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The Global Stratotype Section and Point (GSSP)
for the base of the Neogene

The Paleogene—Neogene Period-System boundary,
which defines also the Oligocene-Miocene Epoch
—Series boundary is defined in the Lemme—Carrosio
section in the village of Carrosio, south of the town of
Gavi and north of Voltaggio (Alessandria Province),
northern Italy.

Historical background and concepts

The historical background of the concepts of ‘stratigraphic units’ of
Lyell (1833) and of M. Hornes (1853) (the Chronostratigraphic
Units of modern usage) have been based mainly on two observa-
tions: (1) major or minor discontinuities (or facies changes) in rock
sequences and (2) major or minor changes in the overall biotic con-
tent, or within a specific taxonomic group. M. Hornes (1853) defined
the Neogene using both characteristics. In his work published in
1853 (p. 806) Hornes discussed his ‘organic’ (paleontologic) reasons
for combining Lyell’s (1833) Miocene and Pliocene into his Neo-
gene by referring to the mollusc fauna: ‘die Verschiedenheit der (‘of
the mollusc’) Fauna der Eocdn- und Miocdn-Epoche’ of Lyell and
in 1864 (p. 510) he pointed out the widespread discontinuities:
‘Unstreitig haben zwischen der Eocen- und Neogenzeit gewaltige
Schichtstorungen in Europa stattgefunden’.

Concepts of the Working Group

The base of the Neogene System and the base of the Miocene Series
must be situated between the Chattian and Aquitanian Stages, so that
the Aquitanian Stage is included in the Neogene System. The Paleo-
gene—Neogene System Boundary coincides with the
Oligocene~Miocene Series Boundary. The ideal GSSP candidate for
the Paleogene-Neogene System boundary would be a temporally
continuous section representing the so called ‘critical time span’.
This ‘critical time span’ was determined to be represented by the
biostratigraphic interval between planktonic foraminiferal Zones
P21 to M2 of Berggren et al. (1995). In terms of calcareous nanno-
fossil zonation it corresponds to the interval from Zone NP25
(Spenolithus ciperoensis Zone) to Zone NN2 (Discoaster druggi
Zone) as defined by Martini (1971) and Martini and Miiller (1986).

Main features of the proposed GSSP

Name: Base of the Neogene System (base of the Miocene Series,
Paleogene-Neogene System boundary and Oligocene~ Miocene
Series boundary).

Rank of the boundary: System (beginning of the Neogene Period)
Locality name of the GSSP: Lemme-Carrosio section, Italy.
Geographic position: Longitude 8°50°11” E; Latitude: 44°39°32”
N. Carta Geologica d’Italia: Foglio GENOVA No. 82 (1:100 000);
Tav. VOLTAGGIO I NE (1: 25 000) (Figure 1).
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Local position: 35 m from the top of the Lemme~ Carrosio Section.
Sedimentological marker: An excellent lithological marker for the
GSSP is provided by a distinct boundary between lithologic Unit A
(the more massive part of the section) and the overlying lithologic
Unit B-1 (the more stratified part of the section) At the 50 m mark,
there is a horizon with yellowish nodules. The GSSP is exactly 15
metres above this lithologic boundary. A layer with yellowish nod-
ules lies in lithologic Subunit B 2, exactly one metre below metre 35
(Figure 3).

Artificial marks: The top of the section (0 m) corresponds to the top
of the Rigoroso Formation. For practical reasons, a metal stake was
not placed at level 0 but exactly 0.50 m below the top of the forma-
tion. A steel cable runs from the 0 m mark to the base of the section.
Each metre of the section is marked by a metal tag (with the metre
number). These tags are fixed at the cable and additionally in the for-
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mation. In addition metre 35 is marked by a metal plaque fixed in the
section with the following text.

