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•  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 



16. LOW-LATITUDE COCCOLITH BIOSTRATIGRAPHIC ZONATION1

David Bukry, U. S. Geological Survey, La Jolla, California

INTRODUCTION

Leg 15 of the Deep Sea Drilling Project, conducted
December 1970 through February 1971, in the Caribbean
Sea from San Juan, Puerto Rico, to San Cristobal, Panama,
recovered 264 cores at nine drilling sites (Figure 1).
Light-microscope techniques were used to study the cocco-
liths of 197 cores from which samples were available. Zonal
assignment of cores from Leg 15 is summarized in Table 1.
Following an explanation of coccolith zonation developed
from cores of this and other low-latitude DSDP legs are
summaries of the coccolith stratigraphy at DSDP Leg 15
sites.

COCCOLITH ZONATION
Relative dating of Deep Sea Drilling Project sediment

cores containing calcareous microfossils has been facilitated
by the identification of sequences of coccolith zones. These
zones are identified by assemblages of species and are
separated by specified boundary criteria (Figure 2). The
first, last, or acme occurrences of one or more species are
generally used as boundary criteria. As species concepts and
the relative stratigraphic ranges of species are refined, and
the effects of solution, diagenesis, and paleoecological
exclusion are understood, new definitions and .criteria will
evolve. Variation in definitions of zonal systems, already
evident in the literature, suggests that individual authors'
concepts of species and relative ranges depend on the facies
and locations of the sedimentary strata they have studied.
As taxonomy is improved and species ranges become more
accurate, the use of acme zones and last-occurrence zones
may be phased out of interregional zonation in favor of
first-occurrence assemblage zones, thus eliminating some of
the ambiguity of present systems.

On a regional basis, the appearance, acme, and extinc-
tion of paleogeographically limited species can be suffi-
ciently reproducible to provide a more detailed zonation
than that based solely on cosmopolitan species (Milow,
1970; Roth, et al., 1971; Bukry, 1971c). Establishing the
chronostratigraphic relations between subzonal sequences
of various regions will be difficult because middle- and
high-latitude coccolith assemblages contain restricted
species and generally fewer total species than do low-
latitude assemblages (Edwards, 1968; Bukry and Bramlette,
1970a; Hornibrook and Edwards, 1971). Similarly, marine
shelf and nearshore basin areas possess additional taxa not
available for zonation in deep-ocean areas. For example, the
Paleogene coccolith zonation for the Blake Plateau
(Gartner, 1971) makes use of taxa that, while not available
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for use in deep-ocean sediment, do permit a fine division
for low-latitude nearshore areas. Depending on where
zonations were described and whether cosmopolitan or
only regional taxa were used, composite zonal scales can
contain a mixture of cosmopolitan and regional units (Hay
et al., 1967; Martini, 1971). Although all current zonations
suffer from these problems to some extent, the continuing
recovery of deep-ocean sediment sections by the Glomar
Challenger at various latitudes will provide the material
needed to thoroughly evaluate the stratigraphic and geo-
graphic ranges of coccolith species. This will permit more
consistent zonation.

The zonal summary presented below is not intended to
be exhaustive but simply illustrates the basis of a low-
latitude open-ocean coccolith zonation that is currently
employed in reports of our laboratory. The assemblages
listed for each zonal unit are a composite of the most
representative species recognized at Deep Sea Drilling
Project sites. If more than one species is used for a
boundary, the first listed is considered the more diagnostic.
Symbols are used to indicate appearance (*), disappearance
(f ), beginning of acme (A*), and end of acme (Af).

Eiffellithus augustus Zone
Boundary species: Top - Eiffellithus augustus ; bottom -

Broinsonia parca*.
Assemblage: Apertapetra gronosa, Arkhangelskiella cymbiformis,

Broinsonia parca, Cretarhabdus crenulatus, Cribrosphaera ehren-
bergii, Eiffellithus augustus, E. turriseiffeli, Microrhabdulus
decoratus, Micula decussata, Prediscosphaera cretacea, Tetrali-
thus aculeus, Watznaueria barnesae, Zygodiscus bicrescenticus.

Selected references: Bukry and Bramlette, 1970a; Cita and Gartner,
1971; Roth and Thierstein, 1972.

Broinsonia parca Zone
Boundary species: Top - Tetralithus trifidus *; bottom - Eiffel-

lithus augustus .
Assemblage: Apertapetra gronosa, Arkhangelskiella cymbiformis,

Broinsonia parca, Cretarhabdus crenulatus, Cribrosphaera ehren-
bergii, Eiffellithus turriseiffeli, Micula decussata, Prediscosphaera
cretacea, Tetralithus gothicus, T. pyramidus, Watznaueria
barnesae, Zygodiscus lacunatus.

Selected references: Bukry, in press[a].

Tetralithus trifidus Zone
Boundary species: Top - Tetralithus trifidus ; bottom - Tetrali-

thus trifidus *.
Assemblage: Apertapetra gronosa, Arkhangelskiella cymbiformis,

Broinsonia parca, Cretarhabdus crenulatus, Cribrosphaera ehren-
bergii, Eiffellithus turriseiffeli, Microrhabdulus decoratus, Micula
decussata, Prediscosphaera cretacea, P. lata, Tetralithus aculeus,
T. pyramidus, T. trifidus, Watznaueria barnesae, Zygodiscus
meudini.

Comment: Cylindralithus gallicus usually appears near the end of
this zone.

