronounced negative excursion of about -8%o (from ~ 2%. to -6%o.), followed by
a dramatic return to the near pre-excursion level by ~ 6%o (from ~ -6.%o t0 -0.43%0) and
fluctuations of the values until the top of the Selli Level eq. (from -3%o to 4%., C4-C6).
Above it, there are several meters of no recovery followed by values characterized first by
an increase (from 0.53%o to 4.8%., C7), and then by a decrease (from 4.8%o to ~ 4.3 %o,
C8) (Ando et al., 2008; Bottini et al., 2012).

At both sites, the interval C3-C6 identifies the Selli Level equivalent.

Considerations and comparison between the total planktonic foraminifera at both sites
are made in thin sections, because of the few data in washed residues collected at DSDP
Site 463 that do not allow plotting abundance curves.
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Subsequently, to understand if there are or not similarities in the biological response of
the planktonic foraminifera and other important microfossil group, such as the
nannoconids among the calcareous nannofossils, a comparison between the respective
abundance curves is made (using the abundance data acquired in thin sections).

In general, changes in abundance of planktonic foraminifera are similar and enough
synchronous at two studied sites located in different oceans. In terms of behaviour we can
describe the changes considering 3 intervals, as follows (Fig. 7.4, b and e):

1) Below the Selli Level equivalent (prior magnetic chron MO) nannoconids have
values close to 1x10* specimens mm™ at Cismon core (Fig. 7.4 c) and 2.5 x 10°
specimens mm at DSDP Site 463 (Fig. 7.4 f), then they decrease in abundance at about
1 Ma before the onset of the OAE1la (at 31 m at Cismon core and at about 646 m at DSDP
Site 463). This decrease in abundance has been named “nannoconid decline” (Erba, 1994,
2004). In proximity of this biohorizon, planktonic foraminiferal abundances at Cismon
core (Fig. 7.4 b) and DSDP Site 463 (Fig. 7.4 e) slightly decrease. Subsequently,
nannoconids increase and then decrease again in abundance until to culminate in the
“nannoconid crisis” (at 23.96 m at Cismon core and ~ 627m at DSDP Site 463; Erba,
1994; Erba et al., 1999). This second biohorizon has been documented worldwide below
the Selli Level, in particular in the Tethyan realm, Boreal realm, and Atlantic and Pacific
oceans (Bralower et al. 1994; Erba, 1994; Aguado et al. 1999; Bralower et al. 1999;
Cobianchi et al., 1999; Erba et al. 1999; Habermann & Mutterlose, 1999; Larson & Erba,
1999; Premoli Silva et al. 1999).

In the stratigraphic interval above the decline of the nannoconids, the planktonic
foraminifera show low amplitude fluctuations in abundances, followed by an abrupt
decrease in abundances (much wider in the Cismon core) immediately below the
nannoconid crisis level.

Approximately 25 to 30 thousand years (ky) after their crisis and just before the first
OAE1la black shale, nannofossil assemblages show a relative increase in abundance of
Biscutum constans, Zeugrhabdotus erectus, and Discorhabdus Rotatorius (represented by
dwarfed specimens) and diversity, while planktonic foraminifera show only an increase in
abundance (at Cismon core).

2) Within the Selli Level eq., planktonic foraminifera show moderate/high abundances
at the onset of it, then the number of specimens become very low/null at Cismon core. At

DSDP Site 463 planktonic foraminifera are always very low/null. More precisely, the
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decrease in abundance at DSDP Site 463 starts a couple of meters before the onset of the
OAE1la (627.37 m), while it starts at about ten centimetres after the onset of the event
(23.54 m) in the Cismon core.

Nannoconid values reach a minimum within segment C3 of the carbon-isotope curve
(C3), and are considered virtually absent. At Cismon core nannoconids resume and
remain enough stable in the middle part of the Selli Level eq, while at DSDP Site 463 the
interval between 624.24 m and 607.40 m (comprised within the Selli Level eq.) is totally
devoid of nannoconids. In fact, they start to become abundant only several meters above
the Selli Level equivalent.

Planktonic foraminiferal abundances remain very low/null for the entire interval across
the OAE1la at both sites. However, it is important to underline that no extinctions within
nannoconids or nannofossils and planktonic foraminifera have been observed in the
OAE1la interval (Erba, 1994; Erba et al., 1999; Premoli Silva et al., 1999; Erba, 2004;
Erba et al. 2010; Bottini et al., 2015).

3) Above the Selli Level eq., planktonic foraminiferal abundances are moderate/high at
Cismon core from the first sample upward, whilst at DSDP Site 463 they are very
low/null until to moderate at the top of the interval. Moreover, at Cismon core from the
first sample (18.72 m) just above the Selli Level eq., a marked change in terms of
abundance and diversity was documented.

In this time-interval nannoconids are characterized by moderate/high values at both
sites, but they never become as abundant as before OAE1la (Erba, 2004). On the contrary,
planktonic foraminifera reach values much higher than those recorded before the OAE1a;
in particular, comparing abundance values before and after the Selli Level eq., they are
almost two times higher in the Cismon core and eight times higher at DSDP Site 463.

The strong decrease of planktonic foraminifera during the early phase of OAE la
could have the same significance documented for nannoconids. Planktonic foraminifera
did not experience extinction and their virtual absence could be considered as the result of
widespread meso- to eutrophic conditions, combined with excess CO; in the ocean -
atmosphere system (e.g. Coccioni et al., 1992; Bralower et al., 1994; Erba, 1994; Premoli
Silva et al., 1999; Erba, 2004; Erba & Tremolada, 2004; Erba et al., 2010).
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The abundance values of the planispiral, pseudo-planispiral and trochospiral
planktonic foraminifera are compared with the nannoconids in order to understand if there
is a group of planktonic foraminifera displaying a life strategy similar to the nannoconids
(Fig. 7.5). It is important to underline that at Cismon core, the abundances data of the
Leupoldinids are collected from the washed residues (Fig. 7.5 b) as the data in thin
sections could likely underestimate the real abundance of this group of foraminifera
because of the high difficulty in identifying them in thin sections. All curves are
compared with the Nannofossil Nutrient Index (NI) (Bottini et al., 2015) to understand if
there are connections between abundances and water fertility.

Previous studies claim that nannoconids were adapted to oligotrophic conditions and
specific to the lower photic zone, associated with a deep nutricline (Erba, 1994, 2004).
Accordingly, Bottini et al. (2015) compared the nannoconids record with the nannofossil
NI, to document the similarities between Cismon core and DSDP Site 463, as follows:

a) the earliest Aptian below the Selli Level eq. is characterized by low to intermediate
NI values (Fig. 7.5, e and i) which suggest oligotrophic conditions, in fact, nannoconids
show moderate/high abundances (Fig. 7.5, d and h). In particular, the relationship
between the two peaks in the NI detected at the levels of the “nannoconid decline” (~1Ma
before OAE 1la) and the “nannoconid crisis” IS in agreement with the interpretation of
nannoconids as oligotrophic taxa. In this time-interval planispiral (Fig. 7.5, a and f) and
pseudo-planispiral (Fig. 7.5, b) planktonic foraminifera show low abundances too, while
trochospirals are low (Fig. 7.5, g) and moderate (Fig. 7.5, ) in total abundance;

b) the onset of OAE1a was characterized by an increase in fertility (meso- to eutrophic
conditions), which reached a maximum in the correspondence of the negative carbon-
isotope excursion (segment C3, see Fig. 7.4) where nannoconids, planispiral and
trochospiral taxa show a strong decrease in abundance at both sites. Leupoldinids are the
principal foraminifera present at the base of the negative excursion and show a slight
increase in abundance that was named acme of leupoldinids by Premoli Silva et al.
(1999). Subsequently, NI decreases already within the Selli Level eg. and nannoconids
resume from the middle part of it but only at Cismon core. Nannoconids from DSDP Site
463 and planktonic foraminifera of both sites, do not resume in this stratigraphic interval
but start to become abundant only after the end of the OAE1a.
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d) fertility starts to increase again just above the Selli Level equivalent (which suggest
mesotrophic conditions) in agreement with the increase in abundance of nannoconids and

planktonic foraminifera.

It is worth mentioning that at Cismon core we observe a discrepancy of the
abundances values counted in thin section and in the washed residues of the planispiral
taxa in the interval above the Selli Level equivalent: in the washed residues the planipirals
are slightly more common and abundant than the trochospiral forms, while in thin
sections they show an opposite trend. The reasons for such discrepancy could be various,
for instance:

1) first of all, the samples studied for thin sections are not at the same stratigraphic
levels of the washed residues samples;

2) the difficulty to discriminate between planispiral and trochospiral form in thin
section could have underestimated or overestimated the real abundance of each group but
not the total abundance of planktonic foraminifera, in fact the results of the two methods
(counts in thin sections and washed residues) are similar and comparable;

3) the amount of material studied for thin sections is different from that analysed for
the washed residues.

