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UPPER CRETACEOUS AND EARLY 
TERTIARY NANNOPLANKTON FROM THE SCAGLIA 

UMBRA FORMATION (GUBBIO, ITALY} ** 

SIMONETTA MONECHI * 

Summary. Calcareous nannofossils from Turonian to Paleocene portion of the 
Scaglia Umbra in the Bottaccione Section (Gubbio, Central Apennines) are listed and 
figured. They were studied by means of scanning electron microscope. Fifty species 
have been determined and described in detail. The Cruciplacolithus tenuis Zone and 
Biscutum ? dimorphosum and Ericsonia subpertusa subzone have been recognized in 
the Paleocene levels. 

Particular attention has been given to the Cretaceous-Tertiary boundary: the nan· 
noplankton occurrences compared with the Foraminifera distribution allow some con
siderations about the biotic crisis . 

Riassunto. In questa nota vengono descritti e figurati i nannofossili calcarei per 
l'intervallo Turoniano-Paleocene della Scaglia Umbra nella serie dei Bottaccione (Gub
bio, Appennino centrale). Lo studio del nannoplancton e stato eseguito per mezzo del 
microscopio elettronico a scansione. Sono state riconosciute e descritte in dettaglio 
50 specie. Per il Paleocene inferiore e stata riconosciuta la Zona a Cruciplacolithus 
tenuis e Ia sottozona a Biscutum ? dimorphosum e Ericsonia subpertusa . 

Particolare attenzione e stata rivolta allo studio del limite Cretaceo-Terziario: la 
presenza del nannoplancton comparata con la distribuzione dei Foraminiferi plancto
nici permette alcune considerazioni sulla crisi biologica del Cretaceo terminale. 

Introduction. 

This study is based on scanning electron microscope analyses of the 
calcareous nannoplankton found in the Turonian to Paleocene interval 
of the Bottaccione sequence (Gubbio, Central Apennines ). Particular at
tention has been given to the Cretaceous-Tertiary boundary, which has 
already been dealt with by an earlier paper (Monechi & Pirini Radriz
zani, 1975 ). The Bottaccione sequence includes a complete succession of 
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Fig. 1 - Generalized stratigraphic section, Gubbio (after Arthur & Fischer , 1977 ) and 
position of the sam ples. Symbols: 1. marls tone and shaly m arlstone ; 2. shale; 
3. thin-bedded limestone ( < 25 em beds ); 4. variably bedded limestone; 5. thick
bedded limestone ( > 25 em beds ); 6. cher t; density of symbols represents 
abundance. 
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Aptian to Paleocene mainly calcareous pelagic sediments containing Fo
raminifera and nannoplankton. The succession has been extensively stu
died by Renz (1936, 1952), Luterbacher and Premoli Silva 0962, 1964) 
and by Arthur and Fischer (1977). The latter presented a detailed work in 
lithostratigraphy, biostratigraphy, sedimentology, geochemistry and paleo
magnetism. 

The aim of this paper is to describe the calcareous nannoplankton 
and to discuss the possibility of applying standard zonation. In order to 
obtain a better visualization of the species, optical microscope has been 
a.lso used. 

Samples and methods. 

The Bottaccione section includes a bedded complex 400 metres thick, 
ranging in age from Aptian to Eocene that can be divided in three main 
lithostratigraphical units, working upwards: 

« Scisti a Fucoidi » (50 m thick) constituted by clays and marls of 
variable colour from black to grey and to-green (Aptian-Albian); 

«Scaglia Bianca» (70 m thick) mostly well stratified limestone of a 
white and pink colour (Albian-Turonian); 

«Scaglia Rossa» (300 m thick) red limestones which become in
creasingly marly as one proceeds in the series (Turonian-Eocene). 

About 80 samples were collected in the Scaglia Bianca and Scaglia 
Rossa formations from Turonian to early Paleocene, covering a section 
of 250 metres. These samples have been studied by scanning electron 
microscope ( S.E.M.) and nannoplankton resulted to be persistently pre
sent. The same samples had been examined by Premoli Silva (1977) for 
the determination of plankton foraminiferal zones and by Napoleone and 
Roggenthen ( 1977) for the magnetic stratigraphy. The reader can refer 
to these papers and to Fig. 1 for columnar sections and precise position 
of the samples. 

The limestones, which constitute the main part of the samples, were 
observed with the S.E.M. directly on the freshly fractured surfaces, while 
wme powders of marls and of limestone were also studied. In the latter 
cases the samples were crushed in distilled water, treated with ultraso
nies and finally centrifuged to separate the nannofossils from the finer 
fraction. The marly levels appeared to contain the smallest quantity of 
nannoplankton and in such a state of conservation that made determina
tion extremely arduous. 



762 S. Monechi 

I 
' I 

.. 
: ~ t;--:-------------,., 
... ~ .. . . -- - - . - -- -- -

--·-- - ~-~~· .. _ ... --
·-· ---;.. .. : -:- ~ - -u " 

I ' 

1"--"--!--------------t-- : ____ - ------- --· 

'" I I I 
"' I , ! I 

,_2.! -' -· -·---~ - •• 
a: 4 f .. • 

---- --- . - _!_ft-'- ·--·- · • • ___::•_ • ___ _:__ -- - -- - · - ·- ·- · -- ~----
; ~- f~ . ·-=·----=-----=-----=--- - --

If '' _ _ 

9 F _~ o ' I 

"' ~· - · - · - · - ·--~ -
.... r---ill~~ - ~ -- · --· ~-- . 
Vl 12 .. • : r-ill -... --.----.--. ---
2! ~r;--:-.- _-.- --. - .- .---: · 

' " ""-"I--''-''-----~-=---=---------
'6 1J •• 

-------· 
· - · 

r-"--"-"t---'- '__:_ _ _:__:'--'--------- -------------=--=---=-__:___ 
~ j) .. -- . · ----- . 

~ &II.. ·- ·-

-
-- . -----------~ 

--------
-

---- --

z " ~' ·---- -- -

c ~ ~ __:___' ...:_• ___ __:_ __ ~------=---· --=-'- ':..J.'- -,------=---------=-· . ---- -- . -· - ---
z 1i 1 • • ----- ----------- --
: ,!1.1;_ _. - · - -- - - . -------- :=--

-. ~ 14 !!.'' --

: ~~~·-:--~-----------~------------------~ 
ii.,.,.; • • - - - - - --------- - - -

: ~~1--'·~·'---------~----------------- --~.m • 

~ 0 I"' -"4'=---=------------=---' ·----------:-- -----------
- I I 0 e 0 I 

... : ' ! . :1 

--

~~· ~=---=----~-----=--------,__:_ _____ __:__ _ _ ________ ~ 
"' I • 

' "' 
: ~1 _. _. ______________ ~------------------------~ 
u ~u~ ... 
c ~ · ~· -------=--------------=----------------------~ ; rt. u.f-;-·, 

0 
o:,rc e • 

u "'~ 0 • .... . 
1&. I(~ • • 

z 1. 1r • • 

<C il l71 •• 

: "" .. 
Cl: "' •• 

;:) '"" .. 
.... t~~: : . 

----- -- -- - - - -
- ---------- --

------

Table 1 - Distribution of Coccolith species from Turonian to Early Paleocene in the 
Bottaccione series. 
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Nannoplankton association and zonation. 

The samples studied have brought out a varied association of nanno
plankton, although not very abundant: 50 taxa were recognized in the 
Cretaceous and Paleocene levels. Recrystallization and dissolution pheno
mena made specific determinations very difficult in many cases and, be
cause of the small number of forms found in each sample, it was not 
possible to add percentual frequencies to the stratigraphical distribution 
shown in Table 1. 

The nannoplankton found in Turonian to Maastrichtian interval and 
corresponding to the foraminiferal zone from Globotruncana schnee

gansi to Abathomphalus mayaroensis Zones, includes forms common to 
the whole Upper Cretaceous in various parts of Europe and America, but, 

· since distinctive markers are locally missing, zonation in the Upper Cre
taceous levels was not possible. 