The section has excellent exposure, absence of major structural
complications and apparent absence of unconformities within the so
called ‘critical time span’. In addition, there is an adequate thickness
of sediments, favorable facies, rather good potential for planktonic
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Figure 1 Geographic location of the Lemme~Carrosio section.
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and benthic microfosstl biostratigraphies, magnetostratigraphy, sta-
ble isotope stratigraphy and, eventually cyclostratigraphy.

The section is easily accessible by public and private trans-
portation and the present owner of the property Mr. Nando Traverso
has agreed to provide access to colleagues interested in visiting and
sampling the section and to conserve the section as an international
geological point of prime interest.

Geology of the GSSP site

The area of the Lemme—Carrosio section is situated within the Pied-
mont Tertiary Basin, in southern Piedmont, northwestern Italy (Fig-
ure 2). The basin itself is bordered by the arc of the Western Alps and
by the northwestern end of the Northern Apennines. Its basement is

formed by Pennidic and Ligurian tectonic units. The late Eocene to
late Miocene succession forms a large homocline, gently dipping to
the northwest. The basin formed during the late Eocene-early
Oligocene as an extensional basin behind the arc of the Western
Alps. It was affected by the Apennine compression from late
Oligocene. Evidence of post late Miocene extensional tectonics are
clearly recorded (Falletti et al., 1994). The facies evolution of the
Piedmont Tertiary Basin is strongly controlled by synsedimentary
tectonic activity and three large-scale facies belts can be recognized.
From west to east: the Langhe-, the Visone-Lemme- and the Bor-
bera—Staffora facies belts. The GSSP section is situated within the
Visone-Lemme facies belt in the upper part of the Rigoroso Forma-
tion which overlies the Molare Formation (Oligocene fan delta con-
glomerates with sandy shallow marine intercalations yielding micro-
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Figure 2 The geologic frame of the Piedmont Tertiary Basin.

L Location of the Langhian type section. 6  Upper Eocene to lower Oligocene deposits: 9  Depo-center axis of the Plio-Quaternary

S Location of the Serravallian type section. a alluvial to coastal conglomerates, shallow- basins.

T  Location of the Tortonian type section. water sandstones and hemipelagic mud 10 Buried thrust front of the Collina di Torino-

I Pliocene to Recent deposits. stones; Basso Monferrato-NW Apennine wedge.

2 Messinian deposits. b slope and base-of-slope, resedimented con 11 Buried, south vergent backthrust of the

3 Langhian to Tortonian siliciclastics and car- glomerates; Basso Monferrato, active from Messinian
bonates shelf and slope deposits. ¢ mainly turbidites. onward.

4 Upper Burdigalian to Tortonian mainly tur- 7  Late Eocene to Tortonian mainly siliciclastic 12 Buried, pre-Burdigalian backthrust of the
biditic succession (only Burdigalian in the deposits of the NW Apennines-Basso Mon- western Alps (as inferred from Roure et al.,
Eastern sector of this figure). ferrato-Collina di Torino wedge. 1990).

5 Upper Oligocene to Burdigalian turbidites 8  Alpine and Apenninic allochthonous units. 13 Tectonic lines: SV Sestri-Voltaggio, VV

and hemipelagic mudstones.

Villalvernia-Varzi.
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and macrofauna). The Molare-Formation lies unconformably on a
pre-Cenozoic substratum (Gnaccolini, 1978a, b). The Rigoroso For-
mation itself is overlain by the upper lower Miocene Costa Montada

Formation.

Lithology

In the Lemme section (Figure 3), the Rigoroso Formation is charac-
terized by poorly to very poorly sorted sediments which can be clas-
sified as fine and medium grained silts with fine silts dominating.
The CaCOj3 content shows a prominent decrease at metre 35.00. The
measured section can be divided into three lithologic units as fol-

lows.

