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Abstract. Planktonic foraminifera were studied in the upper Albian to Cenomanian sedimentary sequence of

the Monte Petrano and Le Brecce stratigraphic sections located in the Umbria-Marche Basin (central Italy), and of
Hole 547A and Site 545 drilled by the Deep Sea Drilling Project (DSDP) on the Mazagan Plateau (offshore Morocco,
northeast Atlantic Ocean). Biostratigraphic results allow the identification of a stratigraphically ordered sequence of
bioevents that have proved to be reliable for regional and interregional correlations, from older to younger: the lowest
occurrences (LOs) of Th. appenninica, PL buxtorfi, Pa. libyca, Th. brotzeni in the Albian, and the LOs of Th. globotrunca-
noides, Th. greenbornensis and Rz cushmani in the Cenomanian sediments. We remark the difficulty in the identification
of the Th. reicheli Zone used in the Tethyan biozonation because of the rarity and absence of the species in many low
to mid- latitude pelagic sequences. To overcome the problem, we use the Th. greenhornensis Zone defined as the strati-
graphic interval between the lowest occurrence (LO) of Th. greenhornensis and the LO of Rz cushmani. The LO of Th.
greenhornensis is a solid bioevent with the nominal species characterized by a wide geographic distribution and occurring
close to the LLO of Th. reicheli where the latter species is present.

The studied stratigraphic sections are compared with the coeval Mont Risou section in the Vocontian Basin
and the record from Blake Nose in the western North Atlantic to verify the correlation and synchronicity of biostra-
tigraphic and chemostratigraphic events including the Oceanic Anoxic Events 1d (OAE1d) and the Mid Cenomanian

Event (MCE).

INTRODUCTION

The Albian-Cenomanian interval is a time of
increased diversification in the evolutionary history
of planktonic foraminifera. After the major turnover
across the Aptian-Albian boundary interval, which is
a dramatic event in the evolutionary history of Cre-
taceous planktonic foraminifera (Bréhéret et al. 1986;
Leckie 1989; Premoli Silva & Sliter 1999; Kennedy et
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al. 2000; Leckie et al. 2002; Huber & ILeckie 2011; Hu-
ber et al. 2011; Petrizzo et al. 2012, 2013; Kennedy et
al. 2014), a progressive appearance of new lineages
is observed throughout the Albian and Cenomani-
an. The middle-late Albian is marked by the appear-
ance of trochospiral genera characterized by finely
perforate to macroperforate shell perforations and
thick (genus Tiunella) to muricate (genera Muricobed-
bergella, Praeglobotruncana) wall textures, by muricate to
smooth planispiral taxa (genus “Globigerinelloides”, see
Taxonomic Remarks) with also peripheral keel (genus
Planomalina), and by the appearance of biserial taxa
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(genus Protobeterobelix). In general, a high rate of evo-
lutionary rates is observed especially within the poly-
phyletic rotaliporids, trochospiral taxa with sutural or
umbilical supplementary aperture and a peripheral
keel (Wonders 1980; Gonzalez-Donoso et al. 2007),
that are the major component of the assemblages un-
til the end Cenomanian when the last representative
(Rotalipora cushmani) disappears. In the middle to late
Cenomanian the planktonic foraminiferal record is
characterized by the evolutionary appearance of tro-
chospiral and heavily muricate whiteinellids and by
the double keeled Dicarinella and Marginotruncana gen-
era in the latest Cenomanian (Premoli Silva & Sliter
1995; Fraass et al. 2015; Falzoni et al. 2018; Falzoni &
Petrizzo 2020)

The diversification and high rate of planktonic
foraminiferal evolution occur in a time interval that
is also characterized by the deposition of organic
rich sediments in the late Albian, named Breistoffer
Niveau in the Vocontian Basin in southeast France
(e.g., Bréhéret 1988; Gale et al. 1996) and Pialli Level
in the Umbria-Marche Basin in central Italy (e.g;, Coc-
cioni et al. 1987; Coccioni 2001), and by global ge-
ochemical perturbations of the carbon cycle known
as the Oceanic Anoxic Events 1d (OAE 1d) in the
late Albian (e.g,, Erbacher & Thurow 1997; Wilson
& Norris 2001; Leckie et al. 2002) and the Mid Cen-
omanian Event (MCE) in the middle Cenomanian
(e.g., Paul et al. 1994; Jenkyns et al. 1994; Mitchell et
al. 1990).

This study presents a detailed biostratigraphic
and taxonomic analysis of late Albian-Cenomanian
planktonic foraminiferal assemblages from Mon-
te Petrano and Le Brecce sections located in the
Umbria-Marche Basin (Fiet et al. 2001; Coccioni &
Galeotti 2003; Giorgioni et al. 2015; Gambacorta et
al. 2015, 2020; Gilardoni, 2017) and from Deep Sea
Drilling Project Leg 79 Hole 547A and Site 545 drilled
in the eastern North Atlantic Ocean, off-shore Mo-
rocco on the Mazagan Plateau (Hinz et al. 1984; Leck-
ie 1984; Wiegand 1984; Nederbragt et al. 2001; Gilat-
doni 2017) (Fig, 1). The identification of a common
sequence of planktonic foraminiferal bioevents is
aimed to build a solid biostratigraphic framework of
lowest and highest occurrences as much as possible
that is reproducible at an interregional scale. Compar-
ison of the bio- and chemostratigraphic records of
the studied sections with coeval sections from the Vo-
contian basin (Mont Risou: Gale et al. 1996; Kennedy
et al. 2004; Petrizzo et al. 2015) and western North

Fig. 1 - Paleogeographic reconstruction for the late Albian-Ceno-
manian (Scotese 2016) with locations of the Monte Petra-
no and Le Brecce sections (Umbria-Matche Basin, central
Italy), DSDP Leg 79 Hole 547A and Site 545 on Magazan
Plateau (offshore Morocco, eastern North Atlantic Ocean),
ODP Hole 1050C (Blake Nose, western North Atlantic
Ocean) and the Mont Risou section in southeast France.

Atlantic Ocean deep sea sediments (ODP Leg 171B
Hole 1050C, Blake Nose: Nottis et al. 1998; Watkins
& Bergen 2003; Petrizzo & Huber 2006a, b; Petrizzo
etal. 2008; Ando et al. 2009) (Fig: 1) allows evaluation
of the synchronicity and reliability of the planktonic
foraminiferal events and of their stratigraphic occur-

rences relative to the organic-rich black shales and the
OAE 1d and MCE.

MATERIALS AND METHODS

The Umbria-Marche Basin is characterized by Cretaceous pe-
lagic limestones mostly composed of calcareous nannofossil and plank-
tonic foraminifera, cherts and matlstones deposited on a highly irregular
sea floor with characteristic seamount and basin morphology (Channell
etal. 1979; Lavecchia & Pialli 1989; Parisi 1989; Marchegiani et al. 1999;
Hu et al. 2006; Gambacorta et al. 2014). The Monte Petrano section (65
meters-thick) and Le Brecce section (20 meters-thick) (Fig, 2) cover an
almost continuous stratigraphic record (Gambacorta et al. 2015, 2020)
and the sedimentary succession entirely belongs to the Scaglia Bianca
Formation, which consists of mainly whitish pelagic limestone resulting
from lithification of nannofossil-foraminiferal oozes with chert bands,
radiolarian and shale layers (Arthur & Premoli Silva 1982; Parisi 1989;
Coccioni & Galeotti 2003; Gambacorta et al. 2014). Based on integrated
litho-, bio-, and chemostratigraphic data Gambacorta et al. (2020) esti-
mate a ~ 3 m gap at the Le Brecce section in a faulted interval at about
16.5 m (Fig. 2). The Monte Petrano and the Le Brecce sections record
the upper Albian Oceanic Anoxic Event 1d (OAE 1d) (Erbacher &
Thurow 1997) and its lithological expression, the Pialli Level (Coccioni



Late Albian-Cenomanian pelagic sequences from the Unbria-Marche Basin and the Mazagan Platean 867

MONTE
LE BRECCE DSDP HOLE 547A  DSDP SITE 545
PETRANO
g g
c c Q Q
S B s 3 E § 3 E § 3

¢ ® O L ® O < - - 2 k)
g E o g E 2 3 28 2 7 28 2
o 5 s 2 5 = = =
= £ 3 = & 3 8 3¢ 3 8§ 8¢ 3
65 ] 20 - 250 —

b 1<

] iz
60 157 Q 450 —

] 1<

] 10 S |rezzsd
55 - 1= 300

] 1 3 =

: 1| < |[pazsed

1l |FEREE 5 1l D k22224 500

- 40 —
50 § 1] —

] 1o

1z o AP kazss
45 O 350 —

1k

=
205 550

| e

1<

1o
5%

]

s
30 6 szszazl 600 —

1<

1o

1 @ [lsassed
254 (.|

: 222222
20 650 —
15
105 700 —
5]
o]

[ whitish limestone

- Greenish nannofossil claystone
|:| Pink to reddish limestone
Black shale

------- Black shale beam

I Bonarelli Level

/\ Grey chert band

A Black chert band

A Redto pink chert band

(D Pebble claystone conglomerates

1uu1 stratigraphic gap

Fig. 2 - Stratigraphic columns of the Monte Petrano and Le Brecce
section (after Gambacorta et al. 2015) and of DSDP Hole
547A and Site 545 (after Leckie 1984). Stratigraphic gap of
about 3 m coinciding with a faulted interval in the Le Brec-
ce section according to Gambacorta et al. (2020); mbsf =
meters below sea floot.

2001), consists of six levels of black shales (Gambacorta et al. 2015,
2020). Furthermore, the Monte Petrano section also tecords the Mid
Cenomanian Event (MCE) (Gambacorta et al. 2015). The top of the
studied section is marked by the Bonarelli Level, a ~1 meter-thick inter-
val, consisting of black shales, grey claystones and radiolarian-rich sands
(Fig. 2) corresponding to the Cenomanian-Turonian boundary interval
(Gambacotta et al. 2015).

DSDP Leg 79 Hole 547A (33°46.84'N; 09°20.98'W) and
Site 545 (33°39.86’N; 09°21.88'W) were drilled in 1981 in the eastern
North Atlantic Ocean, offshore of Morocco on the Mazagan Plateau.
The upper Albian-Cenomanian stratigraphic interval is 350 m thick at
Hole 547A (from core 73R to 39R) and is characterized by moderate
to good recovery except for some intervals of poor recovery (Fig. 2).
The dominant lithology is dark greenish grey nannofossil claystone and
calcareous claystone (Hinz et al. 1984). The stratigraphic interval from
core 39R to 42R (37 m) is characterized by swelling claystone, core 43R
to 50R (128 m) is composed of a mixture of wavy and swelling clay-
stone, and core 56R to 73R (185 m) lithology is mainly represented by
wavy claystone. Moreover, in the lower part, intervals of planar lami-

nated dark claystone to mudstone, containing shell fragments and more
quartz silt than the dominant lithology, occurs together with a pebbly
claystone to mudstone and mudstone conglomerate (Hinz et al. 1984;
Nederbragt et al. 2001).

At Site 545 (Fig. 2) the upper Albian-Cenomanian stratigraphic
interval is 114 m-thick (from core 40R to 28R) and it is characterized by
poor, slightly increasing downwatd, recovery. The dominant lithology is
grayish olive green nannofossil claystones. A minor lithology is repre-
sented by grayish green, greenish gray, and yellow green laminated clay-
stone rich in nannofossil; below 312.5 m grayish olive-green colors still
predominate in the nannofossil rich claystones and reflect a downward
increase in calcium carbonate of the sediment. In the lower part of the
studied interval, two levels of claystone conglomerate composed of flat
pebbles have been observed (Hinz et al. 1984).

The Monte Petrano section was sampled for planktonic fo-
raminiferal analyses using a sampling resolution of 50 cm to 1 m and
a total of 60 washed residues and 30 thin sections were analyzed. The
Le Brecce section was studied using a sampling resolution between 20
cm and 60 cm and 22 washed residues were analyzed. The compactness
of the lithology of rock samples belonging to the Umbria-Marche Ba-
sin (Scaglia Bianca Formation) prevented application of the standard
methodology for obtaining washed residues and, consequently, samples
from the Monte Petrano and Le Brecce sections were processed using
a solution of acetic acid at 80% (Lirer 2000; Falzoni et al. 2016). At
DSDP Hole 547A and Site 545 were studied 64 and 25 rock samples,
respectively, and they were processed following the standard procedure
using hydrogen peroxide to obtain washed residues for micropaleon-
tological analyses. Biostratigraphic analyses wete carried out for all the
washed residues on the > 38 um size-fraction.

Planktonic foraminiferal genera and species were identified ac-
cording to holotypes and paratypes illustrated on the pforams@mikro-
tax Portal (Huber et al. 2016, on line taxonomic dictionary updated by
the Mesozoic Planktonic Foraminifera Working Group, http://www.
mikrotax.org/pforams/index.html) and Ellis and Messina Catalogues
(Micropaleontology Press, http:/ /www.microptess.org/em/). In addi-
tion, several publications were used to ameliorate the species identifi-
cation (i.e., Caron & Spezzaferri 2006a, b; Petrizzo & Huber 20006a, b;
Ando & Huber 2007; Gonzilez-Donoso et al. 2007; Desmares et al.
2008; Lipson-Benitah 2008; Robaszynski et al. 2008; Huber & Leckie
2011; Pettizzo et al. 2015).

PLANKTONIC FORAMINIFERAL
BIOSTRATIGRAPHY

Several Cretaceous planktonic foraminiferal bi-
ozonations have been proposed in the last 50 years for
the mid- to low latitude assemblages in the Tethyan
region. For instance, Moullade (1966) defined zones
and subzones for the Lower Cretaceous in the Vo-
contian Basin. Postuma (1971) and Sigal (1977) devel-
oped Cretaceous biozonations for the Mediterranean
area. Sliter (1989) proposed a biozonation based on
deep sea sediments from low-middle latitude localities
using thin sections. These biozonations were further
improved by Premoli Silva & Sliter (1995) and recent-
ly updated by Petrizzo et al. (2011) and Coccioni &
Premoli Silva (2015) based on studies of the Bottac-
cione section in Italy, and by the detailed study of the
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Kaalat Senan section in Tunisia by Robaszynski et al.
(1993) and Robaszynski & Caron (1995). The Teth-
yan biozonations by Robaszynski & Caron (1995) and
Premoli Silva & Sliter (1995) are incorporated in the
Geological Time Scales (Gradstein et al. 2004, 2012;
Ogg et al. 2016; Gradstein et al. 2020).

The biozonations developed for the Bottac-
cione and the Kaalat Senan sections are very similar
except for the Cenomanian interval because of the
different definitions of the Thalmanninella reicheli and
Rotalipora cushmani zones. At the Bottaccione section,
the Th. reicheli Zone is defined as a Total Range Zone
of the nominal taxon, and the Rt cushmani Zone is
defined as a Partial Range Zone between the HO
(Highest Occurrence) of Th. reicheli and the HO of
R? cushmani (Premoli Silva & Sliter 1995; Coccioni &
Premoli Silva 2015). At Kaalat Senan the Th. reichels
Zone is defined as a Partial Range Zone between the
LO (Lowest Occurrence) of Th. reicheli and the 1.O
of Rz cushmani while the Rr. cushmani Zone is a Total
Range Zone (Robaszynski & Caron 1995). To verify
the accuracy of correlation between the Bottaccione
and the Kaalat Senan sections in the Cenomanian we
have performed a graphic correlation (i.e., Sadler 2004
for review; Paul & L.amolda 2009; Pettizzo et al. 2011;
Petrizzo 2019) comparing the sequences of common
bioevents (Fig. 3). The correlation coefficient of the
best-fit regression curve (R*= 0.8419) reveals an off-
set of the LO of Th. reichels, that indicates it occurs ei-
ther earlier in the Kaalat Senan section or is delayed in
the Bottaccione section (Fig. 3). This observation calls
into doubt on the reliability of the O of Th. rezheli as
zonal event for identifying the base of the Th. rezhel:

Zone in both Tethyan biozonations (Premoli Silva &
Sliter 1995; Robaszynski & Caron 1995). On the con-
trary, the HO of Th. reicheli seems to be isochronous
between the Kaalat Senan and Bottaccione sections
and is very close to the LO of Rz cushmani indicating
the applicability of both biozonations.

Planktonic foraminiferal bioevents

The stratigraphic distribution of the plank-
tonic foraminiferal species identified in the sedimen-
tary sequences in the Umbria-Marche Basin and in the
Magazan Plateau are reported in Tabs. 1-4. Compat-
ison among the four stratigraphic sections examined
in this study allows identification of a stratigraphically
ordered sequence of common bioevents spanning the
late Albian-Cenomanian interval, including from bot-
tom to top: the LOs of Thalmanninella appenninica, Pla-
nomalina buxtorfi, Paracostellagerina libyca, "Thalmanninella
brotzent, Thalmanninella globotruncanoides, "Thalmanninella
greenhornensis and Rz cushmant. All bioevents have been
recognized in the Monte Petrano and DSDP Hole
547A, whereas at the e Brecce section and DSDP
Site 545 only the late Albian to lower Cenomanian
sediments were investigated (Figs. 4 and 5).

The L.Os of Th. appenninica, PL buxtorfi and Pa.
libyea are documented at correlative stratigraphic po-
sitions in the Vocontian Basin (Col de Palluel section:
Gale etal. 2011), western North Atlantic Ocean (Blake
Nose: Petrizzo & Huber 20062), Bottaccione section
(Premoli Silva & Sliter 1995), and Libya (Barr 1972).
The LO of Th. brotzeni is always detected below the
LO of Th. globotruncanoides in all the studied sections
in agreement with the record from the Vocontian
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Basin (Mont Risou: Petrizzo et al. 2015), Bottaccione
section (Premoli Silva & Sliter 1995), northern Isra-
el (Lipson-Benitah et al. 1997), and northern Mada-
gascar (Randrianasolo & Anglada 1989). The LLO of
Th. globotruncanoides, which is the primary criterion for
the definition of the base of the Cenomanian Global
Stratotype Sections and Points (GSSP) (Kennedy et

al. 2004), has been identified in all studied sections.
Among the secondary criteria for the definition of
the GSSP, the LO of Pseudothalmanninella tehamaensis
was recommended to be useful (Kennedy et al. 2004),
but subsequently its stratigraphic distribution was re-
ported to be diachronous (Petrizzo et al. 2015). This
observation is here confirmed as Ps. #ehanmaensis is first
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Wh. paradubia
Wh. baltica
< x Wh. cf. archaeocretacea
< int. Th. globotrun. - Th. greenhorn.
X X X X X X|Rt. cushmani
Di. roddai
X X X X x X|Di. algeriana
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Tab. 1 - Distribution of planktonic foraminifera in the Monte Petrano section; int. = intermediate specimens. See text for complete name of genera.

recorded well below the LO of Th. globotruncanoides

and occurring together with P/ buxtorfi (Tabs. 1-4).

