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Abstract

An integrated stratigraphical study has been performed at the Cretaceous-Paleogene transition section of Gorgo
a Cerbara in North Umbria (Italy). A magnetostratigraphy for the section was established which was correlated
to biostratigraphy with calcareous nannofossils and stable isotope stratigraphy. The nearly 30 m long section of
Cerbara is built up of typical Scaglia Rossa limestones and marly limestones. Magnetostratigraphic results for the
Cerbara section, and particularly the Cretaceous part, correlate well with the nearby Gubbio section. Magneto-
zones 31N to 26R were identified in the Cerbara section. Biostratigraphy with calcareous nannofossils did not
yield results with a high resolution because of recrystallisation and dissolution effects on the fossils. In the Cre-
taceous, nannoplankton zones NC22 and NC23 (ROTH 1978) were identified by the occurrence of Lithraphidites
quadratus and Micula murus. Although typical Paleogene forms like Thoracosphaera operculata, Braaru-
dosphaera bigelowii, Coccolithus pelagicus and Chiasmolithus danicus were recognized above the boundary, no
evident nannoplankton zonation could be established. The section probably ends in nannozone NP4 (MARTINI
1971). Values of oxygen and carbon isotopes indicate a diagenetic overprint. Nevertheless, a drastic decrease of
δ13C directly above the Cretaceous-Paleogene boundary was determined, as well as an increase in δ18O.

1. Introduction

The mass extinction event at the Cretaceous-Paleogene (C/P) boundary is one of the
most discussed matter in geosciences and the best studied mass extinction event in the
geological record (GARDIN 2002). Although five major mass extinction events are
known from the Phanerozoic (RAMPINO & HAGGERTY 1996, MACLEOD 1996), the C/P
boundary has aroused the highest attention because of the hypothesis that an asteroid
may have hit the Earth at the end of the Cretaceous and caused the mass extinction (AL-
VAREZ et al. 1980). Since this time many controversies on this matter seem to have been
solved, e. g. the impact at or near the boundary at Chicxulub, Yucatan Peninsula in Mex-
ico (HILDEBRANDT et al. 1991, POPE et al. 1991, KYTE 1998) exists, but debates on the
effects of this impact and the nature of the mass extinction are still going on. Thus, the
literature on the C/P boundary is immense. The hypothesis of ALVAREZ et al. (1980) is
based on the high iridium content of the boundary clay in the nowadays famous section
of Gubbio in the Umbria-Marche region (Italy). Throughout this region numerous C/P
boundary sections are exposed and many of them have been studied to some extent (AL-
VAREZ & LOWRIE 1984, CHAN et al. 1985, MONTANARI & KOEBERL 2000).
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Fig. 1: Facies map of 
the Scaglia Rossa forma-
tion in the northeastern 
Apennines with locations
of C/P boundary sections
(after MONTANARI 1991)

For the boundary clay in the Cretaceous-Paleogene section at Gorgo a Cerbara the irid-
ium anomaly is proved (MONTANARI 1991), but other stratigraphical data are missing.
Therefore this section was investigated in a combined magneto-, bio- and isotope strati-
graphical study. 
The Scaglia Rossa Formation in the Umbrian Marche Sequence in Italy has been stud-
ied very intensively in the last decades for sedimentological settings, tectonic evolution
(ARTHUR & FISCHER 1977, BALDANZA et al. 1982, ALVAREZ et al. 1985, MONTANARI et
al. 1989, MONTANARI & KOEBERL 2000), calcareous plankton biostratigraphy (LUTER-
BACHER & PREMOLI SILVA 1962, PREMOLI SILVA 1977, MONECHI 1977, MONECHI &
THIERSTEIN 1985, PREMOLI SILVA & SLITER 1995), magnetostratigraphy (ALVAREZ et al.
1977, ROGGENTHEN & NAPOLEONE 1977, LOWRIE & ALVAREZ 1977, 1981, LOWRIE et al.
1982, ALVAREZ & LOWRIE 1978, 1984, CHAN et al. 1985) and stable isotope chemostrati-
graphy (CORFIELD et al. 1991). 
But poor preservation of nannoplankton (MONECHI & RADRIZZANI 1975, MONECHI 1977,
MONECHI & THIERSTEIN 1985) in this area is still a limiting factor for a good correlation
of nannofossils with the global polarity time scale (GPTS). 
At the C/P boundary, about 90% of the Cretaceous calcareous nannoplankton species
became extinct. In connection with the debate, whether the mass extinction was sud-
denly or not, it is interesting that there is no hint in the fossil nannoplankton record of a
gradual extinction. The upper Maastrichtian nannoplankton community was essentially
stable until the C/P boundary (GARDIN 2002). In the earliest Paleogene sediments usu-
ally true survivor taxa, dominated by Thoracosphaera and Braarudosphaera, are found,
followed shortly by an interval dominated by very small (< 3µm) incoming species, like
Biscutum romeinii, Biscutum parvulum, Cruciplacolithus primus, Prinsius dimorpho-
sus, and Toweius petalosus (GARTNER 1996).
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Stable isotopes studies at the Cretaceous-Paleogene boundary have been performed
worldwide. One of the best studied sections is the boundary-stratotype (GSSP) at El Kef
in Tunisia (KELLER & LINDINGER 1989, REMANE &ADATTE 2002). A negative δ13C shift
in fine fraction carbonate, reduced CaCO3 accumulation, and faunal changes have been
observed in every C/P boundary sequence examined globally (THIERSTEIN & BERGER
1978, SCHOLLE & ARTHUR 1980, PERCH-NIELSEN et al. 1982, ZACHOS & ARTHUR 1986,
ARTHUR et al. 1987, STÜBEN et al. 2002). The global decrease in δ13C of surface water is
generally interpreted as resulting from a sudden reduction of oceanic primary produc-
tivity (THIERSTEIN & BERGER 1978, HSÜ et al. 1982, PERCH-NIELSEN et al. 1982, ARTHUR
et al. 1987), because the δ13C distribution in the oceans is largely controlled by primary
productivity in surface waters, and organic carbon oxidation and CO2 regeneration in
deep waters (WILLIAMS et al. 1977, KROOPNICK 1980). In contrast to this uniform car-
bon isotope signal, δ18O values show globally contradicting trends.

