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Abstract. Low biostratigraphic resolution and lack of 1 Introduction

chronostratigraphic calibration hinder precise correlations

between platform carbonates and coeval deep-water succe$he Early Aptian oceanic anoxic event la (OAEla), also
sions. These are the main obstacle when studying the recorkhown as the Selli event, was a time of severe perturba-
of Mesozoic oceanic anoxic events in carbonate platformstion of the global carbon cycle. The most popular scenario
In this paper carbon and strontium isotope stratigraphy aréholds that intense volcanism, associated with the emplace-
used to produce the first chronostratigraphic calibration ofment of the Ontong-Java large igneous province, forced the
the Barremian-Aptian biostratigraphy of the Apenninic car- rapid increase of atmosphenCO, that triggered a cascade
bonate platform of southern Italy. According to this cali- of palaeoenvironmental changes (Larson and Erba, 1999;
bration, the segment of decreasi$tfC values, leading to Méhay et al., 2009; Tejada et al., 2009). The deposition on a
the negative peak that is generally taken as the onset of thglobal scale of organic-rich marine sediments, the demise of
Selli event, starts a few metres above the last occurrence dhe northern Tethyan carbonate platform and a biocalcifica-
Palorbitolina lenticularisandVoloshinoides murgensighe tion crisis recorded by calcareous nannoplankton are among
following rise of 13C values, corresponding to the interval the most significant testimonies left in the geological record
of enhanced accumulation of organic matter in deep-wate(Arthur et al., 1990; Wissler et al., 2003; Weissert and Erba,
sections, ends just below the first acmeSafipingoporella  2004; Erba et al., 2010). Most of what is known about
dinarica, which roughly corresponds to the segment of peakthe response of the Earth System to the perturbations asso-
813C values. The whole carbon isotope excursion associciated with the Selli event comes from the vast amount of
ated with the oceanic anoxic event la is bracketed in thedata recovered during the last decades from hemipelagic and
Apenninic carbonate platform between the last occurrence opelagic sedimentary successions deposited in epicontinental
Voloshinoides murgensend the “Orbitolina level”, charac- and oceanic basins. Much less is known of the response
terized by the association bfesorbitolina parvaandMesor-  of tropical carbonate platforms, which potentially contain
bitolina texana Since these bioevents have been widely rec-a very valuable archive of environmental change (Hallock,
ognized beyond the Apenninic platform, the calibration pre-2001; Strasser et al., 2011).

sented in this paper can be used to pinpoint the interval cor- While the long-lived Urgonian platform was drowned
responding to the Early Aptian oceanic anoxic event in othershortly before the onset of the OAEla (Wissler et al., 2003;
carbonate platforms of central and southern Tethys. This calFolimi et al., 2006; Huck et al., 2011), some carbonate plat-
ibration will be particularly useful to interpret the record of forms in the central and southern Tethys were able to con-
the Selli event in carbonate platform sections for which a re-tinue growing in shallow water. These resilient platforms
liable carbon isotope stratigraphy is not available. preserve the record of palaeoecologic disturbance of tropical
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Fig. 1. Barremian-Aptian biostratigraphy of central-southern Tethyan carbonate platforms. These schemes suffer of low resolution and
poorly constrained chronostratigraphic calibration.