Unit A (from metre 63 to metre 49.5: 13.50 metres exposed). The
basal Unit A is characterized by bluish-grey, massive, partly indis-
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Figure 3
Chronostratigraphy,
Geochronology,
Magnetostratigraphy,
Lithostratigraphy and
Biostratigraphy of the
Lemme-Carrosio
Section.

tinct fine bedded, clayey to fine sandy silts. Yellow to orange marks

and nodules may represent bioturbation structures.

Unit B (from metre 49.5 to metre 4: total thickness 45.50 metres).

This interval that is noticeably more fine-grained forms the main part

of the section. It can be subdivided into three subunits.

Lower subunit B 1 (from metre 49.5 to metre 37: 12.50 metres):
massive to indistinctly bedded, blush-grey, clayey silts with
few, thin laminated, more clayey pelitic layers. Yellow to

orange marks and nodules as in Unit A.

Middle subunit B 2 (from metre 37 to metre 24: 13 metres). This
characteristic subunit consists of massive, indistinctly bedded,
silty intervals alternating with thinly bedded, wavy laminated,
more-clayey pelitic layers. Yellowish to orange colored nodules
occur in the massive blueish-grey silts and form marker hori-
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zons. This unit which is characterized by fin-
ing upwards cycles consists probably of tur- 0

SED.
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bidites. The GSSP of the base of the Neogene
System was defined 2 metres above the base
of Subunit B 2, just one metre above a very
distinct layer with yellowish to orange colored
nodules.

Upper subunit B 3 (from metre 24 to metre 4: 20
metres): massive, indistinctly bedded blush-

83

grey silts with wavy laminated more clayey .
pelitic intercalations and several metres of
thin laminated, mostly clayey pelites.

82

Unit C (from metre 4 to metre minus 2: 6 metres):
in general massive blush-grey silts with only a few
laminated and more clayey pelitic intercalations.
The silts change towards the top of Unit C into fine
sandy silts. The Costa Montada Formation over-
lies unconformably Unit C. 50+

Mineralogy
60-
The dominant minerals are phyllosilicates and cal-

B1

cite, with various amounts of feldspar, quartz, -4
dolomite, serpentine and pyrite. The main part of
the clay-fraction consists of high charged smec-
tite, with minor amounts of illite, kaolinite, chlo-
rite and even serpentine.

Section.

Biostratigraphy

The GSSP is bracketed by a set of biostratigraphic events in plank-
tonic microfossil groups (calcareous nannofossils, planktonic
foraminifera and dinoflagellate cysts). The preservation of calacare-
ous micro- and nannofossils is moderate to poor, while the dinocyst
preservation is good to excellent. The planktonic microfossil groups
exhibit moderate diversity and the frequency of the index fossils
varies with the quality of preservation (poor to moderate to good to
excellent). In the calcareous nannofossil assemblages, reworking
prevents use of highest occurrence datums which elsewhere have
proven to be useful, such as the HO of Zygrhablithus bijugatus and
of Reticulofenstra bisecta. The abbreviations LO and HO indicate
lowest and highest occurrence levels for each species (Figure 3).

Calcareous nannofossils

LO of Spenolithus ciperoensis 21 metres below metre 35.00; LO of
Sphenolithus delphix 12 metres below metre 35.00; LO and HO of Sphe-
nolithus capricornutus within one metre above metre 35.00 and HO of
Sphenolithus delphix, 4 metres above metre 35.00.

Planktonic foraminifera

LO of Paragloborotalia kugleri two metres above metre 35.00, HO
of Paragloborotalia kugleri 25 metres above metre 35.00; LO of
Globoquadrina dehiscens 12 metres above metre 35.00, LO of Glo-
bigerinoides altiaperturus 22 metres above metre 35.00.

Benthic foraminifera

The LO of Uvigerina spinicostata one metre above metre 35.00.