2. Regional Geology

The Apennine, located in the Umbria-Marche region of Italy, is an unmetamorphosed
foreland fold and thrust belt, formed during the latest phase of the Alpine-Himalaya oro-
genesis. The tectonic history of the Northern Apennine mountain belt is very complex:
the sedimentary sequence comprises the evolution from an Early Jurassic to Paleogene
carbonate sequence to a synorogenic and post-orogenic siliciclastic sequence deposited
in the Neogene and Quaternary (MONTANARI & KOEBERL 2000). In Late Triassic to Ear-
ly Jurassic time rifting between Europe and Africa formed a new oceanic basin which
traces the rough outline of a northward-pointing promontory of the African continental
crust, the so called Adria or the Adriatic Promontory (CHANNEL et al. 1979). The Adri-
atic Promontory was isolated from the input of clastic sediments (MONTANARI & KOE-
BERL 2000). 
The section of Gorgo a Cerbara (43.6°N; 12.56°E) is made of the typical pelagic lime-
stones of the Scaglia Rossa Formation (Upper Cretaceous-Eocene).
The Scaglia Rossa Formation is a coccolith-foraminiferal deepwater pelagic limestone
and shows three sedimentary facies (MONTANARI 1991) (Fig. 1): the proximal turbiditic
facies is characterised by platform derived calcareous turbidites, interbedded with
biomicritic pelagic limestones. Characteristics of the distal turbiditic facies are very fine
calcarenitic turbidites, which were trapped in intrabasinal depocenters, and are in-
terbedded with biomicritic pelagic limestones. The turbidite free facies consists of
pelagic limestones and marls.
The Scaglia Rossa Formation is divided into 4 members (MONTANARI et al. 1989). The
R1 member (Turonian to Lower Campanian) consists of pink and white limestones con-
taining nodular cherts. The chert free members R2 and R3 consist of limestones and
marls. In areas with proximal facies, chert nodules can be found within the calcareous
turbidites in the R2 member (Upper Campanian to Maastrichtian) and therefore the dis-
tinction between this member and the underlying R1 is difficult. The R3 member (Da-
nian to Lower Ypresian) ranges from the first appearance of nodular chert at the top to
the Cretaceous-Paleogene boundary at the bottom. The R4 member (Ypresian to Lower
Lutetian) consists of white and pink marls and limestones containing nodular cherts. 
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Fig. 2: Schematic stratigraphy
of the Scaglia Rossa sequence
and lithological profile of the
Cerbara section; enlarged de-
tails show examples of sam-
pling density.

