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ABSTRACT - A study of planktonic foraminiferal assemblages in the Neogene Radicofani Basin (Tuscany, central Italy) is 
reported. The sequences analysed are represented by clays and silty clays with thin turbiditic layers and the basin is characteri­
zed by a high sedimentation rate and the lack of key-beds. Factor analyses on planktonic foraminifera and some climatic proxy 
records, such as ratio of planktonic versus planktonic plus benthic foraminifera (PIP+B), sea surface productivity (SSP) and sea 
surface temperature (SST), were carried out. 

Spectral analyses were applied to factor analysis results and climatic proxy record patterns and showed power spectra with 
frequencies comparable with the orbital cycles of precession and obliquity of the Earth. Moreover, it was possible to take out 
the orbital components from raw data and correlate them to the astronomical curves, using two bioevents, Globorotalia punc­
ticulata FO and Dyscoaster asymmetricus FCO, as calibration points. 

Since these plank tonic f oraminif era abundance fluctuations were calibrated to astronomical curves, they were used to age­
calibrate the studied sections. So these variations could be an important tool in areas where stratigraphic correlations are diffi­
cult. 

RIASSUNTO - [Calibratura astronomica dell'associazione a foraminiferi planctonici del Bacino di Radicofani (Toscana 
meridionale, Italia centrale)] - Dettagliate analisi quantitative condotte sull'associazione a foraminiferi planctonici nel bacino 
pliocenico di Radicofani (Toscana meridionale) hanno permesso di ottenere un riferimento piu preciso sul posizionamento delle 
sezioni analizzate entro la scala temporale. La difficolta presentata dallo studio del bacino riguardava l'impossibilita di corre­
lare le sezioni e di valutare l'intervallo temporale relativo a cui possono essere riferite le stesse successioni stratigrafiche. 

Sui dati di abbondanza dell'associazione a foraminiferi planctonici ottenuti e stata applicata l'analisi fattoriale in Q-mode 
(Cabfac program). Lo studio delle curve cosi ottenute, assieme a quelle del rapporto specie planctoniche sul totale dei foramini­
feri (P/P+B), della produttivita superficiale delle acque (SSP) e della temperatura superficiale delle acque (SST), mostra la pre­
senza di fluttuazioni cicliche. Queste [luttuazioni hanno un periodo ben comparabile con i cicli astronomici di precessione ed 
obliquita della Terra, come evidenziato dall'analisi spettrale. 

Successivamente le variazioni di abbondanza dei foraminiferi planctonici estratte con l'analisi fattoriale e le curve climati­
che costruite (PIP+B, SSP e SST) sono state correlate e confrontate con le oscillazioni orbitali. I due bioeventi, Globorotalia 
puncticulata FO e Discoaster asymmetricus FCO, sono stati usati per tale correlazione. Cio ha permesso di calibrare le succes­
sioni analizzate e determinare l'intervallo cronologico coperto, rendendo possibili correlazioni stratigrafiche difficili da ottene­
re in altro modo. 

INTRODUCTION 

Astronomical influence on the Earth's proces­
ses has been studied for a long time. The orbital 
parameters ( eccentricity, obliquity and precession) 
cause variations in the spatial distribution of solar 
energy reaching the Earth's surface. Over the year, 
these parameters influence both the distribution 
of climatic zones and the variation of the solar 
energy with respect to latitude (de Boer & Smith, 
1994 ). Many researchers have documented the 
relation'ship between astronomical cycles and 
rhy thmic sequences on a wide variety of rock 
types, such as sapropels (Ryan, 1972; Cita et al., 
1978; Vergnaud Grazzini et al., 1977; Thunell et 

al., 1984; Rohling & Gieskes, 1989), marl-limesto­
ne alternations in the Cretaceous southern Alps 
(Claps et al., 1991), the "Scisti a Fucoidi" 
Formation in the Aptian-Albian (Tornaghi et al., 
1989), turbidite deposits (Weltje & de Boer, 1993), 
diatomites (McKenzie et al., 1979) and marl 
sequences with differing CaCO3 content in 
southern Italy (Hilgen, 1987). 