The most frequent species were: Watznaueria barnesae (Black), Pre

dicosphaera cretacea (Gartner), Stradneria limbicrassa (Reinhardt), Bi

scutum constans (Black) and Cribrosphaer,p ehrenbergi Arkhangelsky. W. 

uarnesae particularly resistant to dissolution occurred in all the samples 
with a 50° o frequency. Campanian levels yielded Reinhardtites mirabilis 
(Perch-Nielsen), a form previously found in the Maastrichtian only. Nan
noconids were observed only in the calcareous samples and not in the 
marly ones. In the genus Polypodorhabdus we have included some speci
mens that could not be related to any other species already defined in 
literature. Provisionally, we have described them as Polypodorhabdus sp. 
1 and Polypodorhabdus sp. 2. 

The latest Maastrichtian strata contain all the typical species of the 
Nephroli thus frequens Zone. Unfortunately N. frequens and Tetralithus 

murus, considered as zonal markers of this interval were not found. 
Their absence could be due to dissolution and/ or recrystallization. but 
it must be pointed out that their occurrences are generally quite rare. 

The Maastrichtian-Paleocene boundary located on the basis of plank
tonic Foraminifera is marked by the complete extinction of typical Maas
trichtian nannoplankton. Nine samples in the first 40 em above the bound
ary were almost unfossiliferous and yielded only few specimens of Braa

rudosphaera bigelowi. The Paleocene species appear in the overlying 
beds and Cruciplacolithus tenuis (Hay & Mohler ), Thoracosphaera sp. , 
Chiasmolithus danicus (Hay & Mohler ) and Markalius inveTsus 

<Bramlette & Martini) were identified. The first appearance of Cruci

placolithus tenuis defines the base of the zone named for it and the ex-
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tinction level of this species is younger than the section studied. The co-oc
currence of Biscutum ? dimorphosum (Perch-Nielsen) and Ericsonia sub
pertusa (Hay & Mohler) from 3 m above the Maastrichtian-Paleocene 
boundary up to the top of section allows the recognition of the B. dimor· 

phosum and E. su.bpertusa subzone. 
Some problems arise for the zonation of the 40 em interval at the 

base of the Paleocene beds. As already mentioned, the absence of signifi
cant forms prevents any safe attribution. Beneath the Cruciplacolithus 
tenuis Zone, Martini ( 1971) established the Markalius inversus Zone. On 
the validity of this zone there is actually a controversy (Bukry, 1973), 
on whether it should represent an impoverishment of the Cruciplacoli
thus tenuis Zone or a distinct biostratigraphic unit. 

In the Bottaccione section no Markalius inversus in the first Paleocene 
levels has been found and the base of the Cruciplacolithus tenuis Zone · 
correlates with the boundary between « Globigerina » eugubina and « Glo
borotalia » pseudobulloides Zones. 

It is worth to be noted that in this section after the biotic crisis at 
the end of Cretaceous time new species of nannoplankton appear with 
some delay with respects to Foraminifera. This delay could suggest ecolo
gical stresses particularly acting on n q.nnoplankton under variable en
vironments or, alternatively, the absence of new species could be imputed 
to selective solution. In the first case and with an average sedimentation 
rate of 2.4 m / m .y. for the Paleocene, the time gap between incoming Pa
leocene Foraminifera and nannoplankton would be roughly around 
300.000 years. 

If we examine the Cretaceous-Tertiary boundary in other areas such 
as Stevns Klint (Denmark) (Perch-Nielsen, 1972) and Zumaya in Spain 
(Percival & Fischer, 1977) we see that mixed association, that is to say 
joint occurrences of Cretaceous and Paleocene coccoliths, prevail. As 
previously mentioned, this is not the case of the Bottaccione sectior;. 

Conclusions . 

In the Turonian to Paleocene portion of the Bottaccione section 50 
nannoplankton taxa were recognized in a fair to poor state of preserva
tion. In spite of the notable amount of species, correlation with conven
tional zones was possible only for CruciplacoZithus tenuis Zone and, within 
the latter, for the B . dimorphosum and E . subpertusa subzone (Lower Pa
leocene). 

The absence of many zone markers can be accounted for by a selective 
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solution or by ecological control. Thus, for the first 40 em above the Cre
taceous -Tertiary boundary which are almost barren of nannoplankton, 
with the exception of Braarudosphaera bigelowi, a very long-lived species, 
we could assume either a very strong recrystallization or an ecological 
instability. In the latter case nannoplankton community recovered from 
the biotic crisis later than Foraminifera. In fact, new species of Foramini
fera, although of tiny size, occur since the very base of the Paleocene, 
which is locally devoid of nannoplankton. 
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S y s t e m a t i c d e s c r i .p t i o n s 

The classification followed in this paper is based on those proposed 
by Noel (1965, 1970) and by Perch-Nielsen (1968). In the description of 
the species not all synonymies have been given, but only the most im
portant sources have been cited. 

No photographs have been supplied for some of the most common 
and most widely known forms. 

Hereby are listed in alphabetical order the species of nannofossils 
identified in the Bottaccione sequence from Turonian to Paleocene _levels. 

? Ahmuellerella octoradiata (Gorka , 1957) Reinhardt , 1964 
Biscutum constans (Gorka, 1957) Black, 1959 
Biscutum ? dimorphosum Perch-Nielsen, 1969 
Braarudosphaera bi gelowi (Gran & Braarud, 1935) Deflandre, 1947 
Chiasmolithus danicus (Brotzen, 1959) Hay & Mohler , 1967 
Crepidoli thus sp. 
Cretarhabdus crenulatus Bramlette & Martini, 1964 
Cretarhabdus cf. romani (Gorka) Maresh, 1966 
Cretarhabdus sp. 
Cribrosphaera ehrenbergi Arkhangelsky, 1912 
Cribrosphaera hil li (Black, 1964) Reinhardt, 1967 
Cruci placol i thus tenuis (Stradner, 1961 ) Hay & Mohler, 1967 
Cyclagelosphaera margerel i Noel , 1965 
Cyclagelosphaera rotaclypeata Bukry, 1969 
Cyclagelosphaera specioclypeata Bukry, 1969 
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? Cylindralithus serratus Bramlette & Martini, 1964 
Discorhabdus rotatorius (Bukry, 1969) Thierstein, 1973 
Ericsonia cava (Hay & Mohler, 1967) 
Ericsonia subpertusa Hay & Mohler, 1967 
Helicolithus anceps (Gorka, 1957) Noel, 1970 
Lithast rinus floralis Stradner, 1962 
Litfl,raphidites carniolensis Deflandre, 1963 
Markalius inversus (Deflandre, 1954) Bramlette & Martini, 1964 
Microrhabdulus decor(ltus Deflandre, 1959 
Micula staurophora decussata (Vekshina) Noel , 1970 
Nannoconus sp. 
Parhabdolithus granulatus Stover, 1966 
Podorhabdus sp. 
Polypodorhabdus actinosus <Stover) Perch-Nielsen, 1968 
Polypodorhabdus sp. 
Predicosphaera cretacea (Arkhangelsky) Gartner, 1968 
Predicosphaera spinosa (Bramlette & Martini) Ga1tner, 1968 
Predicosphaera cf. germanica Bukry, 1969 
Reinhardtites mirabilis Perch-Nielsen, 1968 
Stradneria limbicrassa Reinhardt , 1964 
Stradneria sp. 
Thoracosphaera saxea Stradner, 1961 
Thoracosphaera sp. 
Watznaueria barnesae (Black, 1959 ) Perch-Nielsen, 1968 
Watznaueria communis Reinhardt , 1964 
Zygodiscus compactus Buk~, 1969 
Zygodiscus fi buliformis (Reinhardt, 1966) Bukry, 1969 
Zygodi scus ponticulus (Deflandre, 1954 ) Reinhardt, 1967 
Zygodiscus sp. 
Zygolithus sp . 