The nearly 30 m long section of Cerbara (Fig. 2), built up of parts of the R2 member in
the Maastrichtian and R3 in the Paleocene, is bounded on both sides by big faults. The
Cretaceous part is about 23.5 m and the Paleogene about 6 m long. The section is built
up of micritic pink and sometimes white pelagic limestones, and marly limestones with
mm-thin shale interbeds. Bed thickness of the limestone varies between 5 cm and 30 cm,
and bedding-planes are well defined.
In the Cretaceous planktonic foraminifera are dominated by assemblages of large
Globotruncana, while in the Paleogene small forms of Globigerina are found. Within
the Paleogene part of the section planktonic foraminifera rise in size and number from
the C/P boundary to the top.
Large parts of the section are not influenced by tectonics, but at 5.5 m (bed 45) a small
fault is observable. The range between 9.0 m and 11.8 m (bed 78 to 95) could have been
affected by a synsedimentary sliding. The Cretaceous part from 14.2 m (bed 107) up to
the Cretaceous-Paleogene boundary is certainly undisturbed.
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Styloliths, indicating pressure solution during compaction, and bioturbation occur in the
Cretaceous as well as in the Paleogene part of the section. The weathering of the lime-
stones is quite weak. The Cretaceous-Paleogene boundary is represented by a 2.5 cm
thick green and red clay layer (bed 165) at 23.2 m.

3. Sampling and Methods

Each of the 206 consecutively numbered limestone beds of the section has been sam-
pled, and at least one oriented core for paleomagnetic investigations was taken. The
cores of 2.5 cm diameter were collected by using a portable coring apparatus with a non-
magnetic hollow drill bit. The average sample density was one every 15 cm. The ori-
ented cores were cut into standard specimens, 2.2 cm long, and then used for the pale-
omagnetic laboratory analyses in the Paleomagnetic Laboratory in Gams, University of
Leoben. Natural remanent magnetization (NRM) was measured on a three-axes cryo-
genic magnetometer with an in-line degausser (2G Enterprises). Geofyzika KLY-2 was
used for measuring low-field magnetic susceptibility and its anisotropy. The magnetic
mineralogy was studied by coercivity spectrum analyses (LOWRIE 1990), three-compo-
nent isothermal remanent magnetization (maximum field of 1.5 Tesla) and thermal de-
magnetization of IRM.
Specimens not used for paleomagnetic investigations or remainders of the drilled cores
were used for thin-sections and for getting powder for smear slides and the analyses of
stable isotopes. For smear slides and stable isotope investigations in the Cretaceous a
sample density of about 1 m was selected. Across the C/P boundary from 22.0 m to 24.4 m
smear slides and isotope analyses were made from every limestone bed (156-176). In
the Paleogene every 30-50 cm samples were chosen for investigations on calcareous
nannofossils and stable isotopes. For isotope analyses a small drilling machine was used
to get powder of about 0.1-0.2 mg from the core samples. Carbonate powder was react-
ed with 100% phosphoric acid at 70°C in a Finnigan Kiel II automated reaction system
and measured with a Finnigan Delta Plus isotope-ratio mass spectrometer at the Insti-
tute of Geology and Palaeontology, University of Graz. Values are given against VPDB.
The laboratory precision for δ18O and δ13C is better than 0.1 ‰.

4. Results

4.1. Magnetic results

Natural remanent magnetization intensities vary between 0.17x10-3 and 17x10-3 A/m
(normalized to sample mass) and the susceptibility data range from 0.156 x 10-6 to 6.26
x 10-6 SI. Declination and inclination data indicate the occurrence of both polarities.
The magnetic mineralogy was studied by isothermal remanent magnetization analyses.
Fields of up to 1450 mT and a backfield up to 300 mT were applied. The samples show
relatively homogeneous properties: Progressively increasing magnetizing fields up to
1.45 T produced isothermal remanence curves with steep gradients up to 0.2 T, charac-
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Fig. 3: Magnetic characteristics of the Scaglia Rossa limestones: a) IRM acquisition curve; b)
thermal demagnetization of IRM with different fields in 3 orthogonal directions (x = 0.1 T; y =
0.5 T; z = 1.45 T); c) and e) Zijderveld diagrams (circles show the horizontal component, squares
the vertical component) of representative samples with reversed (CE 167.0A) and normal polar-
ity (CE 208.3A); d) and f) decrease of magnetization intensity (filled squares) and properties of
magnetic susceptibilty (open squares) during thermal treatment.

