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I parte – OUTLINE 

•  Introduzione 
I Nannofossili calcarei come strumento di datazione, il loro potenziale 
biostratigrafico e biocronologico 

•  I principali taxa paleogenici 

•  Biostratigrafia a nannofossili del Paleogene - il Paleocene: stato dell’arte 
e problematiche; l’Eocene: stato dell’arte e    problematiche 
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I NANNOFOSSILI CALCAREI: 

•  abbondanza 

•  intensa “storia evolutiva” 

•  grande diversità tassonomica 



ABBONDANZA dei NANNOFOSSILI CALCAREI: 

L’accumulo dei nannofossili nei sedimenti marini è 

consistente: costituiscono fino al 60% sedimenti carbonatici 

pelagici del Cenozoico…… 

(http://www.discoveringfossils.co.uk/chalk_formation_fossils.htm) 

…sono i maggiori costituenti dei sedimenti pelagici  

carbonatici del Mesozoico………….Esempi: 

The chalky cliffs of the “Seven Sister” 



I NANNOFOSSILI CALCAREI: 

Un’intensa storia evolutiva che risulta in 
una grande diversità tassonomica 



I NANNOFOSSILI CALCAREI comprendono: 

 COCCOLITOFORIDI viventi  
(Nannoplancton calcareo) 

 COCCOLITI 
(Nannoplancton calcareo) 



I NANNOFOSSILI CALCAREI comprendono: 

NANNOLITI: forme differenziate di origine incerta	
  



Evoluzione e Diversità 
dei nannofossili calcarei 
nel Mesozoico-Cenozoico 

(da Bown et al., 2004) 
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“Curva climatica” del PALEOGENE (da Zachos et al., 2008)
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DIVERSITA’  vs.  EVOLUZIONE CLIMATICA 







Evoluzione tra generi di nannofossili nell’intervallo K/Pg-Paleocene-Eocene inferiore 
(da Aubry et al., 1998)  



Diversificazione dei 
generi di nannofossili 

nel Paleocene 

passaggi evolutivi                                              Genus                                 evento evolutivo 

Diversificazione 
nel Paleocene basale 
(da 65 a 63.8 Ma) 

Diversificazione 
nel Paleocene medio 
(da 60.6 a 59.4 Ma) 

Turnover P/E BI 
(da 55.5 a 54.37 Ma) 

Nuovi genera del Paleocene: 

Genera  relitti: 

Nuovi genera del Paleocene: 

Genera  relitti: 

Nuovi genera del Paleocene: 

Biantholithus 
Prinsius 
Hornibrookina 
Neochiastozygus 
Lanternithus 
Cruciplacolithus 
Chiasmolithus 
Ericsonia/Coccolithus 

Chistozygus 

Fasciculithus 
Zygodiscus 
Toweius 
Neococcolithes 
Sphenolithus 

Placozygus 
Neocrepidolithus 
Cyclagelosphaera 
Biscutum 

Biantholithus 
Prinsius 
Hornibrookina 
Fasciculithus 
Zygodiscus 
Conococcolithus 
Rhomboaster 
Tribrachiatus 
Lophodolithus 
Blackites 
Pontosphaera 
Helicosphaera 
Clausicoccus 

FAD 
FAD 
FAD 
FAD 
FAD 
FAD 
FAD 
FAD 

 LAD 

FAD 
FAD 
FAD 
FAD 
FAD 

 LAD 
 LAD 
 LAD 
 LAD 

 LAD 
 LAD 
 LAD 
 LAD 
 LAD 

FAD 
FAD 
FAD 
FAD 
FAD 
FAD 
FAD 
FAD 

 (modificato da Aubry et al., 1998) 

*nota: le età riportate sono da 
considerarsi indicative perchè 

riferite a time-scale non aggiornata  



Distribuzione dei marker biostratigrafici e di altre specie nel PALEOGENE 
(da K. Perch-Nielsen. 1985. Cenozoic calcareous nannofossils.  In Plankton Stratigraphy, vol. 1) 



BIOZONAZIONI del CENOZOICO 

Okada & Bukry’s Zonation 
vs. 