Anyway, besides the above-described discrepancy, the planispiral group have values in
washed residues similar to the Leupoldinids, and always shows lower values within and
below the Selli Level equivalent (both in thin sections and washed residues) when

compared to the trochospiral group.
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7.1.3 Ecological/Paleoenvironmental inferences

The data collected in this study on the distribution, composition, species richness and
abundances of planktonic foraminifera at Cismon core and DSDP Site 463, allow to make
the following ecological/paleoenvironmental observations:

1) the genus Hedbergella is the most common component of the foraminiferal fauna
across the studied interval at both sites. Being the Aptian interval characterized by strong
changes in terms of temperature, salinity, nutrient and oxygen, Hedbergellids may have
been able to change habitats in the water column and tolerate wide environmental
variations. According to the ecological models developed so far, planktonic foraminifera
populations composed by small-sized and thin-walled forms, are generally interpreted to
be opportunistic, cosmopolitan and adapted to meso-eutrophic environments (Fig. 7.6)
(Hart & Bailey, 1979; Leckie, 1987; Premoli Silva & Sliter, 1994, 1999; Hart, 1999;
Luciani et al., 2001). In fact, Hedbergella proliferated in both open marine and
epicontinental settings and in upwelling regions. It was present at different latitudes,
dominating high-latitude assemblages and was living in a wide range of temperature-
related habitats (Douglas & Savin, 1978; Corfield et. al., 1990; Norris & Wilson, 1998;
Premoli Silva & Sliter, 1999; Petrizzo et al., 2008). For this reason, we can consider this
group as R-mode strategist surface-dwellers (Caron & Homewood, 1983; Leckie, 1987,
1989; Premoli Silva et al., 1989; Coccioni et al., 1992; Premoli Silva & Sliter, 1994,
1999; Hart, 1999, among many others).

2) the genus Globigerinelloides with globular chambers is low to rare/null
respectively below and within the Selli Level eq. at Cismon core and at DSDP Site 463.
Above it, at Cismon core it becomes very abundant constituting a common component of
the foraminiferal assemblages, while at DSDP Site 463 this genus is very rare in washed
residues and more common in thin sections.

In particular, a crisis of this group, called the “Globigerinelloides eclipse”, has been
observed in the upper part of the Globigerinelloides blowi Zone in Spain (Coccioni &
Premoli Silva, 1994), in the Umbria-Marche region (Coccioni et al., 1992), and in the
Gargano Promontory (Cobianchi et al., 1997; Cobianchi et al., 1999). At Cismon core,
even if Globigerinelloidids are very scarce/absent in the stratigraphic interval close to the
Selli Level eq., a real Globigerinelloides eclipse event seems to be absent, while it is

probably present and coinciding with the interval of the Selli Level eq., at DSDP Site 463.
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This interval of crisis coincides with their temporary absence and has been interpreted
as the biotic response to the critical conditions related to the Selli Event, possibly
associated with a high-fertility episode. Moreover, the total abundances of this group,
generally lower than trochospirals, seem to indicate the possibility that
Globigerinelloidids are relatively specialized, possibly meso-oligotrophic forms (in
between the two extremes, K-mode and R-mode strategist), probably intolerant to
extreme eutrophic conditions, low oxygen content in the water and susceptible to
dissolution during the late Early Aptian interval (e.g. Coccioni et al., 1992; Luciani et al.,
2001) (Fig. 7.6). Likely, Globigerinelloides is the group, among the planktonic
foraminifera, with the nearest behaviour to nannoconids, in terms of trophic regime.

3) As regards the planispiral, pseudo-planispiral and trochospiral taxa with clavate
forms (genera Globigerinelloides, Leupoldina and Lilliputianella), they were observed at
Cismon core. The genus Leupoldina shows a more consistent stratigraphic distribution
below and within the Selli Level eq., when compared to the other two genera. However,
the three genera mentioned above become a common component of the planktonic
foraminiferal assemblages just above the Selli Level eq. (from 18.43 m upward).

Previous studies (Coccioni & Premoli Silva, 1994) reported that starting from the
Upper Hauterivian, planktonic foraminifera with clavate and radially elongate chambers
became a consistent component of the foraminiferal assemblages at different stratigraphic
levels in the lower Cretaceous, especially in coincidence or near the deposition of
organic-rich layers (OAEs) (Magniez-Jannin, 1998). In particular, the elongation of the
chambers has been interpreted as an adaptive response to low-oxygen conditions (Premoli
Silva & Sliter, 1994; Boudagher-Fadel et al., 1997; Magniez-Jannin, 1998; Premoli Silva
et al., 1999). Moreover, at Cismon core at the base of the Selli Level eq. (from 23.35 m to
22.64 m), where meso- eutrophic conditions dominated, an acme of Leupoldinids
(Premoli Silva et al., 1999) is documented consisting in their predominance respect to the
other taxa that are instead totally absent (except for 3-4 specimens of Gubkinella
graysonensis in two samples at 23.20 m and 23.10 m). The Leupoldinids probably
inhabited mesotrophic to slightly eutrophic water masses (Fig. 7.6) characterized by low
oXxygen content.

The increase of the Leupoldinids and of other elongate chambered forms (e.g.
Lilliputianella globulifera, L. similis and Globigerinelloides sigali) recorded near the

Early Aptian Selli Level equivalent from the Southern Alps (Premoli Silva et al., 1999;
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This study) and from Sicily (Bellanca et al., 2002) resembles the increase of Schackoinids
observed close to the Bonarelli Event (OAE2). Moreover, also the morphological
similarity with the Eocene Hantkeninids, known to inhabit near oxygen-depleted sea
surface waters (Boersma et al., 1987; Coxall et al., 2000, 2002), supports the
interpretation that the paleoecological significance of these three groups are similar,

because all of them prefer oxygen-depleted waters (Boudagher-Fadel et al., 1997;

Magniez-Jannin, 1998; Premoli Silva et al., 1999).
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Fig. 7.6. A) Scheme of the oceanic surface-water trophic-resource continuum (TRC), comparing the
modern Atlantic and Pacific with the inferred B) Lower Cretaceous life-history strategies and trophic
resources. Modified from Coccioni et al., 1992.
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7.1.4 Final remarks and explanations

In agreement with the previous studies by Coccioni et al. (1992), Erba (1994, 2004),
Premoli Silva et al. (1999), Luciani et al. (2001, 2006) and Bottini et al. (2015), the
available data allow to interpret the Selli Level as a dramatic event of extremely high
fertility during a period when meso-oligotrophic conditions prevailed. The maximum
eutrophy, preceded and followed by transitional conditions, is indicated by the C organic-
rich black shales of the OAEla and by the presence of abundant radiolarians, which
totally replaced the calcareous plankton (Coccioni et al., 1992).

At both sites, planktonic foraminifera are unevenly distributed across the studied
interval and show a decrease (stronger at Cismon core) at the onset of the OAEla,
followed by a recovery due to an increase of their abundances and diversity just above the
Selli Level equivalent.

In the pre-OAEla interval, the lower abundances and diversity of planktonic
foraminifera respect those documented above the Selli Level eq. seem to contradict the
interpretation of a dominant meso-oligotrophic environment and could be justified in two
ways:

1) being the base of the studied sections near to the onset of the OAE1a, it is possible
that abundance values already reflect the suffering of planktonic foraminifera, maybe
started before the Upper Barremian. To verify this hypothesis it would be necessary to
implement the sampling resolution below the Selli Level equivalent and study other
samples from lower stratigraphic intervals;

2) a second possibility is that planktonic foraminifera start to suffer just in the interval
below the Selli Level eq., as they show slight decrease and increase from layer to layer
until they abruptly decline at the onset of it. This hypothesis is supported by previous
works (Coccioni et al., 1992; Coccioni & Premoli Silva, 1994) that document similar or
even lower abundances of planktonic foraminifera from Lower Barremian and
Valanginian sections than those documented in this work. Probably, the evolution and
diversification of planktonic foraminifera was interrupted during the OAE1la by the very
unstable conditions in the upper water column that could have disrupted the thermocline
conditions (Premoli Silva & Sliter, 1999). The end of global anoxia, due to the cessation
of volcanism and to a pronounced cooling (above the OAE1la, from the segment C7 of the

83C profile, Fig. 7.4), and the more suitable and much less stressed environmental
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conditions could explain the high abundance and diversification of the 3 groups of
planktonic foraminifera (planispirals, pseudo-planispirals and trochospirals). In particular,
abundances range from very low to very high values, probably due to the ecological
competition among them, where planispirals resulted to be the most efficient and
successful competitors compared to the pseudo-planispirals and trochospirals. Moreover,
planispiral taxa show the highest test size variations, a feature that is often directly related
to reproductive potential (Hallock, 1985; Premoli Silva & Sliter, 1999).

In terms of diversification, the number of species become double from the first sample
above the OAEla upward (Fig. 7.7), mainly due to the appearance of new taxa having
globular (Hedbergella gorbachikae, H. kuznetsovae, H. luterbacheri, H. primare and
Globigerinelloides primitivus) and elongate or clavate chambers (Leupoldina pustulans
hexacamerata, Leupoldina pustulans quinquecamerata, Leupoldina reicheli,
Lilliputianella  kurhyi,  Lilliputianella  maslakovae, Lilliputianella  roblease,

Globigerinelloides blowi lobatus, Globigerinelloides clavatus and Globigerinelloides
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Remarkable is the high abundance of the Leupoldinid group and the appearance of
new clavate and elongate morphotypes (both interpreted as taxa adapted to low oxygen
waters) above the Selli Level eq., when the global anoxia was coming to an end and the
mid-Aptian was characterized by high surface-water fertility and progressively decreasing
temperatures, probably resulting from intense continental weathering drawing down pCO,
(Bottini et al., 2015).

This observation leads to an important question: Why the clavate (e.g. Lilliputianella
similis and Globigerinelloides sigali) or elongate (e.g. Leupoldina reicheli) morphotypes
are more abundant above the Selli Level eq. than below and/or within it?