Selected references: Bukry and Bramlette, 1970a; Cita and Gartner,
1971; Bukry, in press [a].
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Attualmente, le zonazioni piu usate negli studi biostratigrafici del sedimenti  
del Cenozoico sono: 

……proposte circa 40 anni fa 



Molti bio-orizzonti, utilizzati per la definizione delle biozone, sono risultati 

precisi e utili, mentre alcuni si sono dimostrati imprecisi e non riproducibili 

Le Biozonazioni di Martini (1971) e Bukry (1973) si fondarono su successioni 
marine in affioramento e sulle carote del DSDP (ottenute da carotaggi rotary) 

Erlend Martini (durante il DSDP Leg 33, 1975) 

David Bukry  (nel 2011) 



BIOZONAZIONI del CENOZOICO 

Okada & Bukry’s Zonation 
vs. 

Martini’s Zonation  

risoluzione-tempo media 
nel Paleogene: 

~ 1,300-1,680 kyr 
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BiohorizonsStandard Zonations

risoluzione biostratigrafica 
delle Zonazioni “standard” a 

nannofossili 

tra 40 e 60 Ma: 

~ 1.33 my –1.66 my di 
risoluzione-tempo 

la risoluzione biostratigrafica 
“de facto” è maggiore  



Nonostante la loro bassa risoluzione biostratigrafica, particolarmente in alcuni 
intervalli di tempo, le zonazioni di Martini e di Okada e Bukry sono ancora in uso 

Ma una mole di nuovi dati biostratigrafici “di qualità” sono stati ottenuti 
negli ultimi 30 anni 

  Dati biostratigrafici in alta risoluzione ottenuti in successioni sedimentarie 
marine continue e indisturbate 

 maggiore risoluzione biostratigrafica 
 più precisa biocronologia 



Biostratigrafia a nannofossili del Paleocene: 

stato dell’arte e problematiche 



bio-orizzonti problematici: 

Base Heliolithus riedelii 

Base Ellipsolithus macellus 

I bio-orizzonti del Paleocene 
basale a causa della 
tassonomia controversa per 
i genera Cruciplacolithus e 
Chiasmolithus 
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Ca. 65 Ma - Ca. 57 Ma 

dal limite K/Pg 

al PALEOCENE superiore 

da Agnini et al., 2008 

Walvis	  
Ridge	  



SEZIONE del FORADA  

(da Fornaciari et al.2007) 

sulla base delle distribuzioni di 26 taxa è stato definito un set di 
35 bio-orizzonti (di cui 23 promettenti per la biostratigrafia) 

unpublished data 



da Agnini et al., 2007) 

l’intervallo Paleocene sup.- Eocene inf. nella sezione ODP Site 1262 – Walvis Ridge, SE Atlantic 

sedimenti di 
mare profondo 

da carote 
continue 

e indisturbate 
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PALEOCENE superiore 

46 biohorizons in ~ 10 m.y. 

(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



Biostratigrafia a nannofossili dell’Eocene: 

stato dell’arte e problematiche 
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Le Zonazioni “standard” nell’EOCENE – 

Problematica generale: 

•  bassa risoluzione biostratigrafica 

•  alcuni bio-orizzonti sono “unreliable” 

bio-orizzonti problematici: 

 le specie di Chiasmolithus dell’Eocene medio-sup. 

 Base Blackites gladius 

 Base Blackites inflatus (Rhabdosphaera inflata) 

 i bio-orizzonti dell’Eocene basale 



ca. 57 Ma - ca. 46 Ma   

PALEOCENE  superiore – 
EOCENE medio 

Agnini et al.2008 

Walvis	  
Ridge	  



Sezione di POSSAGNO 
Agnini C.,  Muttoni G., Kent D. V. & 

Rio D. (2006)  



Sezione del CICOGNA 
Dalla Nave E., Agnini C., Muttoni G. & Rio D. (2009)  

43 bio-orizzonti definiti in base alla distribuzione di 25 taxa. 
34 bio-orizzonti sembrano utili per la biostratigrafia  



I bio-orizzonti 
potenzialmen
te utili in 
questo 
intervallo = 
average time 
resolution di 
ca. 430 kyr. 

Zonazioni 
standard = 
age time 
resolution di 
ca. 1.0-1.1 Myr 
nell’intervallo 
analizzato di 
ca.10.5 myr 

intervallo tra ca. 56.5 e ca.46 Ma 

Biohorizon not reliable 
Biohorizon reliable 
Not  tested 

Paleocene-Eocene 
Termal maximum 

PETM 



Position relative to the Geomagnetic Polarity Time Scale (GPTS) of the 
investigated sections. Grey color denotes sections with 
magnetostratigraphy. Light grey color: magnetostratigraphy not reliable. 

da ca. 43.0 Ma 

a ca. 35.5 Ma 

da 
EOCENE medio sup. 

a 
EOCENE superiore 

(da Fornaciari et al., 2010)  



Location map showing the 
position of the oceanic 

and Mediterranean 
considered sections 

da 
EOCENE medio sup. 

a 
EOCENE superiore 



ALANO SECTION 

 4 bio-orizzonti 
nelle zonazioni 
standard 

  5 bio-orizzonti 
addizionali noti in 
letteratura 

 11 nuovi bio-
orizzonti	  

(da Fornaciari et al., 2010)  



ODP Site 1052 (Blake Nose) 

23 bio-orizzonti definiti in base alla distribuzione di 14 taxa 

(da Fornaciari et al., 2010) 

The transition interval middle to late Eocene (Bartonian / Priabonian)  from ~ 43 Ma to ~ 36 Ma 



Con il nuovo schema zonale 
per il Mediterraneo si ottiene 
una risoluzione 
biostratigrafica di ca. 840 
kyr, cioè si raddoppia la 
risoluzione-tempo degli 
schemi biostratigrafici 
standard 

Con gli schemi 
biostratigrafici classici si 
ottiene una risoluzione 
biostratigrafica di ca. 1.6 
myr sull’intervallo di 6.7 
myr  studiato 

(da Fornaciari et al., 2010) 