The astronomical parameters produce diffe­
rent effects such as changes in summer-winter 
contrast and in monsoon intensity, and in the 
position of climate belts and their boundaries 
(Berger, 1978; Kutzbach & Otto-Bliesner, 1982). 
In addition, the relative abundance of planktonic 
foraminiferal taxonomic groups fluctuates in 
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response to climatic changes. 
Abundance fluctuations in the planktonic fora­

miniferal assemblages from several Pliocene-lower 
Pleistocene Mediterranean sections have been 
identified (Channell et al., 1992; Sprovieri, 1992, 
1993) and their periodicity well related to the 
astronomical cycles. Proxy records for sea surface 
productivity (SSP) and sea surface temperature 
(SST) in the Mediterranean reveal orbital control 
on planktonic foraminifera microfauna (Lourens 
et al., 1992). In this work a similar approach is 
proposed in the study of the Neogene Radicofani 
Basin (Tuscany, central Italy). 

GEOLOGICAL SETTING 

The Radicofani Basin (Text-fig. 1) is a marine 
basin affected by a complex geological evolution 

0 

during N eogene times (Ambrosetti et al., 1978; 
Bartolini et al., 1982; Boccaletti et al., 1992; Bossio 
et al., 1993 ). 

The Neogene sequence consists of continental 
conglomerates recorded only in boreholes, ref er­
red to the late Messinian, and of clays with inter­
calations of debris flows and turbiditic layers 
ref erred to the Pliocene. The basin is characterized 
by a high sedimentation rate: 16 cm/kyr according 
to Liotta & Salvatorini (1994); 13,8 cm/kyr dedu­
ced by Iaccarino et al. (1994). These sedimentation 
rates are average values for the whole basin. 

Two pliocenic sedimentary cycles can be 
distinguished (Iaccarino et al., 1994 ): the first one, 
the lowermost, is characterized by the deposition 
of a sedimentary sequence up to thousands of 
meters thick and is attributed to the Sphaeroidi­
nellopsis seminulina s.1.- Globorotalia puncticulata 

2km 

D Alluvial deposits □ -
Celle sul Rigo sandstones Blue-grey clays 

Talus deposits Bandite conglomerates Stratigraphical sections 

Text-fig. 1 - Location map of the Radicofani Basin, indicated by an asterisk, and geological map of the south-eastern side of 
Radicofani Basin from Iaccarino et al. (1994) modified. 
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Text-fig. 2 - Biostratigraphic framework of the sections studied. C hronobiostratigraphic scale is taken from Rio et al. (1994) emen­
ded, according to Lourens et al. (1996) for microfossil datum planes and geomagnetic polarity reversal ages. (Pod . 
Collolungo and Pod. Iepoli are not in scale with the Geomagnetic Reversal Time Scale used). 

Zones ( the biostratigraphic scheme is from Rio et 
al., 1994, emended for bioevents and magnetostra­
tigraphic ages as in Lourens et al., 1996). The sedi­
ments belonging to the Sphaeroidinellopsis s.l. 
Zone and part of Globorotalia margaritae Zone 
are not outcropping. The second one is attributed 
to the Globorotalia aemiliana Zone and is a few 
meters thick. It is only present in the north­
eas tern part of the Basin. 

Near Celle sul Rigo, the Pliocene sequence is 
more than 2600 m thick, but only about 1650 m 
outcrop. In this area two sections were investiga­
ted: the Podere Collolungo section and the Podere 

lepoli section. They are well exposed sequences 
corresponding to the first sedimentary cycle. The 
Pod. Collolungo and Pod. lepoli sections consist 
of about 44.5 m and 43.5 m of clays and silty clays 
respectively, with thin fine grain-sized turbiditic 
levels. Globorotalia puncticulata FO is found in 
the Pod. Collolungo section and Dyscoaster asym­
metricus FCO is found in the Pod. lepoli section 
(Text-fig. 2). It is not possible, in the field, to cor­
relate the two sections on the basis of lithologic 
features. No faults or other discontinuities are 
known to exist in this area (Liotta & Salvatorini, 
1994). 
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METHODS 

Quantitative analyses were carried out on 
planktonic foraminiferal assemblages. All the sam­
ples were disaggregated in normal water and 
washed with 63 and 125 micron sieves. About 300 
specimens, from fractions greater than 125 
microns, were counted on splits (using a micro­
splitter). The results are based on the analysis of 
17 (plus Sphaeroidinellopsis spp. in Pod. 
Collolungo section) planktonic foraminiferal 
taxonomic units (Tab. 1). 