Martini’s Zonation  

34 biozone 
(59 considerando zone + subzone) 

vs. 
46 biozone 

risoluzione-tempo media: 
~ 1,100 – 1,400 kyr 

nel Neogene: ~ 850 kyr 
nel Paleogene: ~ 1,300-1,680 kyr 



I nannofossili calcarei rappresentano un potente mezzo per le 
correlationi biostratigrafiche a scala regionale e mondiale 



AFFIDABILITÀ e PRECISIONE 

dei BIO-ORIZZONTI (EVENTI BIOSTRATIGRAFICI) 

un evento biostratigrafico è affidabile quando mantiene sempre la stessa 

posizione relativa (“ranking”) e la stessa spaziatura temporale (“spacing”) 
rispetto ad altri eventi: 

  in diverse successioni stratigrafiche 

  nella sequenza di eventi riconosciuta da diversi Autori in una stessa 

successione stratigrafica (il dato deve essere riproducibile) 



AFFIDABILITÀ e PRECISIONE dei BIO-ORIZZONTI (EVENTI BIOSTRATIGRAFICI) 



Metodologia di acquisizione dei dati biostratigrafici 

Adottare un approccio metodologico simile a quello usato negli studi 
paleoceanografici, cioè l’acquisizione di dati (semi-)quantitativi in un 
framework di alta risoluzione stratigraphica/temporale.  

Nell’analisi biostratigrafica è indispensabile una 
campionatura il più possibile dettagliata allo scopo di: 

  mostrare la “reale” variabilità del record fossile….. 



J. BACKMAN, I. RAFFI

84

METHODS

Deep-sea biostratigraphic analyses are based largely on the pres-
ence and absence of species in samples. The predominant way to
present the results of such observations is conducted in range chart
plots. Quantitative assemblage analysis at 10-cm sample resolution is
exceedingly time consuming if longer periods of time are analyzed,
which explains why range charts typically present low-resolution
data and why the range chart method can be viewed as a rather coarse
tool, in terms of resolution, for describing biostratigraphy. Moreover,
the qualitative character of range charts implies that potentially use-
ful biostratigraphic information is lost because some bioevents (e.g.,
those based on abundance relationships) can be recognized only
through quantification. The value of range charts lies in that they pro-
vide information on lower resolution diversity relationships and bio-
stratigraphy. The range chart method does not fulfill the purposes of
the present study, however, and is not applied here.

Experienced biostratigraphers commonly gather accurate bio-
stratigraphic information using qualitative presence-absence data.
Such data, however, represent an amalgamation of judgments involv-
ing taxonomic perception and abundance that, in turn, depends on
such factors as productivity rate and preservation state. It follows that
independent judgments of the characters that determine the quality of
the bioevents are difficult to achieve from qualitative presence-
absence data. Gathering of quantitative data under defined conditions
would considerably open up the biostratigraphic black box, and this
becomes particularly important when introducing new or revised age
estimates of bioevents.

The quantitative nannofossil data presented here were gathered
using the counting technique of Backman and Shackleton (1983),
which has been shown to generate reproducible results from a series
of duplicate counts and subsamples (e.g., Monechi et al., 1985; Chep-
stow-Lusty, 1990; Gard and Backman, 1990). We normally counted
25 fields of view, where each field contained an average of about
100!150 nannofossil specimens, or a total of approximately 2500–
4000 specimens. The number of view-fields counted were doubled in
many critical intervals. The counts were calculated to represent the
number of specimens per unit area of the smear slide to compensate
for the use of different light microscopes, different magnifications,
and hence different view-field diameters, or differences in total area
counted. Finally, the quantitative approach also has an advantage in
that it provides another class of biostratigraphically useful events
(Thierstein et al., 1977), namely, those that are based on consistent
changes in proportion between species.

Several analytical fields in paleoceanography, including those us-
ing paleoenvironmental proxies such as carbonate concentration or
stable isotope ratios, routinely use sampling intervals that are close
enough to capture the finest details of the records of environmental
change that are preserved in cores. Marine biostratigraphic work, in
contrast, has rarely adopted the smallest meaningful sampling inter-
val to acquire its basic information about the evolutionary emergence
or extinction of species. When a species is considered to become ex-
tinct at a certain stratigraphic level, for example, we are essentially
addressing the question of how to determine its final decline in pro-
ductivity from some given value to zero. One may document the final
productivity decline by means of the time-dependent change in abun-
dance. Investigations of the abundance behavior of species require
quantitative data combined with short sample-spacing distances and
allow us to determine which events are biostratigraphically useful.
The effect of sample resolution is demonstrated in Figure 1, which
shows that a sample resolution of 650 k.y. (1 sample/core), or of 200
k.y. (3 samples/core), does not contain any of the higher frequency
variability revealed by the 8-k.y. sampling (95 samples/core). Short
sample-spacing distances allow more precise biostratigraphic and
sedimentation rate estimates.