Class C 0 C C 0 LITH 0 PH Y C E A E Rothmaler, 1951 
Order HELIOLITHAE Deftandre, 1952 

F'amily Z y go l i t h a c e a e Noel, 1965 emend. 1970 
Genus Zygolithus Kamptner , 1956 

Zygolithus sp . 

REMARKS. These forms differ from Glaucolithus Reinhardt on acCO)lllt 
of the disposition of the elements. Zygolithus has the elements of the 
rim inclined while the elements of Glaucolithus were disposed radially. 

Occu RRENCE. In the Bottaccione series it was found from Campanian 
to Maastrichtian. 

Genus A.hmuellerella Reinhardt, 1964 

? Ahmuellerella octoradiata (Gorka, 1957 ) Rei n hardt , 1964 

1957 Discoli thus octoradiatus Gorka, p . 259, pl. 4, fig. 10. 
1964 Ahmuellerella limbitenuis Reinhardt, p . 751 , pl. 2 , fig. 6. 
1967 Ahmuellerella octoradiata - Reinhardt & Gorka , p. 242, pl. 31 , fig. 1-4; p l. 32, fig. 2. 
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DESCRIPTION. Elliptical coccolith formed by: 1) a marginal rim of 
two series of overlapping elements. The first series is formed by about 34 
calcite elements tilted and overlapping each other in the clockwise direc
tion; 2) a rather large central area, very badly preserved, containing va
rious crystals. The five central perforations cannot be distinguished so 
that a precise genus definition is rather incertajn. 

OccuRRENCE. Known range from . Upper Turonian to Maastrichtian .. 
Found in Maastrichtian samples (in this paper). 

Genus Helicolithus Noel, 1970 

Helicolithus anceps (Gorka, 1957) Noel, 1970 

1957 Discolithus anceps Gorka, pp. 252·275, pl. 3, fig. 4. 
1965 Eiffelithus turrisei jfeli i nturratus Reinhardt, pl. 2, fig . 3. 
1968 Glaucolithus tessus · Perch-Nielsen, p . 34, pl. 4, fig. ·20-23. 
1970 Helicoli thus anceps - Noel, p . 41, fig . 6, pL 8, fig. 1-5; pl. 9, fig. 1, 2. 

DESCRIPTION. Elliptical coccolith formed by a marginal rim composed 
by many closely sloping and overlapping elements. From this external 
rim 8 large crystals develop which define a small central area composed 
by four small crystals. 

REMARKS. Only few specimens were found . 

OccuRRENCE. Known range: Cenomanian- Maastrichtian. In the Bot
taccione series it was found from Campanian to Maastrichtian. 

Genus Parhabdolithus Deflandre, 1952 

Parhabdolithus granulatus Stover , 1966 

Fl. 43, fig. 12; Pl. 44 , fig . 9 

1966 Parhabdolithus granulatus Stover, p . 144, pl. 6, fig . 11-15; pl. 9, fig. 17. 
1969 Parhabdolithus granulatus - Bu kry, p . 53, pl. 30, fi g. 4-7 . 

DESCRIPTION. Elliptical coccolith formed by a cycle of numerous ele
ments and by a large central area filled with a mosaic of polygonal ele
ments. 

OccuRRENCE. Known range from Neocomian to Campanian, but in the 
Bottaccione series most frequently it was found in Maastrichtian sam
ples. 
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Genus Zygodiscus Bramlette & Sullivan, 1961 

Zygodiscus compactus Bukry, 1969 

1969 Zygodiscus compactus Bukry, p. 59, pl. 34, fig. 1, 2. 
1971 Zygolithus compactus - Noel, p. 26, fig . 2, 3; pl. 2, fig. 2-8; pl. 3, fig. 1-3. 

DESCRIPTION. Elliptical coccolith formed by a cycle of about 19 ele
ments joined in a clockwise direction. The central area is characterized 
by a central bridge formed by two or more elements, which are mostly 
recrystallized. 

OccuRRENCE. Mentioned in literature in the Coniacian-Campanian; it 
has also been found in our Maastrichtian samples. 

Zygodiscus fibuliforrnis (Re inhardt, 1966) Bukry, 1969 

Pl. 41, fig. 3 

1966 Glaucolithus fibuliformis ·Reinhardt, p . 41, pl. 9, fig. 1-3; pl. 22, fig . 22. 
1968 Zygodiscus nanus Gartner, p. 33, pl. 14, fig. 17; pl. 18, fig. 12-14. 
1969 Zygodiscus jibuliformis - Bukry , p . 59, pl. 34, fig . 9, 10. 

DESCRIPTION. Only the proximal side has been recognized. Elliptical 
coccolith formed by a marginal rim of 35 elements slightly joined in a 
clockwise direction. The proximal shield is slightly smaller and it contains 
a similar number of elements. The central area is not very large and it 
is characterized by a bridge formed by many small crystals. 

OccuRRENCE. Known range : Turonian-Maastrichtian. FoWld in the 
Bottaccione series from Turonian to Maastrichtian. 

Zygod.iscus ponticulus (Deflandre, 1954) Re inhardt, 1967 

Pl. 41, fig. 2, 6 

1954 Discolith us ponti culus Deflandre in Deflandre & Pert, p . 144, pl. 13, fig . 18, 19; 
text-fig. 32, 54. 

1967 Zygodiscus ponticulus - Reinhardt, p. 40, pl. 10, fig. 3. 

REMARKS. Few specimens were found in Maastrichtian and in Upper 
Cenomanian. 

Occu RRENCE. Known range Senonian. 

Zygodiscus sp . 

Pl. 41, fig . 1, 4, 5 

DESCRIPTION. Elliptical coccolith formed by a marginal rim of radial 
elements. The central area is large and frequently occupied by crystals 
.of secondary calcite. 

'1 
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Genus Reinhardtites Perch-Nielsen, 1968 

Reinhardtites mirabilis Perch-Nielsen, 1968 

1968 Reinhardtites mirabilis Perch-Nielsen, pp. 40-41, pl. 7, fig. 1; text-fig. 17. 

769 

DESCRIPTION. Elliptical coccolith formed by a marginal rim of over
lapping elements. A second cycle of elements defines the central area 
which is quite large and filled by granular crystals disposed along 8 seg
ments. 

REMARKS. This species was found in the Bottaccione series from 
Campanian to Maastrichtian. Stratigraphically the appearance was only 
known from Maastrichtian. 

Family Pod or h a b dace a e Noel, 1965 
Genus Stradneria Reinhardt, 1964 

Stradneria limbicrassa Rei nha rdtt, 1964 

Pl. 43, fig. 10 

1964 Stradneria limbicrassa Reinhardt, p. 752, fig. 3, pl. 1. 
1966 Cretarhabdus crenulatus - Reinhardt, p. 25, pl. 7, fig . 1, 2 (no pl. 14, fig. 2). · 
1967 Cretarhabdus conicus - Reinhardt , p. 169, fig . 5, 7/ 7, 8. 
1968 Stradneria limbicrassa - Perch-Nielsen, p . 152, pl. 10, fig . 7. 
1970 Stradneria limbicrassa - Noel, p . 54, pl. 17, fig. 1 a-c. 

DESCRIPTION. Elliptical coccolith formed by a marginal rim composed 
by two concentric cycles. The central area is conical and defined by a 
regular cycle of rhombohedral elements together with some small crystals 
placed in groups along the axes of the ellypse. 

OccuRRENCE. Known range from Campanian to Maastrichtian. In the 
Bottaccione series it was found from Campanian to Maastrichtian. 

Stradneria sp. 

Pl. 42, fig . 9, 11 ; Pl. 44, fig . 3 

DESCRIPTION. Elliptical coccolith formed by two cycles of elements 
and a central area quite large. Many specimens appear without the ex
ternal cycle and have rounded margin. 