teristic for magnetite as the dominant magnetic mineral. In all samples saturation was
not reached until 1.45 T, indicating the presence of an additional high coercivity com-
ponent (goethite or hematite) (Fig. 3a) (SOFFEL 1991). Furthermore, the samples were
subjected to different magnetizing fields in 3 orthogonal directions (z: 1.45 T; y: 0.5 T;
x: 0.1 T) and then thermally demagnetised (Fig 3b). The hard component shows a clear
drop below 100°C in most of the samples. This drop, in connection with the presence of
a high coercivity component, allowed to identify goethite as a magnetic component. The
medium and hard coercivity components have vanished at 250°C. The soft component
demagnetised straight to zero in the temperature range 570-590°C. From the coercivity
spectrum analyses it is concluded that samples are dominated by magnetite with small
amounts of goethite and hematite.
Thermal treatment led to a successful demagnetization of most of the samples and re-
vealed the presence of multicomponent magnetization in the specimens (Fig. 3c, e). One
component, probably a viscous remanent magnetization (VRM), was removed at 250°C
and is in alignment with the present geomagnetic dipole field. The characteristic remanent
magnetization vector (ChRM) was defined above 350°C in some samples, in others only
above 540°C. In both cases the ChRM was carried by magnetite. In some samples another
component (carried by hematite) persisted after heating above 580°C with remanence
direction parallel to the direction of the magnetite component. Magnetic susceptibility 
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Fig. 4: Stereoplots of ChRM directions before bedding correction, after bedding correction and
after bedding and rotational correction (open circles indicate negative inclination, filled circles
positive inclination).

showed no increase during heating up to 600°C (Fig 3d, f). The ChRM vectors carried
by magnetite, and in some cases also by hematite, show both polarities. Before bedding
correction the direction of declination for normal polarity data is W, for reversed polar-
ity data E with inclinations of about 35° and –25° (Fig. 4a). After bedding correction
these directions rotate to NW and SE respectively (Fig. 4b). The declination directions
of the ChRM of the normal polarity showed a good statistical fit, nevertheless they scat-
tered quite largely between W and NW. When the declination data were plotted against
their stratigraphical position, this scatter turned out to be a regular rotation. Samples of
the lower part of the section showed W-directions of the declination, while samples of
the upper part showed NW-directions. Measurement of the magnetic anisotropy verified
this feature (LATAL et al. 2000).
The measured anisotropy of the low-field magnetic susceptibility indicated a primary
sedimentary origin of the magnetic fabric with an oblate shaped susceptibility ellipsoid.
The maximum susceptibility axes (98 statistically significant data) were aligned within
the bedding plane while the minimum susceptibility axes, with 159 statistically signifi-
cant data, were aligned perpendicular to the bedding plane and reflected the poles to the
bedding plane. The Kmin axes of the data set indicate a rotation, and the same trend was
obvious in the Kmax axes as well as in the ChRM declination. Three homogenous zones
in the section were separated. Boundaries between these zones are represented by small
steep faults. The angle between the first and the third zone indicated a rotation of about
30° under the assumption that the rotation was around an axis perpendicular to the bed-
ding plane. To take into account a different type of tectonic deformation, a fold axis of
an inclined fold was calculated from the bedding planes. For both types of deformation,
fold axis and rotation perpendicular to the bedding plane, corrections have been made
(Tab. 1). For magnetostratigraphy ChRM data after bedding correction and additional
rotational correction are used although these corrections do not influence the polarity se-
quence within the section (Fig. 4c; Tab. 2).

LATAL: The C-P boundary section of Gorgo a Cerbara: an integrated stratigraphical study 265



Tab. 1: Statistics of the ChRM directions for Cretaceous samples after different types of correc-
tions. ∆D is the 95% confidence limit for declination calculated by a von Mises statistics
(STEPHENS 1962), and ∆I is the 95% confidence limit for inclination calculated by a Fisherian
statistics (MCFADDEN & REID 1982; CLARK 1983).

Type of correction Declination ∆D Inclination ∆I

Cretaceous samples with normal polarity (n= 106)

Before bedding correction 259.4 5.6 38.9 2.8

After bedding correction 309.0 4.9 35.5 3.5

After bedding/rotational correction 330.9 4.0 35.5 3.5

After fold axis/bedding correction 307.6 3.5 32.6 4.9

Cretaceous samples with reversed polarity (n= 35)

Before bedding correction 91.1 4.2 -25.0 4.5

After bedding correction 134.2 5.6 -40.4 3.9

After bedding/rotational correction 134.2 5.6 -40.4 3.9

After fold axis/bedding correction 144.7 4.7 -43.5 4.7

Tab. 2: Statistics of the ChRM directions after bedding correction and rotational correction (k =
precision parameter; α95 = confidence limit)