At Monte Petrano the L.Os of Th. greenhornensis
and Th. reicheli are coincident and fall below the LO

of Rt cushmani (Fig. 4; Tab. 1). The same sequence of
lowest occuttences is observed in the Boreal North
German Basin (Erbacher et al. 2020). In the Bottac-
cione section, the LO of Th. greenhornensis talls slightly
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PLANKTONIC FORAMINIFERA ZONE
int. Pl. praebuxtorfi - Pl. buxtorfi

"Globigerinelloides" sp. 1
Pl. buxtorfi

LE BRECCE
samples in meters
Bt. subbreggiensis
Bt. breggiensis
"Gl." bentonensis
"GL." ultramicrus
Ps. subticinensis
Ps. ticinensis

Ti. madecassiana

Ti. digitalis

Ps. tehamaensis
Ti. aperta

Mu. wondersi
Mi. cf. rischi
"GL." pulchellus
Pl. praebuxtorfi

int. "GL." pulchellus - PI. praebuxtorfi

Mu. blakensis (6 chambers)

int. Ti. aperta- Th. appenninica/balernaensis
Pa. libyca

Mu. blakensis (7 chambers)

Pr. delrioensis (double alignment)

int. Th. appenninica - Th. brotzeni

int. Th. brotzeni - Th. globotruncanoides

Pr. stephani (double alignment)

Th. evoluta

Ti. primula

Pr. delrioensis
Mu. (5 chambers)
Pr. stephani

Pr. gibba

= |Mu. astrepta

CENOMANIAN (AGE
= =
>

Th. globotrun.

xlint. Th. globotruncanoides - Th. greenhornensis

> |Mu. delrioensis (Longoria neotype)
> x|Th. gandolfii

> |Mu. delrioensis (Masters neotype)

25| Th. greenhornensis

x x x|Th. balernaensis
>
>

=

=
> x x x|int. Th. brotzeni - Th. globotruncanoides

x X
>

=
X X X X X X X
>

ALBIAN
Th. appenninica

>
X X X X X

B2.4
B1.8
B1.4

X X X X
xX X X X X
X X X X X

X X X X X X X X

<[5 > x x x x x|Th. brotzeni

xX X XX

X X X X X X X[X X X X X
=
>
>

>
x
>
X X X X X X X X X
X X X X
X X X X X X X X X|X X X X X

x<

X X X X X X X X X X X X X X[x X X x x x x|Th. appenninica
B3
=<
> X X X
=<
>

X X X X X X X X X X X X X X|X X
X X X X X X X X X X X X X X|X X X

> X
xX X X X

>
XX X X X X X X X X X X X X X|X x X x x x x|Pc. simplicissima
XX X X X X X X X X X X X X X|X X x x x x x|Mu. praelibyca

X | X X X

x
XX X X X X
X|X X X X X

B0.01

=

ticin.| X

Tab. 2 - Distribution of planktonic foraminifera in the Le Brecce section; int. = intermediate specimens. See text for complete name of genera.

above the LO of Th. reicheli and below the LO of R.
cushmani (Premoli Silva & Sliter 1995). In the Garga-
no Promontory in southern Italy (Luciani et al. 2004)
and in the Basco-Cantabrian Basin in northern Spain
(Grite 2001) Th. greenhornensis precedes the LOs of
Th. reicheli and Rt cushmani. Motreover, Th. greenhor-
nensis slightly precedes the LLO of R cushmani in the
stratigraphic records from the U. S. Western Interi-
or Seaway (western Kansas and Colorado: Eicher
& Worstell 1970) and northern California (Douglas
1969) where Th. reicheli is absent. Unfortunately, the
planktonic foraminiferal data from the Kaalat Senan
section could not be used for comparison because
none of the three morphotypes (biconvex, umbilico-
convex and evolute) of Th. greenhornensis documented
and illustrated by Robaszynski et al. (1993) match the
species concept adopted in this study according to
the holotype and the emended description by Ando
& Huber (2007).

Thalmanninella reicheli is a rare species character-
ized by a scattered stratigraphic range at Monte Petra-

no and it has not been observed at DSDP Hole 547A
and Site 545. However, we cannot exclude its total
absence in the Mazagan Plateau pelagic sequence be-
cause Th. reicheliwas recorded and illustrated by Leckie
(1984) in one sample from the top of DSDP Site 545
(sample 79-545-28-1, 47-49 cm) (Fig. 5). In general,
Th. reicheli is reported to be always rare in the localities
where it has been observed, and sometimes difficult
to detect because of its morphologic similarity with
Th. deecker. The two species show the same planocon-
vex lateral profile and the taxonomic features of the
umbilical and spiral sides, and only differs by the ge-
ometry of the sutures on the umbilical side. There-
fore, the possibility that Th. reicheli and Th. deeckei have
been misidentified and erroneously interpreted can-
not be excluded.

The topmost stratigraphic distribution of Th.
reicheli ovetlaps with R# cushmani at Monte Petra-
no (Tab. 1), in the Bottaccione section (Coccioni &
Premoli Silva 2015), in Libya (Barr 1972), in north-
ern Caucasus (Tur et al. 2001), in Spain (Grife 2001),
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547A (40| 1 [30.5-33 431.8 cush.| X X X X X X X X X X X X
547A |41| 1 |100.5-102.5 |441.51 X X X X X X X X X X X X X X X X X
547A (42| 2 [40-42 450.4 X X X X X X X X
547A 42| 3 |40.5-42 453.4 X X X X X X X X X X X X X X
547A |42|CC|4-6 455.34 e X X X X X X X X X X X X X X X X X X X X
547A |43|CC| 0-15.5 463.32 2 X ?7 X ? X X X X X X X X X X X
547A | 44| 3 |51-53 472.51 ﬂé X X X X X X X X X X
547A (44| 5 [47-49 475.47 _g X X X X X X X X X X X X X X X X
547A 45| 1 |17-19 478.67 H X X X X X X X X X X X X X X X X X X
547A (45| 3 [ 16-18 481.56 o |X X X X X X X X X X X X
547A |46| 1 | 60-62 488.6 > Ix X X X X X X X X X X X X X X X X
547A (46| 3 [60-62 491.27 ;'E X X X X X X X X X X X X X
547A |47| 1 | 52.5-54.5 |498.02 X X X X X X X X X X X X X X X X
547A (47| 3 [52.5-54.5 [501.02 X X X X X X X X X X X X
547A |47|CC| 15-16.5 502.15 X X X X X X X X X X X X X X X X X X X X X X
547A (48| 1 [47.5-49.5 507.48 X X X X X X X X X X
547A |49| 1 |48-50 516.98 ? X X X X X X X X X X X
547A [49|CC| 11-13 519.61 <2( X X X X X X X X X X X X X X X
547A |50| 1 |83-85.5 526.83 | = X X X X X X X X X X X
547A (50| 3 [80-82 529.68 g X X X X X X X X X X X
547A | 51| 1 |48-50 535.98 |5 X X X X X X X X X X X X X X X X
547A | 51| 3 [50-52 539 E X X ? X X X X X X X X X X
547A | 52| 1 |52-54 545.52 | O X X X X X X X X X X X X X X X X X X
547A | 52| 3 [47.5-50.5 548.7 2 |x X X X X X X X
547A | 53| 1 | 50-51.5 555 -‘g X X X X X X X
547A |54| 1 [82-83.5 564.82 ﬁ X X X X X
547A | 55| 1 |104-106 574.54 g X X X X X
547A | 55|CC|7-8 577.32 RS X X X X X X X X X X
547A |56| 1 |106-107.5 |584.06 3 [X X X X X X X X X X X X X X
547A | 56| 3 |132-134 587.32 5 X X X X X X X X X X X X X X X X X
547A |57 | 3 [50-52 596 °' ? X ? X X X X X X X
547A | 57| 5 |49-51 598.99 S [X X X X X X X X X X X X X X X X X X
547A (58| 3 [ 52-54 605.52 X X X X X X X X X X X X X X
547A | 58| 5 | 51-53 608.18 X X X X X X X
547A (59| 1 [47-48.5 611.97 X X X X X X X X X X X X X X X X X
547A | 59| 3 |49-51 614.99 X X X X X X X X X X X X X X X X X
547A |60 | 1 [48.5-50.5 621.48 X X X X X X X X X X X X X X X X X X X
547A |60| 3 |49.5-51.5 |624.49 X X X X X X X X X X
547A (60| 5 [50-52 627.4 X X X X X X X X X X X X X X X X X X X
547A |61| 1 |48-50 630.98 X X X X X X X X X X X X X X X X X X X
547A |61| 3 [50-52 634 X X X X X X X X X X X X X X X X X
547A 62| 1 |50-52 640.5 X X X X X X X X X X X X
547A (62| 3 [48-50 643.48 X X X X X X X X X X X X X X
547A | 63| 1 |48-49.5 649.98 X X X X X X X X X X X X X X X X X
547A (63| 3 [49.5-52 652.99 g X X X X X X X X X X X X X X X X X X
547A |64 | 1 |49-52 659.49 T | X X X X X X X X X X X X X X X X X X X X X X X X X X
547A (64| 3 [51-53 662.19 E X X X X X X X X X X X X X X X X
547A |64 |CC|5.5-7.5 663.78 2 X X X X X X X X X X X X X X X X X X X X X
547A | 65| 1 |36.5-38 668.86 % X X X X X X X X X X X X X X X X X X X X X
547A |66| 2 | 67-69 680.17 < X X X X X X X X X X X X X X X X X X
547A | 67| 2 |39-41 689.39 || = X X X X X X X X X X X X X X X X X X X
547A |67|CC|7-9 690.38 | < X X XX X X X X X X X X X X X X X X X X X X X
547A | 68| 1 [123-125 698.23 |3 X X X X X X X X X X X X X X X X X X X X X X
547A (68| 2 [93-95 699.43 | < X X X X X X X X X X X X X X X X X X X
547A 69| 1 |50-52 707 X X X X X X X X X X X XX X X X X X X X X X X X X X
547A (69| 3 [ 50-52 710 X X X X X X X X X X X X X X
547A | 70| 1 |49.5-561.5 |716.49 X X X X X X X X X X X X X X X X X X X X X X
547A (70| 3 [50.5-53 719.05 3 X X X X X X X X X X X X X X X X X
547A | 71| 1 |50.5-52 721.01 H X X X X X X X X X X X X X X X X
547A (72| 1 | 47-49 725.97 ﬁ X X X X X X X X X X X X X X X X X X X X X X X
547A | 72| 3 |48-50 728.98 = X X X X X
547A | 73| 1 [48-50 735.48 &? X X X X X X X X X X X X X X X X X X X X X
547A | 73| 3 |53-54.5 738.53 X X X X X X X X X X X X
547A | 73| CC|23-25 740.36 X X X X XXX XXX XXX XXX XXXXX

Tab. 3 - Distribution of planktonic foraminifera at DSDP Hole 547A; int.

in northern Madagascar (Randrianasolo & Anglada
1989), and in the Fribourg Prealpes from where it
was described (Mornod 1949; Caron & Spezzaferri
20064a). It has been reported to occur also in the Bore-
al Realm (Denmark: Hart 1979; South England: Hart
& Harris 2012; North German Basin: Bornemann
et al. 2107). Therefore, the rarity and absence of Th.
reicheli in many Tethyan localities (northern Israel:
Lipson-Benitah et al. 1997; southern Spain, central
Tunisia and northern Italy: Wonders 1980; Poland:
Peryt 1983; Dubicka & Machalski 2017) hamper a
high resolution planktonic foraminiferal biozonation
of the middle Cenomanian interval even at low lati-
tudes and prevent detailed correlations among differ-
ent depositional basins. Moreover, despite its very dis-
tinctive morphology, it has been rarely documented
from outside the Mediterranean region, except in the
western North Atlantic Ocean, Blake Nose (Bellier
et al. 2000), and has never been identified in the US.

= intermediate specimens. See text for complete name of genera.

Western Interior Seaway (Pessagno 1969; Eicher &
Worstell 1970; Denne et al. 2014) and northern Cal-
ifornia (Douglas 1969). On the contrary, the LO of
R2 cushmani is generally well recorded in upper Ceno-
manian sediments in the Tethyan and Boreal realms,
although sometimes it has been reported as difficult
to detect because of the presence of common spec-
imens that are morphologically transitional with its
ancestor Rotalipora montsalvensis (Ando et al. 2015; Ex-
bacher et al. 2020).

The reliability for correlation of the bioevents
identified in the studied sections is analyzed apply-
ing the graphic correlation method. Compatison be-
tween the Monte Petrano section and DSDP Hole
547A (Fig. 6) shows that all bioevents are likely reli-
able events as demonstrated by the significant high
correlation coefficient of the linear regression curve
(R*= 0.9666). The sequence of bioevents observed
at the Monte Petrano section is compared with those
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Fig. 5 - Planktonic foraminiferal biostratigraphy at DSDP Hole 547A and Site 545. In red are the common and stratigraphically ordered bio-
events that are interpreted as reliable for regional and interregional correlation. Lithostratigraphy is according to the sedimentological
description by Hinz et al. (1984). Star = occurrence of Th. reicheli according to Leckie (1984). Ps. ticin. = Ps. ticinensis; Th. appen. = Th.

appenninica; glob. = Th. globotruncanoides; Th. greenborn., greenhorn. = Th. greenhornensis cush. = Rt. cushmani.

documented at the Bottaccione section in order to  hornensis and the LO of Rz cushmani and HO of Th.
test the distribution of planktonic foraminifera with-  rewhels (Fig. 6) indicates that the latter bioevents occur
in the same sedimentary basin. Results reveal that in  either earlier at the Bottaccione section or are delayed
the Umbria-Marche Basin the LOs of Th. reicheli and ~ at Monte Petrano. The possible presence of an uncon-
Th. greenhornensis are almost coincident and the LO of ~ formity or of an interval of reduced sedimentation
R2. cushmani precedes the HO of Th. rewcheli (Fig. 6).  rate in both sections cannot be excluded, although no
The very close first occurrence of Th. reicheli and Th.  lithological or bio- and chemostratigraphic evidence
greenhornensis observed in the Umbria-Marche Basinis  has been observed in the present and previous studies
also documented from the Romandes Prealps in Swit-  (e.g,, Premoli Silva & Sliter 1995; Coccioni & Premoli
zerland (Strasser et al. 2001), in northern Israel (Lip-  Silva 2015; Gambacorta et al. 2015).

son-Benitah et al. 1997), and Lybya (Barr 1972). The

Based on the above observations we retain the
offset between the LOs of Th. reicheli and Th. green- 1O of Rt cushmani as a reliable zonal event defining
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545| 28| 1 |10-12 255.60 X X X X X X X
545(28| 1 |47-49 255.97 E X X X X X X X X X X
545| 28| CC|10-12 256.42 _g X X X X X X X X X
5451 29| 1 |18-22 265.18 <Zt g X X X X X X X X X
545(29|CC|4-7 267.00 |3 eI X X X X X X X X
545|30[ 1 |25-28.5 | 274.75 | < °’ X X X X X X X X X X
545(31| 1 |25-27 284.25 g g X X X X X X X X X X X
545| 32| 1 |34-37 293.84 E X X X X X X X X
545| 32| CC|4-8 294.19 |O g X X X X X X X X X
545| 33| 1 {99-103 | 303.99 S X X X X X X X
545( 33| CC|7-9 30.422 U‘ X X X X X X X X X X ?
545(34| 1 |123-125| 313.73 S X X X X X X X X X
545|34| 3 |61.5-64 | 315.80 X X X X X X X X
545|34|CC|1-4 316.16 o | X X X X X X X X X
545| 35| 2 |69-74 324.19 g X X X X X X X X X X X
545| 36| 1 |145-150| 332.95 E X X X X X X X X X X X X X
545(36|CC|10-13 335.62 & X X X X X X X X X X X
545| 37| 3 |50-53 344.20 <zt % X X X X X X X X X X X X
545|37|CC|2.5-5 344.23 |m < X X X X X X X
545| 38| 1 |89-91 351.39 2' =X X X X X X X X X X
545( 38| 3 |90-92 354.28 X X X X X X X XXX XXX XXX
545(39| 1 |96-98 360.96 & X X X X X X X X X X X
545| 39| 5 |23-25 366.23 :§ X X X X X X X X X X
545/ 40| 5 |8-10 375.28 =X XX X X X X X X
545| 40| 6 |57-60 377.27 & X X

Tab. 4 - Distribution of planktonic foraminifera at DSDP Site 545; int. = intermediate specimens. See text for complete name of genera.

the base of the Rt cushmani Zone and we tentatively
consider the LOs of Th. reicheli and Th. greenhornensis
as interchangeable events, pending additional studies
to verify their simultaneous or very close lowest oc-
currences from other Tethyan and Boreal localities.
Therefore, with the aim to improve the planktonic
foraminiferal biozonation and its applicability in dif-
ferent paleogeographic settings, we identify the Th.
greenhornensis Zone following Postuma (1971) as the
stratigraphic interval between the LO of Th. green-
hornensis and the LO of Rt cushmani to replace the Th.
reicheli Zone of previous Tethyan biozonations (e.g,,
Premoli Silva & Sliter 1995; Robaszynski & Caron
1995).

Remarks on planktonic foraminiferal
events that are unreliable for correlation

Additional bioevents that occur at different
stratigraphic positions in the studied sections in-
clude the HOs (Figs. 4 and 5) of Pseudothalmanninel-
la subticinensis, Biticinella breggiensis, Pseudothalmanninella

ticinensis, Pl. buxtorfi, Pa. libyca, Ticinella primmula, Ticinel-
la madecassiana, and the LOs of Praeglobotruncana del-
rivensis, "Thalmanninella gandolfii, "Thalmanninella deeckei,
Rt montsalvensis and Whiteinella species of which IWh.
aprica is the first representative. The discrepancies in
the identification of the disappearance level of these
species were also observed in other stratigraphic sec-
tions located in different paleogeographic area (Um-
bria-Marche Basin: Bottaccione section, Coccioni &
Premoli Silva 2015; Vocontian Basin: Mont Risou,
Kennedy et al. 2004; western North Atlantic Ocean:
Blake Nose, Petrizzo & Huber 20062; Tunisia: Kaalat
Senan, Robaszynski et al. 1993, 2008) confirming the
general consensus on the unreliability of last occur-
rence events in biostratigraphy.