Dinoflagellate cysts

LO of Ectosphaeropsis burdigalensis at metre 38.00; highest
abunance of Chiropteridium spp. at metre 39.00 and approximate
HO of Chiropteridium spp. one metre above metre 35.00; bloom of
Deflandrea spp. about 10 metres above metre 35.00 and highest
abundance Deflandrea at metre 15.00; L.O of Distatodinium apen-
ninicum at metre 10; LO of Membraninarlacia ?picena at metre 3.00
and LO of Stoveracysta conerae at metre 1.00.

From the base of the section to metre 34.00 the planktonic
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Figure 4 Carbon isotope and oxygen isotope stratigraphy of the Lemme—Carrosio

foraminiferal assemblage is of low diversity. From metre 33.00 to
metre 23.00 a remarkable change in diversity occurs with an acme of
the genus Globigerinoides comparable to the deep sea record outside
the Mediterranean (Keller, 1981; Spezzaferri, 1991, 1994). From
metre 21 to the top of the section the foraminiferal assemblages are
well diversified. In addition from metre 11 up to the top of the sec-
tion, radiolaria (well known to occur in this stratigraphic position of
the Mediterranean area) occur in great abundance (Sanfilippo et al.,
1973).

Depositional environment and paleoclimatological-
paleotemperature interpretations

The lithology and the benthic foraminifera assemblages indicate a
middle bathyal environment (600 to 1000 m water depth). The
planktonic foraminiferal assemblages suggests that warm conditions
and strong upwelling prevailed during deposition of the lower part
(up to metre 40) of the section. In general cooler conditions and pale-
oclimatic instability with low magnitude cool water fluctuations are
registered in the interval between metre 40 and metre 10. The upper-
most part of the section yields evidence of deposition under warm
water conditions. This paleoclimatic trend is consistent with that
observed in the open ocean. This paleoclimatic instability may be
responsible for the discrepancies in the stratigraphic ranges between
the Lemme section and other sections. The oceanic dinoflagellate
species Impagidinium div.sp. and Nematospaeropsis div.sp. are used
to approximate the sea surface temperature conditions. They indicate
a cooling trend during deposition of the lower part of the section up
to metres 40-39; a ‘sudden’ warming pulse up to metre 36-35; a rel-
ative cool pulse up to metre 24-23; a warming pulse up to metre
15-14 and a relative cool pulse upwards, briefly interrupted at metre
4-3 to metre 2-1 of the section.

Magnetostratigraphy

Biostratigraphic correlations allow the interpretation of the geomag-
netic pattern of this section using the magnetobiochronologic scale
of Berggren et al. (1995) (Figure 3). Association of the distinct
polarity reversals at metre 35 with the biostratigraphic events cited
above permit identification of the magnetozones delineated between
as Chron C6Cn.2r and Chron C6Cn.2n respectively. This unambigu-
ous reversal pattern and the associated excellent biostratigraphic
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markers have been among the main reasons for defining the base of
the Neogene at metre 35 of the Lemme-Carrosio section. Magne-
tostratigraphy and stable isotope stratigraphy have provided good
and internally consistent results, which can be interpreted in a rela-
tively unequivocal manner.

Stable Isotope Stratigraphy

Stable isotope studies were performed on whole rock carbonates
(Figure 4). Oxygen: The oxygen isotope record shows a systematic
enrichment in 8'30 from the base of the section up to approximately
metre 15. This may correlate in whole or in part with the cooling
trend identified by foraminiferal abundance analyses or may reflect
the ice-volume growth event labelled Mi-1 by Miller et al. (1991),
Oslik et al. (1994) and van Eijden and Ganssen (1995). Carbon: Car-
bon isotope signals of -1.5 %o are recognized between 40 and 35
metres. These signals can be compared in position to the carbon sig-
nals shown by Miller et al. (1991), Oslik et al. (1994) and van Eijden
and Ganssen (1995).