Polarity Number of samples Declination Inclination k α95

Normal polarity 167 332.6 37.7 13.11 3.13

Reversed polarity 62 126.5 -42.4 10.09. 5.98

4.1.1 Magnetostratigraphy

The Cerbara section reveals five normal and five reversed polarity intervals (Fig. 5). The
section starts with a long, clearly defined normal polarity zone which covers the first
7.22 m. Then a 25 cm thick zone with SE declination and an inclination of –24° was de-
termined at 7.22 m, while the next 10.85 m show again normal polarity. A clear change
from normal to reversed polarity occurs at 18.32 m. This reversed interval covers the
uppermost part of the Cretaceous and 0.7 m of the Paleogene, and can be correlated via
the C/P boundary with Chron 29R. Consistently, the two normal polarity zones in the
Cretaceous part are identified as Chrons 30N and 31N. In the Palaeogene four reversed
polarity zones and three normal polarity zones occur, spanning Chrons 29N to 26R. In
the upper part of the section the position of the polarity changes cannot be exactly de-
fined because some limestone beds did not show uniform indications for either normal
or reversed polarity. This spans two intervals in the section of about 10 to 15 cm at the
level of 26.32 m and 26.9 m. At the level of 28.3 m there occurs a bigger gap in the po-
larity sequence of about 35 cm. In these limestone beds no primary magnetization di-
rection could be identified. The section ends in a reversed polarity zone.
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Fig. 5: Declination, inclination and polarity sequence of ChRM in the Cerbara section.

4.2. Stable Isotopes

4.2.1. Carbon isotopes

δ13C data vary between 2.1‰ and 2.8‰ in the Cretaceous and from 1.3‰ to 2.2 ‰ in
the Paleogene (Fig. 8). The first 2 m are characterised by a decrease of about 0.3 ‰. In
the next 5 m δ13C is relatively constant with values around 2.5 ‰. The following sam-
ples show some scatter, and at a level of 8 m the values increase again to 2.7 ‰. This 
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peak is followed by a continuous decrease up to meter 10 to 11. The next 3 m are char-
acterised by an increase in δ13C. A significant feature of the δ13C record in the Cerbara
section is the abrupt decrease between adjacent samples at 14.25 m and 14.43 m. The
upper part of the Cretaceous is again characterised by a relatively stable δ13C record,
with an increasing scatter at higher levels. The last Cretaceous samples show higher val-
ues of about 2.4 ‰. At the C/P boundary a sudden δ13C depletion of 0.5‰ is discern-
able. In the Paleogene part of the Cerbara section the δ13C data show a general trend to-
ward lighter values from the C/P boundary onward. The lowest value is observable at
5.6 m above the C/P boundary. In the last 0.5 m of the section the trend towards lower
values seems to stop.

4.2.2. Oxygen isotopes

δ18O values vary more than the δ13C data, i.e., from –2.1 ‰ up to –0.8 ‰ (Fig. 8). Start-
ing at the bottom of the section a similar feature as in the δ13C record can be seen: in the
first meter there is a decrease in δ18O of about 0.5 ‰. At 5 m another decrease by about
0.2‰ is observable. In the next 10 m δ18O shows a trend to slightly heavier values, how-
ever, with a big scatter. This trend peaks at 14.25 m with a δ18 O value of –1.4 ‰. Cor-
responding to the decrease in δ13C at about 14.3 m δ18O decreases by 0.4‰ . Until just
below the C/P boundary δ18O values are around –2.0‰. The last three samples in the
Cretaceous part of the section show slightly increasing values. This trend is going on in
the Paleogene part where one peak was measured about 8 cm above the boundary with
a value of –0.8 ‰, followed by a rapid decrease of about 0.6‰. A second peak of heav-
ier values is at 1.8 m above the C/P boundary. This peak is again followed by lighter
values of about –1.3 ‰. The next three samples show a continuous trend to lighter val-
ues, peaking at –2.0‰ at a level of 3 m above the boundary. This decreasing trend is
succeeded by an opposite trend to heavier values in the following three samples with a
highest δ18O values of –1.0‰ at 3.3 m above the boundary. Then again the values de-
crease in the next four samples. Towards the end of the section the values seem to be
relatively constant with some scatter.
Diagenetic overprint can alter primary isotope signals and complicate the interpretation
of stable isotope curves. The presence of diagenesis can be tested by the correlation be-
tween carbon and oxygen isotopes: High correlations can often indicate the presence of
diagenesis, but covariance can also derive from primary environmental conditions
(CORFIELD 1991, MITCHELL et al 1997, STÜBEN et al. 2002). For the Cerbara section δ18O
and δ13C values yield a correlation coefficient of r = 0.67 for the Cretaceous, and r = 0.79
for the Paleogene, giving evidence for isotope signals altered by diagenesis.