Causes of the diachroneity of the above listed
Albian-Cenomanian planktonic foraminiferal events
may be ascribed to mistakes in taxon identifications
due to morphologic similarities between species, es-
pecially when preservation is poor (e.g, Th. gandolfii
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and Th. deeckes, both planoconvex form, Petrizzo et
al. 2015; www.mikrotax.org), to taxonomic similari-
ties between ancestor and descendant species coupled
with the presence of common intermediate speci-
mens between species that are subjectively identified
at the species level (e.g, phyletic lineages from Ps. sub-
ticinensis to Ps. ticinensis and from Rz montsalvensis to Rz,
cushmani, see Gonzalez-Donoso et al. 2007). Moreo-
ver, the stratigraphic distribution of species could be
controlled by environmental changes that especially
affect species with strict ecological preferences such
as Pa. libyca and ticinellids that are the warmest surface
dwellers species in the upper Albian - lower Cenoma-
nian interval (Petrizzo et al. 2008). Another reason
could be the different speciation timing in new evolv-
ing taxa that are thus reported to occur at different
stratigraphic levels. For instance, the evolutionary ap-
pearance of Whiteinella species is documented either
in the Th. globotruncanoides and Th. reicheli Zone (this
study; Lipson-Benitah et al. 1997) or in the Rz aushma-
ni Zone (Premoli Silva & Sliter 1995; Tur et al. 2001),
as well as the appearance of Pr: delrivensis is recorded
either near the top of the Ps. #inensis Zone (this study;
Premoli Silva & Sliter 1995) or within the Th. appenni-
nica Zone (this study; Petrizzo & Huber 2006a; Gale
etal. 2011) (Figs. 4 and 5).

Description of the biozones

Our biozones definitions follow Premoli Silva
& Sliter (1995) and Robaszynski & Caron (1995) ex-
cept for the Cenomanian stratigraphic interval where
we use the Th. greenhornensis Zone (Postuma 1971) as a
replacement of the T'h. reicheli Zone. The most signifi-
cant planktonic foraminiferal species are illustrated in
Plates 1-12 and discussed in the Taxonomic Remarks.
Biozones are described below in stratigraphic order
from bottom to top.

Pseudothalmanninella ticinensis Partial Range Zone

Definition: Interval between the LO of P
ticinensis and the LO of Th. appenninica.

Author: Bolli (1966).

Remarks: Wonders (1980) used the LLO of P/
praebuxtorfi as marker event for the top of the zone.

The Ps. ticinensis Subzone was identified by
Premoli Silva & Boersma (1977) spanning the strati-
graphic interval from the LO of Ps. ficinensis at the
base and the LO of P/ buxtorfi at the top.

The base of the zone is not recorded in the
studied sections because Ps. #icinensis is already present
in the lowermost sample analyzed.

Composition of the assemblages: In the
Umbria-Marche Basin, Ps. #icinensis is quite common.
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The large-size fraction is dominated by Bt. breggensis,
Ticinella digitalis and Ticinella aperta, while Muricobedber-
gella (Mu. astrepta and Mu. praelibyca), Pseudoclavibedber-
gella simplicissima and 7. primula are the most abundant
species in the small-size fraction. The genus Praeglo-
botruncana first appears in the upper part of the zone.

At Mazagan Plateau, Ps. ficinensis is frequent in
the large-size fraction and quite common in the small-
size fraction. The small-size fraction is dominated by
17 primmla and 17, madecassiana, by the genus Muricobed-
bergella, especially Mu. praelibyca, by Pe. simplicissima and
by common “Globigerinelloides” bentonensis and ““Globige-
rinelloides”  pulchellus. Ticinella (17. primula and Ti. ma-
decassiana) is also among the most abundant taxon in
the large-size fraction together with Ps. #einensis and
Ps. tehamaensis. 'The genus Biticinella disappears in the
upper part of the Ps. ticinensis Zone at DSDP Site 545,
whereas its HO is documented within the Th. appenni-
nica Zone at DSDP Hole 547A.

Stratigraphic distribution: Monte Petrano,
meter 0 to meter 3 (3 m-thick); Le Brecce, meter 0 to
meter 1.4 (1.4 m-thick); DSDP 547A-73R-CC, 23-25
cm to 547A-69R-1, 50-52 cm (30.36 m-thick); DSDP
545-40R-06, 57-60 cm to 545-38R-3, 90-92 cm (22.99
m-thick).

Thalmanninella appenninica Partial Range Zone

Definition: Interval from the LO of Th. appen-
ninica to the 1O of Th. globotruncanoides.

Author: Robaszynski & Caron (1995).

Remarks: Bolli (1966), Robaszynski et al.
(1979), Caron (1985), Sliter (1989) and Premoli Silva
& Sliter (1995) used the LO of Th. brotzeni as mark-
er event for the top of the zone, whereas Postuma
(1971) selected the LO of Th. greenhornensis. Wonders
(1980) identified this zone in between the HO of P/
buxctorfi and the LO of Th. globotruncanoides. The latter
species, ignored for several years by many authors, was
retained valid by Wonders (1980) that instead consid-
ered Th. brotzeni a junior synonym of Th. greenhornensis.
Later Robaszynski et al. (1993) regarded Th. brotzeni
a junior synonym of Th. globotruncanoides and, based
on this synonymy, Th. globotruncanoides replaced Th.
brotzeni as marker species of the zone (Robaszynski
& Caron 1995; Gale et al. 1990), and its L.O was indi-
cated as the primary criterion for identifying the base
of the Cenomanian (Kennedy et al. 2004). However,
because later studies have demonstrated that they are
two different species (Caron & Premoli Silva 2007;
Petrizzo et al. 2015), the LO of Th. globotruncanoides is

used as marker taxon to define the top of the Th. ap-
penninica Zone whereas the appearance of Th. brotzen:
falls stratigraphically lower as confirmed by the results
of this study (Figs. 4 and 5).

Composition of the assemblages: In the
Umbria-Marche Basin, rotaliporids, including Th. ap-
penninica, increase in abundance until the upper part
of the zone and are the most common planktonic fo-
raminifera in the large-size fraction together with the
genera Planomalina and Muricobedbergella. 1n the small-
size fraction, the genus Praeglobotruncana is abundant
toward the top of the zone and is the most common
genus together with Planomalina and Muricobedbergella.
Morteover, Bt. breggiensis and Pa. libyca show a short
stratigraphic distribution as the former disappears in
the lowermost Th. appenninica Zone and the latter ap-
pears in the middle part of the zone.

At Mazagan Plateau, in both size fractions,
Th. appenninica shows high fluctuations in abundance
from common to rare and the assemblage is dominat-
ed by 17 primmula, Pe. simplicissima and “GL.” bentonensis.
In addition, in the large-size fraction, Ps. zcinensis and
Ps. tehamaensis also show noteworthy abundances but
in the middle and upper part of the zone, respective-
ly, they are not present. The total stratigraphic range
of PL buxtorfi e Pa. libyca is included in this zone. At
DSDP Site 545 the disappearance of Ticnella species
are recorded in the upper part of the zone.

Stratigraphic distribution: Monte Petrano,
meter 3 to meter 20.5 (17.5 m-thick); Le Brecce, meter
1.4 to meter 15 (13.6 m-thick); DSDP 547A-69R-1,
50-52 cm to 547A-61R-1, 48-50 cm (76.02 m-thick);
DSDP 545-38R-3, 90-92 cm to 545-34R-1, 123-125
cm (40.55 m-thick).

Thalmanninella  globotruncanoides Partial Range
Zone

Definition: Interval from the LO of Th. gl-
botruncanoides to the 1O of Th. greenhornensis.

Author: defined here.

Remarks: This zone was previously identified
using different bioevents to mark the upper boundary.
Sigal (1977) and Wonders (1980) used the LO of R~
cushmani. Robaszynski & Caron (1995) and Coccioni
& Premoli Silva (2015) identified the LO of Th. reichels
as the bioevent for the top of the zone. The marker
species is frequent in the entire stratigraphic interval.

Composition of the assemblages: In the
Umbria-Marche Basin rotaliporids comprise the most
abundant group in the large-size fraction and reach
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their maximum abundance in the middle of the zone
where the number of specimens of Praeglobotruncana
increases. The small size-fraction is dominated by
Muricobedbergella and in the upper part of the zone by
Praeglobotruncana, where planispirals are generally more
common than in the remaining part of the section.
The genus Ticinella disappears in the lower part of the
zone.

At Mazagan Plateau, Th. globotruncanoides is quite
rare in the small size-fraction in the lower part of the
zone. It increases in abundance and size towards the
upper part of the zone. The assemblage in the large
size-fraction is dominated by Th. globotruncanoides and
Pr. delrioensis, while the small size-fraction is dominat-
ed by Pe. simplicissima, Muricobedbergella delrioensis and by
Th. brotzeni and “GL” bentonensis.

Stratigraphic distribution: Monte Petrano,
meter 20.5 to meter 35 (14.5 m-thick); Le Brecce, me-
ter 15 to meter 19.97 (top of the section; 4.97 m-thick);
DSDP 547A-61R-1, 48-50 cm to 547A-47R-CC, 15-
16.5 cm (128.83 m-thick); DSDP 545-34R-1, 123-125
cm to 545-32R-1, 34-37cm (19.89 m-thick).

Thalmanninella greenhornensis Partial Range Zone

Definition: interval from the LO of Th. green-
hornensis and the LO of Rz cushman.

Author: Postuma 1971.

Remarks: This zone was used by other au-
thors to identify intervals at different stratigraphic
positions within the Cenomanian probably because
of mistaken identifications of Th. greenbornensis be-
ing the species very similar to its direct ancestor Th.
Globotruncanoides (Ando & Huber 2007). For instance,
Pessagno (1967) named the Rz cushmani - Th. greenborn-
ensis Subzone based on the presence of both species
without defining the lower and upper bioevents. Van
Hinte (1972) identified the Th. gandolfii - Th. greenhorn-
ensis Zone in between the HO of P/ buxtorfi at the
base and the HO of Th. greenhornensis at the top. The
Th. greenhornensis Z.one was identified by Premoli Silva
& Boersma (1977) comprising the stratigraphic inter-
val from the LO of Th. greenhornensis and the LO of
W hiteinella alpina and within the stratigraphic range of
R# cushmani. Premoli Silva & Sliter (1995) used the Th.
greenhornensis Subzone to identify the interval from the
HO of Th. reicheli and the 1.O of Dicarinella algeriana in
the lower part of the Rz aushmani Zone.

The Th. greenhornensis Zone, as defined by Pos-
tuma (1971), is here used to replace the Th. reuchels
Zone of the Tethyan biozonation (Premoli Silva &

Sliter 1995; Robaszynski & Caron 1995) because Th.
reicheli is rare and shows a scattered stratigraphic dis-
tribution in the Monte Petrano section where its LO
coincides with the LO of Th. greenhornensis. At Maza-
gan Plateau Th. rewheli has not been observed in this
study although a single specimen was reported by
Leckie (1984) at the top of DSDP Site 545 (Fig; 5),
moreover, we document the LO of Th. geenhornensis at
about the same stratigraphic level as in Leckie (1984).

Composition of the assemblages: At Monte
Petrano rotaliporids dominate the large-size fraction
(Th. globotruncanoides, Th. greenhornensis and Rrt. montsal-
vensis) together with Praeglobotruncana in the lower part
of the zone. In the small-size fraction, rotaliporids
are the most abundant group and Praeglobotruncana be-
come very common in the upper part of the zone.
Thalmanninella greenhornensis and species belonging to
the genus Whiteinella appear at the base of the zone.

At Mazagan Plateau, the assemblage in the
large size-fraction is dominated by Thalmanninella, pat-
ticularly Th. globotruncanoides and to a lesser extent by
Pr. delrivensis. On the contrary, the small size-fraction
is dominated by Pe. simplicissima, Mu. delrioensis, Th.
brotzent, and “GL.” bentonensis.

Stratigraphic distribution: Monte Petrano,
meter 35 to meter 50 (15 m-thick); DSDP 547A-47R-
CC, 15-16.5 cm to 547A-40R-1, 30.5-33 cm (70.5
m-thick); DSDP 545-32R-1, 34-37 cm to 545-28R-1,
10-12 cm (top of the section) (30.24 m-thick).

Rotalipora cushmani Total Range Zone

Definition: Interval comprising the total range
of the nominate taxon.

Author: Bolli (1960).

Remarks: Van Hinte (1972), Premoli Silva &
Sliter (1995) and Coccioni & Premoli Silva (2015) de-
fined the base of the zone using the HO of Th. reichels.
The 1.Os of Th. greenhornensis and Th. deeckei were used
by Premoli Silva & Boersma (1977) to mark the top
of the zone.

Rotalipora cushmani is observed until the top of
the stratigraphic intervals studied at Monte Petrano
and at DSDP Hole 547A, therefore the upper bound-
ary of the biozone is not recorded.

Composition of the assemblages: At Mon-
te Petrano, rotaliporids, specifically the zonal marker
species and Th. greenhornensis are the most frequent
taxa in the large-size fraction, followed by Praeglo-
botruncana. A specimen resembling Th. rezheli is ob-
served only in thin sections near the base of the zone.
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The small size-fraction is dominated by Praeglobotrun-
cana. 'The appearance of Dicarinella in the middle part
of the zone is correlated to a decrease in abundance
of Praeglobotruncana in both size fractions.
Stratigraphic distribution: Monte Petrano,
meter 50 to meter 65 (top of the studied section; 15
m-thick). At Mazagan Plateau only the sample DSDP
547A-40R-1, 30.5-33 cm is assigned to this Zone.

IDENTIFICATION OF THE ALBIAN/
CenoMANIAN Bounpary, OAE 1D AND
MCE

The Albian/Cenomanian boundary is defined
at the Mont Risou section in the Vocontian Basin
(Hautes-Alpes, southeast France) based on the lowest
occurtrence of Th. globotruncanoides which is the prima-
ry criterion for definition of the base of the Ceno-
manian GSSP (Kennedy et al. 2004). The planktonic
foraminiferal biostratigraphy performed in this study
is correlated with the calcareous nannofossil zonation
and chemostratigraphic data of Monte Petrano and
Le Brecce sections (Russo 2013; Giorgioni et al. 2015;
Gambacorta et al. 2015, 2020) and of DSDP Hole
547A (Nederbragt et al. 2001; Chin & Watkins 2019).
Moreover, the Umbrtia-Marche sections and DSDP
Hole 547A are also compared with the Mont Risou
section (Gale et al. 1996; Kennedy et al. 2004; Petriz-
zo et al. 2015) and the Blake Nose ODP Hole 1050C
drilled in the western North Atlantic Ocean (Watkins
& Bergen 2003; Watkins et al. 2005; Petrizzo & Huber
20006a; Petrizzo et al. 2008; Ando et al. 2009; Pettizzo
et al. 2015) in order to establish an integrated strati-
graphic framework for different paleogeographic ar-
eas and to verify the precision of the correlation be-
tween biostratigraphic and chemostratigraphic events
(Fig. 7).

The Albian-Cenomanian boundary interval in
the stratotype section at Mont Risou is marked by an
extended plateau of increasing 8°C values followed
by a negative excursion of the carbon isotope value
where the LO of Th. globotruncanoides is recorded. Pre-
cisely, the carbon isotope record shows a complex
trend with 2 maximum value of 2.3%0 at -104 m, not
corresponding to lithological changes, followed by a
plateau of highest values that gradually decrease up-
ward (Gale et al. 1996; Kennedy et al. 2004) (Fig. 7).
A similar chemostratigraphic record characterized by
increasing 8"°C values followed by a decreasing trend

is observed at the Monte Petrano and Le Brecce sec-
tions (Gambacorta et al. 2015, 2020), at Mazagan
Plateau (Nederbragt et al. 2001) and at Blake Nose
(Petrizzo et al. 2008; Ando et al. 2009).

Comparison of the bio- and chemostratigraph-
ic events among sections highlights the following
(Fig. 7): a) the base of the 6"”°C excursion is identi-
fied within the stratigraphic range of P/ buxtorfi in all
sections; b) the maximum 8"C value at Monte Petra-
no and DSDP Hole 547A falls just below and above
the LO of Th. globotruncanoides, respectively, while at
ODP Hole 1050C the maximum 8"C value coincides
with the LO of Th. globotruncanoides. At Mont Risou
the positive excursion (plateau of highest values) can
be correlated to an interval falling in the upper part
of the Th. appenninica Zone, while at the Le Brecce
section it falls at the stratigraphic gap in the faulted
interval (Gambacorta et al. 2020).

The stratigraphic position of the LO of Th. glo-
botruncanoides and the 8"°C maximum excursion show
excellent correlation among the Umbria-Marche sec-

Fig. 7 - Integrated stratigraphy of the sections analysed in this study
compared with the Mont Risou section (southeast France,
Vocontian Basin) and ODP Hole 1050C (Blake Nose, we-
stern North Atlantic Ocean). Planktonic foraminiferal bio-
events in red are interpreted to be reliable for correlation
among sections. See text for the explanation of OAE 1d
and MCE (green bands). Monte Petrano and Le Brecce:
chemostratigraphy and calcareous nannofossils biostra-
tigraphy from Gambacorta et al. (2015, 2020); planktonic
foraminifera biostratigraphy from this study. DSDP Hole
547A: chemostratigraphy from Nederbragt et al. (2001);
calcareous nannofossils biostratigraphy according to Chin
&Watkins (2019); planktonic foraminiferal biostratigraphy
from this study. Mont Risou: chemostratigraphy and cal-
careous nannofossil biostratigraphy from Gale et al. (1990)
and Kennedy et al. (2004); planktonic foraminifera biostrati-
graphy from Kennedy et al. (2004) and Petrizzo et al. (2015).
ODP Hole 1050C: chemostratigraphy from Petrizzo et al.
(2008) and Ando et al. (2009), black curve = data based
on planktonic foraminifera, orange curve = data based on
coccolith fraction; calcareous nannofossils biostratigraphy
from Watkins & Bergen (2003) and Watkins et al. (2005);
planktonic foraminiferal biostratigraphy from Petrizzo &
Huber (2006a), Petrizzo et al. (2008) and Ando et al. (2009).
Blue dashed line = stratigraphic gap at the Le Brecce section
according to Gambacorta et al. (2020) and at ODP Hole
1050C following Petrizzo & Huber (2006a). CN = calca-
reous nannofossils; PF = planktonic foraminifera; T7. made-
cas. = Ti. madecassiana; Bt. bregg. = Bt. breggiensis; Th. appennin.,
Th. app. = Th. appenninica; Rz. cush. = Rt. cushmani; reic. = Th.
reicheli; other abbreviations as in Figs. 4 and 5.
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tions, the Mazagan Plateau and Blake Nose, in agree-
ment with the record from the Bottaccione section
(Sprovieri et al. 2013; Coccioni & Premoli Silva 2015),
and the Calera Limestone in the Permanente Quat-
ry in California (Robinson et al. 2008). In all these
stratigraphic sections the L.O of Th. globotruncanoides
falls just above or below or is coincident with the
maximum carbon isotope value. Moreovet, the 8°C
profile throughout the Albian-Cenomanian strati-
graphic interval is rather similar and with comparable
amplitudes and absolute values in sections from the
Boreal Realm (Speeton section, north-east England:
Mitchell et al. 1996; Jarvis et al. 2006 and Anderten
section, north Germany: Bornemann et al. 2017). On
the contrary, in the Mont Risou section the maximum
isotopic excutsion values fall below the Albian/Cen-
omanian boundary, within the upper Th. appenninica
Zone and above the HO of P/ buxtorfi. Moreover, the
sequence of bio- and chemostratigraphic events ob-
served in the Mont Risou section is also seen in the
Col de Palluel section (Gale et al. 2011) indicating that
the relative positions of biotic and carbon isotope
events are significantly different in the sedimentary
sequences at the Hautes Alpes in southeast France
compared to the other localities. Reasons are most
likely a result of subtle differences in the Vocontian
Basin environmental conditions, tectonic history, sed-
imentation rates and diagenetic history, and variable
sampling density among stratigraphic sections.