The ultimate chronologic precision by which a bioevent can be
determined depends chiefly on the independent calibration tool used
and how well that tool, or time scale, reflects the true progress of
time. Magnetostratigraphy has been the key technique for age cali-
bration of Cenozoic deep-sea biostratigraphic events. But magneto-
stratigraphy offers no control on sedimentation rate variations within
individual polarity zones. Therefore, the accuracy of biostratigraphic
age estimates within such zones are dependent on such factors as the
duration of the polarity zone and the distance of the bioevent to the
nearest reversal boundary. As a result, age calibrations of Cenozoic
bioevents have uncertainties on the order of one to a few hundred
thousand years. The introduction of orbitally tuned time scales has re-
sulted in huge improvements of age calibrations of such bioevents
(Raffi et al., 1993; Shackleton et al., 1995a). As shown below, the 34
age estimates of the Miocene bioevents determined from Site 926
have uncertainties ranging from ±2 to ±28 k.y., with an average of ±7
k.y. Uncertainties are calculated from the sample interval over which
the event is constrained (Table 1). This implies that our bioevents are
determined with an average chronological precision of ±7 k.y.
throughout the 5- to 14-Ma interval investigated here, assuming that
Shackleton and Crowhurst’s (this volume) orbitally tuned time scale
is correct. Moreover, this level of chronological resolution provides
a way to evaluate the degree of synchrony of individual bioevents,
one of the ubiquitous problems in deep-sea biostratigraphy, in more
detail than ever before.

Species abundances in this study are plotted together with the
magnetic susceptibility data collected aboard ship, using the time

Figure 1. Effects of sample resolution. Catinaster calyculus from Site 926 is
shown at 0.1-m sampling intervals (1 sample/8 k.y.), displaying considerable
short-term variations in abundance (small solid circles). Large crosses repre-
sent a 9.5-m sampling interval (1 sample/650 k.y.) and large filled diamonds
represent a 3.0-m sampling interval (1 sample/200 k.y.).

intervallo di campionatura 0.1 m (1 camp/~ 8 kyr) = 
short-term variability 

intervallo di campionatura 9.5 m (1 camp/~ 650 kyr.) 

intervallo di campionatura 3.0 m (1 camp/~ 200 kyr)  

(From Backman and Raffi, 1997, Sc.Res.ODP Leg 154) 

per mostrare la “reale” variabilità del record fossile….. 



(From Blaj, Backman,Raffi, 2008) 

  per ricostruire dettagliatamente le distribuzioni stratigrafiche dei taxa  



(From Agnini et al., 2011) 

  per superare il “problema” del rimaneggiamento e dei taxa molto rari 

Integrated biomagnetostratigraphy of the Alano section (NE Italy): A proposal for defi ning the middle-late Eocene boundary

 Geological Society of America Bulletin, Month/Month 2010 17

the quantitative  distribution of selected taxo-
nomic groups is reported. The assemblages are 
strongly dominated by placoliths, among which 
Cribrocentrum and Dictyococcites are promi-
nent (together up to ~70% of the total assem-
blage). Discoasterids and chiasmoliths (Fig. 1), 
which provide important datums in the standard 
zonations of Martini (1971) and Okada and 
Bukry (1980), are exceedingly rare at Alano, as 
they are normally in low to middle latitude areas 
(Perch-Nielsen, 1985; Wei and Wise, 1989).

In Figure 12, we report the quantitative distri-
bution patterns of index species from the Alano 
section that allow us to defi ne the following 
types of biohorizons: lowest rare occurrence 
(LRO), lowest occurrence (LO), lowest com-
mon occurrence (LCO), highest common occur-
rence (HCO), highest rare occurrence (HRO), 
highest occurrence (HO), acme beginning (AB) 
and acme end (AE).

A biostratigraphic classifi cation of the Alano 
section, based on standard and additional calcar-

eous nannofossil biohorizons, is provided next. 
The positions and calibrations of used bioevents 
are reported in Table 3:

(1) The basal part of the section up to 44.73 m 
level is assigned to zones NP16/CP14a (Fig. 12) 
because of the rare occurrence of Chiasmo lithus 
solitus and the scarce/common presence of 
Cribrocentrum reticulatum and Reticulofenes-
tra umbilicus (see Fig. 1).

(2) The interval from 44.73 m level, where the 
HO of C. solitus was observed, to 62.85 m level, 
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Figure 12. Quantitative distribution patterns of selected calcareous nannofossils and resulting biostratigraphic classifi cation of the Alano 
section according to the zonal scheme of Martini (1971) and Okada and Bukry (1980). Additional biohorizons shown by Fornaciari et al. 
(2010) as useful for correlations are evidenced. The position of the biohorizons is reported in Table 3. LRO—Lowest Rare Occurrence; 
LO—Lowest Occurrence; LCO—Lowest Common Occurrence; HCO—Highest Common Occurrence; HO—Highest Occurrence; AB—
Acme Beginning; AE—Acme End.

 as doi:10.1130/B30158.1Geological Society of America Bulletin, published online on 21 January 2011



Esempio di come gli intervalli di 
campionatura e le metodologie di 
analisi	
  influenzano la qualità dei 
dati biostratigrafici e la risoluzione 
biostratigrafica 