Answering to this question is challenging as little is known about the ecology of
digitate species because of their scarcity and patchy distribution in the geological record.
Coxall et al. (2007) compared 50 and §'°C values of digitate planktonic foraminifera
species with those of normally-shaped planktonic and benthic taxa from the Cenomanian
to the Holocene in seven different paleogeographic localities. Cretaceous, Eocene,
Miocene, Pleistocene, and Holocene digitate forms consistently register the highest or
close to the highest §'20 values (implying the coolest calcification temperatures) and

usually the lowest 5'°C of all planktonic foraminifera (Fig. 7.8).
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Fig. 7.8. Multispecies stable isotope arrays from seven sites showing the relative isotopic depth ranking of
digitate homeomorphs (black and gray diamonds) compared with co-occurring planktonic and benthic
species (where possible). A, DSDP Site 137-12-5, 4-6 cm. B, DSDP 144A-6R-1, 141-142.5 cm. C, ODP
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Generic abbreviations: A.= Acarinina; * B.= Beella; C. = Clavihedbergella; Ch.= Cibicidoides; Cl. =
Clavigerinella; Clt. = Clavatorella; G. = Globigerinella; Gd.= Globigerinoides; * Gl. = Globorotalia; GIm.
= Globanomalina; Glg.= Globoquadrina; Gn. = Globigerinelloides; Gu. = Guembelitrioides; H. =
Hedbergella; * Het. = Heterohelix; * M.= Morozovella; * N. = Neogloboquadrina; P. = Parasubbutina; Pr.
= Praeglobotruncana; Pu. = Pulleniatina; R.= Rotalipora; S. = Subbotina. *Inferred or known surface
dwellers (Wilson et al. 2002; Boersma et al. 1987; Pearson, 1998; Berger et al. 1978; Hemleben et al. 1989).
From Coxall et al., 2007.

These data suggest that all the investigated digitate species calcified their shells in a
relatively cool and deepwater masses with high DIC (dissolved inorganic carbon) content,
and below the surface mixed layer. The occurrence of modern digitates in deep-towed
plankton nets supports this interpretation.

Considering Coxall et al. (2007) results and according to the assumption that species

with similar digitate morphologies have comparable life strategies, we can infer that
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clavate and elongate taxa likely proliferated in relatively cool, deep and low oxygen
waters. Therefore, the increase in abundances and new appearances recorded above the
Selli Level equivalent could indicate that they occupied the lowest depth below the

surface mixed layer in a phase of a supposed expansion of the OMZ (Oxygen minimum
Zone, Fig. 7.9).
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Chapter 8
Conclusion

This study provides a detailed biostratigraphic and quantitative analysis of the
Barremian-Aptian planktonic foraminiferal assemblages recovered in two different
localities, in the Tethys (Cismon core, Southern Alps) and Pacific (DSDP Site 463, Mid-
Pacific Mountains) Oceans.

Micropaeontological analysis (absolute and relative abundances, and morphometric
analysis) performed on pelagic sediments have contributed to the understanding of the
evolution of early Cretaceous planktonic foraminifera, have improved biostratigraphic
correlations on global scale, and have provided new insights in the interpretation of the

response of planktonic foraminiferato ocean acidification in the studied time-interval.

The results obtained and their interpretations are the following:
1) Taxonomic analyses reved that:

a) at Cismon core, planispiral and trochospiral taxa with globular and clavate
chambers (genera Globigerinelloides Hedbergella and Lilliputianella),
pseudo-planispiral with very elongate chambers (genus Leupoldina) and
globigeriniform taxa (genera Gubkinella and Gorbachikella) occurred.
Species richness increase upward through the interval, in agreement with the
genera trend described in previous studies (Coccioni et al., 1992; Coccioni
& Premoli Silva, 1994; Premoli Silva & Sliter, 1999), that reported an
increase in planktonic foraminiferal diversity in the early Vaanginian
through the Aptian. Just above the Selli Level equivalent a marked change
in the composition is recorded, mainly due to the appearance of new taxa
having globular (Hedbergella gorbachikae, H. kuznetsovae, H. luterbacheri,
H. primare and Globigerinelloides primitivus) and clavate chambers
(Leupoldina pustulans hexacamerata, Leupoldina pustulans
guinquecamerata, Leupoldina reicheli, Lilliputianella kurhyi, Lilliputianella
maslakovae, Lilliputianella roblease, Globigerinelloides blowi |obatus,

Globigerinelloides clavatus and Globigerinelloides elongatus).
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b) At DSDP Site 463, planispira (genus Globigerinelloides), trochospiral
(genus Hedbergella) and globigeriniform taxa (genera Gorbachikella and
Gubkinella) with only globular chambers were documented. Possible
morphotypes belonging to the Leupoldina sp. were recognized. No evident
changes in species richness have been observed, probably because of the
presence of some intervals of no recovery and of several samples barren in
planktonic foraminifera that do not allow reliable considerations.

2) Shell size measurements show a general increase from the base to the top of

the studied interval at both sites (much higher at Cismon core) due to an
increase of calcification efficiency. The group with the highest range of
variation in shell size is represented by the Globigerinelloidids, followed by
Lilliputianellids and then by Hedbergellids.

3) Absolute abundance of planktonic foraminifera in thin sections show that:

below the Selli Level eq., abundances are moderate at Cismon and low at
DSDP Site 463, then they decrease in both sites at the onset of the OAEla
Vaues remain stable and very low/null within it, until to a strong increase
above it. In particular at Cismon core, the genera trend of the planktonic
foraminiferal abundance values observed in washed residues mirror the data
acquired in thin sections: the two different methods have provided very
similar results, different only in the scale of the numbers.

Abundances increase across the studied interval aswell as test sizes.

4) Ecologica intepretations of planktonic foraminifera reveal that: at both sites

the genus Hedbergella is the most common component of the foraminiferal
fauna across the studied interval and, thus, considered the most opportunistic
taxon. The genus Globigerinelloides is a typical meso-oligotrophic taxon,
while Lilliputianella and Leupoldina are meso-eutrophic taxa that likely
proliferated in oxygen - depleted, deep and cool waters associated to a
possible expansion of the OMZ (Coxall et al., 2007).

Above the Sdlli Level eg., where the abundances fluctuate from very low to
very high values, probably due to the ecological competition among the 3
groups, planispirals resulted to be the most efficient and successful
competitors compared to the pseudo-planispirals and trochospirals.

Moreover, the highest test size variations observed in the planispiral taxais a
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feature often directly related to reproductive potential (Hallock, 1985;
Premoli Silva& Sliter, 1999).

5) The comparison between planktonic foraminiferal and nannoconid
abundances highlights that:

a)

b)

When nannoconids underwent a biocalcification decline and, thus,
decreased in abundance at about ~ 1 Ma before OAEla, planktonic
foraminifera slightly decreased too;

At the nannoconid crisis level documented before the onset of the
OAE1a, planktonic foraminifera of Cismon core decrease in abundances
prior to this biohorizon and increase after it until the onset of the
OAEla At DSDP Site 463 only a constant decrease in abundances is
observed starting before this biohorizon. At the onset of OAEla both
calcareous groups show a marked decline that can be related to
widespread meso- to eutrophic conditions, combined with excess CO, in
the ocean - atmosphere system. No extinctions within nannoconids and
planktonic foraminifera have been observed in the OAElainterval, both
calcareous groups are considered virtually absent (e. g. Coccioni et al.,
1992; Erba, 1994; Erba et al., 1999; Premoli Silva et al., 1999; Erba,
2004; Erbaet al. 2010; Bottini et al., 2015).

At Cismon core nannoconids resume in the middle part of the Selli Level
equivaent and increase until to the top of the interval but never become
as abundant as before of the OAEla (Erba, 2004), although their
abundances still mirror the §*3C trend. Planktonic foraminifera, after the
decline within the Selli Level equivalent remain stable. They start to
increase significantly just above the Selli Level equivalent, becoming
more abundant than before the OAEla. The different timing recovery
could be justified by the higher susceptibility to dissolution of planktonic
foraminifera than nannoconids (Cita, 1970).