The raw data were elaborated by Q-mode fac­
tor analysis using the Cabfac program (Imbrie & 
Kipp, 1971; Klovan & Imbrie, 1971 ), in order to 
reduce a large number of variables to a few mea­
ningful, uncorrelated factors. The scaled factor 
scores and the variance explained by each Factor 
are reported in Tabs. 2 and 3. 

The ratio of planktonic versus planktonic plus 
benthic foraminifera (P/P+B), sea surface produc­
tivity (SSP) and sea surface temperature (SST) 
proxy records were considered (as in Lourens et 
al., 1992). 

The SSP proxy record is based on plotting the 
cumulative percentages of Neogloboquadrina 
(d+s) and Globigerina bulloides. These species are 
considered the most sensitive indicators of sea 
surface productivity. The SST proxy record is 
constructed by using a selection of temperature­
sensitive planktonic foraminif era and represents a 

• Globigerina falconensis. 
• Intermediate group: specimens with intermediate \morpho­

logic characteristics between G. f alconensis and G. 
bulloides. 

• Globigerina bulloides. 
• Globoturborotalita apertura. 
• Globigerinoides obliquus s.l.: G. obliquus obliquus and G. 

obliquus extremus. 
• Globorotalia margaritae. 
• Globorotalia scitula. 
• Globorotalia puncticulata. 
• Neogloboquadrina (s): N. pachyderma and N. acostaensis 

(very rare) with left coiled specimens. 
• Neogloboquadrina (d): N. pachyderma and N. acostaensis 

(very rare) with right coiled specimens. 
• Turborotalita quinqueloba. 
• Globigerinita glutinata. 
• Globigerinella siphonifera. 
• Orbulina spp. 
• Globoquadrina altispira s.l.: G. altispira altispira and G. 

altispira globosa. 
• Globigerinoides trilobus: includes also G. sacculifer. 
• Sphaeroidinellopsis spp. ( only in Pod. Collolungo section). 
• Indeterminable group: unidentified specimens. 

Tab. 1 - Taxonomic units recognized in the planktonic 
foraminiferal assemblage. 

Factor 1 Factor 2 Factor 3 

G. f alconensis .943 3.239 1.025 
Intermediate group -.220 1.428 .066 
G. bulloides -.063 .660 .225 
G. apertura .528 1.492 .302 
G. obliquus s.l. -.284 .649 .543 
G. margaritae -.113 .133 .268 
G. scitula -.020 .028 .149 
G. puncticulata -1.089 -.934 3.865 
Neogloboquadrina (s) .060 .282 .098 
Neogloboquadrina (d) 3.912 -1.107 .817 
T quinqueloba .197 -.019 -.005 
G. glutinata .319 .221 -.033 
G. siphonifera .005 .057 -.019 
Orbulina spp. .003 .077 .196 
G. altispira s.l. -.185 .350 .031 
G. trilobus .031 -.017 .103 
Sphaeroidinellopsis spp. -.041 .079 .012 
Indeterminable group .126 .074 .866 

Variance 43.002 28.633 25.858 

Tab.2 - Scaled varimax factor scores matrix and explained 
variance of planktonic foraminifera assemblage in 
the Pod. Collolungo section. 

plot of the ratio of warm-water versus cold plus 
warm water indicators (Warm indicators: 
Globigerinoides sacculifer, Globigerinoides trilo­
bus, G!Jbigerinoides obliquus, Globoturborotalita 
apertura, Globigerinella siphonifera, Orbulina 
universa. Cold indicators: Globigerina falconensis, 
Neogloboquadrina (s), Globorotalia s•citula, 
Turborotalita quinqueloba ). 