Sequence stratigraphy and sea-level changes

Integrated magnetostratigraphy and planktonic foraminiferal stratig-
raphy allow correlation with the eustatic sea-level chart of Haq et al.
(1988). As indicated by the planktonic foraminifera (LO of Para-
globorotalia kugleri) the section appears to coincide with TB 1.4
(estimated age 24.8 Ma) of Haq et al. (1988). The section would fall
within the Supercycle TB 1, the GSSP (metre 35) within the lower
part of the highstand of TB 1.4. According to the distribution of the
dinoflagellate cysts whose abundance record sealevel fluctuations, it
is likely that the lower part of the section up to metre 39-38 was
deposited during a sea level fall (upper part of Dbi Zone resp. Chi-
Subzone) = TB 1.3, changing to a sea-level rise up to metre 10-9
(lower part of Ebu Zone resp. entire Def Subzone) = TB 1.4, fol-
lowed by a sea-level fall (upper part of Ebu Zone, resp. entire Dap-
Subzone) =TB 1.4to TB 1.5.

Global correlation

The GSSP is potentially correlatable worldwide by means of magne-
tostratigraphy, marine microfossil biostratigraphy, and/or stable iso-
top stratigraphy. In addition magnetostratigraphy allows recognition
of this level in the continental stratigraphic record. Magnetostratig-
raphy also provides the means for indirect correlation between
marine and marine biostratigraphic zonations.

Marine Biostratigraphic correlation

Calcareous nannofossils approximately base of Zone NN1 (7ri
quetrorhabdulus carinatus Zone);
approximately base of Subzone CN1A.

Planktonic foraminifera base of Paragloborotalia (so called
Globorotalia) kugleri TRZ Zone equiv-
alent to the base M 1 Zone; base of Mt |
and base of (Sub) Antarctic Zone AN 1
(Berggren and al., 1995).

Radiolaria base of Lychnocanoma elongata Zone,
uppermost part of Zone 14 (= Dorca-
dospyris ateuchus Zone).

Diatoms

North Pacific: lowermost portion of Thalassiosira spin-

osa PR Zone.
Southern Ocean—Antarctic: upper part of the Rocella gelida Zone.
Low latitudes: within the Rocella gelida PR Zone
The consensus for all three areas is that the GSSP for the base
of the Neogene falls within the Rocella gelida PR Zone (obviously
near the top of the Zone).
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within the Distephanus speculum
haliomma Subzone of the Naviculopsis
biapiculata Zone.

base of Cordosphaeridium canthaerelum
Zone; DO-3B Subzone at the uppermost
part of DO-3 Zone; Def Subzone

within lowermost Ebu Zone.

Silicoflagellates

Dinoflagellate cysts

Continental biostratigraphic correlation

European Mammals  MP 30 resp. near the base of MN 1 Zone
(characteristic mammalian taxa are
rodents of the family Eomyidae:
Rhodanomys transiens); within the
Agenian mammal faunal Unit, in the
“unnamed” continental Stage below the
Ramblian Stage of the European Conti-
nental Stage concept.
North American Mammals between late early Arikareean and the
base of late Arikareean.

Pollen East Mediterranean: above Kale Pollen -
Zone. Central Paratethys: approximately
between Zones NG I and NG II.

Charophytes base of Rantzieniella nitida Zone;

respectively top of Stephanochara
berdotensis Zone.

Regional chronostratigraphic equivalents

Mediterranean at or just below the base of the stratotype

of the Aquitanian Stage.

probably within the uppermost part of the

(Neo-) Chattian Stage.

within the upper Egerian Stage.

within the upper ‘Caucasian’ Stage

(i.e., near the boundary between the

Kalmykian and the Karadzhalgian

Stages (Popov et al., 1993).

North America East coast, Gulf coast uppermost Hackberryian
Stage;

N American West coast uppermost Zemorrian Stage.

New Zealand upper Duntroonian Stage

East Indian Letter Stages uppermost e4—lowermost e5-Letter
Stage.

Northern Europe

Central Paratethys
Eastern Paratethys
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