The increase in abundance of planktonic foraminifera after the OAElais
possible due to the termination of the widespread anoxia-dysoxia
coincided with the end of the main emplacement of the Ontong Java
Plateau, and the development of a more mesotrophic environment

suitable to the proliferation of all planktonic foraminifera.
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In conclusion, this study has implemented the current knowledge on planktonic
foraminifera during the OAE1a by documenting their ability to evolve and diversify in a
time-interval of complex and profound perturbation of the ocean-atmosphere system

without undergoing extinction but, on the contrary, showing significant capacity of

adaptation.
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Plate 1

Plate 1. 1 a-b. Globigerinelloides aptiensis (Longoria, 1974), holotype, Gargas, France. 2 a-b. Globigerinelloides
blowi (Bolli, 1959), holotype, Cuche Formation, Trinidad; 3 a-b. Globigerinelloides blowi lobatus (Verga & Premoli
Silva, 2005), holotype, Lesches en Diois section, France; 4 a-b. Globigerinelloides clavatus (Verga & Premoli Silva,
2005), holotype, Lesches en Diois section, France; 5 a-b. Globigerinelloides duboisi (Chevalier, 1961), holotype,
Nerthe Mountains, SE France; 6 a-b. Globigerinelloides elongatus (Verga & Premoli Silva, 2005), holotype, Cismon
section, Italy; 7 a-c Globigerinelloides maridalensis (Bolli, 1959), holotype, Eastern Central Range, Trinidad; 8 a-b.
Globigerinelloides paragottisi (Verga & Premoli Silva, 2003), holotype, Lesches en Diois, France; 9 a-c.
Globigerinelloides primitivus (Fuchs, 1971), holotype,Vorarlberg, Austria; 10 a-b. Globigerinelloides sigali
(Longoria, 1974), holotype, La Boca Canyon, Mexico; 11 a-c. Gorbachikella kugleri (Bolli, 1959), holotype, Cuche
Formation, Trinidad. All scale bars = 100 pm.
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Plate 2

Plate 2. 1 a-c. Gubkinella graysonensis (Tappan, 1940), holotype, Grayson Formation, Texas. 2 a. Hedbergella
aptiana (Bartenstein, 1965), holotype, Mitteland-Kanal, central Germany; 3 a-c. Hedbergella daminiae (Banner,
Copestake & White, 1993), holotype, North Sea Well 15/30-3; 4 a-c. Hedbergella excelsa (Longoria, 1974), holotype,
Drome region, SE France; 5 a-c. Hedbergella gorbachikae (Longoria, 1974), holotype, La Boca Canyon, Mexico; 6 a-
c. Hedbergella kuznetsovae (Banner & Desai, 1988), holotype, Speeton Cliffs, Filey Bay, North Yorkshire; 7 a-b
Hedbergella infracretacea (Glaessner, 1937), holotype, NW Caucasus; 8 a-c. Hedbergella laculata (Banner,
Copestake & White, 1993), holotype, Valhall Formation, central North Sea; 9 a-c. Hedbergella luterbacheri
(Longoria, 1974), holotype, La Boca Canyon, Mexico. All scale bars = 50 um, except 2a, 5a-c and 7a-b = 100 pm.
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Plate 3

Plate 3. 1 a-c. Hedbergella occulta (Longoria, 1974), holotype, La Boca Canyon, Mexico; 2 a. Hedbergella
praetrocoidea, holotype, SW Crimea; 3 a. Hedbergella primare (Bolli, 1959), holotype, Kacha River, Ukraine; 4 a-
b. Hedbergella sigali (Moullade, 1966), holotype, Sant-Cyrice, SE France; 5 a-c. Hedbergella tuschepsensis
(Antonova, 1964), holotype, Tuscheps River, NW Caucasus; 6 a-b. Leupoldina cabri (Sigal, 1952), holotype Djebel
Rhazouane, Tunisia; 7 a-c. Leupoldina hexacamerata (Verga & Premoli Silva, 2002), holotype, Cismon core, Italy;
8 a-b. Leupoldina pustulans pustulans (Bolli, 1957), holotype, Centra Range, Trinidad; 9 a-b. Leupoldina pustulans
quinquecamerata (Bolli, 1957), holotype, Central Range, Trinidad; 10 a-b. Leupoldina reicheli (Bolli, 1957),
holotype, Central Range, Trinidad; 11 a-c. Lilliputianella globulifera (Kretchmar & Gorbachik, 1971), holotype,
Crimea; 12 a-c. Lilliputianella kuhryi (Longoria, 1974), holotype, Argos Formation, SE Spain. All scale bars = 100
um, except 2a and 3a= 50 pm.
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Plate 4. 1 a-c. Lilliputianella labocaensis (Longoria, 1974), holotype, La Boca Canyon, Mexico; 2 a-b.
Lilliputianella maslakovae, holotype, La Boca Canyon, Mexico; 3 a-b. Lilliputianella roblesae (Obregon de la Parra,
1959), holotype, Mexico; 4 a-c. Lilliputianella similis (Longoria, 1974), holotype, La Boca Canyon, Mexico. All
scale bars = 100 um, except 3a-b = 50 pum.
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Plate 5

Plate 5. 1 a-b. Globigerinelloides aptiensis, Cismon 17/251-257 cm; 2 a-b. G. aptiensis, Cismon 17/251-257 cm; 3
a-b. G. aptiensis, Cismon 13/264-268 cm; 4 a-b. G. aptiensis, Cismon 12/148-152 cm; 5 a-b. G. aptiensis, Cismon
12/88-92 cm; 6 a-b. G. aptiensis, Cismon 10/100-102 cm; 7 a-b Globigerinelloides blowi, Cismon 14/141-145 cm; 8
a-b. G. blowi, Cismon 12/230-234 c¢cm; 9 a-b. G. blowi, Cismon 12/209-214 cm; 10 a-b. G. blowi, Cismon 12/69-71
c¢m; 11 a-c. G. cf. blowi, Cismon 11/10-13 cm; 12 a-c. Globigerinelloides duboisi, Cismon 13/20-24 c¢cm; 13 a-c. G.
duboisi, Cismon 12/278-280 cm; 14 a-c. G. duboisi, Cismon 12/148-152 cm; 15 a-c. G. duboisi, Cismon 12/37-42
cm. All scale bars = 50 um, except 12 a-c = 100 um.
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Plate 6. 1 a-b. Globigerinelloides duboisi, Cismon 11/281-284 cm; 2 a-b. G. duboisi, Cismon 11/158-161 cm; 3 a-b.
G. duboisi, Cismon 11/74-76 cm; 4 a-b. G. duboisi, Cismon 11/4-10 cm; 5 a-b. G. duboisi, Cismon 11/1-4 cm; 6 a-b.
G. duboisi, Cismon 11/1-4 cm; 7 a-b G. duboisi, Cismon 10/177-180 cm; 8 a-b. G. duboisi, Cismon 10/177-180 cm; 9
a-b. Globigerinelloides maridalensis, Cismon 12/230-234 c¢cm; 10 a-b. G. maridalensis, Cismon 12/209-214 cm; 11
a-b. G. maridalensis, Cismon 12/290-293,5 cm; 12 a-b. G. maridalensis, Cismon 11/143-145 cm; 13 a-b.
Globigerinelloides paragottisi, Cismon 15/262-271 c¢m; 14 a-b. G. paragottisi, Cismon 15/262-271 cm; 15 a-b. G.
paragottisi, Cismon 14/141-145 cm. All scale bars = 50 pm.
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Plate 7

Plate 7. 1 a-b. Globigerinelloides paragottisi, Cismon 13/94-99 cm; 2 a-b. G. paragottisi, Cismon 13/20-24 cm; 3 a-
b. G. paragottisi, Cismon 13/7-10 cm; 4 a-b. G. paragottisi, Cismon 13/7-10 cm; 5 a-b. G. paragottisi, Cismon
12/253-256,5 cm; 6 a-b. G. paragottisi, Cismon 12/152-158 cm; 7 a-b G. paragottisi, Cismon 12/81-84 cm; 8 a-b. G.
paragottisi, Cismon 12/69-71 cm; 9 a-b. G. paragottisi, Cismon 11/290-293,5 cm; 10 a-b. G. paragottisi, 11/281-284
cm; 11 a-b. G. paragottisi, Cismon 11/184-186 cm; 12 a-b. G. paragottisi, Cismon 10/177-180 cm; 13 a-b.
Globigerinelloides primitivus, Cismon 13/7-10 cm. All scale bars = 50 pum.
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Plate 8. 1 a-b. Globigerinelloides primitivus, Cismon 12/69-71 cm; 2 a-b. Globigerinelloides clavatus, Cismon
11/281-284 cm; 3 a-b. G. clavatus, Cismon 10/177-180 cm; 4 a-b. Globigerinelloides elongatus, Cismon 12/37-42
cm; 5 a-b. Globigerinelloides sigali, Cismon 10/100-102 cm; 6 a-b. G. sigali, Cismon 11/1-4 cm; 7 a-c. Gubkinella
graysonensis, Cismon 14/190-192 cm; 8 a-c. G. graysonensis, Cismon 14/199-201 c¢cm; 9 a-c. G. graysonensis,
Cismon 14/199-201 cm; 10 a-c. G. graysonensis, Cismon 14/199-201 c¢cm; 11 a-c. G. graysonensis, Cismon 14/141-
145 cm. All scale bars = 50 pum.
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Plate 9

Plate 9. 1 a-b Gubkinella graysonensis, Cismon 14/113-115 c¢m; 2 a-c. G. graysonensis, Cismon 14/25-30 cm; 3 a-
c. G. graysonensis, Cismon 13-264-268 cm; 4 a-c. G. graysonensis, Cismon 13/264-268 cm; 5 a-c. G. graysonensis,
Cismon 12/37-42 cm. All scale bars = 50 um.
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Plate 10. 1 a-c. Hedbergella aptiana, Cismon 15/304-307 cm; 2 a-c. H. aptiana, Cismon 14/89-90 cm; 3 a-c. H.
aptiana, Cismon 13/183-186 cm; 4 a-c. H. aptiana, Cismon 13/171-175 cm; 5 a-c. H. aptiana, Cismon 13/53-57 cm; 6
a-c. H. aptiana, Cismon 11/184-186 cm; 7 a-c. H. aptiana, Cismon 17/32-42 cm; 8 a-c. H. cf aptiana, Cismon 11/1-4
cm. All scale bars = 50 pm.
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Plate 11