Semiquantitative analyses were performed on 
calcareous nannofossil assemblages and 400 fields 

Factor 1 Factor 2 Factor 3 

G. falconensis .391 .059 -.534 
Intermediate group .011 .368 -.046 
G. bulloides .198 .005 .097 
G. apertura 3.985 .765 .318 
G. obliquus s.l. .360 .176 .652 
G. margaritae .085 -.044 -.124 
G. scitula .010 .008 -.022 
G. puncticulata -.740 2.551 2.436 
Neogloboquadrina (s) .014 .075 .016 
Neogloboquadrina (d) -.373 2.995 -2.433 
T quinqueloba .060 .093 -.081 
G. glutinata -.139 .702 -.158 
G. siphonifera .027 -.011 -.001 
Orbulina spp. -.004 .122 .027 
G. altispira s.l. .018 -.014 .013 
G. trilobus -.215 .405 2.063 
Indeterminable group .175 .274 .128 

Variance 66.039 29.925 1.150 

Tab. 3 - Scaled varimax factor scores matrix and explained 
variance of planktonic foraminifera assemblage in 
the Pod. Iepoli section. 
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of view were investigated with an optical micro­
scope at 1000 magnification. Although the nan­
nofossil assemblages are abundant and well diver­
sified (24-27 species), the discoasterids are absent 
or very rare. Consequently the count of 100 
Discoaster spp. as proposed by Rio et al. (1990), in 
order to define the first common occurrence of D. 
asymmetricus at the base of MNNl 4/15 Zone, 
was not possible and only 0-17 specimens were 
counted on 400 fields of view. 

Spectral analyses were carried out on plankto­
nic foraminiferal assemblage. Spectral analysis is 
possibly the best way of establishing cyclic beha­
viour in stratigraphic records and it allows the 
investigation of complex cycles which consist of 
several oscillations. In the power spectra the rela­
tive position of the frequency maxima provides 
characteristic data which may lead to an identifi­
cation of the cycles (Schwarzacher, 1993 ). The 
StrataBase program (Ripepe, 1988) was used to 
elaborate data from factor analysis and P/P+B, 
SSP and SST proxy records. The Fourier tran­
sform and filters, used to eliminate random distur­
bing fluctuations from the frequency range of the 
record, were applied to obtain spectral peaks. 

INTERPRETATION OF THE DATA 

Statistical analysis carried out in the Pod. 
Collolungo section reduced the original variables 
to 3 factors, dominated by different planktonic 
foraminif era species. These factors, retained from 

# 

o,o o,e 1 .0 o,o o.e 1 ,0 o.o o,8 

Paa« 1 Parur 3 

varimax rotation, explain a cumulative variance of 
97%. Communalities are high (above 0.93), pro­
ving the good efficiency of the reduction to 3 fac­
tors from the original 18 variables. Factor 1 is 
dominated by Neogloboquadrina (d). Factor 2 is 
dominated by G. falconensis but G. apertura is 
also present with high scores. Factor 3 is domina­
ted by G. puncticulata which appears at about mid 
- section. Changes . in abundance patterns along 
the sequence of the 3 factor loadings retained are 
plotted in Text-fig. 3 with P/ P+B, SSP and SST 
proxy record patterns. 

In the Pod. Iepoli, section factor analysis indi­
cated 3 other independent variables. The cumula­
tive variance is 97% and communalities are high 
(above 0.88). Factor 1 is dominated by G. 
apertura, Factor 2 by Neogloboquadrina (d) and 
G. puncticulata. Factor 3 is characterized by G. 
trilobus and highly weighted by G. puncticulata. 
The loadings of the factors retained from varimax 
rotation of the Q-mode analysis are reported in 
Text-fig. 4 with P/P+B, SSP and SST proxy record 
patterns. 