In all the stratigraphic sections analysed in this
study (Fig. 7) the carbon isotope positive anomaly
observed throughout the upper Th. appenninica Zone
roughly correlates with organic rich sediments named
the Pialli Level in the Umbria-Marche sections (e.g,,
Coccioni et al. 1987; Coccioni 2001; Coccioni & Gale-
otti 2003; Gambacorta et al. 2015, 2020; Giorgioni et
al. 2015) and Breistoffer Niveau in the Vocontian Ba-
sin sections located in southeast France (e.g., Bréhéret
1988; Gale et al. 1996; Giraud et al. 2003; Kennedy
et al. 2004; Bornemann et al. 2005). However, black
shales are also recorded within the Th. appenninica
Zone in areas (Swiss Prealps: Strasser et al. 2001; Gar-
gano promontory, Southern Italy: Luciani et al. 2004)
where they are not accompanied by an obvious pos-
itive carbon isotope excursion to indicate that organ-
ic rich sediments are not necessarily the result of a
perturbation of the global carbon cycle but may be
related to local sedimentary conditions (F6llmi 2012).

The Pialli Level and the Breistoffer Niveau rep-
resent the regional sedimentary expression of the lat-

est Albian OAE 1d (Erbacher & Thurow 1997) char-
acterized by widespread occurrence of black shales,
suggesting a possible global perturbation (e.g., Wilson
& Norris 2001; Leckie et al. 2002; Bornemann et al.
2005; Grocke et al. 2006; Robinson et al. 2008; Jen-
kyns 2010; Giorgioni et al. 2015; Melinte-Dobrinescu
etal. 2015). In fact, in addition to the Umbria-Marche
Basin and Vocontian Basin, OAE 1d has been docu-
mented in the Boreal Realm (Speeton section in north-
east England: Mitchell et al. 1996; Jarvis et al. 2000;
Anderten section in north Germany: Bornemann et
al. 2017), in Southern Tibet (Yao et al. 2018), in North
America (U. S. Western Interior Basin: Grocke et al.
2006; Richey et al. 2018), in the east and west Pacific
Ocean (Andean Basin, Pertu: Navarro-Ramirez et al.
2015; Calera Limestone, California: Robinson et al.
2008; Yezo Group, Hokkaido, Japan: Takashima et al.
2004), and in the western and eastern Atlantic Ocean
(Blake Nose: Wilson & Norris 2001; Watkins et al.
2005; Petrizzo et al. 2008; Mazagan Plateau: Neder-
bragt et al. 2001).

OAE 1d (Fig. 7) is identified as the interval be-
tween the starting point of the 8”C excursion and
the point or plateau of maximum 8"C values, and
the latter is often not associated with the deposition
of black shales (e.g., Petrizzo et al. 2008; Gambacor-
ta et al. 2015, 2020; Bornemann et al. 2005, 2017).
The base of OAE 1d roughly coincides with the Pi-
alli Level at Monte Petrano and Le Brecce sections
which consist of six dark black shales few centimeters
thick interbedded with whitish limestone (Fiet et al.
2001; Giorgioni et al. 2015; Gambacorta et al. 2015,
2020). At DSDP Hole 547A the onset of OAE 1d is
associated with the occurrence of compact matl and
mudstone with 0.5-1.0 wt % TOC content (Deroo et
al. 1984; Nederbragt et al. 2001). At Mont Risou the
base of OAE 1d is equated at the Breistroffer Niveau
which is composed of five relatively organic-rich,
dark, laminated marl beds up to 0.7 m thick alternat-
ing with dark gray bioturbated matl across a 10 m in-
terval (Gale et al. 1996). At Blake Nose Hole 1050C
the base of OAE 1d is placed at the top of an about
40 m-thick laminated datrk claystone with 0.5-1.4 wt
% TOC content alternating with olive-gray nannofos-
sil claystone (Barker et al. 2001).

The beginning of OAE 1d always falls within
the stratigraphic range of P/ buxtorfi, whereas the end
of the event falls at different biostratigraphic levels: at
the Monte Petrano section it is observed in the uppet-
most Th. appenninica Zone and very close to the base
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of the Th. globotruncanoides Zone, at the Mont Risou
sections it falls in the uppermost Th. appenninica Zone,
at the Le Brecce section and DSDP Hole 547A it is
correlated to the lowermost Th. globotruncanoides Z.one
and at ODP Hole 1050C it coincides with the Albi-
an/Cenomanian boundary (Fig. 7). Our obsetrvations
may suggest that the duration of OAE 1d at the var-
ious localities depends strongly on local palacocean-
ographic conditions and is likely to be somewhat
dissimilar when we compare different oceanographic
settings and basins.

The Mid Cenomanian Event (MCE) is a pos-
itive carbon isotope excursion frequently associated
with distinctive lithological changes but not wide-
spread formation of organic-rich sediments (Jenkyns
et al. 1994; Coccioni & Galeotti 2003) that was first
described by Paul et al. (1994) in sections in North
West Europe. Subsequently, it has been identified in
numerous sections in the Boreal Realm, in the Teth-
ys and Atlantic Ocean (e.g,, Mitchell et al. 1996; Ex-
bacher et al. 1996; Etrbacher & Thurow 1997; Mitchell
& Carr 1998; Rodriguez-Lazaro et al. 1998; Stoll &
Schrag 2000; Coccioni & Galeotti 2003; Voigt et al.
2004; Jarvis et al. 2006; Wilmsen 2007; Ando et al.
2009; Friedrich et al. 2009; Gertsch et al. 2010; Hardas
et al. 2012; Reboulet et al. 2013; Giraud et al. 2013;
Gambacorta et al. 2015).

In the Monte Petrano section, the MCE is iden-
tified according to Gambacorta et al. (2015) and falls
within the stratigraphic range of Th. reichels (Fig, 7) in
agreement with sections from the Boreal Realm (e.g
Speeton, UK: Mitchell 1996; North German Basin:
Bornemann et al. 2017), Morocco (Tarfaya: Beil et al.
2018) and Atlantic Ocean (Blake Nose ODP Hole
1050C: Ando et al. 2009). However, comparison of
the biostratigraphic and carbon isotope records be-
tween the English Chalk and the Umbria-Marche Ba-
sin (Bottaccione and Gorgo a Cerbara sections) reveals
apparent interregional difference in the duration of
the stratigraphic range of T). reicheli and thus of the
stratigraphic position of the MCE. In fact, the MCE in
the Boreal Realm has been recorded in the Acanthoceras
rhotomagense ammonite Zone (Paul et al. 1994; Mitchell
et al. 1996; Jarvis et al. 2000) that corresponds to the
interval between the T). reicheli and the lower R£ cushma-
ni zones in the Tethyan biozonation (Gradstein et al.
2012; Ogg et al. 20106), whereas the MCE is reported to
fall in the middle-upper part of the R aushmani Zone in
the Umbria-Marche Basin (Coccioni & Galeotti 2003;
Sprovieri et al. 2013; Coccioni & Premoli Silva 2015).

TAaxoNoMIC REMARKS

Foraminifera genera and species with authors
and years identified in the studied sediments (Tabs.
1-4) are listed according to their stratigraphic order
of appearance in the geological record. Comments
are included for some genera and species to clarify
the taxonomic concepts followed in this study and
for taxa which taxonomic status is currently under
revision. Remarks on significant morphological and
evolutionary features are provided when necessary.
Significant planktonic foraminiferal species are illus-
trated in Plates 1-12.

Genus Ticnella Reichel, 1950.
Type species: Anomalina roberti Gandolfi, 1942, pp. 100, 134, 150, pl. 2,
figs. 2a-c.

Ticinella madecassiana Sigal, 1966, p. 197, pl. 3,
figs. 7ab-10ab (upper Albian, Diego-Suarez well,
north of Mount Raynaud, Madagascar).

Remarks. According to Huber & ILeckie
(2011), I%. madecassiana is the intermediate species in
the phyletic lineage from Microbedbergella rischi to Ti.
primula based on the observation of transitional mor-
photypes characterized by the lack of supplementary
apertures, larger size and density of pores than in M.
rischi, and by the development of a ticinellid wall tex-
ture characterized by being thicker. However, in the
studied sections 17 madecassiana is abundant and very
distinctive but no forms phylogenetically related to
M. rischi were observed.

Ticinella primmla Luterbacher in Renz et al., 1963,
p. 1085, fig. 4 (upper Albian, western Switzerland).

Ticinella aperta Sigal, 1966, p. 200-201, pl. 6, figs.
11-13 (upper Albian, Diego-Suarez well, north of
Mount Raynaud, Madagascar).

Remarks. The species characterized by the
elongation of the last chamber was described as 7%
raynandi var. aperta by Sigal (1966) and is here erected
to species level.

Ticinella digitalis Sigal, 1966, p. 200-201, pl. 6,
figs. 6-8 (upper Albian, Diego-Suarez well, north of
Mount Raynaud, Madagascar).

Remarks. The species characterized by having
chambers radially elongated was described as T7. ray-
nandi var. digitalis by Sigal (19606) and is here erected to
species level.

Ticinella roberri (Gandolfi, 1942), pp. 100, 134,
150, pl. 2, figs. 2a-c (Aptian or Albian, Gorge of the



882 Petrizzo M.R & Gilardoni S.E

Breggia River, Canton Ticino, southeastern Switzer-
land).

Remarks: Ticinella roberti is a very rare species,
observed only in the Mazagan Plateau sediments.

Ticinella monllade: Premoli Silva et al., 2009, p.
136, pl. 3 fig. 1 (upper Albian, Diego-Suarez well,
north of Mount Raynaud, Madagascar).

Remarks. This species differs from 17 primula
by having more chambers and a stronger ornamen-
tation and from T7 roberti by possessing a low and
loosely coiled trochospire.

Genus Globigerinelloides Cushman & ten Dam, 1948.
Type species: Globigerinelloides algeriana, Cushman & ten Dam, 1948, p.
42-43.

Remarks. These is a general consensus among
specialists on the need of taxonomic revision of the
genus. Traditionally all planispiral species are included
in the Albian to Maastrichtian genus Globigerinelloides
according to the coiling mode even if there are incon-
sistencies in the taxonomic classification as species in-
cluded in the genus possess different wall textures and
are not phylogenetically-related (see explanations and
discussion in Petrizzo et al. 2017). However, for the
time being we include the planispiral taxa in the ge-
nus Globigerinelloides to avoid the usage of an informal
name although we are aware of a distribution gap of
the genus across the upper Aptian-lower Albian strati-
graphic interval (Huber & Leckie 2011; Petrizzo et al.
2012, 2013). Specifically, the lack of planispiral taxa at
the Aptian/Albian boundary cleatly indicates the ab-
sence of evolutionary relationships between the Ap-
tian Globigerinelloides and the planispiral taxa that first
appear in the middle Albian and are characterized by
a different wall texture. The definition of a new genus
or genera to accommodate the polyphyletic Albian to
Maastrichtian planispiral taxa is certainly needed but
will require further studies to reconstruct the ances-
tor-descendant relationships among the various spe-
cies. Therefore, the genus name is quoted in the text
and figures to separate the Albian-Cenomanian from
the Aptian species.

“Globigerinelloides” bentonensis (Morrow, 1934), p.
201, pl. 30, figs. 4a-b (Cenomanian, Hartland member
of Greenhorn Limestone of Kansas).

“Globigerinelloides” pulchellus (Todd & Low, 1964),
p. 409, pl. 1, figs. 9a-b (Cenomanian?, Puerto Rico
Trench).

Remarks. The species, characterized by having
a pustulose wall texture, is interpreted as the ancestor
of the Planomalina lineage (Petrizzo & Huber 2006b).
Common transitional specimens between “GL” pul-
chellus and Pl praebuxtorfi were observed in the studied
sections.

“Globigerinelloides” ultramicrus (Subbotina, 1949),
p. 33, pl. 2, figs. 17-18 (Cenomanian, Kapustnaya
Gorge, southern slope of Caucasus, Russia).

“Globigerinelloides”  alvarezi  (Eternod  Olvera,
1959), p. 91-92, pl. 4, figs. 5-7 (Campanian — Maas-
trichtian, well Bustos, Tumaulipas, Mexico).

Genus Biticinella Sigal, 1956.
Type species: Anomalina breggiensis Gandolfi, 1942, p. 102, pl. 3, fig. 6.

Biticinella subbreggiensis Sigal, 1966, p. 193, pl. 1
figs. 1-7, pl. 2 fig, 2 (upper Albian, Gorge of the Breg-
gia River, Canton Ticino, southeastern Switzerland;
Mount Raynaud, Madagascar).

Remarks. Biticinella subbreggiensis is a distinctive
species and is easily distinguished by its descendant Bz
breggiensis being low trochospiral instead of planispiral
(Sigal 1960).

Biticinella breggiensis (Gandolfi, 1942), p. 102, pl.
3, fig. 6 (Albian-lower Cenomanian, Gorge of the
Breggia River, Canton Ticino, southeastern Switzer-

land).

Genus Muricohedbergella Huber & Leckie, 2011.
Type species: Globigerina cretacea vax. delrivensis Carsey, 19206, p. 43-44.

Muricobedbergella delrioensis (Carsey, 1920), p. 43-
44 (lower Cenomanian, Del Rio Clay, Grayson For-
mation, Austin, TX).

Remarks. This species has been misidentified
for long time because it was erected by Carsey (1926)
who did not designate the repository of the type spe-
cies (Pessagno 1976). Consequently, Plummer (1931)
reported Mu. delrioensis as missing, Two neotypes were
erected first by Longoria (1974) and then by Masters
(1976) and both were deposited at the Smithsonian
Museum of Natural History. The neotype erected
by Longoria had the priority (Masters 1977) and was
chosen as valid neotype, but according to Petrizzo &
Huber (2006a) it has been lost and only the invalid
neotype of Masters remained stored in the repository.
The two neotypes mainly differs for the elevation of
the trochospire that is slightly higher in the specimen
by Longoria. Specimens resembling both neotypes
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PLATE 1

1- A-C, Ticinella madecassiana, Sample MPO. 2 - A-C, Ticnella madecassiana, Sample MPG6. 3 - A-D, Ticinella madecassiana, Sample DSDP 79-547A-
73R-3, 53-54.5 cm. 4 - A-D, Ticinella primula, Sample DSDP 79-547A-73R-3, 53-54 cm. 5 - A-D, Ticinella primula, Sample DSDP 79-547A-71R-1
50.5-52 em. 6 - A-C, Ticinella primula, Sample DSDP 79-545-39R-5, 23-25 cm. 7 - A-C, Ticinella aperta, Sample MP2. 8 - A-C, Ticinella digitalis,
Sample MP2. 9 - A-C, Ticinella digitalis, Sample B0.01. Scale bar 100 um unless indicated otherwise.
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are included in the species concept adopted in this
study. However, specimens close to the neotype by
Longoria (1974) are more abundant and show a con-
tinuous stratigraphic record.

Muricobedbergella planispira (Tappan, 1940), p. 12,
pl. 19, fig.12 (Cenomanian, Grayson Formation, Den-
ton County, TX).

Muricobedbergella wondersi (Randrianasolo & Ang-
lada, 1989), p. 800, pl. 1, figs. 1-3 (upper Albian, Ant-
siranana, northern Madagascar).

Remarks. According to Petrizzo & Huber
(2006b), it is considered the ancestor of the Planomali-
na phyletic lineages (Mu. wondersi — “GL” pulchellus — PI.
praebuxctorfi — Pl buxtorfi). Transitional specimens be-
tween Mu. wondersi and “GL” pulchellus characterized by
having trochospiral test, pustules concentrated at the
beginning of the last whotl and slightly curve sutures
are observed in the studied assemblages.

Muricobedbergella  astrepta (Petrizzo & Huber,
2006a), p. 182 pl. 6, figs. la-c and 4a-c (upper Albi-
an, Blake Nose Escarpment, Western North Atlantic
Ocean, ODP Hole 1050C).

Muricobedbergella praelibyca (Petrizzo & Huber,
2006a), p. 185, pl. 5, figs. la-c to 5a-c (upper Albi-
an, Blake Nose Escarpment, Western North Atlantic
Ocean, ODP Hole 1050C).

Remarks. According to Georgescu & Huber
(2006), Mu. pracelibyca is regarded as the ancestor of
Pa. libyea by the developing of costellae from aligned
pustules.

Muricobedbergella blakensis (Petrizzo & Huber,
2006a), p. 182, pl. 4, figs. 5a-c, 6a-c (upper Albian,
Blake Nose Escarpment, Western North Atlantic
Ocean, ODP Hole 1052E).

Remarks. Specimens with 5, 6 and 7 chambers
in the last whotl have been observed (Tabs. 1-4).

Genus Pseudoclavibedbergella Georgescu, 2009.
Type species: Hedbergella amabilis 1.oeblich & Tappan, 1961, p. 274, pl.

3, figs. 1-7 and 9.

Psendoclavibedbergella simplicissima (Magné & Sigal,
1954), p. 487, pl. 14, fig. 11 (lower Cenomanian, Rha-
zouane, Tunisia).

Genus Pseudothalmanninella Wonders, 1978.
Type species: Globotruncana ticinensis Gandolfi, 1942, p. 113-135, pl. 2,

figs. 3.