Plate 11. 1 a-c. Hedbergella excelsa, Cismon 17/251-257 c¢m; 2 a-c. H. excelsa, Cismon 17/148-152 cm; 3 a-c. H.
excelsa, Cismon 16/120-129 cm; 4 a-c. H. excelsa, Cismon 15/236-239 c¢cm; 5 a-c. Hedbergella infracretacea, Cismon
15/262-271 cm; 6 a-c. H. infracretacea, Cismon 15/143-147 cm; 7 a-c. H. infracretacea, Cismon 13/264-268 cm. All
scale bars = 50 um, except 4 a-c =20 pm.
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Plate 12. 1 a-c. Hedbergella infracretacea, Cismon 12/152-158 c¢m; 2 a-c. H. infracretacea, Cismon 12/88-92 cm; 3
a-c. H. infracretacea, Cismon 12/37-42 cm; 4 a-c. H. cf. infracretacea, Cismon 15/262-271 cm; 5 a-c. Hedbergella
laculata Cismon 17/32-42 cm; 6 a-c. Hedbergella occulta, Cismon 17/251-257 cm; 7 a-c. H. occulta, Cismon 17/251-
257 cm; 8 a-c. H. occulta, Cismon 17/32-42 cm. All scale bars = 50 um, except 6 a-c, 7 a-c and 8 a-¢c = 20 um.
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Plate 13

Plate 13. 1 a-c. H. occulta, Cismon 16/20-28 cm; 2 a-c. H. occulta, Cismon 15/143-147 cm; 3 a-c. H. occulta,
Cismon 14/25-30 cm; 4 a-c. H. cf. occulta, Cismon 11/1-4 cm; 5 a-c. Hedbergella praetrocoidea, Cismon 16/69-75
c¢m; 6 a-c. H. praetrocoidea, Cismon 15/236-239 cm; 7 a-c. H.cf. praetrocoidea, Cismon 10/209-212 cm; 8 a-c. H. cf.
praetrocoidea, Cismon 11/281-284 cm. All scale bars = 20 um, except 7a-c and 8a-c= 50 um.
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Plate 14. 1 a-c. Hedbergella primare Cismon 11/290-293,5 cm; 2 a-c. Hedbergella sigali, Cismon 17/32-42 cm; 3 a-
¢. H. sigali, Cismon 16/69-75 cm; 4 a-c. H. sigali, Cismon 15/236-239 cm; 5 a-c. H. sigali, Cismon 11/1-4 cm; 6 a-c.
H.cf sigali, Cismon 15/143-147 cm; 7 a-c. H. cf sigali, Cismon 15/262-271 cm; 8 a-c. H. cf sigali, Cismon 15/236-239
cm. All scale bars = 50 pum, except 6 a-c = 20 pm.
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Plate 15

Plate 15. 1 a-c. Hedbergella tuschepsensis, Cismon 13/20-24 cm; 2 a-c. H. tuschepsensis, Cismon 12/148-152 cm;
3 a-c. H. tuschepsensis, Cismon 10/100-102 cm. All scale bars = 50 pm.
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Plate 16. 1 a-c. Lilliputianella globulifera, Cismon 290-293,5 cm; 2 a-c. L. globulifera, Cismon 13/94-99 cm; 3 a-c.
L. globulifera, Cismon 12/287-292 c¢m; 4 a-c. L. globulifera, Cismon 12/287-292 c¢cm; 5 a-c. L. globulifera, Cismon
12/253-256,5 cm; 6 a-c. L. globulifera, Cismon 12/148-152 cm; 7 a-c. L. globulifera, Cismon 14/199-201 cm; 8 a-c.
L. globulifera, Cismon 11/1-4 cm. All scale bars = 50 pm.
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Plate 17

Plate 17. 1 a-c. Lilliputianella globulifera, Cismon 11/1-4 c¢cm; 2 a-c. L.globulifera, Cismon 13/94-99 cm; 3 a-c
Lilliputianella kuhryi, Cismon 12/278-280 c¢m; 4 a-c. L. kuhryi, Cismon 11/158-161 cm.; 5 a-c. Lilliputianella
labocaensis, Cismon 13/171-175 cm; 6 a-c. L. labocaensis, Cismon 13/94-99 c¢cm; 7 a-c Lilliputianella maslakovae,
Cismon 12/69-71 cm. All scale bars = 50 um; 8 a-c. Lilliputianella cf. maslakovae, Cismon 12/287-292 cm.
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Plate 18. 1 a-c. L.cf. maslakovae, Cismon 12/230-234 cm; 2 a-c. L.cf. maslakovae, Cismon 10/100-102 c¢cm; 3 a-C.
Lilliputianella similis, Cismon 13/94-99 cm; 4 a-c. L. similis, Cismon 11/1-4 cm; 5 a-c. L. similis, Cismon 13/171-175
cm; 6 a-c. L. cf. similis, Cismon 12/253-256,5 cm; 7 a-c. Lilliputianella sp., Cismon 12/88-92 cm. All scale bars = 50
pm.
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Plate 19

Plate 19. 1 a-b. Globigerinelloides aptiensis, 463-73-CC, 0-3 cm; 2 a-b. Globigerinelloides cf. blowi, 463-72-3, 6-7
cm; 3 a-b. Globigerinelloides duboisi, 463-69-3, 20-22 cm; 4 a-b. G. duboisi, 463-72-3, 6-7 c¢cm; 5 a-b.
Globigerinelloides paragottisi, 463-69-3, 20-22 cm; 6 a-c. Gorbachikella kugleri, 463-71-2, 78-80 cm; 7 a-c.
Gubkinella graysonensis, 463-72-3, 100-102 cm; 8 a-c. G. graysonensis, 463-72-3, 100-102 cm; 9 a-c. G.
graysonensis, 463-73-3, 80-82 cm. All scale bars = 20 um, except 1 a-b= 50 pum.
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Plate 20. 1 a-c. Hedbergella aptiana, 463-71-4, 39-42 cm; 2 a-c. H. aptiana, 463-69-3, 20-22 c¢m; 3 a-C.
Hedbergella. daminiae, 463-72-4, 42-44 cm; 4 a-c. H. daminiae, 463-71-4, 39-42 ¢cm; 5 a-c. H. daminiae, 463-71-4,
39-42 cm; 6 a-c. Hedbergella. cf. daminiae, 463-72-4, 42-44 cm; 7 a-c. Hedbergella excelsa, 463-67-2, 100-102 cm; 8
a-c. H. excelsa, 463-67-2, 100-102 cm. All scale bars =20 um.
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Plate 21

Plate 21. 1 a-c. Hedbergella excelsa, 463-67-2, 100-102 c¢m; 2 a-C. H. excelsa, 463-71-4, 39-42 c¢cm; 3 a-C
Hedbergella infracretacea (internal mold), 463-71-3, 137-140 cm; 4 a-c. H. infracretacea, 463-71-4, 39-42 cm; 5 a-c.
H. infracretacea, 463-67-2, 100-102 cm; 6 a-c. Hedbergella infracretacea, 463-67-2, 100-102 cm;; 7 a-c. Hedbergella
laculata, 463-73-CC, 0-3 cm; 8 a-c. H.laculata, 463-72-3, 144-146 cm. All scale bars = 20 um, except 7 a-¢c = 50 pum.
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Plate 22. 1 a-c. Hedbergella luterbacheri, 463-71-2, 78-80 cm; 2 a-c. H. cf. luterbacheri, 463-71-2, 78-80 cm; 3 a-c.
H. cf. luterbacheri, 463-67-2, 3-7 cm; 4 a-c. Hedbergella praetrocoidea, 463-72-3, 144-146 cm; 5 a-c. H.
praetrocoidea, 463-71-4, 39-42 cm; 6 a-c. H. praetrocoidea, 463-72-3, 144-146 cm; 7 a-c. H. praetrocoidea, 463-71-
4,39-42 cm; 8 a-c. H. praetrocoidea, 463-71-4, 39-42 cm. All scale bars = 20 um.
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Plate 23

Plate 23. 1 a-c. Hedbergella praetrocoidea, 463-71-4, 39-42 cm; 2 a-c. H. praetrocoidea, 463-71-4, 39-42 cm; 3 a-c.
H. praetrocoidea, 463-67-2, 100-102 cm; 4 a-c. H. praetrocoidea, 463-71-4, 39-42 cm; 5 a-c. H. praetrocoidea, 463-
67-2, 100-102 cm; 6 a-c. H. praetrocoidea, 463-71-4, 39-42 cm; 7 a-c. H. cf. praetrocoidea, 463-72-4, 42-44 cm; 8 a-
c. Hedbergella tuschepsensis, 463-69-3, 20-22 cm. All scale bars = 20 um.