The application of spectral analysis to the 
proxy record patterns of the sequences analysed 
indicated the presence of frequencies in the power 
spectra related to the Earth's orbital variations. In 
fact, the coherence of the spectral response of each 
parameter suggested the existence of a single for­
cing mechanism or, at least, a principal one affec­
ting environmental changes and consequently 
abundance fluctuations in foraminiferal assembla-

1 ,0 o,o o,e 1 ,0 a 

P/1"'3 

3" 

S3P" 

70 0,0 O,!!S 1 ,O 

Text-fig. 3 - Distribution patterns of factor loadings of planktonic foraminifera assemblage in the Pod. Collolungo section. The 
P/P+B, SSP and SST proxy records are also shown. # indicates the first occurence of G. puncticulata. 
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Text-fig. 4 - Distribution patterns of factor load ings of planktonic foraminifera assemblage in the Pod. Iepoli section . The P/P+B, 
SSP and SST proxy records are also shown. ,,. indicates the first common occurrence of D. asymmetricus. 

ge. Spectral evidence for eccentricity, obliquity 
and precessional frequencies confirm astronomical 
control over the Radicofani Basin foraminiferal 
assemblage. 

In the power spectra of the Pod. Collolungo 
section peaks in a range of frequencies between 
20,000 and 27,000 years, correlated to the preces­
sional signal, are present. The amplitude of the 
precessional peak is particularly high in the SST 
power spectrum. Frequencies between 33,000 and 
49,000 years are attributed to the obliquity signal 
and the amplitude of the peaks is high in each 
power spectrum except for the SST one. The 
influence of eccentricity is not so clear, since it is 
only present in two of the power spectra of the 
parameters analysed (P/P+B and SST), with a fre­
quency of 98,000 years. In Factor 1 a peak with a 
frequency of 73,000 years is considered as being a 
random disturbing signal. In Factor 3 spectral 
analysis was not considered because G. puncticu­
lata, which characterizes this Factor, appears at 
about mid - section. In the power spectra of the 
Pod. Collolungo section's parameters, 14 cycles at 
precessional frequency, 6.5 cycles at obliquity fre­
quency and 2 cycles at eccentricity frequency can 
be observed (Text-fig. 5). 

In the power spectra of the Pod. Iepoli section, 
peaks in a range of frequencies between 18,000 
and 26,000 years, correlated to the precessional 
signal, are present. The amplitude of the preces­
sional peak is high in Factor 3 and P/P+B power 
spectra while it is weak in Factor 1. Frequencies 
between 30,000 and 48,000 years are attributed to 

the obliquity signal and the amplitude of the 
peaks is particularly high in each power spectrum. 
Spectral evidence for the eccentricity frequency is 
weak and is shown only in the power spectra of 
Factor 3 and P/ P+B parameters with a frequency 
of 119,000 years. Probably the weakness of the 
eccentricity signal in the sections is related to the 
high sedimentation rate and sequence thickness. 
In Factor 1 and Factor 2 a peak with a frequency 
of 79,000 years is considered as being a random 
disturbing signal. In the power spectra of the Pod. 
Iepoli section's parameters, 12 cycles at precessio­
nal frequency, 6 cycles at obliquity frequency and 
2 cycles at eccentricity frequency can be observed 
(Text-fig. 6 ). 

DISCUSSION 

Analys is of the curves of the two sections 
shows the presence of cyclicity in abundance fluc­
tuations . Several papers have proved that the rela­
tive abundance of different planktonic foraminif e­
ral taxonomic groups fluctuates in response to cli­
matic changes (Sprovieri, 1992, among others). It 
has also been observed that during the Plio­
Pleistocene time interval the cyclicity of the abun­
dance fluctuations in planktonic foraminiferal 
assemblage has a period well comparable with 
precession and obliquity astronomical cycles 
(Sprovieri, 1993; Sprovieri et al., 1994 ). In fact, 
variations in the Earth's orbital parameters can 
markedly influence several environmental factors 
such as water temperature, nutrient supply, water 
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oxygen concentration and CaCO) supply, which, 
in turn, affect fossil communities. 

Spectral analysis revealed the presence of cyclic 
variations in the foraminiferal assemblage of the 
Pod. Collolungo and Pod. Iepoli sections, and 
fluctuations in abundance patterns have been rela­
ted to precession and obliquity oscillations. The 
presence of the eccentricity signal is not clear in 
the power spectra and it was not considered. The 
covered time interval of the sections was inferred 
from the average number of precessional cycles in 
the power spectra of each parameter considered. 
It was possible to estimate the time duration of 
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the Pod. Collolungo and Pod. Iepoli sections, at 
290,000 yrs and 250,000 yrs respectively. 