Pseudothalmanninella subticinensis (Gandolfi, 1957),
p. 59, pl. 8, fig. 1 (upper Albian or lowermost Ceno-

manian, Gorge of the Breggia River, Canton Ticino,
southeastern Switzerland).

Pseudothalmanninella ticinensis (Gandolfi, 1942),
p. 113-135, pl. 2, fig. 3 (upper Albian, Gorge of the
Breggia River, Canton Ticino, southeastern Switzer-
land).

Psendothalmanninella  tehamaensis  (Marianos &
Zingula, 1960), p. 399, pl. 38, fig. 4 (upper Albian, Dry
Creek, Beegum Basin, Chickabally Member, Sacra-
mento Valley, California).

Remarks. Its lowest occurrence is one of the
secondary criteria for the definition of the Albian/
Cenomanian boundary (Kennedy et al. 2004), but
according to Petrizzo et al. (2015) it is diachronous
and consequently it should not be used anymore for
placing the Albian/Cenomanian boundaty. The pres-
ent study confirms its scarce reliability for correlation
amonyg different depositional basins.

Genus Thalmanninella Sigal, 1948.
Type species: Thalmanninella brotzeni Sigal, 1948, p. 102, pl. 1, fig. 5.

Thalmanninella evoluta (Sigal, 1969), p. 637-638,
pl 1 fig. 10-12 (upper Albian, the Diego-Suarez well,
north of Mount Raynaud, Madagascar).

Remarks. Transitional specimens between 17
digitalis and Th. evoluta characterized by pinched mar-
gin and depressed spiral sutures were observed in this
study.

Thalmanninella balernaensis (Gandolfi, 1957), p.
00, pl. 8, fig. 3a-c (lower Cenomanian, Breggia River,
Switzerland).

Remarks. We recognize the phyletic lineage
trom T%. digitalis, Th. evoluta to Th. balernaensis.

Thalmanninella appenninica (Renz, 1936), p. 14,
fig. 2 (lower Cenomanian?, Bottaccione section, Gub-
bio, central Italy).

Remarks. The species concept of Th. appennini-
¢a has been revised several times (Luterbacher & Pre-
moli Silva 1962; Sigal 1969; Wonders 1978; Robaszyn-
ski et al. 1979) especially because Renz (1930) erected
the species from a thin section. This led to confusion
in the definition of Th. appenninica and in its distinc-
tion from other rotaliporids. For instance, Th. baler-
naensis has been considered a junior synonym for a
long time (Wonders 1978; Robaszynski et al. 1979).
In this study, Th. appenninica is identified following
the species concept of Luterbacher & Premoli Silva
(1962) and the topotype illustrated in Robaszynski et
al. (1979).
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PLATE 2
547A-67R-2, 39-41 cm. 3 - A-C,

1 - A-D, Ticinella roberti, Sample DSDP 79-547A-71R-1, 50.5-52. 2 - A-C, Ticinella roberti, Sample DSDP 79-
Ticinella monllader, Sample DSDP 79-547A-69R-3, 50-52 cm. 4 - A-C, Ticinella monlladei, Sample DSDP 79-545-39R-5, 23-25 cm. 5 - A-C, “Glo-
Sample MP24. 6 - A-D, “Globigerinelloides” bentonensis, Sample DSDP 79-547A-45R-3, 16-18 cm. 7 - A-C, “Globigerinelloi-

5, Sample MP4 A-C, “Globigerinelloides” pulchellus,

bigerinelloides” bentonens
des” bentonensis, Sample DSDP 79-545-34R-1, 123-125 cm. 8 - “Globigerinelloides” bentonens:

Sample MPO. 10 - A-C, “Globigerinelloides” pulchellus, Sample B1.8. Scale bar 100 um unless indicated otherwise.
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Thalmanninella gandolfii (Luterbacher & Premoli
Silva, 1962), p. 267 pl. 19, fig. 3 (Gorge of the Breg-
gia River, Canton Ticino, southeastern Switzerland).

Thalmanninella brotzeni Sigal, 1948, p. 102, pl. 1,
fig. 5 (middle Cenomanian, Sidi Afssa, Algeria).

Remarks. This species has been considered a
junior synonym of Th. globotruncanoides (Robaszynski
& Caron 1995; Gale et al. 1996; Gonzalez-Dono-
so et al. 2007; Ando & Huber 2007; Lipson-Benitah
2008; Robaszynski et al. 2008) until Caron & Premo-
li Silva (2007) and Petrizzo et al. (2015) demonstrate
they are two distinct species.

Thalmanninella globotruncanoides Sigal, 1948, p.
100, pl. 1, fig. 4 (middle Cenomanian, Sidi Aissa, Al-
geria).

Remarks. The description of the species was
emended in Petrizzo et al. (2015).

Thalmanninella greenhornensis (Morrow, 1934),
p. 199, pl. 31, fig. 1 (Upper Cretaceous, Colorado
group, Greenhorn Formation, Hartland shale mem-
ber).

Remarks. The species was emended by Ando
& Huber (2007) who re-illustrated and described
the holotype of T). greenhornensis and highlighted the
main morphological features for its identification
and distinction from its ancestor Th. globotruncanoides.
Partially raised umbilical sutures, umbilically posi-
tioned supplementary apertures and closely spaced
periumbilical ridge are taken as the diagnostic fea-
tures of Th. greenhornensis, to distinguish it from T).
globotruncanoides that, on the contrary, is characterized
by fully raised umbilical sutures. According to Ando
& Huber (2007) the crescentic numerous chambers
and smooth and circular peripheral outline consid-
ered for long time diagnostic for the identification
of Th. greenhornensis can be applied to evolved forms
of Th. globotruncanoides. Thalmanninella greenhornensis is
phylogenetically-related to Ticnella as observed in
the studied assemblages and proved by the occur-
rence of common intermediate morphotypes indi-
cating the gradual and progressive evolution of the
Ti. aperta - Th. appenninica - Th. brotzeni — Th. globotrun-
canoides — Th. greenhornensis lineage.

Thalmanninella deeckei (Franke, 1925), p. 88-90,
pl 8, fig. 7 (Cenomanian, Jordanshutte auf Wollin,
Pommern, Germany).

Remarks. It differs from Th. reicheli in having
more crescentic chambers and partially raised and
curved umbilical sutures instead of straight and de-
pressed sutures.

Thalmanninella reichel; (Mornod, 1950), p. 583,
figs. 5(4) (upper Cenomanian, Ruisseau des Covayes,
southern east slope of the Montsalvens chain, north
of Cerniat, Préalpes fribourgeoises, Switzerland).

Remarks. The holotype is missing and the
neotype has been described and illustrated by Caron
& Spezzaferri (2006a).

Genus Schackoina Thalmann, 1932.
Type species: Siderolina cenomana Schacko, 1897, p. 166, pl. 4, figs. 3-5.

Schackoina leckiei Bellier, Moullade & Tronchetti,
2003, p. 137, pl. 1, figs 1-13 (holotype under the name
of  Clavibedbergella moremani in Leckie, 1984, p. 611, pl.
8, fig. 12) (upper Albian, Mazagan Plateau, Eastern
North Atlantic, DSDP Hole 547A).

Schackoina cenomana (Schacko, 1897), p. 166, pl. 4,
figs. 3-5 (Cenomanian, type locality not given).

Schackoina bicornis Reichel, 1948, p. 400, figs. 4,
06-10 (Cenomanian, Gorge of the Breggia River, Can-
ton Ticino, southeastern Switzerland).

Genus Protobeterobelix Georgescu & Huber, 2009.
Type species: Guembelina washitensis Tappan, 1940, p. 115, pl. 19, figs. 1.

Protobeterobelix: washitensis (Tappan, 1940), p. 115,
pl 19, fig. 1 (Lower Cretaceous, Grayson Formation,

Austin, TX).

Genus Planomalina Loeblich & Tappan, 1946.

Type species: Planomalina apsidostroba Loeblich & Tappan, 1946, p. 258,
pl. 37, figs. 22-23b = Planulina buxtorfi Gandolfi, 1942, p. 103, pl. 3, fig.

7.

Planomalina praebuxctorfi Wonders, 1975, p. 90, pl.
1, fig. 1 (upper Albian, Fl Burrueco, southern Spain).

Planomalina buxtorfi (Gandolfi, 1942), p. 103, pl.
3, fig. 7 (lower Cenomanian, Breggia River near Chias-
so, Canton Ticino, Switzetland).

Remarks. It is considered the last member of
the phyletic lineage from Mu. wondersi — “GL.” pulchel-
lus — Pl praebuxctorfi to Pl buxtorfi (Petrizzo & Huber
2006b).

Genus Praeglobotruncana Bermudez, 1952.
Type species: Globorotalia delrivensis Plammer, 1931, p. 199, pl. 13, fig; 2.

Praeglobotruncana  delrioensis (Plummer, 1931), p.
199, pl. 13, fig. 2 (Lower Cretaceous, Del Rio For-
mation, on right bank of Shoal Creek, Austin, Travis
Country, TX).



Late Albian-Cenomanian pelagic sequences from the Unbria-Marche Basin and the Mazagan Platean

PLATE 3

1 - A-C, “Globigerinelloides”  pulchellus, Sample DSDP 79-547A-71R-1, 50.5-52 cm. 2 - A-C, intermediate specimen “Globigerinelloides”  pulchellns
— Planomalina praebuxtorfi, Sample B1.8. 3 - A-C, intermediate specimen “Globigerinelloides”  pulchellus — Planomalina praebuxtorfi, Sample DSDP
79-545-38R-3, 90-92 cm. 4 - A-C, “Globigerinelloides” nltramicrus, Sample DSDP 79-547A-44R-3, 51-53 cm. 5 - A-C, “Globigerinelloides” cf. alvarez,
Sample DSDP 79-547A-64R-3, 51-53 cm. 6 - A-B, “Globigerinelloides” ultramicrus, MP18.5. 7 - Biticinella subbreggiensis, Sample MP2. 8 - A-C, Biti-
cinella subbreggiensis, Sample MP6. 9 - A-C, Biticinella subbreggiensis, Sample B0.01. 10 - A-C, Biticinella breggiensis, Sample B1.8. 11 - A-B, Biticinella
breggiensis, Sample DSDP 79-545-39R-1, 96-98 cm. 12 - Biticinella breggiensis, Sample MP2. Scale bar 100 w
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Remarks. According to the original descrip-
tion by Plummer (1931), Pr. delrivensis is a single
keeled taxon with curved and raised spiral sutures.
Specimens similar to the holotype are observed
only in the Monte Petrano section. The species
concept adopted in this study has been enlarged
following Robaszynski et al. (1979) and Petrizzo &
Huber (2006a) and specimens characterized by a
single to double alignment of pustules have been
included.

Praeglobotruncana stephani (Gandolfi, 1942), p.
130, pl. 3, fig. 4 (Cenomanian, Gorge of the Breg-
gia River, near Chiasso, southeastern Switzerland).

Praeglobotruncana gibba Klaus, 1960, pp. 209,
304-305, pl. 16-17, fig. 6a-c (Cenomanian, Gorge
of the Breggia River, near Chiasso, southeastern
Switzerland).

Genus Paracostellagerina Georgescu & Huber, 2000.
Type species: Hedbergella libyca Barr, 1972, p. 14, pl. 10, fig. 5.

Paracostellagerina libyca (Barr, 1972), p. 14, plL.
10, fig. 5 (lower Cenomanian, Cyrenaica province,
Libya).

Genus Rotalipora Brotzen, 1942.
Type species: Rozalipora turonica Brotzen, 1942, p. 32, text-fig. 11-4,

= Globorotalia cushmani Morrow, 1934, p. 199, pl. 31, fig. 4.

Rotalipora  montsalvensis (Mornod, 1950), p.
584, figs. 4(1) (upper Cenomanian, Ruisseau des
Covayes, southern east slope of the Montsalvens
chain, north of Cerniat, Préalpes fribourgeoises,
Switzerland).

Remarks. This study supports the interpre-
tation that Rz montsalvensis is the ancestor species
of Rt cushmani according to Gonzalez-Donoso et
al. (2007) as transitional specimens between the
two species were observed.

Rotalipora cushmani (Morrow, 1934), p. 199, pl.
31, fig. 4 (upper Cretaceous, Hodgeman County,
Kansas, US.A.).

Genus Whiteinella Pessagno, 1967.

Type species: Whiteinella archaeocretacea Pessagno, 1967, p. 298-299,
pl. 51, figs. 22-24.

W hiteinella anmalensis (Sigal, 1952), p. 28, fig.
29 (middle Cenomanian, probably Aumale, south-
east of Algiers, northern Algeria).

W hiteinella aprica (Loeblich & Tappan, 1961),
p- 292, pl. 4, fig. 16 (Cenomanian, U.S. Highway 80,
west of Dallas, Texas).

W hiteinella baltica Douglas & Rankin, 1969,
p. 193, pl. 9, figs. A-C (lower Santonian, east of
Bavnodde Pynt, Bornholm, Denmark).

W hiteinella brittonensis (Loeblich & Tappan,
1961), 1961, p. 274, pl. 4, fig. 1 (Cenomanian, Eagle
Ford Group, west of Cedar Hills, Dallas County,
Texas).

Whiteinella paradubia (Sigal, 1952), p. 28, fig.
28 (Cenomanian, probably northern Algeria).

Whiteinella archaeocretacea Pessagno, 1967, p.
298-299, pl. 51, figs. 22-24 (Turonian, Fagle Ford
Group, west of Cedar Hills, Dallas County, Texas).

W hiteinella inornata (Bolli, 1957), p. 57, pl. 13,
fig. 5 (Coniacian, Trinidad Petroleum Development
well Moruga 15, Trinidad).

Whiteinella bornholmensis (Douglas & Rankin,
1969), p. 194, pl.6, figs. A-C (lower Santonian, east
of Bavnodde Pynt, Bornholm, Denmark).

Genus Dicarinella Porthault, 1970.
Type species: Globotruncana indica Jacob & Sastry, 1950, p. 267, fig,
2a-c.

Dicarinella algeriana (Caron, 19606), p. 74-75,
pl. 16, fig. 8 (lower Turonian, Sidi Aissa, Algeria).

Dicarinella imbricata (Mornod, 1950), p. 589,
pl. 15, figs. 5(3) (Turonian, Ruisseau des Covayes,
southern east slope of the Montsalvens chain,
north of Cerniat, Préalpes fribourgeoises, Switzer-
land).

Dicarinella hagni (Scheibnerova, 1962), p. 225-
226, fig. 6 (middle Turonian, Horné Srnie, west
Carpathians, Czechoslovakia).

Dicarinella  takayanagi (Hasegawa, 1999), p.
180, pl. 8, figs. 1-4 (uppermost Cenomanian, low-
er part of the Takinosawa Formation, Hokkaido,
Japan).

Dicarinella roddai (Marianos & Zingula, 1966),
p. 340, pl. 39, fig. 5 (Turonian, Dry Creek, Beegum
Basin, Sacramento Valley, California).

Remarks. According to Douglas (1969) and
Robaszynski et al. (1979), it is a junior synonym of
Di. hagni, instead they are identified as distinct spe-
cies in this study.

Dicarinella canaliculata (Reuss, 1854), p. 70, pl.
206, fig. 4 (upper Cretaceous, Gosau valley, Ostalpen
near Salzburg, Austria).
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PLATE 4

1 - A-C, Muricobedbergella delrioensis, Sample MPO. 2 - A-C, Muricobedbergella delrioensis, Sample MP4. 3 - A-D, Muricobedbergella delrioensis, Sample
DSDP 79-547A-63R-3, 49.5-52 cm. 4 - A-C, Muricobedbergella planispira, Sample DSDP 79-547A-65-1, 36.5-38 cm. 5 - A-C, Psendoclavibedbergella
simplicissima, Sample MPO6. 6 - A-C, "Globigerinelloides" nltramicrus, MP 28. 7 - Pseudoclavibedbergella simplicissima, Sample MP30. 8 - A-C, Pseudocla-
vibedbergella simplicissima, Sample DSDP 79-547A-53R-1, 50-51.5 cm. 9 - A-C, Psendoclavibedbergella ct. simplicissima, Sample DSDP 79-547A-63R-3,
49.5-52 cm. 10 - A-C, Psendoclavibedbergella simplicissima, Sample DSDP 79-545-38R-7, 89-91 c¢m. Scale bar 100 um unless indicated otherwise.
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PLATE 5

1 - A-C, Muricobedbergella wondersi, MP2. 2 - A-C, Muricobedbergella astrepta, Sample MP2. 3 - A-C, Mu. astrepta, Sample DSDP 79-545-36R-1, 145-
150 cm. 4 - A-C, Muricobedbergella astrepta, Sample B3. 5 - , Muricobedbergella praelibyca, Sample DSDP 79-547A-65R-1, 36.5-38 cm. 6 - A-C,
Muricobedbergella praelibyca, Sample MPO. 7 - A-C, Muricobedbergella blakensis, Sample MP12. 8 - A-C, Muricohedbergella blakensis, Sample MP13. 9
- A-C, Muricobedbergella blakensis, Sample DSDP 79-547A-64R-3, 51-53 cm. 10 - A-C, Muricobedbergella blakensis, Sample DSDP 79-545-37R-3,
50-53 cm. Scale bar 100 um.
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PLATE 6

1 - A-C, Psendothalmanninella subticinensis, Sample B0.01. 2 - A-C, Psendothalmanninella subticinensis, Sample DSDP 79-547A-65R-1, 36.5-38 cm.
3 - A-C, Pseudothalmanninella subticinensis, Sample DSDP 79-545-40R-5, 8-10 cm. 4 - A-C, Pseudothalmanninella ticinensis, Sample DSDP 79-547A-

D

65R-1, 36.5-38 cm. 5 - A-C, Pseudothalmanninella ticinensis, Sample B0.01. 6 - Pseudothalmanninella subticinensis, Sample MP4. 7 - Psendothalmanninella
ticinensis, Sample MPO. 8 - A-C, Psendothalmanninella tehamaensis, Sample DSDP 79-547A-65R-1, 36.5-38 cm. 9 - A-C, Psendothalmanninella teha-
maensis, Sample DSDP 79-547A-47R-3, 52.5-54.5 cm. 10 - A-C, intermediate specimen Ticinella digitalis-Thalmanninella evoluta, Sample DSDP
79-547A-68-2, 93-95 cm. 11 - A-C, Thalmanninella evoluta, Sample MP2. Scale bar 200 pm.
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PLATE 7

s, Sample B6. 3 - A-C, Thalmanninella balernaensis, Sample DSDP

1A-C, Thalmanninella balernaensis, Sample MP13. 2 - A-C, Thalmanninella balernaensis
79-545-35R-2, 69-74 cm. 4 - A-C, Thalmanninella appenninica, Sample MP4. 5 - A-C, Thalmanninella appenninica, Sample B1.8. 6 - A-C, Thalma

la appenninica, Sample DSDP 79-547A-65R-1, 36.5-38 cm. 7 - A-C, Thalmanninella gandolfiz, Sample MP36. 8 - A-C, Thalmanninella gandolfiz, Sample
DSDP 79-547A-58R-3, 52-54 cm. 9 - A-C, Thalmanninella brotzeni, Sample MP19.5. 10 - A-C, Thalmanninella brotzent, Sample DSDP 79-545-30R-