197

Appendix



& 2
) )
u 2|2 s 2| 2
o = o o = o
o %] ] E 3 5} a =
w w w w 5 w w w w 5
E x 5 g u @ | 2 E x g £ u € | B
) o © H a a 7] 7} o © g a a ®»
= w z = w z
< T = < T =
) “ T » 0 T
< = < =
H H
CISMON 9 150 7.96 1,5
CISMON 9 176 8.2 9/176 W X CISMON 14 113-115 20.95 RAD 51 X
CISMON 10 5 8.81 0,05 X CISMON 14 116 20.97 14/116 W X
CISMON 10 11-13 8.87 RAD 1 X CISMON 14 124 21.05 240 X
CISMON 10 57-58,5 9.31 RAD 2 X CISMON 14 127-128 21.08 RAD 52 X
CISMON 10 100-102 9.72 RAD 3 X CISMON 14 131 21.11 14/131 W X
CISMON 10 116 9.86 1,16 X CISMON 14 140 21.2 249 X
CISMON 10 128-134 10.00 RAD 4 X CISMON 14 141-145 21.23 RAD 53 X
CISMON 10 177-180 10.44 RAD 5 X CISMON 14 150 21.29 256 X
CISMON 10 209-212 10.76 RAD 6 X CISMON 14 167 21.46 14/167 W X
CISMON 10 238-240 11.02 RAD 7 X CISMON 14 175 21.53 (14/175W /271| X X
CISMON 10 298 11.58 2,98 X CISMON 14 190-192 21.67 RAD 54 X
CISMON 11 1-4 11.65 RAD 8 X CISMON 14 197 21.74 287 X
CISMON 11 4-10 11.69 RAD 9 X CISMON 14 199-201 21.77 RAD 55 X
CISMON 11 10-13 11.73 RAD 10 X CISMON 14 201 21.78 289 X
CISMON 11 74-76 12.34 RAD 11 X CISMON 14 209 21.85 293 X
CISMON 11 84-84,1 12.42 RAD 12 X CISMON 14 211 21.87 294 X
CISMON 11 100 12.57 1,00 X CISMON 14 213 21.89 14/213 W X
CISMON 11 143-145 12.99 RAD 13 X CISMON 14 216 21.92 298 X
CISMON 11 158-161 13.13 RAD 14/ 15,9 X X CISMON 14 222-224 21.98 RAD 56 X
CISMON 11 184-186 13.38 RAD 15 X CISMON 14 225 22 14/225 W X
CISMON 11 245 13.94 2,45 X CISMON 14 235 22.1 311 X
CISMON 11 281-284 14.29 RAD 16 X CISMON 14 238-242 22.15 RAD 57 X
CISMON 11 290-293,5 14.39 RAD 17 X CISMON 14 242 22.16 316 X
CISMON 12 8 14.52 0,08 X CISMON 14 252-256 22.28 RAD 58 X
CISMON 12 37-42 14.82 RAD 18 X CISMON 14 257-261 22.33 RAD 59 X
CISMON 12 64 15.05 0,64 X CISMON 14 261 22.34 329 X
CISMON 12 69-71 15.11 RAD 19 X CISMON 14 269 22.42 336 X
CISMON 12 81-84 15.22 RAD 20 X CISMON 14 280 22.52 345 X
CISMON 12 88-92 15.30 RAD 21 X CISMON 14 281 22,53 14/281 W X
CISMON 12 112 15.50 1,12 X CISMON 14 290 22.62 354 X
CISMON 12 148-152 15.86 RAD 22 X CISMON 14 293-295 22.64 RAD 60 X
CISMON 12 152-158 15.91 RAD 23 X CISMON 14 298 22.69 361 X
CISMON 12 173 16.08 1,73 X CISMON 14 298-301 22.71 RAD 61 X
CISMON 12 209-214 16.44 RAD 24 X CISMON 15 1-3 22.77 RAD 63 X
CISMON 12 222-225 16.56 RAD 25 X CISMON 15 3 22.78 367 X
CISMON 12 228 16.60 2,28 X CISMON 15 5-7 22.81 RAD 64 X
CISMON 12 230-234 16.64 RAD 26 X CISMON 15 9-10 22.84 RAD 65 X
CISMON 12 247-248 16.78 RAD 27 X CISMON 15 15-17 22.9 RAD 66 X
CISMON 12 253-256,5 16.86 RAD 28 X CISMON 15 22-25 23 RAD 67 X
CISMON 12 256,5-265 16.91 RAD 29 X CISMON 15 29 23.03 386
CISMON 12 278-280 17.08 RAD 30 X CISMON 15 30-35 23.06 RAD 68 X
CISMON 12 287-292 17.18 RAD 31 X CISMON 15 35 23.08 392
CISMON 12 290 17.19 2,90 X CISMON 15 37 23.1 15/37 W X
CISMON 13 7-10 17.34 RAD 32 X CISMON 15 45 23.18 397
CISMON 13 9 17.35 5 X CISMON 15 47 23.2 15/47 W X
CISMON 13 13-17 17.41 RAD33/8 X X CISMON 15 50-52 23.23 RAD 69 X
CISMON 13 26 17.51 12 X CISMON 15 52 23.24 403 X
CISMON 13 34 17.59 0,34 X CISMON 15 60 23.32 410 X
CISMON 13 39 17.63 16 X CISMON 15 57-70 23.35 RAD 70 X
CISMON 13 20-24 17.47 RAD 34 X CISMON 15 70 23.41 15/70 W X
CISMON 13 50 17.74 21 X CISMON 15 72 23.43 | RAD71/416 | X X
CISMON 13 53-57 17.78 RAD 35 X CISMON 15 74 23.45 RAD 72 X
CISMON 13 66 17.89 29 X CISMON 15 75 23.46 15/75 W X
CISMON 13 70 17.93 31 X CISMON 15 76-78 23.47 RAD 73 X
CISMON 13 79 18.01 34 X CISMON 15 83 23.54 424 X
CISMON 13 93 18.14 41 X CISMON 15 87 23.57 428 X
CISMON 13 94-99 18.17 RAD 36 X CISMON 15 93-95 23.63 RAD 74 X
CISMON 13 101 18.22 46 X CISMON 15 95 23.65 434 X
CISMON 13 109 18.30 54 X CISMON 15 96 23.66 15/96 W X
CISMON 13 115 18.35 56 X CISMON 15 97 23.67 435 X
CISMON 13 119-127 18.43 RAD 37 X CISMON 15 105 23.74 442 X
CISMON 13 126 18.46 61 X CISMON 15 108 23.77 445 X
CISMON 13 135 18.54 65 X CISMON 15 120 23.89 455 X
CISMON 13 148 18.66 69 X CISMON 15 135 24.03 468 X
CISMON 13 154 18.72 1,54 X CISMON 15 140 24.08 472 X
CISMON 13 159 18.77 73 X CISMON 15 143-147 24.12 RAD 75 X
CISMON 13 163 18.81 77 X CISMON 15 164-170 24.33 RAD 76 X
CISMON 13 164-169 18.83 RAD 38 X CISMON 15 175 24.41 498 X
CISMON 13 170 18.87 82 X CISMON 15 180,5-181,5 24.45 RAD 77 / 503 X X
CISMON 13 171-175 18.9 RAD 39 X CISMON 15 184 24.49 X
CISMON 13 176 18.93 86 X CISMON 15 | 199,5-200,5 | 24.64 RAD 78 X
CISMON 13 180 18.97 90 X CISMON 15 236-239 24.99 RAD 79 X
CISMON 13 183-186 19.01 RAD 40 X CISMON 15 262-271 25.25 RAD 80 X
CISMON 13 191 19.07 97 X CISMON 15 304-307 25.65 RAD 81 X
CISMON 13 196-199 19.14 | RAD 41/ 101 X X CISMON 15 310 25.68 3,10 X
CISMON 13 202-206 19.2 RAD 42 / 2,05 X X CISMON 16 19 26.02 0,19 X
CISMON 13 210 19.25 106 X CISMON 16 20-28 26.07 RAD 82 X
CISMON 13 215 19.3 111 X CISMON 16 69-75 26.53 RAD 83 X
CISMON 13 220 19.35 115 X CISMON 16 121 26.99 1,21 X
CISMON 13 235 19.49 123 X CISMON 16 120-129 27.02 RAD 84 X
CISMON 13 240-241 19.53 | RAD 43 /128 X X CISMON 16 157-160 27.34 RAD 85 X
CISMON 13 244 19.57 130 X CISMON 16 212 27.85 16/212 W X
CISMON 13 253-258 19.68 RAD 44 / 2,55 X X CISMON 16 229 28.01 2,29 X
CISMON 13 260 19.72 139 X CISMON 16 285 28.54 2,85 X
CISMON 13 264-268 19.79 RAD 45 X CISMON 17 19-27 28.85 RAD 86 X
CISMON 13 271 19.83 145 X CISMON 17 32-42 28.99 RAD 87 X
CISMON 13 275 19.87 147 X CISMON 17 75.83 29.36 RAD 89 X
CISMON 14 5 19.92 150 X CISMON 17 99 29.57 0,99 X
CISMON 14 15 20.02 158 X CISMON 17 112-114 29.7 RAD 90 X
CISMON 14 22 20.08 160 X CISMON 17 126-130 29.85 RAD 91 X
CISMON 14 25-30 20.13 RAD 46 X CISMON 17 148-152 30.05 RAD 92 X
CISMON 14 32 20.18 168 X CISMON 17 159 30.14 1,59 X
CISMON 14 38 20.23 0,38 X CISMON 17 177-185 30.33 RAD 93 X
CISMON 14 42 20.27 14/42 W X CISMON 17 195-199 30.5 RAD 94 X
CISMON 14 45 20.3 176 X CISMON 17 204-210 30.59 RAD 95 X
CISMON 14 48-49,5 20.34 RAD 47 X CISMON 17 211 30.63 17/211 X
CISMON 14 52 20.37 182 X CISMON 17 230 30.81 2,30 X
CISMON 14 59 20.43 189 X CISMON 17 234-235 30.85 RAD 96 X
CISMON 14 68-70 20.53 RAD 48 X CISMON 17 251-257 31.04 RAD 97 X
CISMON 14 70 20.54 198 X CISMON 17 261 31.1 2,61
CISMON 14 80 20.63 206 X CISMON 17 279-284 31.29 RAD 98 X
CISMON 14 89-90 20.73 | RAD 49/ 215 X X CISMON 18 59 31.94 0,59 X
CISMON 14 103-108 20.87 RAD 50 X CISMON 18 117 32.49 1,17 X