Moreover, the number of precessional cycles 
and the presence of two bioevents, G. puncticulata 
FO and D. asymmetricus FCO, recognized in the 
Pod. Collolungo and Pod. Iepoli sections respecti­
vely, allowed the age-calibration of the sequences, 
using the bioevents as calibration points. The ages 
of the bioevents are from Lourens et al. (1996). 
An age of 4.52 Ma is reported for G._puncticulata 
FO and 4.12 Ma for D. asymmetricus FCO. 

Several papers (Channell et al., 1988; Channell 
et al., 1990; Driever, 1988; Gla~on et al., 1990; 
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Power spectra of factor analys is data and P/P+B, 
SSP and SST proxy records with frequencies in 
kyr fo r Pod. Collolungo section. Factor 3 power 
spectrum is not reported (see text fo r explanation). 
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Text-fig. 6 - Power spectra of factor analys is data and P/ P+B, SSP and SST proxy records with frequencies in kyr for Pod. Iepoli 
section. 

Hilgen, 1991; Langereis & Hilgen, 1991; Rio et al., 
1990) have proved that G. puncticulata FO and D. 
asymmetricus FCO are synchronous in the 
Mediterranean. But the physical features of the 
Radicofani Basin, semi-enclosed and with high 
terrigenous fluxes, could have delayed taxa occur­
rences. Curves obtained from factor analysis on 
the foraminiferal assemblage were therefore com­
pared with similar curves studied on the sedimen­
tary sequence at Site 653 ODP Leg 107 in the 

Tyrrhenian Sea and reported in Sprovieri (1993) 
(Text-fig. 7). Factor 3 (G. inflata TU) in Sprovieri 
(1993), here indicated by Curve a, was compared 
with the Factor 3 curve of the Pod. Collolungo 
section, dominated by G. puncticulata, and with 
the Factor 2 curve of the Pod. Iepoli section, also 
highly represented by G. puncticulata . 
Comparison of the curves showed that the first 
common occurrence of D. asymmetricus is synch­
ronous and the first occurrence of G. puncticulata 
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has a time-lag of less than 10,000 years in the 
Radicofani Basin compared with Tyrrhenian Sea 
sediments. The time-lag of G. puncticulata FO is 
short enough to consider the bioevent synchro­
nous in the two areas. Consequently, the Pod. 
Collolungo section ranges from 4.64 Ma to 4.35 
Ma and the Pod Iepoli section from 4.28 to 4.03 
Ma (Early Pliocene); the final position of the sec­
tions in the chronological scheme is shown in 
Text-fig. 8. 

CONCLUSION S 

Detailed analyses of abundance fluctuations of 
planktonic foraminiferal assemblages can be used 
to refine stratigraphic correlations of sedimentary 
sequences. These kinds of analyses can also be 
done in sequences in which problems such as 
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Text-fig. 7 - Comparison between Factor 3 and Factor 2 cur­
ves, in Pod . Collolungo and P od . Iepoli sections 
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high sedimentation rate, lithologic uniformity, the 
absence of two or more bioevents or the absence 
of paleomagnetic data, make it difficult to correla­
te the sections studied to a chronological scale. 

Planktonic foraminiferal abundance· variations 
in the Radicofani Basin show frequencies compa­
rable with the orbital cycles of precession, obli­
quity and eccentricity, as revealed by spectral 
analysis . Since these abundance fluctuations are 
correlated to astronomical curves, using G._punc­
ticulata FO and D . asymmetricus FCO as calibra­
tion points, they can be used to age-calibrate the 
sections studied. Thus, foraminiferal abundance 
variations are a useful tool in basins where strati­
graphic correlations are difficult. Since astronomi­
cally calibrated time scales are more accurate and 
have higher resolution than time scales based on a 
limited number of radiometric dates in marine 
seafloor anomaly profiles, this method can be 
used with good results . 
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