REMARKS. Many specimens have been found in the whole Bottaccione 
series. 
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Genus Cretarhabdus Bramlette & Martini, 1964 
Cretarhabdus crenulatus Bramlette & Martini, 1964 

Pl. 42, fig. 7; Pl. 43, fig. 11 

1964 Cretarhabdus crenulatus Bramlette & Martini, p. 300, pl. 2, fig. 21-24. 
1970 Cretar habdus surirellus - Reinhardt, p. 50, pl. 1, fig. 6-8; pl. 2, fig. 1-6. 
1973 Cretarhabdus crenulatus - Roth, p. 724, pl. 19, fig. 6. 

DESCRIPTION. Elliptical coccolith formed by two overlapping series 
of elements radially arranged and forming the marginal rim. The distal 
series is formed by two concentric cycles of elements. The two cycles 
are often fused together giving the appearance of a smooth marginal 
rim. The central area is large and formed by numerous small crystals. 

OccuRRENCE. Known range from Santonian to Maastrichtian. In the 
Bottaccione series it was found from Turonian to Maastrichtian. 

Cretarhabdus cf . rom ani (Gorka) Maresh, 1966 

Pl. 42, fig. 9 

DEsCRIPTION. Elliptical cocc<»ith formed by two series of elements 
forming a large central area made of many elements deriving from the 
elements of the marginal rim. In fig. 9 the central area is filled by crystals 
of secondary calcite. 

OccuRRENCE. Known range from Aptian to Maastrichtian. In the Bot
taccione series it was found in Campanian samples. 

Cretarhabdus sp . 

Pl. 42, fig. 6 

DESCRIPTION. Elliptical coccolith formed by two series of overlapping 
polygonal elements and out of line with each other. The central area is 
rather small and filled by long crystals forming a central stem. In the 
Bottaccione series these specimens were found from Coniacian to Maas
trichtian. 

Genus Predicosphaera Vekshina, 1959 
Predicosphaera cretace;; ( Arkhangelsky) Gartner, 1968 

Pl. 40, fig. 1, 2; Pl. 43, fi g. 7, 8, 9; Pl. 45 , fig . 8, 10 

1912 Coccoli thophora cretacea Arkhangelsky , p . 410, pl. 6, fig . 12, 13. 
1954 Rhabdolithus intercisus - Deflandre & Fert, p . 159, pl. 13, fig. 12, 13; text-fig . 91, 92. 
1957 Discoli thus cretaceus - Gorka, p . 274, pl. 11 , fig . 11. 
1959 Predicosphaera decorata Vekshina , p. 73 , pl. 1, fig. 8, 9; pl. 2, fig . 13 a. 
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1964 Dejlandrius intercisus • Bramlette & Martini, p. 301, pl. 2, fig. 13, 14-16. 
1968 Predicosphaera cretacea . Gartner, p . 19, pl. 2, fig. 10-14; pl. 3, fig. 8; pl. 4, fig. 19-24; 

pl. 6, fig. 4·15 pl. 9, fig. 1-4; pl. 12, fig. 1; pl. 14, fig. 20-22; pl. 18, fig. 8; pl. 22, 
fig . 1-3; pl. 23 , fig. 4-6; pl. 25, fig. 12-14; pl. 26, fig. 2. 

DESCRIPTION. Subcircular coccolith formed by a marginal rim of 16 
elements which are large and closely joined into a radial arrangement. 
The central area is rather wide and shows four ridges forming a cross; 
at the summit of the ridges there is a very characteristic stem formed 
by four long calcite crystals. 

OccuRRENCE. Known range from Albian to Maastrichtian; it was found 
from Turonian to Maastrichtian (in this paper). 

Predicosphaera spinosa (Bramlette & Martini) Gartner, 1968 

Pl. 40, fig. 3 

1964 Dejlandrius spinosus Bramlette & Martini, p . 301, pl. 2, fig. 17-20. 
1968 Predicosphaera spinosa . Gartner, p. 20, pl. 2, fig. 15, 16; pl. 3, fig. 9, 10; pl. 5, 

fig. 7-9; pl. 6, fig . 16; pl. 11 , fig . 17. 

DESCRIPTION. A subcircular coccolith, with a marginal rim composed 
by 16 rectangular calcite elements. The central area which is quite large 
conta~ns four ridges in the shape of a cross joined in the center and form
ing a stem of four calcite crystals. P. spinosa differs from P. cretacea 
due to the shape of the 16 elements forming the marginal rim, which in 
the former is composed of subrectangular crystals and in the latter of 
piano-key crystals. 

OccuRRENCE. Known range from Coniacian to Maastrichtian; it was 
found from Campanian to Maastrichtian in the Bottaccione series. 

Predicosphaera cf . germanica Bu ~ry, 1969 

DESCRIPTION. Elliptical coccolith formed by a marginal rim of 16 ele
ments. The sutures among the elements are radially arranged and the 
central area is defined by an internal cycle composed of rectangular cal
cite elements arranged around the central area and slightly overlapping 
each other. Four badly preserved ridges can be partially seen forming a 
cross in the central area. 

O ccuRRENCE. Known range Campanian; found in the Bottaccione se
ries in Campanian. 
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Genus Podorhabdus Noel, 1965 
Podorhabdus sp. 

Pl. 41 , fig. 10; Pl. 44, fig. 1; Pl. 45, fig. 12 

DESCRIPTION. Elliptical coccolith made by a marginal rim with radial 
elements. The central area is quite large and is defined by a cycle of 
small square elements. These specimens are rare and badly preserved. 

REMARKS. We have also found a specimen in a Maastrichtian sample 
(Pl. 44, fig. 1) that could be referred; to genus Podorhabdus but it is im
possible to compare with other species already described in literature. 
It is a circular coccolith formed by a marginal rim of 18-20 square large 
ca:cite elements which are joined and radially ordered. The central area 
is quite large and is defined by a cycle of smaller square elements. Di
mension 6,3 ~t x 5,5 ~t. 

OccuRRENCE. Found only in Maastrichtian samples. 

Genus Polypodorhabdus Noel, 1965 
Polypodorhabdus actinosus (~over) Perch-Nielsen, 1968 

Pl. 42, fig . 4, 5, 8 

1966 Coccolithus actinosus Stover, p . 138, pl. 1, fig. 15, 16; pl. 8, fig. 7. 
1968 Polypodorhabdus actinosus . Perch-Nielsen, p . 50, pl. 10, fig . 1·6; text-fig. 19. 

DESCRIPTION. Elliptical coccolith formed by a marginal rim of about 
26 elements slightly overlapping in an anticlockwise direction. The central 
area is rather large and is characterized by radially arranged crystals; 
the interior crystals are half number compared to the elements of the 
marginal rim. 

OccuRRENCE. Known range Maastrichtian. In the Bottaccione series 
it was found in Maastrichtian samples. 

Polypodorhabdus sp. 

Pl. 42 , fig . 3, 10; Pl. 44, fig. 10, 11 

DESCRIPTION. Elliptical or subcircular coccoliths characterized by a 
marginal rim of about 20 radial calcite elements. The central area is not 
quite large and filled by numerous crystals. 

REMARKS. In the Maastrichtian and Campanian samples have been 
found two forms that could be related to this genus. 

Polypodorhabdus sp. 1 (Pl. 44, fig. 10): elliptical coccolith formed by 
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a marginal rim composed of 14 thick elements radially arranged and 
slightly overlapping in the clockwise direction. The central area is rather 
narrow and is characterized by eight long crystals which depart from 
the marginal rim and joining in the middle forming a central bar. Size: 
max. diameter 7,5 ~t, min. diameter 5,6 p. Only one specimen was found 
in the Campanian. 

Polypodorhabdus sp. 2 (Pl. 42, fig. 10; Pl. 44, fig. 11 ): elliptical cocco
lith formed by a marginal rim composed by about 20 elements. Only the 
distal side was known. The central area is rather small and is composed 
by eight elongate elements which join in the middle. This form is quite 
similar to Polypodorhabdus sp. 1 above described, but it differs for 
having a larger number of rim elements. Size: m,ax. diameter 8 ~· min. 
diameter 6,3 ~t- Only few specimens was found in Maastrichtian samples. 