4.3. Biostratigraphy

The classification of the calcareous nannofossils is based on FARINACCI (1969), PERCH-
NIELSEN (1985), AUBRY (1984), BOWN & YOUNG (1997), YOUNG & BOWN (1997a,
1997b) and BOWN (1998). Identification of species was made under a light microscope
(LM) with 1000 x magnification. In the studied samples 16 taxa in the Cretaceous and
18 taxa in the Paleogene were recognized. Preservation of calcareous nannoplankton in 
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Fig. 6: LM images under crossed nicols of calcareous nannoplankton: 
Cretaceous forms: 1 Lithraphidites quadratus; 2 Micula praemurus; 3 Micula murus; 4 Watz-
naueria barnesae.
Paleogene forms: 5 Cruciplacolithus primus; 6 Thoracosphaera operculata; 7 Braarudosphaera
bigelowii; 8 Chiasmolithus danicus.

the samples was very poor due to recrystallisation and dissolution. In addition only a
small number of forms was found in each sample, so that an evaluation of percental fre-
quencies or relative abundances was not possible. Nevertheless, some marker species
for calcareous nannoplankton zonations (Fig. 6) could be recognized in the samples. In
the Cretaceous especially the marker species Lithraphidites quadratus (Fig. 6/1) and
Micula murus (Fig. 6/3) for nannoplankton zones NC 22 and NC 23 were found. The
lowest Paleogene samples of the Cerbara section are characterised by nearly monospe-
cific occurrences of Thoracosphaera operculata (Fig. 6/6) and Braarudosphaera
bigelowii (Fig. 6/7). This bloom is known from all Tethyan sections (GARTNER 1996).
At a level of 1.8 m above the boundary Thoracosphaera operculata is still more abun-
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dant than other forms, but the abundance of Braarudosphaera bigelowii decreases,
while the abundance of Paleogene families like Coccolithaceae increases. The next 75
cm show typical Paleogene calcareous nannofossils but no zonal marker species were
found. The occurrence of Neochiastozygus modestus at 25.41 m is a hint for calcareous
nannoplankton zone NP3 (MARTINI 1971)/ CP2 (OKADA & BUKRY 1980). Chiasmolithus
danicus (Fig. 6/8) at a level of 2.8 m above the boundary indicates calcareous nanno-
plankton zone NP3/CP2. In some higher samples (4.1 m above the boundary) also some
calcareous nannoplankton forms indicative for zone NP4 (Neochiastozygus saepes, El-
lipsolithus macellus) seem to be present.

5. Discussion and Interpretation

5.1. Cretaceous Bio- and Magnetostratigraphy

In the GPTS the C/P boundary is dated at 65 Ma and lies within magnetostratigraphic
zone 29R, but the position of the C/P-boundary event within magnetochron 29R is not
exactly defined (BERGGREN et al. 1995). In the C/P boundary section of Bjala the absolute
geological age of magnetochron 29R was estimated by correlation with Mylankovitch
cycles (PREISINGER et al. 2000, 2001).
Interpretation of the magnetostratigraphic pattern of Cerbara and correlation to the
GPTS is based on the identification of Chron 29R. One definitive marker in the Cerbara
section is the 2-3 cm thick Cretaceous-Paleogene boundary clay showing the typical
iridium anomaly (MONTANARI 1991) lying in a reversed magnetozone. 
The Cretaceous pattern of reversed and normal polarity zones in Cerbara fits very well
with the nearby section of the Bottaccione Gorge (ROGGENTHEN & NAPOLEONE 1977,
LOWRIE & ALVAREZ 1977) and other Umbrian sections (Fig. 7): The change from Chron
30N to 29R in Cerbara is 4.9 m below the C/P-boundary, and 4.6 m in Bottaccione. The
identified short reversed magnetozone at 7.22 m in Cerbara can be correlated with the
small reversed polarity zone 31R in Bottaccione. 
The Paleogene part displays a more complex pattern as the chrons do not correlate as
well as in the Cretaceous part (Fig. 7). Assuming a complete record in the Cerbara sec-
tion, the three normal polarity zones in the Paleogene are primarily identified as chrons
29N, 28N, and 27N. The completeness of the section is estimated by its biostratigraph-
ical record. Lithraphidites quadratus was recognized at the base of the section, corre-
lating the base to nannoplankton zone NC22 (zonation after ROTH 1978) (Fig. 8). The
first occurrence of Micula murus at 11.19 m indicates zone NC23 (Micula murus zone).
Micula prinsii, typical for the uppermost Maastrichtian was not found in any sample.
The lack of Micula prinsii does not conclusively mean that the uppermost Cretaceous
part is missing. In nearly all Cretaceous samples a relatively high abundance of Watz-
naueria barnesae (Fig. 6/4) was evident. As this form is the most common one in poor-
ly preserved assemblages, the lack of Micula prinsii can result from its poor preserva-
tion because of being susceptible to dissolution (GARDIN 2002).
The lowest Paleogene samples are dominated by Thoracosphaera operculata and
Braarudosphaera bigelowii. The dominance of Thoracosphaera operculata and
Braarudosphaera bigelowii is known from many C/P boundary sites (GARTNER 1996). 
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Fig. 7: Correlation of the Cerbara section with other Umbrian sections (Bottacchione after
ROGGENTHEN & NAPOLEONE 1977, LOWRIE & ALVAREZ 1977; Contessa after LOWRIE et al. 1982;
Pietralata after ALVAREZ & LOWRIE 1984; Fossombrone, Acqualagna, Frontale after CHAN et al.
1985).