Table 1. Cismon core sample list. Green band = Selli Level equivalent.




i
1%}
. gl2 s
w w o = o @ =
E | 2| E 5 & g || 3
9 S o o w g a @
w =
) = w 4
< 3 =]
@ < =
s
463 67 2 3-7 586.53 66 X
463 67 2 24-26 586.74 65 X X
463 67 2 100-102 587.50 61 X X
463 67 2 140-150 587.90 59 X
463 67 cc 20-22 589.80 57 X
463 68 1 3-6 594.53 56 X
463 68 cc 0-2 594.82 54 X X
463 68 cc 20-22 595.02 53 X
463 69 2 38-40 605.88 42 X
463 69 2 105-106 606.55 39 X X
463 69 2 143-144 606.93 37 X
463 69 3 7-9 607.07 36 X
463 69 3 20-22 607.20 35 X
463 69 cc 7-9 607.57 33 X
463 70 1 0-2 613.50 32 X X
463 70 1 20-22 613.70 31 X
463 70 1 41-43 613.91 30 X X
463 70 1 58-60 614.08 29 X
463 70 1 77-79 614.27 28 X X
463 70 1 96-98 614.46 27 X
463 70 1 125-126 614.75 26 X
463 70 1 140-142 614.90 25 X
463 70 2 6-8 615.06 24 X
463 70 2 20-22 615.20 23 X
463 70 2 40-42 615.40 22 X
463 70 2 65-67 615.65 21 X X
463 70 2 80-82 615.80 20 X
463 70 2 123-125 616.23 18 X
463 70 2 140-142 616.40 17 X X
463 70 3 4-5 616.54 16 X
463 70 3 18-20 616.68 15 X
463 70 3 39-40 616.89 14 X
463 70 3 62-64 617.12 13 X
463 70 3 85-87 617.35 12 X
463 70 3 100-103 617.50 11 X
463 70 3 124-125 617.74 10 X
463 70 3 140-141 617.90 9 X
463 70 4 5-6 618.05 8 X
463 70 4 19-20 618.19 7 X
463 70 4 62-63 618.61 5 X
463 70 4 100-102 619.00 3 X X
463 70 4 120-121 619.20 2 X
463 70 4 139-141 619.39 1 X
463 70 5 6-7 619.56 28a X X
463 70 5 20-21 619.70 27a X X
463 70 5 40-41 619.90 26a X X
463 70 5 60-61 620.10 25a X X
463 70 5 80-81 620.30 24a X X
463 70 5 101-102 620.51 23a X X
463 70 5 123-124 620.73 22a X X
463 70 5 140-141 620.90 21a X X
463 70 6 2-3 621.02 20a X X
463 70 6 20-22 621.20 19a X X
463 70 6 39-41 621.39 18a X X
463 70 6 59-61 621.59 17a X X
463 70 6 81-82 621.81 16a X X
463 70 6 100-101 622.00 15a X X
463 70 6 122-123 622.22 14a X X
463 70 6 141-142 622.41 13a X X
463 70 7 7-8 622.57 12a X X
463 70 7 19-20 622.69 1la X X
463 70 cc 19-20 623.00 9a X
463 71 1 61-62 623.61 5a X X
463 71 1 76-78 623.76 4a X
463 71 1 96-97 623.96 3a X X
463 71 1 124-125 624.24 2a X X
463 71 1 138-141 624.38 1a X X
463 71 2 1-3 624.51 78c X X
463 71 2 19-20 624.69 77c X X
463 71 2 39-40 624.89 76¢c X
463 71 2 58-59 625.08 75c X X
463 71 2 78-80 625.28 74c X X
463 71 2 100-102 625.50 73c X
463 71 2 120-121 625.70 72c X
463 71 2 140-142 625.90 71c X X
463 71 3 0-3 626.00 70c X
463 71 3 24-26 626.24 69c X
463 71 3 59-61 626.59 67c X X
463 71 3 79-81 626.79 66¢C X X
463 71 3 137-140 627.37 63c X X
463 71 4 19-20 627.69 61c X
463 71 4 39-42 627.89 60c X
463 71 4 60-62 628.10 59c X
463 71 cc 7-8 628.56 57c X
463 71 cC 21-22 628.71 56¢c X X
463 72 1 20-22 632.70 54c X X
463 72 1 60-62 633.10 52c X X
463 72 1 116-117 633.66 49c X X
463 72 2 15-16 634.15 46¢ X X
463 72 2 39-41 634.39 45c X
463 72 2 66-68 634.66 44c X
463 72 2 98-100 634.98 42c X
463 72 2 118-120 635.18 41c X
463 72 3 6-7 635.56 39c X
463 72 3 17-19 635.67 38c X X
463 72 3 60-62 636.10 36¢ X X
463 72 3 100-102 636.50 34c X
463 72 3 118-120 636.68 33c X
463 72 3 144-146 636.94 32c X
463 72 4 0-3 637.00 31c X
463 72 4 20-26 637.24 30c X
463 72 4 42-44 637.42 29c X
463 72 4 64-65 637.64 28c X X
463 72 cc 0-3 638.40 26¢c X
463 72 ccC 23-25 638.63 25c X X
463 73 1 0-4 642.00 24c X
463 73 1 38-40 642.38 22c X
463 73 1 61-63 642.61 21c X
463 73 1 78-80 642.78 20c X X
463 73 1 101-104 643.01 19c X X
463 73 2 0-3 643.50 16c X X
463 73 2 41-43 643.91 14c X
463 73 2 59-60 644.09 13c X
463 73 2 104-105 644.54 11c X
463 73 2 138-139 644.88 9c X X
463 73 3 20-22 645.20 7c X
463 73 3 42-44 645.42 6c X
463 73 3 60-62 645.60 5c X
463 73 3 80-82 645.80 4c X X
463 73 3 143-144 646.43 2c X X
463 73 ccC 0-3 648.00 ic X X
Table 2. DSDP Site 463 sample list. Green band =