Genus Cribrosphaera Arkhangelsky, 1912 

Cribrosphaera ehrenbergi Arkhangel sky, 1912 

Pl. 40, fig . 4-8; Pl. 43, fig . 1·6 . 
1912 Cribrosphaera ehrenbergi Arkhangelsky, p. 412, pl. 6, fig. 19, 20. 
1954 Cribrosphaera erhenbergi - Deflandre & Fert, p. 155. 
1964 Favocentrum laughtoni Black, p . 313, pl. 53, fig. 1, 2. 
1964 Cribrosphaerella romanica Reinhardt, p . 28, pl. 22, fig. 13, 26; text-fig. 8. 
1968 Cribrosphaerella ehrenbergi - Perch-Nielsen, p . 570, fig . 21, pl. 17, fig . 1, 8. 
1970 Cribrosphaera ehrenbergi - Noel, p . 70, fig. 17, pl. 18, fig . 4-7; pl. 19, fig . 1 a-c , 2, 

3, 4; pl. 20, fig. 3. 
1973 Cribrosphaera ehrenbergi . Roth, p. 725, pl. 20, fig. 3. 

DESCRIPTION. Elliptical coccolith formed by a marginal rim of about 
17-25 calcite rectangular elements. The central area is quite large, convex 
and made of small crystals arranged so as to form a bee-hive structure. 
Between the marginal rim and the central area we can found a second 
cycle of elements radially arranged. 

REMARKS. Various specimens were found and they resembled to C. 

ehrenbergi even if they showed some slightly differences. These speci
mens (Pl. 43, fig. 1, 2, 3, 6 and Pl. 40, fig. 6) are formed by a marginal 
rim of about 14-21 elements slightly overlapping. The central area is not 
quite large and it is often filled with big crystals of secondary calcite. On 
the proximal side the central area is defined by a second cycle of little 
elements radially arranged (Pl. 43, fig . 1, 2, 6 and Pl. 40, fig. 6). On distal 
side (Pl. 40, fig. 5, 6 and Pl. 43, fig . 3) it seems that the second cycle of 
little elements is missing. 
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OccuRRENCE. Known range from Santonian to Maastrichtian. In the 
Bottaccione series it was found from Campanian to Maastrichtian. 

Cribrcsphaera hilli (Black, 1964) Reinhardt, 1967 

1964 Favocentrum hilli Black, p . 314, pl. 53, fig, 3, 4. 
1968 ? Cribrosphaerella hilli - Perch-Nielsen, p. 55, fig. 22 , pl. 12, fig. 5, 6. 
1970 Cribrosphaera? cf. Cribrosphaera hilli - Noel, p . 73, pl. 21 , fig . 1 a-b, 2 a-b, 3 a-b, 4, 5. 

DESCRIPTION. Elliptical coccolith formed on the distal side by one 
Eeries of calcite elements. The most external series is made of subrec
tangular crystals on which a set of inner scales is arranged, defining the 
central area. The central area is formed by a series of small equal size 
desordered crystals. 

OccuRRENCE. Known range from Campanian to Maastrichtian. Found 
in the Bottaccione series in Maastrichtian samples. 

Family Stephan o lith ion ace a e Black, 1968 

Genus Lithastrin']Js Stradner; 1962 

Lithastrinus floratis Stradner, 1962 

1962 Lithastrinus floralis Stradner , p . 370, pl. 2, fig. 6-11 . 
1968 Polycyclo li thus brotzeni Forchheimer , p . 41, pl. 6, fig . 6, 7. 
1975 Polycyclolithus brotzeni - Monechi & Pirini Radrizzani, p . 34, pl. 6, fig . 2. 

DESCRIPTION. This species is characterized by 9 petaloid elements; 
the central area is open. Many specimens have undergone a recrystalli
zation. 

OccuRRENCE. Known range from Albian to Upper Senonian; found in 
our Maastrichtian samples. 

Genus Cylindralithus Bramlette & Martini, 1964 

? Cylindralithus serratus BramiQtte & Mart in i, 1964 

1964 Cylindralithus serratus Bramlet te & Martini, p. 310, pl. 5 .. fig . 18-20. 

DESCRIPTION. Cylindrical coccolith formed by long vertical elements. 
The upper side of the coccolith is formed by a rim of large calcareous 
elements which are radially arranged. The central area is rather small 
and is frequently occupied by a crystal of secondary calcite. 

REMARKS. The found forms are in an extremely bad state of preserva
tion. 
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OccuRRENCE. Known range from Campanian to Maastrichtian. In the 
Bottaccione series it was found in Campanian and Maastrichtian samples. 

Genus Crepidolithus Noel, 1965 

Crepidolithus sp. 

DEsCRIPTION. A robust coccolith formed by overlapping vertical or 
subvertical calcite elements. There is no marginal rim and the central 
r.rea is rather wide. 

REMARKS. The central area is not visible, but some recrystallization 
occur. F2w specimens has been found. 

Family Coccolith ace a e Kamptner, 1928 

Genus Discorhabdus Noel, 1965 

Oiscorhabdus rotatorius ( Bukry, 1969) Thierstein , 1973 

Pl. 45, fig. 8-11 

1968 Biscutum testudinarium - St radner , Adamiker &. Maresh, p. 29, pl. 11 , 12. 
1969 Bidiscus rotatorius Bukry, p . 27, pl. 27, fig_ 5-9_ 
1973 Discorhabdus rotatorius - Thierstein, p . 42 , pl. 5, fig_ 13-16. 

DESCRIPTION. Small circular coccolith formed by two overlapping 
closely joined shields. The distal shield is formed by 14 radially arranged 
elements. The central area is very · small. 

OccuRRENCE. Known range from Albian to Campanian. We have also 
f::lund some specimens in the Maastrichtian samples. 

Genus W atznaueria Reinhardt, 1964 
Watznaueria barnaese ( Blac k, 1959) Perch-Nielsen, 1968 

Pl. 40, fig. 9; P l. 41, fig . 7, 11 , 12; Pl. 42, fig. 12; Pl. 45, fig . 1-3, 5-8 , 10, 12 

1959 Tremali thus barnesae Black in Black & B arnes , p . 325, pl. 9, fig. 1, 2. 
1964 Watznaueria angustcralis Reinh ardt, p. 753, pl. 2, fig . 2; text-fig. 4. 
1968 Watznauer ia barnesae - Perch-Nielsen , p p . 69-70, pl. 22, fig . 1-7; pl. 23 , fig. 1, 4, 5, 

16; text-fig. 32. 

DESCRIPTION. Elliptical coccolith formed by two shields. The distal 
shield is formed by two overlapping cycles of which the exterior one is 
composed by 25 elements, while the interior · one, which defines the cen
tral area, is composed of 18-20 elements. 

REMARKS. This form is the most common one in the whole series, 
but it has not stratigraphic value as it does not vary throughout Cre
taceous. 
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OccuRRENCE. Known range Cretaceous. In the Bottaccione series it 
was found from Turonian to Maastrichtian. 

Watznaueria communis Reinhardt, 1964 

1964 Watznaueria communis Reinhardt, p. 756, pl. 2, fig. 5; text-fig. 6. 
1971 Watznaueria communis • Reinhardt, p. 34, text-fig. 38. 
1973 Watznaueria communis - Thierstein, p. 43, pl. 6, fig. 17. 

DEsCRIPTION. Elliptical coccolith formed by two shields: the distal 
shield is composed by two cycles of elements. The central area is quite 
large compared to the one of W. barnesae. 

OccuRRENCE. Known range from Oxfordian to Campanian. In the 
Bottaccione series it was found in Coniacian-Campanian samples. 