A detailed biostratigraphic zonation for the first 2 m of the Paleogene is missing. At
25.45 m Neochiastozygus modestus, correlated with zone NP3 (zonation after MARTINI
1971), was found. The first occurence of Chiasmolithus danicus, the marker for the NP3
zone, was at 26 m. In spite of the poor preservation Neochiastozygus saepes at 27.4 m
and Ellipsolithus macellus at 28.9 m were most probably identified, indicating zone NP4
for the uppermost part of the section. The biostratigraphic results of the Cretaceous part
correlate well with the magnetostratigraphy. The base of the section is characterised by
normal polarity and the occurrence of Lithraphidites quadratus. In the Bottaccione sec-
tion Lithraphidites quadratus appears just above the base of subchron 31N (MONECHI &
THIERSTEIN 1985). In three of the South Atlantic Sites (POORE et al. 1983, MANIVIT
1984) the first occurence of Lithraphidites quadratus was observed in Subchron 31N
and in Subchron 30N at DSDP Site 530A. The first occurrence of Micula murus, which
characterises the uppermost identified biostratigraphic zone in the Cerbara section, is at
level 11.19 m. This coincides with the lower part of Chron 30N. Micula murus appears
near the base of 30N in the Bottaccione section and at DSDP Site 524, while it appears
in mid-Subchron C30N at DSDP Sites 525A and 527 (MONECHI & THIERSTEIN 1985).
The interpretation of the normal magnetozone at the base of the Cerbara section as part
of Chron 31N, the very short reversed zone as hint for Chron 30R, and the following
normal zone as Chron 30N, are clearly supported by the biostratigraphic results. The
identification of Chron 29R is unambiguous by the presence of the C/P boundary lying
in this reversed chron. 
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The view that many FAD´s and LAD´s of Cenozoic calcareous nannofossil species are
unreliable because of preservational problems or latitudinal diachrony is still in discus-
sion. Most of the discrepancies in magnetostratigraphic correlations between different
sections can be related to undeciphered inconformities in the stratigraphic record, and
do not reflect diachrony, although diachrony can certainly occur (BERGGREN et al. 1995).

5.2. Paleogene Bio- and Magnetostratigraphy

A recent nannoplankton biostratigraphic and magnetostratigraphic correlation is based
on DSDP Site 384 (NW Atlantic Ocean), which is essentially the same as established by
MONECHI & THIERSTEIN (1985) in the sections near Gubbio (BERGGREN et al. 2000): the
FAD of Chiasmolithus danicus lies in late Chron 29N, and the FAD of Ellipsolithus ma-
cellus in earliest Chron 27R. Compared to the correlation of BERGGREN et al. (1995), the
FAD of Chiasmolithus danicus has been shifted from Chron 28R or 28N (depending on
which DSDP Site the correlation is based) to Chron 29N in DSDP Site 384. 
The lowest Chiasmolithus danicus (inclusive of Cruciplacolithus edwardsii) occurs in
the first normal subchron above the C/P boundary in all Tethyan, Atlantic and Pacific
sections, and the lowest occurrence of Ellipsolithus macellus is observed in Subchron
C27R in the Bottaccione and Contessa sections (MONECHI & THIERSTEIN 1985). At DS-
DP Sites 525A and 527 it is observed in Chron C27R (MANIVIT 1984), while at DSDP
Sites 524, 577 and 577A the first occurrence of Ellipsolithus macellus is dated younger
in the Subchron C26R (POORE et al. 1983, MONECHI et al. 1985).
The lack of other forms than Thoracosphaera operculata and Braarudosphaera bigelowii
in the lowest Paleogene samples hinders the establishment of a nannoplankton zone.
Generally, the bloom of these two species is a short-dated event directly above the C/P
boundary (GARTNER 1996). At 26.0 m the occurrence of Chiasmolithus danicus defines
zone NP3, but the presence of Neochiastozygus modestus about 50 cm below seems to
indicate the lower boundary of the zone at 2.2 m above the C/P boundary. This level is
within the lower part of normal polarity magnetozone 28N. The higher part of NP3 cor-
relates with magnetozone 27R. 4.2 m above the C/P boundary nannoplankton species
representative for NP4 were most probably recognized, especially Neochiastozgyus
saepes and Ellipsolithus macellus. Based on this moderately reliable identification of
appearances, the boundary of zone NP4 correlates with the lower part of magnetozone
27N. A really reliable determination of appearance levels could not be established due
to the poor preservation and low abundances, but the presence of nannoplankton zones
NP3 and NP4 in the upper part of the Cerbara section seems to be evident. Compared to
the magnetobiostratigraphical correlations of BERGGREN et al. (1995) and BERGGREN et
al. (2000), the correlation of the first occurrences in the Paleogene of the Cerbara sec-
tion is time delayed, and the dominance of Thoracosphaera operculata and Braaru-
dosphaera bigelowii lasts too long. The zonal marker forms occur systematically later.