1, 25-28.5 cm. Scale bar 200 um unless indicated otherwise.

nel-
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PLATE 8

1A-C, Thalmanninella globotruncanoides, Sample DSDP 79-545-30R-1, 25-28.5 cm. 2 - A-C, Thalmanninella globotruncanoides, Sample DSDP 79-547A-
60R-5, 50-52 cm. 3 - A-C, intermediate specimen Thalmanninella globotruncanoides-Thalmanninella greenhornensis, Sample MP35. 4 - A-C, interme-
diate specimen Thalmanninella globotruncanoides-Thalmanninella greenhornensis, Sample MP50. 5 - A-C, Thalmanninella greenhornensis, Sample DSDP
79-547A-48R-1, 47.5-49.5 ecm. 6 - A-C, Thalmanninella greenhornensis, Sample MP57. 7 - A-C, Thalmannienlla deeckei, Sample MP45. 8 - A-B,
Thalmanninella reicheli, Sample MP35. 9 - Thalmanninella greenhornensis, Sample MP44. 10 - A-C, Thalmanninella reicheli, Sample MP44. 11 - A-B,
Thalmanninella reicheli, Sample MP45. 12 - Thalmanninella reicheli, Sample MP46. Scale bar 200 pm.
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PLATE 9

1 - A-C, Schackoina bicornis, Sample DSDP 79-547A-44R-3, 51-53 cm. 2 - A-C, Schackoina leckiei, Sample DSDP 79-545-39R-1, 96-98 cm. 3 - A-D,

C, Planomalina praebnxtorfi, Sample DSDP 79-547A-67R-2, 39-41 cm. 5 - A-C, Planomalina praebuxtorf,
Sample DSDP 79-545-38R-3, 90-92 cm. 6 - A-C, Planomalina buxtorfi, Sample MP13. 7 - Planomalina buxtorfi, Sample MP10. 8 - A-C, Planomalina
buxctorfi, Sample B6. 9 - A-C, Planomalina buxtorfi, Sample DSDP 79-545-37R-3, 50-53 cm. 10 - A-C, Praeglobotruncana delrivensis, Sample MP19.5.
11 - A-D, Praeglobotruncana delrioensis, Sample B9.6. 12 - Praeglobotruncana delrioensis, Sample MP14. Scale bar 100 pum.

Planomalina praebuxtorf, Sample MP4. 4 - A
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PLATE 10

1 - A-C, Praeglobotruncana delrioensis, Sample DSDP 79-547A-58R-3, 52-54 cm. 2 - A-C, Praeglobotruncana delrivensis, Sample DSDP 79-545-38R-1,
89-91 em. 3 - A-C, Praeglobotruncana stephani, Sample B9.6. 4 - A-C, Praeglobotruncana stephanz, Sample DSDP 79-547A-62R-3, 48-50 cm. 5 - A-C,

Praeglobotruncana stephani, Sample DSDP 79-545-34R-CC, 1-4 cm. 6 - A-C, Praeglobotruncana gibba, Sample MPG60. 7 - A-C, Paracostellagerina libyca,
Sample MP14. 8 - A-C, Paracostellagerina libyca, Sample DSDP 79-547A-64R-3, 51-53 cm. 9 - Praeglobotruncana gibba, Sample MP64. 10 - A-C,
Paracostellagerina libyca, Sample B11.4. 11 - A-C, Paracostellagerina libyca, Sample DSDP 79-545-38R-1, 89-91 cm. Scale bar 100 pm.
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1 - A-C, Rotalipora montsalvensis, Sample MP46. 2 - A-B, Rotalipora montsalvensis, Sample MP38.5. 3 - Rotaljpora montsalvensis, Sample MP36. 4 - A-C,
intermediate specimen Rozalipora montsalvensis-Rotalipora cushmani, Sample DSDP 79-547A-42R-3, 40.5-42 cm. 5 - A-C, Rotalipora cushmani, Sample
MP59. 6 - A-C, Rotalipora cushmani, Sample MP65. 7 - A-C, Rotalipora cushmani, Sample DSDP 79-547A-40R-1, 30.5-33 cm. 8 - Rotalipora cushmani,
Sample MP64. 9 - A-C, Whiteinella anmalensis, Sample MP44. 10 - Whiteinella anmalensis, Sample 55MP. 11 - iteinella brittonensis, Sample MP58.
12 - A-C, Whiteinella aumalensis, Sample MP45. 13A-C, Whiteinella brittonensis, Sample MP45. Scale bar 200 pm unless indicated otherwise.
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PLATE 12

1 - A-C, Whiteinella cf. aprica, Sample MPA2. 2 - A-C, Whiteinella aprica, Sample MP44. 3 - A-C, Whiteinella aprica, Sample MP44. 4 - A-C, Whitenella
paradubia, Sample MP45. 5 - A-C, Dicarinella algeriana, Sample MP59. 6 - A-C, Dicarinella imbricata, Sample MP58. 7 - A-C, Dicarinella imbricata,
Sample MP59. 8 - A-C, Dicarinella hagni, Sample MP59. 9 - A-C, Dicarinella hagni, Sample MP64. 10 - A-C, Dicarinella takayanagi, Sample MP59.
Scale bar 100 pm.




898 Petrizzo M.R & Gilardoni S.E

CONCLUSIONS

Results of detailed biostratigraphic analysis of
the upper Albian-Cenomanian at Monte Petrano and
DSDP Hole 547A and of the upper Albian-lower
Cenomanian stratigraphic records at the Le Brecce
section and DSDP Site 545 reveal a stratigraphically
ordered sequence of planktonic foraminiferal events
useful for regional and interregional correlations. The
lowest occurrences of Th. appenninica, Pl buxtorfi, Pa.
libyea, Th. brotzeni in the Albian and the LOs of Th.
globotruncanoides, Th. greenhornensis and Rt cushmani in
the Cenomanian are shown to be reliable and likely
synchronous bioevents at all studied localities. On
the contrary, some species show occurrences that are
pootly correlative among sections and thus are con-
sidered to be unreliable bioevents, they are: the HOs
of Ps. subticinensis, Bt. breggiensis, Ps. ticinensis, Pl. buxtorfs,
Pa. libyca, 'Ti. madecassiana, Ti. primula and the LOs of
Pr. delrioensis, Th. gandolfii, Th. deecker, Re. montsalvensis
and Whiteinella species of which Wh. aprica is the first
representative.

We confirm the applicability of the Tethyan
biozonation except for the mid- Cenomanian strati-
graphic interval as we replace the Th. reicheli Zone with
the Th. greenhornensis Zone defined as the stratigraphic
interval from the LO of Th. greenhornensis and the LO
of Rz cushmani. The use of this planktonic foraminif-
eral Zone introduced by Postuma (1971) is proposed
because of difficulty in the identification of T). reichels
Zone, which is a marker species thatis rare or absent
in many western and eastern Tethyan localities and in
the U. S. Western Interior Basin record. On the con-
trary, the 1.O of Th. greenbornensis is demonstrated to
be an easy identifiable bioevent as the species is char-
acterized by a wider geographic distribution and often
reported to appear in the same stratigraphic level as
Th. reicheli when the latter species is present.

Comparison of the Umbria-Marche sections
and the Mazagan Plateau sections with the Blake
Nose (western North Atlantic Ocean) and Mont Ri-
sou (Vocontian Basin, southeast France) stratigraphic
records highlight a similar sequence of bio- and che-
mostratigraphic events. An exception is the strati-
graphic position of the LO of Th ghobotruncanoides
at the Mont Risou GSSP stratotype that seems to be
delayed relative to the maximum values of the carbon
isotope excursion and OAE 1d in the other localities.
Further investigations are needed to understand this
discrepancy and if the apparent diachroneity is either

an artifact of sampling resolution or is related to pe-
culiar sedimentological, diagenetic and environmen-
tal features of the Vocontian Basin. Interestingly, the
MCE is registered within the stratigraphic occurrence
of Th. reicheli at both Monte Petrano and Blake Nose
stratigraphic sections in agreement with the records
from the English Chalk and the Boreal North Ger-
many regions, and in disagreement with previous ob-
servations in other sections of the Umbria-Marche
Basin where the MCE is placed stratigraphically high-
er and correlates with the presence of Rz cushmani.

Ackwnoledgments: Brian T. Huber and Danuta Peryt are acknowl-
edged for their thoughtful reviews that improved the final version of
this paper. The International Ocean Discovery Program (IODP) are
thanked for providing the samples from Hole 547A and Site 545 col-
lected during Deep Sea Dirilling Project Leg. 79. We warmly thank E.
Erba and G. Gambacorta for sampling the Monte Petrano and Le
Brecce sections and making available the rock samples to us. This study
was funded by the PhD program of the University of Milan (Italy)
to SEG and partially by the Italian Ministry of Education, Universi-
ty and Research (MIUR) projects PRIN 2010X3PP8J_001 and PRIN
2017RX9XXY (E. Erba scientific coordinator).

REFERENCES

Ando A. & Huber B.T. (2007) - Taxonomic revision of the late
Cenomanian planktonic foraminifera Rozalipora greenhornen-
sis (Morrow, 1934). Journal of Foraminiferal Research, 37(2):
160-174.

Ando A., Huber B.T., MaclLeod K.G., Ohta T. & Khim B.K.
(2009) - Blake Nose stable isotopic evidence against the
mid-Cenomanian glaciation hypothesis. Geology, 37(5):
451-454.

Ando A., Huber B.T., Kenneth K.G. & Watkins D.K. (2015) -
Early Cenomanian “hot greenhouse” revealed by oxygen
isotope record of exceptionally well-preserved foraminif-
era from Tanzania. Paleoceanography, 30: 1556-1572.

Arthur M.A. & Premoli Silva 1. (1982) - Development of wide-
spread organic carbon-rich strata in the Mediterranean Te-
thys. Nature and origin of Cretaceous carbon-rich facies. Acadenric
Press, London, 7-54.

Barker C.E., Pawlewicz M. & Cobabe E.A. (2001) - Deposition
of sedimentary organic matter in black shale facies indicat-
ed by the geochemistry and petrography of high-resolu-
tion samples, Blake Nose, Western North Atlantic. Geologr-
cal Society of London. Special Publication, 183: 49-72.

Barr E'T. (1972) - Cretaceous biostratigraphy and planktonic fo-
raminifera of Libya. Micropaleontology, 18: 1-46.

Beil S., Kuhnt W, Holbourn A.E., Aquit M., Flogel S., Chellai
E.H. & Jabour H. (2018) - New insights into Cenomanian
paleoceanography and climate evolution from the Tarfaya
Basin, southern Morocco. Cretaceons Research, 84: 451-473.

Bellier J.P, Moullade M. & Huber B.T. (2000) - Mid-Cretaceous
planktonic foraminifers from Blake Nose: revised bi-
ostratigraphic framework. In: Kroon D., Norris R.D. &



Late Albian-Cenomanian pelagic sequences from the Unbria-Marche Basin and the Mazagan Platean 899

Klaus, A. (Eds.), Proceedings of the Ocean Drilling Program,
Scientific Results, 171B, http:/ /www-odp.tamu.edu/publica-
dons/ 171B-SR/chap-03/chap-03.htm.

Bellier J.P, Moullade M. & Tronchetti G. (2003) - Les Schack-
oines (Foraminiferes planctoniques) de I'Albien supérieur
du Blake Nose (marge atlantique de la Floride, Leg ODP
171B). Revue de micropaléontologie, 46(3): 131-141.

Bermudez PJ. (1952) - Estudio sistematico de los foraminiferos
rotaliformes. Boletin de Geologia, 1 enezuela, 2(4): 230.

Bolli H.M. (1957) - The genera Praeglobotruncana, Rotalipora, Glo-
botruncana and Abathomphalus in the upper Cretaceous of
Trinidad, BWI. In: Loeblich, A.R.Jr. (Ed.) - Studies in fo-
raminifera. U. S. National Musenm of Natural History, Bulle-
tn, 215: 51-60.

Bolli H.M. (1966) - Zonation of Cretaceous to Pliocene marine
sediments based on planktonic foraminifera. Asoc. 1ene-
zolana Geologia, Mineria y Petroleo, Bol. Inf., 9: 3-32.

Bornemann A, Pross J., Reichelt K., Hertle J.O., Hemleben C. &
Mutterlose J. (2005) - Reconstruction of short-term palae-
oceanographic changes during the formation of the Late
Albian ‘Niveau Breistroffer’ black shales (Oceanic Anoxic
Event 1d, SE France). Journal of the Geological Society, 162
(4): 623-639.

Bornemann A., Erbacher J., Heldt M., Kollaske T., Wilmsen M.,
Libke N., Huck S., Vollmar N.M. & Wonik T. (2017) -
The Albian—Cenomanian transition and Oceanic Anoxic
Event 1d—an example from the boreal realm. Sedimentology,
64(1): 44-65.

Bréhéret ].G., Caron M. & Delamette M. (19806) - Niveaux rich-
es en matiere organique dans I’Albien vocontien:quelques
caracteres du paléoenvironment; essai d’interprétation
génétique. Documents du Burean des Recherches Géologiques et
Miniéres 110: 141-191.

Bréhéret .G. (1988) - Episodes de sédimentation riche en mat-
icre organique dans les marnes bleues d’age Aptien et Al-
bien de la partie pélagique du bassin Vocontien. Bulletin de
la Société Géologique de France, 8: 349-3506.

Brotzen E (1942) - Die foraminiferen gattung Gavelinella nov.
gen, und die systematik der rotaliifomes. Sweden, Sveriges.
Geologiska Undersiking, Avh., Stockolm, 1942.

Caron M. (1966) - Globotruncanoidae du Crétacé supérieur du syn-
clinal de la Grayere (Préalpes médianes, Suisse). Revue de
Micropaléontologie, 9: 69-93.

Caron M. (1985) - Cretaceous planktic foraminifera. In: Bolli
H.M., Saunders ].B. and Perch-Nielsen K. (Eds) - Plankton
Stratigraphy: 17-86, Cambridge University Press.

Caron M. & Spezzaferri S. (2006a) - Scanning electron micro-
scope documentation of the lost holotypes of Mornod,
1949: Thalmanninella rezcheli and Rotalipora montsalvensis. Jour-
nal of Foraminiferal Research, 36(4): 374-378.

Caron M. & Spezzaferti S. (2006b) - Dicarinella imbricata (Mor-
nod, 1949): First SEM documentation of the lost holotype
and foraminiferal assemblage from the type horizon (Up-
per Cretaceous, Switzerland). Eclogae Geologicae Helvetiae, 99:
295-299.

Caron M. & Premoli Silva I. (2007) - New description of the
rotaliporid species brotzeni and globotruncanoides Sigal, 1948
based on re-examination of type material. Rivista Italiana di

Paleontologia e Stratigrafia, 113(3): 525-530.

Carsey D.O. (19206) - Foraminifera of the Cretaceous of Central
Texas. University of Texas Bulletin, 2612: 1-56.

Channell J.ET., D’ Argenio B. & Horvath E. (1979) - Adria, the
African promontory, in Mesozoic Mediterranean palaco-
geography. Earth-Science Reviews, 15(3): 213-292.

Chin S.C. & Watkins D.K. (2019) - Paleoecological response of
calcareous nannofossils during the Albian—Cenomani-
an boundary and Early Cenomanian events at Deep Sea
Drilling Project Hole 547A, northwestern African mar-
gin. In: Geologic Problem Solving with Microfossils IV,
Denne R.A and Kahn A. (Eds.), SEPM Special Publication,
111. doi: 10.2110/sepmsp.111.12.

Coccioni R. (2001) - The “Pialli Level” from the latest Albian of
the Umbria-Marche Apennines (Italy). Geoltalia, 3° Forum
FIST, Riassunti: 192-193.

Coccioni R. & Galeotti S. (2003) - The Mid-Cenomanian Event:
prelude to OAE 2. Palaeogeography, Palaeoclimatology, Paleoeco-
logy, 190: 427-440.

Coccioni R. & Premoli Silva I. (2015) - Revised upper Albian —
Maastrichtian planktonic foraminiferal biostratigraphy and
magnetostratigraphy of the classical Tethyan Gubbio sec-
tion (Italy). Newsletters on Stratigraphy, 48(1): 47-90.

Coccioni R., Nesci O., Tramontana M., Wezel E.C. & Moretti E.
(1987) - Descrizione di un livello-guida ‘radiolaritico bitu-
minoso-ittiolitico” alla base delle Marne a Fucoidi nell’Ap-
pennino umbro-marchigiano. Bollettino Societa Geologica Ital-
tana, 106 :183-192.

Cushman JA. & ten Dam A. (1948) - Globigerinelloides, a new
genus of the Globigerinidae”, Contributions from the Cushman
Laboratory for Foraminiferal Research, 24(2): 42-43.

Denne R.A., Hinote R.E., Breyer J.A., Kosanke T.H., Lees J.A,,
Engelhardt-Moore N., Spaw J.M. & Tur N. (2014) - The
Cenomanian—Turonian Eagle Ford Group of South Tex-
as: Insights on timing and paleoceanographic conditions
from geochemistry and micropaleontologic analyses. Pa/-
aeogeography, Palacoclimatology, Palaeoecology, 413: 2-28

Deroo G., Herbin J.P. & Roucache J. (1984) - Organic geochem-
istry of Cenozoic and Mesozoic sediments from Deep Sea
Drilling sites 544 to 547, Leg 79, eastern North Atlantic.
Initial Rep. Deep Sea Drill. Proj., 79: 721-741.

Desmatres D., Grosheny D. & Beaudoin B. (2008) - Ontogeny
and phylogeny of Upper Cenomanian rotaliporids (Fo-
raminifera). Marine Micropaleontology, 69(2): 91-105.

Douglas R.G. (1969) - Upper Cretaceous planktonic foraminif-
era in northern California. Micropaleontology, 15: 151-209.

Douglas R.G. & Rankin C. (1969) - Cretaceous planktonic fo-
raminifera from Bornholm and their zoogeographic sig-
nificance. Iethaia, 2: 185-217.