Genus Markalius Bramlette & Martini, 1964 

Markalius inversus (Deflandre, 1954) Bramlette & Martini, 1964 

Pl. 46, fig.~ 

1954 Cyclococcolithus leptoporus var . inversus - Deflandre & Fert, p. 150, pl. 9, fig 4, 5. 
1963 Cyclococcolithus astroporus Stradner, p . 75, pl. 9, fig. 5-7; fig. 3 (a, b ). 
1964 Markalius inversus - Bramlette & Martini, p . 302, pl. 2, fig. 4-9; pl. 7, fig. 2 a-b. 
1967 Cyclococcolithus inversus - Hay & Mohler, p . 389, pl. 7, fig. 2. 

REMARKS. This form is not found in the first Paleocene strata, but 
appears together with C. tenuis. 

Genus Biscutum Black, 1959 
Biscutum constans ( Gcrka , 1957) Blac k, 1959 

Pl. 42, fig. 1, 2; Pl. 44, fig . 12 

1957 Discolithus constans Gorka, p. 279, pl. 4, fig. 7. 
1959 Biscutum testudinarium Black & Barnes, p . 325, pl. 10, fig. l. 
1959 Biscutum castrorum Black & Barnes, p. 326, pl. 10, fig . 2. 
1967 Biscutum constans - Black, p . 139. 

DESCRIPTION. Elliptical coccolith formed by two shields, each compo
sed by about 18-20 elements radially arranged. The elements at the poles 
of the coccolith are larger than the others. The central area is formed by 
rather small crystals. 

OccuRRENCE. Known range from Lower Berriasian to Maastrichtian. 
In the Bottaccione series it was found from Campanian to Maastrichtian. 
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Biscutum ? dimorphosum Perch-Nielsen, 1969 

Pl. 46, fig. 4, 5, 7, a. 10, 11, 12 

1964 Coccosphaera sp. Bramlette & Martini, p . 320, pl. 1, fig. 19-20. 
1964 Coccolithus? sp. Martini , p. 52, pl. 2, fig. 5, 6. 
1969 Biscutum? dimorphosum Perch-Nielsen .. text-fig. 1, pl. 32, fig . 1-3 a. 
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DESCRIPTION. Small subcircular coccoliths; the distal shield formed 
by a marginal rim containing 12 subrectangular elements radially ar
ranged and slightly over~apping. The central area is rather large and 
shaped as a crater, defined by a cycle of 6-7 elements. Coccospheres are 
commonly found. 

OccuRRENCE. Known range Danian. In the Bottaccione series it was 
found in Early Paleocene samples. 

Genus Cyclagelosphaera Noel, 1965 

Cydagelosphaera margereli Noel, 1965 

Pl. 41, fig. 8; Pl. 45, fig. 2, 4 

1965 Cyclagelosphaera margerel i Noel, p . 130, -text-fig. 44-46; pl. 17, fig . 4-9; pl. 18, 
fig . 1, 2; pl. 20, fig. 2-4. 

1969 Cyclagelosphaera margereli - Bukry, p . 29, pl. 9, fig. 5, 6. 

DESCRIPTION. Circular coccolith formed by two shields: the distal 
shield is formed by two series of elements of which the external one is 
made of about 30 calcite elements arranged in a counterclockwise direc
tion and slightly overlapping. An internal series formed by overlapping 
subsquare calcite elements arranged in the same direction as the outer 
ones, defines a rather larg8 central area. The proximal shield is formed 
by only one series of calcite elements. 

REMARKS. Regards to No€H's classification these species show a greater 
number of elements. 

OccuRRENCE. Known range from Oxfordian to Santonian, found also 
in Campanian in the Bottaccione series. 

Cyclagelosphaera rotaclypeata Bu kry, 1969 

1969 Cyclagelosphaera rotaclypeata Bukry, p . 30, pl. 9, fig. 7. 

DESCRIPTION. Circular coccolith formed by 31 elements inclined coun
terclockwise and slightly imbricate. There is a rather large central area 
defined by a cycle of 31 small polygonal elements; the interior of the 
central area is recrystallized and no structures can be defined within it. 
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OccuRRENCE. Known range from Santonian to Campanian. Found in 
our Campanian samples. 

Cyclagelosphaera specioclypeata Bukry, 1969 

Pl. 41, fig. 9 

1969 Cyclagelosphaera specioclypeata Bukry, p. 30, pl. 9, fig. 9. 

DESCRIPTION. Circular coccolith; distal shield formed by about 30 
elements dextrally imbricate and sloping in a clockwise direction. The 
central area is defined by about 15 polygonal elements. Within the central 
c.rea v~rious elements can be seen forming a star-shaped figure. 

OccuRRENCE. Known range Campanian. In the Bottaccione series it 
was also found in Maastrichtian samples. 

Genus Cruciplacolithus Hay & Mohler, 1967 

Cruciplaco.lithus tenuis ( Stradner. 1961 ) Hay & Mohler, 1967 

1961 Heliorthus tenuis Stradner, p. 84, text-fig. 64, 65. 
1964 Coccolithus helis - Bramlette & Marticli, pp. 298-299, pl. 1, fig. 10, 12; pl. 7, 

fig. 5 a-b, 6. 
1967 Cruciplacoli thus tenuis - Hay & Mohler, p. 1527, pl. 196, fig . 29-31; pl. 198, fig . 1-17. 

DESCRIPTION. « Evenly concave elliptical placoliths with a central area 
having arms orientated in the major and minor axes of the ellipse» (Hay 
& Mohler). These forms are usually in a bad state of preservation and in 
some cases the inner cross cannot be distinguished. 

OccuRRENCE. Known range Danian. In the Bottaccione series, it was 
found in the Early Paleocene. 

Genus Chiasmolithus Hay, Mohler & Wade, 1966 

Chiasmolithus danicus ( Brotzen, 1959) Hay & Mohler, 1967 

1959 Cribrosphaerella danica Brot.zen, p. 25, text-fig. 9. 
1964 Coccolithus danicus - Bramlette & Martini, p. 298, pl. 1, fig . 15, 16. 
1967 Chiasmolithus danicus - Hay & Mohler, pp . 1526-1527, pl. 196, fig . 16, 21, 22; pl. 198, 

fig . 8, 12, 13. 
1976 Chiasmolithus danicus - Haq & Lohmann, pl. 3, fig. 5-7. 

REMARKS. Forms which are rarely found and often in a bad state 
of preservation. Many times the cross within the central area is not well 
defined. 

OccuRRENCE. Characteristic of Danian. Found in Early Paleocene in 
Bottaccione series. 



NANNOPLANKTON SCAGLIA UMBRA FORMATION 

Family Prinsiaceae Hay & Mohler, 1967 
Genus Ericsonia Black, 1964 

Ericsonia subpertusa Hay & Mohler, 1967 
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1967 Ericsonia subpertusa Hay & Mohler, p. 1531, pl. 198, fig. 11, 15, 18; pl. 199, fig. 1·3. 
1973 Ericsonia subpertusa - Roth, p. 730, pl. 12, fig. 5. 

DESCRIPTION. Subcircular or circular coccolith characterized on the 
distal shield by a marginal rim formed by a great number of elements. 
The central area is very large and contains an inner cycle of elements 
which forms a crater-like structure. 

OccuRRENCE. Known range: Danian-Paleocene. In the Bottaccione se
ries it was found in Early Paleocene. 

Erksonia cava (Hay & Mohler, 1967) 

Pl. 46, fig . 1 

1967 Coccolithus cavus Hay & Mohler, p . 1524, pl. 196, fig . 1-3 ; pl. 197, fig. 5, 7. 
1969 Ericsonia cava - Perch-Nielsen , p . 61, pl. 2-· fig . 7, 8. 
1973 Coccolithus cavus - Roth, p. 729, pl. 14, fig . 1, 2, 4, 5. 

DESCRIPTION. Elliptical or subcircular coccolith characterized by two 
shields. The distal shield is formed by a large number of elements slightly 
tilted and overlapping in a clockwise direction. The central area is rather 
wide and contains a crater-shaped structure formed by various cycles 
of small elements. 