5.3. Isotope Stratigraphy

Though diagenetic overprint of the isotope signal must be assumed, isotopic trends re-
flect the most prominent known isotopic changes at the C/P boundary (Fig. 8). δ13C val-
ues decrease clearly at the boundary. δ13C data indicate relatively stable bioproductivity 
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Fig. 8: Correlation of magnetostratigraphy, biostratigraphy and stable isotope stratigraphy for the
Cerbara section.

during the late Maastrichtian (STÜBEN et al. 2002). A negative shift of δ13C in bulk sam-
ples, combined with a reduced CaCO3 accumulation and correlated faunal changes, have
been recognized globally in C/P boundary sections. Benthic δ13C records in deep water
environments do not show this decrease, suggesting that the decrease was restricted to
surface waters which can be seen as a result of a reduction of ocean primary productiv-
ity (KELLER & LINDINGER 1989, THIERSTEIN & BERGER 1978, HSÜ et al. 1982, PERCH-
NIELSEN et al. 1982, ARTHUR et al. 1987, D`HONDT 1998, STÜBEN et al. 2002).
In contrast to the negative δ13C excursion δ18O shows an increasing trend across the
boundary. At the C/P boundary a trend towards a positive excursion of δ18O values in
benthic foraminifera, indicative for colder water temperatures, was observed at DSDP
Site 398 (ARTHUR et al. 1979), Site 356 (BOERSMA 1984) and Site 577 (ZACHOS et al.
1985), El Kef (KELLER & LINDINGER 1989) and Elles (STÜBEN et al. 2002). In contrast,
fine fraction δ18O values show a decrease of about 2 ‰ in El Kef/Tunisia (KELLER &
LINDINGER 1989), Negev/Israel (Magaritz et al. 1985), Caravaca/Spain and Biarritz/France
(ROMEIN & SMIT 1981), Lattengebirge/Austria (PERCH-NIELSEN et al. 1982), South 
Atlantic Site 524 (HSÜ et al. 1982), Site 384 and 356 (BOERSMA et al. 1979) and 
Braggs/Alabama (JONES et al. 1987). These conflicting benthic and fine fraction δ18O
ratios in the Tunisian sections and many deep-sea sections can be interpreted as reflect-
ing diagenetic and compositional effects (KELLER & LINDINGER 1989).
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6. Conclusion

1) Thermal treatment of the samples led to a sucessful demagnetization and ChRM di-
rections yielded 5 normal and 5 reversed polarity zones. Interpretation of the magne-
tozones leads to identification of magnetozones 31N to 29R for the Cretaceous and
29R to 26R for the Paleogene.

2) Though calcareous nannoplankton is poorly preserved and less abundant, species in-
dicative for Cretaceous nannoplankton zones NC22 and NC23 and Paleogene nanno-
plankton zone NP3 and NP4 were recognized. The lowest Paleogene samples are
characterised by a nearly monospecific occurrence of Thoracosphaera operculata
and Braarudosphaera bigelowii.

3) The base of nannoplankton NC 23 is correlated with the lower part of magnetozone
30N. In the Paleogene part, the base of NP3 is within the lower part of normal po-
larity magnetozone 28N. The higher part of NP3 correlates with magnetozone 27R.
Based on moderatly reliable identifications of occurences of Neochiastozgyus saepes
and Ellipsolithus macellus, the boundary of zone NP4 correlates with the lower part
of magnetozone 27N.

4) Diagentic overprinting of the oxygen and carbon isotopes can not be ruled out but
nevertheless stable isotopes show characteristic patterns across the Cretaceous-Pale-
ogene boundary: δ13C values decrease by about 0.5‰, while δ18O values increase by
about 1.0‰.

5) For the Cerbara section magnetostratigraphy provided the most reliable results which
are supported by biostratigraphical data of calcareous nannoplankton. Biostrati-
graphic results do not lead to a higher resolution in time, because of the observed de-
lay and deviation from the normal succession of nannofossil events in other Paleo-
gene sections which can be related to dissolution and recrystallisation. Stable isotope
stratigraphy did not yield a better time resolution because of diagenetic overprinting.
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