Dubicka Z. & Machalski M. (2017) - Foraminiferal record in a
condensed marine succession: a case study from the Al-
bian and Cenomanian (mid-Cretaceous) of Annopol, Po-
land. Geological Magazine, 154(3): 399-418.

Eicher D.L. & Worstell P. (1970) - Cenomanian and Turonian
foraminifera from the great plains, United States. Micropal-
eontology, 16(3): 269-324.

Erbacher J. & Thurow J. (1997) - Influence of oceanic anoxic
events on the evolution of mid-Cretaceous radiolatia in



900 Petrizzo M.R & Gilardoni S.E

the North Atlantic and western Tethys. Marine Micropaleon-
tology, 30: 139-158.

Erbacher J., Thurow J. & Littke R. (1996) - Evolution patterns of
radiolaria and organic matter variations: a new approach to
identify sea-level changes in mid-Cretaceous pelagic envi-
ronments. Geology, 24(6): 499-502.

Erbacher J., Bornemann A., Petrizzo M.R. & Huck S. (2020)
- Chemostratigraphy and stratigraphic distribution of
keeled planktonic foraminifera in the Cenomanian of the
North German Basin. Z. D#. Ges. Geowiss. (Int. |. Reg. Geol.),
Rarl-Armin Triger Memorial Issue, 171 (2): 149-161. doi:
10.1127/2dgg/2020/0211

Eternod Olvera Y. (1959) - Foraminiferos del Cretacico Supetior
de la Cuenca de Tampico-Tuxpan, Mexico. Boletin Associa-
tion Mexcicana de Geologos Petroleros 11: 63-134.

Falzoni I, Petrizzo M.R., Jenkyns H.C. & Gale A.S. (2016) -
Planktonic foraminiferal biostratigraphy and assemblage
composition across the Cenomanian-Turonian boundary
interval at Clot Chevalier (Vocontian Basin, SE France).
Cretaceous Research, 59: 69-97.

Falzoni E, Petrizzo M.R., Caron M., Leckie R.M., & Elderbak K.
(2018) - Age and synchronicity of planktonic foraminife-
ral bioevents across the Cenomanian—Turonian boundary
interval (Late Cretaceous). Newsletters on Stratigraphy, 51(3):
343-380.

Falzoni I & Petrizzo M.R. (2020) - Patterns of planktonic fo-
raminiferal extinctions and eclipses during Oceanic Anox-
ic Event 2 at Fastbourne (SE England) and other mid-
low latitude locations. Crefaceons Research, 116, 104593, doi:
10.1016/j.cretres.2020.104593.

Fiet N, Beaudoin B. & Parize O. (2001) - Lithostratigraphic anal-
ysis of Milankovitch cyclicity in pelagic Albian deposits of
central Italy: implications for the duration of the stage and
substages. Cretaceous Research, 22(3): 265-275.

Follmi K.B. (2012) - Early Cretaceous life, climate and anoxia.
Cretaceous Research, 35: 230-257.

Fraass A.J.,, Kelly D.C. & Peters S.E. (2015) - Macroevolutionary
history of the planktic foraminifera. Annual Review of Earth
and Planetary Sciences, 43: 139-166.

Franke A. (1925) - Die Foraminiferen der pommerschen Kriede.
Abbandlungen ans dem Geologisch-Palaeontologischen Institut der
Universitit Greifswald, 6: 1-96.

Friedrich O., Erbacher J., Wilson PA., Moriya K. & Mutterlose J.
(2009) - Paleoenvironmental changes across the Mid Cen-
omanian Event in the tropical Atlantic Ocean (Demerara
Rise, ODP Leg 207) inferred from benthic foraminiferal
assemblages. Marine Micropaleontology, 71(1): 28-40.

Gale A.S,, Bown P, Caron M., Crampton J., Crowhurst S.J., Ken-
nedy W. J., Petrizzo M.R. & Wray D.S. (2011) - The upper-
most middle and upper Albian succession at the Col de
Palluel, Hautes-Alpes, France: an integrated study (ammo-
nites, inoceramid bivalves, planktonic foraminifera, nann-
ofossil, geochemistry, stable oxygen and carbon isotopes,
cyclostratigraphy). Cretaceons Research, 32: 59-130.

Gale A.S., Kennedy WJ., Burnett J.A., Caron M. & Kidd B.E.
(1996) - The Late Albian to Early Cenomanian succes-
sion at Mont Risou near Rosans (Drome, SE France):
an integrated study (ammonites, inoceramids, planktonic

foraminifera, nannofossils, oxygen and carbon isotopes).
Cretaceons Research, 17(5): 515-600.

Gambacorta G., Bersezio R. & Erba E. (2014) - Sedimentation
in the Tethyan realm during the Cenomanian: monoto-
nous settling or active redistribution?. Palaeogeography, Pal-
aeoclimatology, Palaeoecology, 409: 301-319.

Gambacorta G, Jenkyns H.C,, Russo I, Tsikos H., Wilson PA.,
Faucher G. & Erba E. (2015) - Carbon- and oxygen-iso-
tope records of mid-Cretaceous Tethyan pelagic sequenc-
es from the Umbria-Marche and Belluno Basins (Italy).
Newsletters on Stratigraphy, 48(3): 299-323.

Gambacorta G., Bottini C., Brumsack H.-]., Schnetger B., Erba
E. (2020) - Major and trace element characterization of
Oceanic Anoxic Event 1d (OAE 1d): Insight from the
Umbria-Marche Basin, central Italy. Chemical Geology, 557:
119834.

Gandolfi R. (1942) - Ricerche micropaleontologiche e stratigra-
fiche sulla Scaglia e sui Flysh cretacici dei dintorni di Baler-
na. Rivista Italiana di Paleontologia, Memorie, 4: 1-118.

Gandolfi R. (1957) - Notes on some species of Globotruncana.
Contributions to the Cushman Foundation for Foraminiferal Re-
search, 8: 59-65.

Georgescu  M.D. (2009) - Upper Albian-lower Turonian
non-schackoinid = planktic foraminifera with elongate
chambers: morphology reevaluation, taxonomy and evo-
lutionary classification. Revista Espanola de Micropaleontologia,
41: 255-294.

Georgescu M.D. & Huber B.T. (2000) - Paracostellagerina nov. gen.,
a meridionally costellate planktonic foraminiferal genus of
the middle Cretaceous (latest Albian-ecatliest Cenomani-
an). Journal of Foraminiferal Research, 36(4): 368-373.

Georgescu M.D. & Huber B'T. (2009) - Early evolution of the
Cretaceous serial planktic foraminifera (late Albian—Cen-
omanian). Journal of Foraminiferal Research, 39(4): 335-360.

Gertsch B., Adatte T., Keller G., Tantaw A. A.A., Berner Z.,
Mort H.P. & Fleitmann D. (2010) - Middle and late Ceno-
manian oceanic anoxic events in shallow and deeper shelf
environments of western Morocco. Sedimentology, 57(6):
1430-14062.

Gilardoni S.E. (2017) - Late Albian-Cenomanian planktonic
foraminiferal biostratigraphy, taxonomy and paleoceano-
graphic inferences. PhD thesis. University of Milano, 250
PP

Giorgioni M., Weissert H., Bernasconi S.M., Hochuli PA., Keller
C.E., Coccioni R., Petrizzo M.R., Lukeneder A. & Garcia
T.I. (2015) - Paleoceanographic changes during the Albi-
an—Cenomanian in the Tethys and North Atlantic and the
onset of the Cretaceous chalk. Global and Planetary Change,
126: 46-61.

Giraud E, Olivero D., Baudin E, Reboulet S., Pittet B. & Proux
O. (2003) - Minor changes in surface-water fertility across
the oceanic anoxic event 1d (latest Albian, SE France)
evidenced by calcareous nannofossils. Inernational Journal
Earth Sciences, 92: 267-284.

Giraud F, Reboulet S., Deconinck J.F, Martinez M., Carpentier
A. & Bréziat C. (2013) - The Mid-Cenomanian Event in
southeastern France: Evidence from palacontological and
clay mineralogical data. Cretaceous Research, 46: 43-58.



Late Albian-Cenomanian pelagic sequences from the Unbria-Marche Basin and the Mazagan Platean 901

Gonzalez-Donoso ]. M., Linares D. & Robaszynski F (2007) -
The rotaliporids, a polyphyletic group of Albian-Ceno-
manian planktonic foraminifera: emendation of genera.
Journal of Foraminiferal Research, 37(2): 175-186.

Gradstein EM., Ogg J.G. & Smith A.G. (2004) - A Geological
Time Scale 2004. Cambridge University Press, UK, 589
PP

Gradstein EM., Ogg J.G., Schmitz M.D. & Ogg G.M. (2012) -
The Geologic Time Scale 2012. Elsevier, Oxford, UK,
1144 pp.

Gradstein EM., Ogg J.G., Schmitz M.D. & Ogg G.M. (2020) —
Geologic Time Scale 2020. Elsevier, Oxford, UK, 1300
Pp-

Grife K.U. (2001) - Cenomanian planktic foraminiferal stratigra-
phy in a deeper-water section of Northern Spain (Galat-
reta, Basco-Cantabrian Basin). News/etters on Stratigraphy, 38
(2/3): 101-116.

Grocke DR., Ludvigson G.A., Witzke B.I., Robinson S.A,,
Joeckel R M., Ufnar DF & Ravn R. L. (2006) - Recogniz-
ing the Albian-Cenomanian (OAE1d) sequence boundary
using plant carbon isotopes: Dakota Formation, Western
Interior Basin, USA. Geology, 34(3): 193-196.

Hardas P, Mutterlose J., Friedrich O. & Erbacher J. (2012) - The
Middle Cenomanian Event in the equatorial Atlantic: the
calcareous nannofossil and benthic foraminiferal response.
Marine Micrgpaleontology, 96: 66-74.

Hart M.B. (1979) - Biostratigraphy and palacozoogeography
of planktonic Foraminiferida from the Cenomanian of
Bornholm, Denmark. Newstetters on Stratigraphy, 8(2): 83-96.

Hart M.B. & Harris CS. (2012) - Albian—Cenomanian Fo-
raminifera and Ostracoda from the Glyndebourne Bore-
hole, Sussex, UK. Neues Jabrbuch fiir Geologie und Paldiontolo-
gie-Abbandlungen, 266(3): 319-335.

Hasegawa T. (1999) - Planktonic foraminifera and biochronolo-
gy of the Cenomanian-Turonian (Cretaceous) sequence in
the Oyubari area, Hokkaido, Japan. Palontological Research,
3(3): 173-192.

Hinz K., Winterer E.I., Baumgartner P.O., Bradshaw M.]., Chan-
nell JET, Jaffrezo M., Jansa LLF, Leckie R.M., Moore
JN,, Rullkétter J., Schaftenaar C., Steiger T.-H., Vuchev V.
& Wiegand G.E. (1984) - Initial reports of the deep-sea
drilling project covering Leg 79 of the cruises of the drill-
ing vessel Glomar Challenger Las Palmas, Grand Canary
Island, to Brest, France April-May 1981. Initial Reports of
the Deep Sea Drilling Project, 79.

Hu X, Jansa L. & Sarti M. (2006) - Mid-Creatceous oceanic red
beds in the Umbria-Marche Basin, central Italy: constraints
on paleoceanography and paleoclimate. Palaeogeography, Pal-
aeoclimatology, Palaeoecology, 233: 163-180.

Huber B.T. & Leckie R.M. (2011) - Planktic foraminiferal species
tutnover across deep-sea Aptian/Albian boundary sec-
tions. Journal of Foraminiferal Research, 41(1): 53-95.

Huber B.T., Macleod K.G., Grécke DR. & Kucera M. (2011)
- Paleotemperature and paleosalinity inferences and che-
mostratigtaphy across the Aptian/Albian boundary in the
subtropical North Atlantic. Paleoceanggraphy, 26(4).

Huber B.T., Petrizzo M.R., Young J.R., Falzoni I, Gilardoni S.E.,
Bown PR. & Wade B.S. (2016) - Pforams@ mikrotax. M-

cropaleontology, 62(6): 429-438.

Jacob K. & Sastry M.V.A. (1950) - On the occurrence of Glo-
botruncana in Uttatur stage of the Trichinopoly Creta-
ceous, South India. Sci. and Cult, 16(6): 266-268.

Jarvis LAN,, Gale A.S,, Jenkyns H.C. & Pearce M.A. (20006) -
Secular variation in Late Cretaceous carbon isotopes: a
new 8"C carbonate reference curve for the Cenomani-
an—Campanian (99.6-70.6 Ma). Geological Magazine, 143(5):
561-608.

Jenkyns H.C., Gale A.S. & Corfield R.M. (1994) - Carbon-and
oxygen-isotope stratigraphy of the English Chalk and
Italian Scaglia and its palacoclimatic significance. Geological
Magazine, 131(1): 1-34.

Jenkyns H.C. (2010) - Geochemistry of oceanic anoxic events.
Geochemistry Geophysics Geosystems, 11: Q03004.

Kennedy WJ., Gale AS., Bown PR., Caron M., Davey R],
Grocke D. & Wray DS, (2000) - Integrated stratigraphy
across the Aptian-Albian boundary in the Marnes Bleues,
at the Col de Pré-Guittard, Arnayon (Drome) and at Tar-
tonne (Alpes de Haute Provence), France: a candidate
Global Boundary Stratoytype Section and Boundary Point
for the base of the Albian Stage. Crefaceous Research, 21:
591-720.

Kennedy WJ., Gale A.S,, Lees J.A. & Caron M. (2004) - The
global boundary stratotype section and point (GSSP) for
the base of the Cenomanian Stage, Mont Risou, Hautes-
Alpes, France. Episodes, 27(1): 21-32.

Kennedy WJ., Gale A.S., Huber B'T., Petrizzo M.R., Bown P, Bar-
chetta A. & Jenkyns H.C. (2014) - Integrated stratigraphy
across the Aptian/Albian boundary at Col de Pré-Guittard
(southeast France): A candidate global boundary strato-
type section. Crefaceons Research, 51: 248-259.

Klaus J. (1960) - Etude biométrique et statistique de quelques
especes de Globotruncanidés 1. Les especes du genre Prae-
globotruncana dans le Cénomanien de la Breggia (Tessin,
Suisse méridionale). Eclggae Geologicae Helvetiae, 53(1): 304.

Lavecchia G. & Pialli G. (1989) - The Umbria-Marche arcuate
fold belt”, In: Stratigrafia del Mesozoico e Cenozoico
nell’area Umbro-Marchigiana, Itinerari Geologici sull’Ap-
pennino Umbro-Marchigiano (Italia). Memorie Descrittive
Della Societa Geologica d'ltalia, 39: 10-14.

Leckie R.M. (1984) - Mid-Cretaceous planktonic foraminiferal
biostratigraphy off central Morocco, Deep Sea Drilling
Project Leg 79, Sites 545 and 547. Initial Reports of the Deep
Sea Drilling Project, 79: 579-620.

Leckie R.M. (1989) - A paleoceanographic model for the eatly
evolutionary history of planktonic foraminifera. Palaeogeog-
raphy, Palacoclimatology, Palaeoecology, 73 (1): 107-138.

Leckie R.M., Bralower T.J. & Cashman R. (2002) - Oceanic an-
oxic events and plankton evolution: Biotic response to
tectonic forcing during the mid-Cretaceous. Paleoceanogra-
Py, 17: 3.

Lipson-Benitah S. (2008) - Phylogeny of the middle Cretaceous
(late Albian-late Cenomanian) planktonic foraminiferal
genera Parathalmanninella nov. gen. and Thalmanninella. Jour-
nal of Foraminiferal Research, 38(2): 183-189.

Lipson-Benitah S., Almogi-Labin A. & Sass E. (1997) - Cenoma-
nian biostratigraphy and palacoenvironments in the north-



902 Petrizzo M.R & Gilardoni S.E

west Carmel region, northern Israel. Crefaceons Research, 18
(3): 469-491.

Lirer £ (2000) - A new technique for retrieving calcareous mi-
crofossils from lithified lime deposits. Micropaleontology, 46:
365-369.

Loeblich A.R. & Tappan H. (1946) - New Washita Foraminifera.
Journal of Paleontology, 20: 238-258.

Loeblich A.R. & Tappan H. (1961) - Cretaceous planktonic fo-
raminifera, 1-Cenomanian. Micropaleontology, 7(3): 257-304.

Longoria .1 (1974) - Stratigraphic, morphologic and taxonomic
studies of Aptian planktonic foraminifera. Revista Espariola
de Micropaleontologia, Numero Extraordinario: 5-107.

Luciani V., Cobianchi M. & Jenkyns H.C. (2004) - Albian
high-resolution biostratigraphy and isotope stratigraphy:
the Coppa della Nuvola pelagic succession of the Garga-
no Promontory (Southern Italy). Edlogae Geologicae Heletiae,
97(1): 77-92.

Luterbacher H.P. & Premoli Silva I. (1962) - Note Préliminaire
sur une révision du profil de Gubbio, Italie. Rivista Italiana
di Paleontologia e Stratigrafia, 68: 253-288.

Magné J. & Sigal J. (1954) - Description des especes nouvelles”
1-Foraminiferes. Bulletin de la Société Géologique de France, 3:
480-489.

Marchegiani L., Bertotti G., Cello G., Deiana G., Mazzoli S.
& Tondi E. (1999) - Pre-orogenic tectonics in the Um-
bria-Marche sector of the Afro-Adriatic continental mar-
gin. Tectonophysies, 315(1): 123-143.

Marianos A.W. & Zingula R.P. (1966) - Cretaceous planktonic
foraminifers from Dry Creek, Tehama County, California.
Journal of Paleontology, 40: 328-342.

Masters B.A. (19706) - Planktic foraminifera from the Upper Cre-
taceous Selma Group, Alabama. Journal of Paleontology, 50:
318-330.

Masters B.A. (1977) - The neotype of Globigerina cretacea var. delri-
oensis Carsey. Journal of Paleontology, 51: 643.

Melinte-Dobrinescu M.C., Roban R.D. & Stoica M. (2015) - Pal-
acoenvironmental changes across the Albian-Cenomanian
boundary interval of the Eastern Carpathians. Crefaceous
Research, 54: 68-85.

Mitchell S.E (1996) - Foraminiferal assemblages from the late
Lower and Middle Cenomanian of Speeton (North York-
shire, UK): relationships with sea-level fluctuations and
watermass distribution. Journal of Micropalaeontology, 15(1):
37-54.