OccuRRENCE. Found in Danian in Denmark and in .\labama. In the 
Bottaccione series it was found in the C. tenuis Zone at the top of the se
ries studied. 

Family M i c r o r h a b d u l a c e a e Deflandre, 1959 
Genus Microrhabdulus Deflandre, 1959 

Microrhabdulus decoratus Def la ndre, 1959 

Pl. 44 , fig. 4, 5, 6 

1959 Microrhabdulus decoratus Deflandre, p . 141 , pl. 4, fig. 1-5. 
1971 Microrhabdulus decoratus - Manivit pp . 128-129, pl. 18, fig . 1-5. 

DEsCRIPTION. Calcareous rods composed by rectangular regularly ar
ranged elements. Two transversal sections have been recognized, made 
of 11 calcareous elements of triangular shape radially arranged around a 
small central opening. 
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REMARKS. Strange forms have been recognized in transversal section 
which could be related to Microrhabdulus decoratus (Pl. 44, fig. 4-6). 

Genus Lithraphidites Deflandre, 1959 

Lithraphidites carniolensis Deflandre, 1963 

1963 Mthraphidites carniolensis Deflandre, p. 3486, fig. 1·8. 
1968 Lithraphidites carniolensis - Gartner, p. 43, pl. 5, fig. 4; pl. 6, fig. 8; pl. 8, fig. 4; 

pl. 10, fig. 16, 17; pl. 12, fig. 8; pl. 22, fig . 24, 25; pl. 25, fig. 9. 

DESCRIPTION. Small calcareous rods with four equal keels. 

REMARKS. This form is not very frequent. Known range from Berria-
5ian to Maastrichtian. In the Bottaccione series it was only found in 
Maastrichtian samples. 

Order 0RTHOLITAE Deflandre, 1959 

Family Thor a cos ph a era c e a e Schiller, 1930 

Genus Thoracosphpera Kamptner, 1927 

Thoracosphaera saxea Stradner, 1961 

1954 Thoracospha-era sp. Bramlette & Riedel , p. 393, pl. 38, fig . 5. 
1961 Thoracosphaera saxea Stradner, p. 84, fig. 71. 
1967 Thoracosphaera saxea - Fischer, Honjo & Garrison, p. 34, fig . 8. 
1975 Thoracosphaera saxea - Monechi & Pirini Radrizzani, p . 36, fig. 10-12, pl. 4. 

REMARKS. Found in the Cruciplacolithus tenuis zone, badly preserved 
r..nd often in tangential section. 

OccuRRENCE. Recorded from Maastrichtian of Arkansas and also from 
the Danian of Denmark, Alabama and France. In the Bottaccione series 
it was found in Early Paleocene. 

Thoracosphaera sp. 

Pl. 46 , fig. 2 

REMARKS. Thoracosphaera composed of from 42 to 54 little overtur
ned corolla . These corolla are composed of 8-10 imbricate elements. This 
species was found in the Early Paleocene levels in the Bottaccione sec
tion, and was described as Toweius petalosus in an earlier paper by 
Monechi and Pirini (1975). 
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Family Bra a r u do s ph a era c e a e Deflandre, 1947 
Genus Braarudosphaera Deflandre, 1947 

Braarudosphaera bigelowi (Gran & Braarud, 1935) Deflandre, 1947 

1935 Pontosphaera bigelowi Gran & Braarud, p. 388, fig. 67. 
1947 Braarudosphaera bigelowi - Deflandre, p. 439, fig. 1-5. 
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1975 Braarudosphaera bigelowi - Monechi & Pirini Radrizzani, p. 35, pl. 5, fig. 6; pl. 6, 
fig . 7-9. 

DESCRIPTION. Pentalith formed by five equidimensional trapezoidal 
clements. The sutures are depressed. 

REMARKs. Known range from the Jurassic to Recent. In the Bottac
cione series it was only found in the first levels of Paleocene. 

Incertae Sedis 
Genus Micula Vekshina, 1959 

Micula staurophora decussata ( Vekshina) Noel, 1970 

Pl. 40, fig. 11, 12 

1955 Discoaster staurophora Gardet, p. 534, pl. 1~. fig. 96. 
1959 Micula decussata Vekshina, p. 71, pl. 1, fig. 6; pl. 2, fig . 11. 
1963 Micula staurophora - Stradner, p. 13, pl. 4, fig. 12 a . 
1968 M icula staurophora - Perch-Nielsen, p. 86, fig. 43, pl. 31 , fig. 1-5. 
1970 Micula staurophora decussata Noel, p. 98, pl. 37, fig. 1-8; pl. 38, fig. 1, 2. 

DESCRIPTION. A cubic coccolith formed by various crystals. In the 
forms which were figured the sutures of crystals, were not often clear. 

OccuRRENCE. This form appears in the Upper Turonian and becomes 
common in the Campanian and Maastrichtian. In Bottaccione series it 
was found only in Maastrichtian samples. 

Genus Nannoconus Kamptner, 1931 

Nannoconus sp. 

I Pl. 40, fig. 10 

These forms show a long shell formed by many small crystals. An 

equatorial section is circular in shape with an external rim made of cu
neiform crystals and a compact central_ area formed by an only crystal. 
The nannoconids are found in limestone samples but not in the marls. 

OccuRRENCE. Known range from Aptian to Maastrichtian? In the Bot
taccione series they were found from Turonian to Maastrichtian. 
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Indeterminate specimen 

Pl. 44, fig. 2 

REMARKS. Elli.ptical coccolith formed by two shields. The upper shield 
consists of about 22 subrectangular elements apparently radial and joined. 
The central area is quite large, characterized by a bridge consisting of 3 
or 4 calcite crystals that grow from the elements of the marginal rim. The 
bridge is in the direction of the ellipse's major axis. The sign of over
lapping that we can see for some elements we think is due to an over
growth. This form could not be referred to other species already descri
bed in literature. Only one specimen has been found in Maastrichtian 
samples. 

Indeterminate specimen 

PL 46, fig. 6 

REMARKS. This form was found in the early Paleocene levels and 
could not be related to any other species already described in literature. -
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PLATE 40 

(CRETACEOUS) 

Fig. - Predicosphaera cretacea CArkhangelsky) Gartner: sample 16/ 104; x 7.500. 

Fig. 2 - Predicosphaera cretacea ( Arkhangelsky) Gartner : sample 16/ 199; x 6.000. 

f'ig . 3 - Predicosphaera spinosa (Bramlette & Martini l Gartner : sample 12 F; x 12.000. 

Fig. 4 - Cribtospha·era ehrenbergi Arkhangelsky: sample 16/ 40; x 7.000. 

Fig. 5 - Cribrosphaera ehrenbergi Arkhangelsky: sample 2 F; x 6.000. 

Fi. 6 - Cribrcsphaera ehrcnbergi Arkhar.ge!sky: samp:c 5 F; y 5.700. 

Fig. 7 Cribrosphaera ehrenbergi Arkhangelsky : sample l:f F ; x 6.000. 

Fig. 8 Cribrosphaera ehrenbergi Arkhangelsky : sample 16/ 39; x 7.000. 

Fig. 9 - Proximal shield of Watznaueria barnesae (Black) Perch-Nielsen : sample 16/ 196; 
X 13.500. 

Fig. 10 - Nannoconus sp.: sample 16/1 50; x 5.300 . 

Fig. 11 - Micula staurophora decussata CVekshina ) Noel : sample 6 F; x 10 .000. 

Fig. 12 - Micula staurophora decussata (Vekshina l Noel: sample 2 F; x 4.500 . 

Scanning electron micrographs. 
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PLATE 41 

(CRETACEOUS) 

Fig. 1 - Zygodiscus sp.: sample 16/ 140; x 11.500. 

Fig. 2 - Zygodiscus ponticulus (Deflandre) Reinhardt : sample 16/ 25; x ·6.000. 