(Aubry et al., 1995) (Raffi et al., 2005) 

(Raffi et al., 2005) 

PETM interval 
at DSDP Site 550 (NW Atlantic) 



  utili per la biostratigraphia 

  confrontabili e possibilmente correlabili con i proxies 

paleoambientali 

Delineare in dettaglio la composizione delle 
associazioni a  nannofossili permette di 

evidenziare le caratteristiche particolari (i segnali!) 
che sono:	
  





Biostratigrafia di “alta qualità” e 

Magnetostratigrafia 

hanno un potenziale simile nelle 

ricostruzioni in dettaglio dei tassi/velocità  

di sedimentazione di successioni 

stratigrafiche 

bio-orizzonte a nannofossili 

limite (reversal) magnetostratigrafico 

(Nell’esempio: ODP Hole 1063A – Leg 172, 
Bermuda Rise) 



Oligocene/Miocene 
Boundary transition 

Sphenolithus delphix 
(from Raffi, 1999) 



I parte – OUTLINE 

•  Introduzione 
I Nannofossili calcarei come strumento di datazione, il loro potenziale 
biostratigrafico e biocronologico 

•  I principali taxa paleogenici 

•   Biostratigrafia a nannofossili del Paleogene – 
il Paleocene: stato dell’arte e problematiche; l’Eocene: stato dell’arte e    
problematiche 



I principali taxa paleogenici 

Fonti Bibliografiche di Riferimento: 

K. Perch-Nielsen. 1985. Cenozoic calcareous nannofossils.  In Plankton 
Stratigraphy, vol. 1 

web site: www.nannotax.org 



Distribuzione dei marker biostratigrafici e di altre specie nel PALEOGENE 
(da K. Perch-Nielsen. 1985. Cenozoic calcareous nannofossils.  In Plankton Stratigraphy, vol. 1) 
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“Curva climatica” del PALEOGENE (da Zachos et al., 2008)
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EVOLUZIONE CLIMATICA 

NUOVI TAXA - ESTINZIONI 

DISCOASTER 

COCCOLITHUS 
FASCICULITHUS 
SPHENOLITHUS 

Estinzione Discoasters a rosetta 

turnover Toweius/Dictyococcites 
        +Reticulofenestra 



PALEOCENE 

Evoluzione di genera importanti 

(from Agnini et al., 2007) 

The distribution ranges of the early Paleogene nan-
nofossil taxa, synthesized in Fig. 9, permit to reconstruct
the major lineages and show patterns that are worth
of consideration as regards their evolutionary history
throughout the interval of interest. This partial picture of

early Paleogene calcareous nannofossil evolutionary
lineages shows episodes of species and genera origina-
tions occurring repeatedly, as well as extinctions of taxa.
Some of the changes observed within the evolving
lineages are related somehow to periods characterized by

Fig. 9. Distributions and evolutionary lineages of early Paleogene calcareous nannoplankton are plotted versus astro-magneto-chronology and
biostratigraphy (Martini, 1971; Okada and Bukry, 1980). Relative ages (Myr) from PETM are also provided. On the right side, standard and
additional calcareous nannofossil biohorizons and chronostratigraphy are reported.

241C. Agnini et al. / Marine Micropaleontology 64 (2007) 215–248

DISCOASTER 

SPHENOLITHUS 

FASCICULITHUS 

COCCOLITHUS 



I principali marker biostratigrafici nel 

 PALEOCENE-EOCENE inferiore 

(da K. Perch-Nielsen. 1985. Cenozoic calcareous nannofossils.  In Plankton Stratigraphy, vol. 1)	
  



I principali marker biostratigrafici 

 nell’ EOCENE medio - OLIGOCENE 

(da K. Perch-Nielsen. 1985. Cenozoic calcareous nannofossils.  In Plankton Stratigraphy, vol. 1)	
  



Problemi: 

 Tassonomia confusa  di alcuni 
generi/specie di coccoliti e 
nannoliti 

 inutilità biostratigrafica di alcuni 
marker : 

Esempi 
• per diacronia (Base E.macellus) 
• per problemi di tassonomia (Ch. 
danicus; H.riedeli) 

I principali marker biostratigrafici nel 
PALEOCENE - EOCENE inferiore 



Esempio: 

Revisione tassonomica del 
genere Fasciculithus 

(from Aubry et al., 2012) 



I principali marker biostratigrafici 

 nell’ EOCENE medio-OLIGOCENE 

Problemi: 

 inutilità biostratigrafica di alcuni 
marker : 

Esempi 
• per scarsa correlabilità/diacronia 
(B B.gladius; B Ch.oamaruensis; 
B I. recurvus; acme C. abisectus) 

• per problemi di tassonomia (Ch. 
danicus; H.riedeli) 