Selli Level equivalent.
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CISMON | 9 176 8.2 9/176 W |X? X f
CISMON | 10 11-13 8.87 RAD 1 b
CISMON | 10 57-58,5 9.31 RAD 2 X X X X f
CISMON | 10 100-102 9.72 RAD 3 X X X X X X[X cf X X X X X va
CISMON | 10 128-134 10.00 RAD 4 X[ X r
CISMON | 10 177-180 10.44 RAD 5 X X X X X X X X X X XX X[X X X X va
CISMON | 10 | 10/209-212 10.76 RAD 6 X X cf X X X X X X X X X X X X X va
CISMON | 10 238-240 11.02 RAD 7 b
CISMON | 11 1-4 11.65 RAD 8 cf X X X cf X X| X X X X X X X X X X X X | va
CISMON | 11 4-10 11.69 RAD 9 X X X X[ X X X X X X X va
CISMON | 11 10-13 11.73 RAD 10 X X X X X[ x cf X X X X X X X X va
CISMON | 11 74-76 12.34 RAD 11 X X X| X X X X X X X X va
CISMON | 11 84-84,1 12.42 RAD 12 X X X X X X[X X f/c
CISMON | 11 143-145 12.99 RAD 13 X X X X X f/c
CISMON | 11 158-161 13.13 RAD 14 X X X X X X X X X X X X va
CISMON | 11 184-186 13.38 RAD 15 X X X X X X X X X X X va
CISMON | 11 281-284 14.29 RAD 16 X cf cf X X X X X X X X X X X X X va
CISMON | 11 290-293,5 14.39 RAD 17 X X X X[ X X X X X X X X X X X X va
CISMON | 12 37-42 14.82 RAD 18 X X X X X X X X X X X X X va
CISMON | 12 69-71 15.11 RAD 19 X X X X X X X X X X X X X X X X va
CISMON | 12 81-84 15.22 RAD 20 X X X X X X X X X X X X X va
CISMON | 12 88-92 15.30 RAD 21 X X X X X X X|X X X X X X X va
CISMON | 12 148-152 15.86 RAD 22 X X[X X X X X X X X va
CISMON | 12 152-158 15.91 RAD 23 X X X X X X X X X X | va
CISMON | 12 209-214 16.44 RAD 24 X X X X X X X X X X X X X X X X XX X X X X X va
CISMON | 12 222-225 16.56 RAD 25 X X X f
CISMON | 12 230-234 16.64 RAD 26 X X X X X X cf X X X X X X X X X X X X va
CISMON | 12 247-248 16.78 RAD 27 X X X X X <
CISMON | 12 253-256,5 16.86 RAD 28 X X cf X X f/c
CISMON | 12 256,5-265 16.91 RAD 29 X X X | c/a
CISMON | 12 278-280 17.08 RAD 30 X X X X X X X X X X X X X X X va
CISMON | 12 287-292 17.18 RAD 31 X X X cf X X? X X X X X va
CISMON | 13 7-10 17.34 RAD 32 X X X X X X X X X X X X | X va
CISMON | 13 13-17 17.41 RAD 33 X X X X X X X X X X X X X X X va
CISMON | 13 20-24 17.47 RAD 34 X X X[X X X X X X X X X va
CISMON | 13 53-57 17.78 RAD 35 X X X X X X X X X X X X X X va
CISMON | 13 94-99 18.17 RAD 36 X X([X X X X X X X X va
CISMON | 13 119-127 18.43 RAD 37 cf X X X X X[X X X X X X X X X X X X X X X X X X X va
CISMON | 13 164-169 18.83 RAD 38 X vr
CISMON | 13 171-175 18.9 RAD 39 X X X X f/c
CISMON | 13 183-186 19.01 RAD 40 X X X | f/c
CISMON | 13 196-199 19.14 RAD 41 X r
CISMON | 13 202-206 19.2 RAD 42 b
CISMON | 13 240-241 19.53 RAD 43 X vr
CISMON | 13 253-258 19.68 RAD 44 b
CISMON | 13 264-268 19.79 RAD 45 X X X X X X X X [c/a
CISMON | 14 25-30 20.13 RAD 46 X X X X | r/f
CISMON | 14 42 20.27 14/42wW X X r
CISMON | 14 48-49,5 20.34 RAD 47 b
CISMON | 14 68-70 20.53 RAD 48 X vr
CISMON | 14 89-90 20.73 RAD 49 X f
CISMON | 14 103-108 20.87 RAD 50 b
CISMON | 14 113-115 20.95 RAD 51 X X f
CISMON | 14 116 20.97 14/116 W X X X f/c
CISMON | 14 127-128 21.08 RAD 52 b
CISMON | 14 131 21.11 14/131 W |X? X X X c/a
CISMON | 14 141-145 21.23 RAD 53 x? X X X f
CISMON | 14 167 21.46 14/167 W |X? X X X X va
CISMON | 14 175 21.53 14/175 W X X X [c/a
CISMON | 14 190-192 21.67 RAD 54 X r
CISMON | 14 199-201 21.77 RAD 55 X X X[X X X X f
CISMON | 14 13 21.89 14/213 W |X? x? x? X X X X [c/a
CISMON | 14 222-224 21.98 RAD 56 b
CISMON | 14 225 22 14/225 W x? X X X X a
CISMON | 14 238-242 22.15 RAD 57 b
CISMON | 14 252-256 22.28 RAD 58 b
CISMON | 14 257-261 22.33 RAD 59 b
CISMON | 14 281 22.53 14/281 W | X X X X X X X va
CISMON | 14 293-295 22.64 RAD 60 X r
CISMON | 14 298-301 22.71 RAD 61 X X r
CISMON | 15 1-3 22.77 RAD 63 X vr
CISMON | 15 5-7 22.81 RAD 64 X X f
CISMON | 15 9-10 22.84 RAD 65 X X r
CISMON | 15 15-17 229 RAD 66 X X r
CISMON | 15 22-25 23 RAD 67 b
CISMON | 15 30-35 23.06 RAD 68 b
CISMON | 15 37 23.1 15/37 W X X c
CISMON | 15 47 23.2 15/47 W X X | f/c
CISMON | 15 50-52 23.23 RAD 69 b
CISMON | 15 57-70 23.35 RAD 70 X vr
CISMON | 15 70 23.41 15/70 W X X X X va
CISMON | 15 72 23.43 RAD 71 X vr
CISMON | 15 74 23.45 RAD 72 b
CISMON | 15 75 23.46 15/75 W X X? X x? x? X va
CISMON | 15 76-78 23.47 RAD 73 b
CISMON | 15 93-95 23.63 RAD 74 X vr
CISMON | 15 96 23.66 15/96 W | X X X x? X X X X | va
CISMON | 15 143-147 24.12 RAD 75 X X X X cf X cf X va
CISMON | 15 164-170 24.33 RAD 76 X X X X r/f
CISMON | 15| 180,5-181,5 24.45 RAD 77 b
CISMON | 15| 199,5-200,5 24.64 RAD 78 b
CISMON | 15 236-239 24.99 RAD 79 X X X X cf X X X f/c
CISMON | 15 262-271 25.25 RAD 80 X X cf X cf X[ X X X X X va
CISMON | 15 304-307 25.65 RAD 81 X X X r
CISMON | 15 20-28 26.07 RAD 82 X X X X X <
CISMON | 15 69-75 26.53 RAD 83 X X X X X X a
CISMON | 15 120-129 27.02 RAD 84 X X X X va
CISMON | 15 157-160 27.34 RAD 85 b
CISMON | 16 212 27.85 16/212 W X X c/a
CISMON | 17 19-27 28.85 RAD 86 x? X X f/c
CISMON | 17 32-42 28.99 RAD 87 X X X X X X X X X X X va
CISMON | 17 75-83 29.36 RAD 89 X X X X f
CISMON | 17 112-114 29.7 RAD 90 b
CISMON | 17 126-130 29.85 RAD 91 X r
CISMON | 17 148-152 30.05 RAD 92 X X X X X f/c
CISMON | 17 177-185 30.33 RAD 93 b
CISMON | 17 195-199 30.5 RAD 94 X vr
CISMON | 17 204-210 30.59 RAD 95 X X X f/c
CISMON | 17 211 30.63 17/211 X X X r
CISMON | 17 234-235 30.85 RAD 96 b
CISMON | 17 251-257 31.04 RAD 97 X X X X X X X X va
CISMON | 17 279-284 31.29 RAD 98 X vr

Table 3. Cismon core. Stratigraphic distribution and relative abundances of planktonic foraminiferal species. Green
band = Selli Level equivalent.
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463 67 2 3-7 586.53 66 X X X a
463 67 2 24-26 586.74 65 X r
463 67 2 100-102 587.50 61 X X X X a
463 67 CcC 0-2 588.00 58 b
463 68 CcC 0-2 594.82 54 X r
463 69 2 105-106 606.55 39 b
463 69 2 143-144 606.93 37 X vr
463 69 3 20-22 607.20 35 X X X X X X X a
463 70 1 0-2 613.5 32 b
463 70 1 41-43 613.91 30 b
463 70 1 77-79 614.27 28 b
463 70 1 96-98 614.46 27 *?2 | vr
463 70 2 65-67 615.65 21 b
463 70 2 140-142 616.4 17 b
463 70 4 100-102 619 3 b
463 70 5 6-7 619.56 28a b
463 70 5 20-21 619.7 27a b
463 70 5 40-41 619.9 26a b
463 70 5 60-61 620.1 25a b
463 70 5 80-81 620.3 24a b
463 70 5 101-102 620.51 23a b
463 70 5 123-124 620.73 22a b
463 70 5 140-141 620.9 21a b
463 70 6 2-3 621.02 20a b
463 70 6 20-22 621.2 19a b
463 70 6 39-41 621.39 18a b
463 70 6 59-61 621.59 17a b
463 70 6 81-82 621.81 16a b
463 70 6 100-101 622 15a b
463 70 6 122-123 622.22 14a b
463 | 70 | 6 141-142 622.41 13a X vr
463 70 7 7-8 622.57 12a b
463 70 7 19-20 622.69 11a b
463 70 CcC 19-20 623 9a b
463 71 1 61-62 623.61 5a b
463 71 1 96-97 623.96 3a b
463 | 71 1 124-125 624.24 2a b
463 | 71 1 138-141 624.38 1a b
463 71 2 1-3 624.51 78c b
463 71 2 19-20 624.69 77c b
463 71 2 58-59 625.08 75c b
463 | 71 | 2 78-80 625.28 74c X X r
463 | 71 | 2 140-142 625.9 71c b
463 71 3 24-26 626.24 69c b
463 71 3 59-61 626.59 67c *?2 | vr
463 71 3 79-81 626.79 66¢C X vr
463 71 3 137-140 627.37 63c X X r
463 | 71 | 4 39-42 627.89 60c | X X X X X X X va
463 71 4 60-62 628.10 59c *? | vr
463 71 CcC 7-8 628.56 57c b
463 71 CcC 21-22 628.71 56¢ *2 | vr
463 72 1 20-22 632.70 54c b
463 72 1 60-62 633.10 52c b
463 72 1 116-117 633.66 49c¢ X * | wr
463 72 2 15-16 634.15 46¢ b
463 72 2 39-41 634.39 45c X X r
463 72 2 98-100 634.98 42c X vr
463 72 3 6-7 635.56 39c X X cf X X c
463 72 3 17-19 635.67 38c b
463 72 3 60-62 636.10 36¢c b
463 72 3 100-102 636.50 34c X r
463 72 3 118-120 636.68 33c * | wr
463 72 3 144-146 636.94 32c cf X X c
463 72 4 0-3 637.00 31c cf X r/f
463 72 4 42-44 637.42 29c X cf X c
463 72 4 64-65 637.64 28c cf cf X f
463 73 1 0-4 642.00 24c cf X f/c
463 73 1 38-40 642.38 22c X r
463 73 1 61-63 642.61 21c b
463 73 1 101-104 643.01 19c b
463 73 2 0-3 643.50 16¢c b
463 73 2 59-60 644.09 13c b
463 | 73 | 2 104-105 644.54 11c * | r
463 73 2 138-139 644.88 9c b
463 73 3 20-22 645.20 7c b
463 73 3 60-62 645.60 5c b
463 73 3 80-82 645.80 4c b
463 73 3 143-144 646.43 2c X r
463 73 CcC 0-3 648.00 ic X X[ X X *? | r/f

Table 4. DSDP Site 463. Stratigraphic distribution and relative abundances of planktonic foraminiferal
species. Green band = Selli Level equivalent.
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