Fig. 3 - Zygodiscus fibuliformis (Reinhardt) Bukry: sample 16/ 25; x 12.000. 

Fig. 4 - Zygodiscus sp .: sample 7 F; x 12 .000. 

Fig. 5 - Zygodiscus sp. : sample 1 F; x 12.000. 

Fig. 6 - Zygodiscus ponticulus CDeflandreJ Reinhardt: sample 3 F ; x 13.000. 

Fig. 7 - Watznaueria barnesae (Black ) Perch~ielsen : sample 1 F; x 11.000. 

Fig. 8 - Cyclagelosphaera margereli Noel: sample 12 F ; x 11.800. 

Fig. 9 - Cyc lagelosphaera specioclypeata Bukry: sample 16/ 16; x 12 .000. 

Fig. 10 - Podorhabdus sp.: sample 1 F; x 6.000 . 

Fig. 11 - Watznaueria barnesae (Blackl Perch-Nielsen : sample 16/ 16; x 12 .000. 

Fig. 12 - Proximal side of Watznaueria barnesae: sample 16/ 196; x 12.200. 

Scanning electron micrographs. 
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PLATE 42 

(CRITACEOUS) 

Fig. 1 - Biscutum cons tans (Gorka) Black: sample 16/ 96; x 10.500. 

Fig. 2 - Biscutum constans rGorka) Black: sample 16/ 22; x 10.800. 

Fig. 3 - Po!ypodorhabdus sp. : sample 16/ 186; x 5.600. 

Fig. 4 - Polypodorhabdus actinosus (Stover) Perch-Nielsen: sample 1 F; x 11.5000 

Fig. 5 - Polypodorhabdus actinosus <Stover) Perch-Nielsen: sample 16; 22; x 60200 . 

Fig. 6 ° Cretarhabdus spo: sample 7 F; x 5.700. 

Fig. 7 - Cretarhabdus crenulatus Bramlette & Martini: sample 16/ 186; x 11.000. 

Fig. 8 - Polypodorhabdus actinosus r Stoven Perch-Nielsen: ~ample 16/ 104; x 6.500. 

Fig. 9 Cretarhabdus cf. romani rGorka J Maresh and Stradneria sp.: sample 16139; 
X 7.000. 

Fig. 10 ° Polypcdorhabdus sp . 2: sample 16/ 199; x 6.000. 

Fig. 11 - Stradneria sp o: sample 6 F; x 6.000. 

Fig. 12 ° Proximal side of Watznaueria barnesae: sample 16/ 63; x 5.000. 

Scanning electron micrographs. 
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Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig . 

s. Monechi 

PLATE 43 

(CRETACEOUS) 

1 - Cribrosphaera ehrenbergi Arkhangelsky: 

2 - Cribrosphaera ehrenbergi Arkhangelsky: 

3 - Cri.brosphaera ehrenbergi Arkhangelsky: 

4 - Cribrosphaera ehrenb.ergi Ar khangelsky: 

5 - Detail : X 13.000. 

6 - Cribrosphaera ehrenbergi Arkhangelsky: 

7 - Predicosphaera cretacea (Arkhangelsky ) 

8 - Predicosphaera cretacea ( Arkhangelsky l 

sample 2 F; X 

sample 11 F; X 

sample 8 F; X 

sample 8 F · X 

sample 8 F· X 

Gartner : sample 

Gartner : sample 

Fig. 9 - Assemblage of Predi cosphaera: sample 16/ 186 ; x 6.200. 

12.500. 

12.000. 

10.000. 

6.500. 

7.500. 

16/ 25 ; 

16/ 150; 

Fig . 10 - Stradneria l imbicrassa Reinha rdt: sample 16/ 40; x 11.000. 

X 12 .000 . 

X 10:600 . 

Fig. 11 - Cretarhabdus crenulatus Bramlette & Martini : sample 16!168; x 7.000. 

Fig. 12 - Parhabdolithus granulatus Stover: sample 16/ 40; x 8.500 . 

Scanning electron micrographs. 
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PLATE 44 

(CRETACEOUS ) 

F ig. 1 - Indeterminate species (Podorhabdus ?): sample 16/ 22; x 13.000. 

Fig. 2 - Indeterminate species: sample 16/ 16; x 13.500. 

Fig. 3 - Stradneria sp. : sample 6 F; x 12.000. 

Fig . 4 - Transversal section of Microrhabdulus decoratus Deflandre : sample 7 F ; 
X 10,000. 

Fig. 5 - Detail: x 30.000. 

Fig. 6 - Transversal section of Microrhabdulus decoratus Deflandre : sample 16/ 39; 
X 16.000. 

Fig. 7 - Stem: sample 9 F; x 10.500. 

Fig. 8 - Doubtful forms : sample 16/ 22; x 8.000 . 

Fig. 9 - Parhabdolithus granulatus Stover : sa mple 16/ 108; x 11.000. 

Fig. 10 - Pol ypodorhabdus sp. 1: sample 16/ 63; x 8.000. 

Fig. 11 · Polypodo rhabdus sp . 2: sample 16/ 25 ; x 6.500 . 

Fig. 12 - Biscutum constans <Gorka l Black: sample 11 F; x 12.000. 

Scanning electron micrographs. 
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PLATE 45 

(CRITACEOUS) 

Fig. 1 - Watznaueria barnesae and a print in the limestone of W. barnesae (Black) 
Perch-Niel1:en: sample 16/ 196; x 5.600. 

Fig. 2 - Assemblage of W. barnesae and Cyclagelosphaera margereli Noel: sample 
16/ 199; X 6.000. 

Fig. 3 - Ccccosphere of W. barnesae: sample 16/ 51; x 5.500. 

Fig. 4 - Cyclagelosphaera ma.rgereli Noel: sample 16/ 22; x 12.000. 

Fig. 5 - Ccccosphere of W. barnesae: sample 16/ 145; x 7.000. 

Fig. 6 - Ccccosphere cf W. barnesae: sample lq,(100; x 6.000. 

Fig . 7 - Watz;zaueria ban:esae : sample 16/183; x 5.800. 

Fig. 8 - t. ::: o: s mb:age of W. ba. rnesae, P. cretacea and Discorha bdus rotatorius: samp!e 
16 '104; X 6.500. 

Fig. 9 - Discorhabdus rotatorius lBukry) Thierstein: sample 16/ 63 ; x 8.000. 

Fig. 10 - Assemblage of D. rotatorius , W. barnesae, P. cretacea : sample 16/ 40; x 4.000. 

Fig. 11 - Detail of the Coccosphere of D. rotatorius: sample 16 140; x 8.000. 

Fig. 12 - Assemblage of W. barnesae and Podorhabdus sp. : sample 16/ 51; x 7.250. 

Scanning electron micrographs. 
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PLATE 46 

(EARLY PALEOCENE) 

Fig. 1 - Ericsonia cava !Hay & Mohler): sample G 50; x 6.000 . 

Fig. 2 - Thoracospha_era sp .: sample G 42; x 11.500. 

Fig. 3 - Assemblage of Paleocene coccoliths: sample G 50; x 12.000. 

Fig. 4 - Cocccsphere of Biscutum ? dimorphosum Perch-Nielsen : sample G 50; x 6.800. 

Fig. 5 · Detail: X 13.500. 

Fig. 6 · Doubtful form: sample G 41 ; x 5.500. 

Fig. 7 - Coccosphere of B . dimorphosum : sa~ple G 47; x 8.000. 

F ig . 8 · Detail : X 16.000. 

Fig. 9 - Markalius inver sus !Deflandre) Bramlette & Martini : sample G 41; x 5.800. 

Fig. 10 · Coccosphere of B. dimorphosum: sample G 49; x 4.000. 

Fig. 11 - Detail : x 8.000. 

Fig. 12 - Coccosphere of B . dimorphosum: sample G 47; x 8.000. 

Scanning electron micrographs. 
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