Mitchell SE & Carr LT. (1998) - Foraminiferal response to
mid-Cenomanian (Upper Cretaceous) palacoceanographic
events in the Anglo-Paris Basin (Northwest Europe). Pal-
aeogeography, Palaeoclimatology, Palaeoecology, 137(1-2): 103-125.

Mitchell S.F, Paul CR.C. & Gale A.S. (1996) - Carbon isotopes
and sequence stratigraphy. Geological Society, Iondon, Special
Publications, 104(1): 11-24.

Mornod L. (1949) - Les Globorotalidés du Crétacé Supérieur
de Montsalvens (Préalpes fribourgeoises). Edlogae Geologicae
Helvetiae, 42(2): 573-596.

Mornod L. (1950) - Les Globorotalides du Cretace supetieur du
Montsalvens (Prealpes fribourgeoises). Edogae Geologicae
Helvetiae, 42(29): 573-595.

Morrow A.L. (1934) - Foraminifera and Ostracoda from the

Upper Cretaceous of Kansas. Journal of Paleontology, 8: 186-
205.

Moullade M. (1966) - Etude stratigraphique et micropaléon-
tologique du Crétacé inférieur de la fosse vocontienne.
PhD Thesis, Université de Lyon.

Navarro-Ramirez J.P,, Bodin S., Heimhofer U. & Immenhauser
A. (2015) - Record of Albian to eatly Cenomanian envi-
ronmental perturbation in the eastern sub-equatorial Pa-
cific. Palacogeography, Palaeoclimatology, Palaeoecology, 423: 122-
137.

Nederbragt A.]., Fiorentino A. & Klosowska B. (2001) - Quan-
titative analysis of calcareous microfossils across the Albi-
an—Cenomanian boundary oceanic anoxic event at DSDP
Site 547 (North Atlantic). Palaeogeography, Palaeoclimatology,
Palacoecology, 166(3): 401-421.

Norris R.D,, Kroon D, Klaus A. & al. (1998) - Blake Nose Pale-
oceanographic Transect, Western North Atlantic. Proceed-
ings of the Ocean Drilling Program, Initial Reports, 171B: 1-749,
College Station, TX.

Ogg ].G.,, Ogg G.M. & Gradstein EM. (2016) - A concise geo-
logic time scale: 2016. Elsevier, 240 pp.

Parisi G. (1989) - Stratigrafia del Cretacico-Paleogene”. In: Cres-
ta S., Monechi S., Parisi G. (Eds.) - Stratigrafia del Meso-
zoico e Cenozoico nell’area umbro-marchigiana. Menzorie
Descrittive della Carta Geologica d'ltalia, 39: 23-29.

Paul CR.C. & Lamolda M.A. (2009) - Testing the precision of
bioevents. Geological Magazine, 146(5): 625-637.

Paul C.R.C., Mitchell SF, Marshal ]. D., Leary PN,, Gale A.S,,
Duane A.M. & Ditchfield PW. (1994) - Paleoceanographic
events in the middle Cenomanian of Northwest Europe.
Cretaceous Research, 15: 707-738.

Peryt D. (1983) - Planktonic foraminiferal zonation of Mid-Cre-
taceous of the Annopol Anticline (central Poland). Zittelia-
na, 10: 575-583.

Pessagno Jr. E.A. (1967) - Upper Cretaceous planktonic fo-
raminifera from the western Gulf Coastal Plain. Paleonto-
graphica Americana, 5(37): 245-445.

Pessagno Jr. E.A. (1969) - Upper Cretaceous stratigraphy of the
western Gulf Coast area of Mexico, Texas, and Arkansas.
Geological Society of America, 111: 139 pp.

Pessagno Jr. E.A. (1976) - Radiolarian zonation and stratigraphy
of the Upper Cretaceous portion of the Great Valley se-
quence, California Coast Ranges. Micropaleontology, Special
Publication, 2: 1-95.

Petrizzo M.R. & Huber B.T. (2006a) - Biostratigraphy and tax-
onomy of late Albian planktonic foraminifera from ODP
Leg 171b (Western North Atlantic Ocean). Journal of Fo-
raminiferal Research, 36(2): 166-190.

Petrizzo M.R. & Huber B.T. (2006b) - On the phylogeny of the
late Albian genus Planomalina. Journal of Foraminiferal Re-
search, 36(3): 233-240

Petrizzo M.R., Huber B'T., Wilson PA. & MacLeod K.G. (2008)
- Late Albian paleoceanography of the western subtropi-
cal North Atlantic. Paleoceanography, 23, 1.

Petrizzo M.R., Falzoni F. & Premoli Silva I. (2011) - Identifi-
cation of the base of the lower-to-middle Campanian
Globotruncana ventricosa Zone: Comments on reliability and
global correlations. Crefaceous Research, 32: 387-405.



Late Albian-Cenomanian pelagic sequences from the Unbria-Marche Basin and the Mazagan Platean 903

Petrizzo M.R., Huber BT, Gale A.S,, Barchetta A. & Jenkyns
H.C. (2012) - Abrupt planktic foraminiferal turnover
across the Niveau Kilian at Col de Pré-Guittard (Vocon-
tian Basin, southeast France): new criteria for defining the
Aptian/Albian boundaty. Newsletters on Stratigraphy, 45(1):
55-74.

Petrizzo M.R., Huber BT, Gale A.S,, Barchetta A. & Jenkyns
H.C. (2013) - Erratum: Abrupt planktic foraminiferal
turnover across the Niveau Kilian at Col de Pré- Guittard
(Vocontian Basin, southeast France): new criteria for de-
fining the Aptian/Albian boundary. Newsltters on Stratig-
raphy, 46: 93.

Petrizzo MLR., Caron M. & Premoli Silva I. (2015) - Remarks on
the identification of the Albian/Cenomanian boundary
and taxonomic clarification of the planktonic foraminifera
index species globotruncanoides, brotzeni and febamaensis. Geo-
logical Magazine, 152(3): 521-536.

Petrizzo M.R. (2019) - A critical evaluation of planktonic fo-
raminiferal biostratigraphy across the Coniacian-Santo-
nian boundary interval in Spain, Texas, and Tanzania. In:
Geologic Problem Solving with Microfossils IV, Denne
R.A and Kahn A. (Eds.) - SEPM Special Publication, 111:
186-198. Doi: 10.2110/sepmsp.111.04.

Plummer H. J. (1931) - Some Cretaceous foraminifera in Texas.
University of "Texas Bulletin, 101: 109-203.

Porthault B. (1970) - Le Sénonien inférieur de Puget-Thé-
niers (Alpes-Maritimes) et sa microfaune. In: Donze P,
Porthault B, Thomel G., de Villoutreys O. Geobios, 3: 41-
106.

Postuma J. A. (1971) - Manual of planktonic foraminifera. Else-
vier Publishing Company, Amsterdam London New York.
422 p.

Premoli Silva I. & Boersma A. (1977) - Cretaceous planktonic
foraminifers—DSDP Leg 39 (South Atlantic). Initial Re-
ports of the Deep Sea Drilling Project, 39: 615-641.

Premoli Silva I. & Sliter W.V. (1995) - Cretaceous planktonic fo-
raminiferal biostratigraphy and evolutionary trends from
the Bottaccione section, Gubbio, Italy. Palontographia Ital-
ica, 82: 1-89.

Premoli Silva I. & Sliter W.V. (1999) - Cretaceous paleoceanogra-
phy: evidence from planktonic foraminiferal evolution. In:
Barrera, E., Johnson, C. C. (Eds.) - The Evolution of the Cre-
taceons Ocean-Climate System, Special Paper of the Geological
Society of America, 332: 301-328.

Premoli Silva 1., Caron M., Leckie R.M., Petrizzo M.R., Soldan
D. & Verga D. (2009) - Paraticinella n. gen. and taxonomic
revision of Tinella bejaonaensis Sigal, 1966. The Journal of
Foraminiferal Research, 39(2): 126-137.

Randrianasolo A. & Anglada R. (1989) - La lignée Hedbergella won-
dersi nov. sp. Planomalina buxtorfi (Gandolfi) (foraminiferes
planctoniques) dans I'albo-cénomanien du bassin d’antsir-
anana (nord de Madagascar). Geobios, 22(6): 803-823.

Reboulet S., Giraud F, Colombié C. & Carpentier A. (2013) -
Integrated stratigraphy of the Lower and Middle Ceno-
manian in a Tethyan section (Blieux, southeast France)
and correlations with Boreal basins. Crefaceons Research, 40:
170-189.

Reichel M. (1948) - Les Hantkéninidés de la Scaglia et des Couch-

es rouges (Crétacé supérieur). Edlogae Geologicae Helvetiae, 40
(2): 391-408.

Reichel M. (1950) - Observations sur les Globotruncana du gise-
ment de la Breggia (Tessin). Ecdlogae Geologicae Helvetiae, 42:
596-617.

Renz O. (1936) - Stratigraphisce und mikropaleontologische
Untersuchung der Scaglia (Obere Kreide-Tertiar) in Zen-
tralen Apennin. Edgae Geologicae Helpetiae, 29: 1-149.

Renz O, Luterbacher H. & Schneider A. (1963) - Stratigra-
phisch-paldontologische Untersuchungen im Albien und
Cénomanien des Neuenburger Jura. Edogae Geologicae Hel-
vetiae, 56(2): 1076-1116.

Reuss A. E.R. (1854) - Beitrage zur Charakteristik der Kreides-
chichten in den Ostalpen, besonders im Gosauthale und
am Wolfgangsee. Denkschr. Akad. Wein. Math. naturw. KI.,
7: 1-156.

Richey J.D., Upchurch G.R., Montafiez I.P, Lomax B.H., Suarez
M.B., Crout N.M.,, Joeckel R.M, Ludvigson G.A. & Smith
JJ. (2018) - Changes in CO2 during Ocean Anoxic Event
1d indicate similarities to other carbon cycle perturbations.
Earth and Planetary Science Letters, 491: 172-182.

Robaszynski I & Caron M. (1995) - Foraminiferes planctoniques
du Cretace; commentaire de la zonation Europe-Mediter-
ranee. Bulletin de la Société géologique de France, 166(6): 681-
692.

Robaszynski F, Caron M. & the European Working Group on
Planktonic Foraminifera (1979) - Atlas de foraminiféres
planctonique du Crétacé moyen. Cabiers de micropaléontologie,
C.N.R. S. Paris, 1979-1 and 1979-2, 185 pp. + 181 pp.

Robaszynski F, Caron M., Amédro I, Dupuis C., Hardenbol J.,
Gonzalez-Donoso J. M., Linares D. & Gartner S. (1993) -
Le Cénomanien de la region de Kalaat Senan (Tunisie Cen-
trale): litho-biostratigraphie et interpretation séquentielle.
Revne de Paléobiologie, 12: 351-505.

Robaszynski F, Amédro F, Gonzilez-Donoso ]. M. & Lin-
ares D. (2008) - The Albian (Vraconnian)-Cenomanian
boundary at the western Tethyan margins (central Tunisia
and southeastern France). Bulletin de la Société géologique de
France, 179(3): 245-260.

Robinson S.A., Clarke L.J., Nederbragt A. & Wood L.G. (2008)
- Mid-Cretaceous oceanic anoxic events in the Pacific
Ocean revealed by carbon-isotope stratigraphy of the
Calera Limestone, California, USA. Geological Society of
America Bulletin, 120(11-12): 1416-1426.

Rodriguez-Lazaro J., Pascual A., & Elorza J. (1998) - Cenoma-
nian events in the deep western Basque Basin: the Leioa
section. Cretaceons Research, 19(6): 673-700.

Russo I (2013) - Calcareous nannofossil revised biostratigraphy
of the latest Albian-earliest Campanian time interval (Late
Cretaceous). PhD Thesis, Universita degli Studi di Milano,
173 pp.

Sadler PM. (2004) - Quantitative biostratigraphy-Achieving fin-
er resolution in global correlation. Annual Review Earth and
Planetary Sciences 32: 187-213.

Schacko G. (1897) - Beitrag tiber Foraminiferen aus der Cen-
oman-Kreide von Moltzow in Mecklenburg, Archiv des
Vereins der Freunde der Naturgeschichte in Mecklenburg, 50: 161-
168.



904 Petrizzo M.R & Gilardoni S.E

Scheibnerova V. (1962) - Stratigrafia strednej a vrchnej kriedy
tétydnej oblasti na zaklade globotrunkanid. Geo/. 4. Brati-
slava, Czechoslovakia, 13 (29): 197-226.

Scotese C.R., 2016 - PALEOMAP PaleoAtlas for GPlates and
the PaleoData Plotter Program, PALEOMAP Project,
http:/ /www.carthbyte.org/paleomap/paleoatlas--for--
gplates/

Sigal J. (1948) - Notes sur les genres de foramniferes Rozalipora
Brotzen 1942 et Thalmanninella, famille des Globorotaliidae.
Institut Du Frangese Pétrole, Patis, 3, 4.

Sigal J. (1952) - Apercu startigraphique sur la micropaléontologie
du Crétacé. Congres Géologique International, XIX, Mon-
ographie Régionales, Algiers, 1 (Algeria), 26.

Sigal J. (19506) - Notes micropaléontologiques nord-africaines: 4-
Biticinella breggiensis (Gandolfi), nouveau morphogenre; 5-
A propos de Globotruncana helvetica (Bolli). Société géologique
de France, C. R. S., Paris, 3.

Sigal J. (19606) - Contribution a une monogtafie des Rosalines. 1.
Le genre Tiunella Reichel, souche des Rozalipores. Eclogae
Geologicae Helpetiae, 59(19): 185-217.

Sigal J. (1969) - Contribution a une monogtafie des Rosalines. 2.
Lespéce Rotalipora appenninica (Renz, 1936), origine phylé-
tique et taxonomie. Proceedings of the 1" International Confer-
ence on Planktonic Microfossils, 2: 622-639.

Sigal J. (1977) - Essai de zonation du Crétacé méditerranéen a
laide des foraminiferes planctoniques. Géologie miditer-
ranéenne, 4(2): 99-108.

Sliter WV, (1989) - Biostratigraphic zonation for Cretaceous
planktonic foraminifers examined in thin section. Journal
of Foraminiferal Research, 19(1): 1-19.

Sprovieri M., Sabatino N., Pelosi N., Batenburg S. J., Coccioni
R., Tavarone M. & Mazzola S. (2013) - Late Cretaceous
orbitally-paced carbon isotope stratigraphy from the Bot-
taccione Gorge (Italy). Palaeogeography, Palaeoclimatology, Pal-
aeoecology, 379: 81-94.

Stoll HM. & Schrag D.P. (2000) - High-resolution stable isotope
records from the Upper Cretaceous rocks of Italy and
Spain: Glacial episodes in a greenhouse planet?. Geological
Society of America Bulletin, 112(2): 308-319.

Strasser A., Caron M. & Gjermeni M. (2001) - The Aptian, Al-
bian and Cenomanian of Roter Sattel, Romandes Prealps,
Switzerland: a high-resolution record of oceanographic
changes. Cretaceous Research, 22(2): 173-199.

Subbotina N.N. (1949) - Microfauna of the Cretaceous of the
southern slope of the Caucasus”, I"NIGRI, Microfanna of
the oilfields of the USSR, 34: 5-36.

Takashima R., Kawabe E, Nishi H., Moriya K., Wani R. & Ando
H. (2004) - Geology and stratigraphy of forearc basin
sediments in Hokkaido, Japan: Cretaceous environmen-
tal events on the north-west Pacific margin. Crezaceons Re-
search, 25 (3): 365-390.

Tappan H. (1940) - Foraminifera from the Grayson Formation
of northern Texas. Journal of Paleontology, 14: 93-126.
Thalmann H.E. (1932) - Die Foraminiferen-Gattung Hantkenina
Cushman, 1924, und ihre regional-stratigraphische Verb-

reitung, Fclogae Geologicae Helvetiae, 25: 287-292

Todd R. & Low D. (1964) - Cenomanian (Cretaceous) foraminif-
era from the Puerto Rico trench. Deep-Sea Research, 11(3):
395-414.

Tur N.A., Smirnov J.P. & Huber B.T. (2001) - Late Albian—Co-
niacian planktic foraminifera and biostratigraphy of the
northeastern Caucasus. Cretaceons Research, 22(6): 719-734.

Van Hinte J.E. (1972). The Cretaceous time scale and planktonic
foraminiferal zones. Koninkljjke Nederlandse Akademie van
Wetenschappen Proceedings, Ser. B, 75: 1-8.

Voigt S., Gale A.S. & Flogel S. (2004) - Midlatitude shelf seas
in the Cenomanian-Turonian greenhouse world: Temper-
ature evolution and North Atlantic circulation. Paleoceanog-
raphy, 19, 4.

Wiatkins D.K. & Bergen J.A. (2003) - Late Albian adaptive radi-
ation in the calcareous nannofossil genus Eizffellithus. Mi-
cropaleontology, 49(3): 231-251.

Watkins D.K., Cooper M.J. & Wilson PA. (2005) - Calcareous
nannoplankton response to late Albian oceanic anox-
ic event 1d in the western North Atlantic. Pakoceanogra-
Phy, 20, 2.

Wiegand G.E. (1984) - Cretaceous Nannofossils from the
Northwest African Margin, Deep-Sea Drilling Project Leg
79. Initial reports of the Deep Sea Drilling Project, 79: 563-578.

Wilmsen M. (2007) - Integrated stratigraphy of the upper Low-
er—lower Middle Cenomanian of northern Germany and
southern England. Acta Geologica Polonica, 57(3): 263-279.

Wilson PA. & Norris R.D. (2001) - Warm tropical ocean surface
and global anoxia during the mid-Cretaceous period. Na-
ture, 412(6845): 425-429.

Wonders A.A.H. (1975) - Cretaceous planktonic foraminifera of
the Planomalina buxtorfi group from el Burrueco, southern
Spain. Proceedings of the Koninkljjke Nederlandse Akademie
Wetenschappen, 78(2): 83-93.

Wonders A.A.H. (1978) - Middle and late Cretaceous pelagic
sediments of the Umbrian Sequence in the Central Ap-
ennines. Proceedings of the Koninklijke Nederlandse Akademie
Wetenschappen, 81(1): 171-205.

Wonders A.A.H. (1980) - Middle and Late Cretaceous plankton-
ic foraminifera of the western Mediterranean area. Ufrecht
micropaleontological bulletins, 24.

Yao H., Chen X., Melinte-Dobrinescu M.C., Wu H., Liang H. &
Weissert H. (2018) - Biostratigraphy, carbon isotopes and
cyclostratigraphy of the Albian-Cenomanian transition
and Oceanic Anoxic Event 1d in southern Tibet. Palaco-
geography, Palaeoclimatology, Palaeoecology, 499: 45-55.