neritic ecosystems (Immenhauser et al., 2005; Huck et al.platforms reveals that the chronostratigraphic calibration of
2010). In order to unlock this archive, the first step is to the biozones is admittedly tentative (De Castro, 1991; Chioc-
bracket the segments corresponding to OAESs, but this is nothini et al., 2008) or entirely based on the age of orbitolinid
a trivial task in shallow-water carbonate successions. BlacKoraminifera as established in the Urgonian Platforms of
shales are notably absent in carbonate platforms, and also thhe Northern Tethyan margin (Bachmann and Hirsch, 2006;
occurrence of dysoxic facies can be misleading because it iseli¢, 2007).
more often the result of locally restricted circulation than of |n the absence of black shales and of a reliable biostrati-
global ocean anoxia (Davey and Jenkyns, 1999). Biostratiggraphic criterion, the identification of segments correspond-
raphy may not always offer a complete solution either. Theing to the Selli event in the resilient carbonate platforms of
onset of the OAE1la has been dated to the lower part of thehe central and southern Tethys is generally based on carbon
Deshayesites deshayesnmonite zone @lImi et al., 2007).  isotope stratigraphy. However, the pristine carbon isotope
However, ammonites are very rarely found in shallow-watersignal of the open ocean can be modified by local palaeo-
carbonate platforms and there is, at present, no precise caleeanographic processes and later overprinted to a consid-
bration of shallow-water biostratigraphic schemes with theerable extent by diagenesis (see Immenhauser et al., 2008,
ammonite standard zonation and with the geological timefor a recent review). As a result, many published carbon
scale. A recent review has highlighted how low biostrati- isotope profiles of Lower Cretaceous shallow-water carbon-
graphic resolution and lack of precise chronostratigraphicate successions are markedly different from, and very diffi-
calibration hinders a full appraisal of the response of carboncult to correlate with, basinal reference curves (D’Argenio
ate platforms to climate and ocean chemistry changes duringt al., 2004; Huck et al., 2010; Jevic et al., 2011). Car-
the Aptian (Skelton and Gili, 2011). bon isotope stratigraphy has been already applied to several
Biozonations of central and southern Tethyan Early Creta-Barremian-Aptian carbonate successions of the Apenninic
ceous carbonate platforms are based on benthic foraminifersarbonate platform (ACP) of Southern ltaly (Ferreri et al.,
and calcareous algae (De Castro, 1991; Simmons, 1994t997; D’Argenio et al., 2004; Wissler et al., 2004; Di Lucia
Husinec and Soka 2006; Vele, 2007; Chiocchini et al., and Parente, 2008; Di Lucia, 2009). The first attempt to use
2008). Resolution is rather low (3 biozones over 18 My, carbon isotope stratigraphy for correlation with well dated
adopting the Geological Time Scale of Gradstein et al., 2004pasinal sections and for bracketing the interval corresponding
hereinafter GTS2004) but can be considerably improved withto the OAE1a, was made by Ferreri et al. (1997). A higher
orbitolinid foraminifers (Fig. 1). resolutions13C curve for the same section investigated by
The chronostratigraphic scale tied to these shallow watefFerreri et al. (1997), Mt. Raggeto, was produced by Wissler
biostratigraphic schemes conveys the impression that longet al. (2004). Both these papers incorporate a high resolution
distance precise correlation between different carbonate platyclostratigraphic framework, but provide very few biostrati-
forms, as well as correlation with coeval deep-water faciesgraphic data.
can be easily attained. However, a more in-depth appraisal In this paper we present the re-interpretation of the carbon
of the papers on the biostratigraphy of Tethyan carbonatésotope stratigraphy of three Barremian-Aptian successions
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Fig. 2. Schematic geological map of the central-southern Apennines, with location of the studied sections (modified from Bonardi et al.,
1988).

formerly studied by Di Lucia and Parente (2008) and Di Lu- (the Lagonegro Basin). Shallow-water carbonate sedimen-
cia (2009) and new biostratigraphic and chemostratigraphidation persisted almost to the end of the Cretaceous, when
data on two key sections formerly studied by Wissler etthe platforms emerged, and was locally re-established during
al. (2004) and D’Argenio et al. (2004): Mt. Raggeto and the Palaeogene and the Early Miocene, to be eventually ter-
Mt. Tobenna. In particular, the correlation with the most minated by drowning and siliciclastic deep-water deposits.
complete Mt. Raggeto section reveals previously undisclosed he total thickness of the Mesozoic succession of the Apen-
gaps in the other sections. This highlights the difficulties ninic carbonate platform can be estimated to about 4-5km
of applying carbon isotope stratigraphy to inherently incom-with about 1-1.2 km pertaining to the Cretaceous (Sartoni
plete carbonate platform sections. and Crescenti, 1962; D’Argenio and Alvarez, 1980; Frijia et
The most significant result of the present study is the pro-al., 2005). The Upper Triassic to Lower Cretaceous lime-
posal of chemostratigraphically constrained biostratigraphicstones and dolomites are generally referred to as flat-topped,
criteria for the individuation of the time-equivalent of the Bahamian-type tropical carbonate platforms, dominated by
Selli event and of the Barremian-Aptian boundary in cen-chloralgal and chlorozoan associations (D’'Argenio et al.,
tral and southern Tethyan carbonate platforms. Moreover, wel975) whereas the depositional system of the Upper Creta-
propose a chronostratigraphic calibration of some importanteous rudist limestones has been interpreted as a ramp-like
biostratigraphic events that are widely used in the Barremianopen shelf, dominated by foramol-type assemblages (Caran-
Aptian biozonations of central and southern Tethyan carbonnante et al., 1997).
ate platforms.

3 Materials and methods
2 Geological setting 3.1 Sedimentology and biostratigraphy

The shallow-water carbonates that are widely exposed irFive shallow-water carbonate successions have been se-
southern ltaly (Fig. 2) are the relics of carbonate bankslected for this study: Mt. Croce (north of Formia, Lazio),
that developed during the Mesozoic on the passive marMt. Raggeto (northwest of Caserta, Campania), Mt. Tobenna
gin of Adria, a promontory of the African Plate (Bosellini, (east of Salerno, Campania), Mt. Motola (south of Salerno,
2002). Starting from the Middle Triassic, the continental Campania) and Mt. Coccovello (north of Maratea, Basili-
rifting individuated two wide platforms, the Apenninic plat- cata) (Fig. 2). The studied sections were logged in the field at
form and the Apulian platform, separated by a deep basirdecimetre to metre scale, depending on the outcrop quality,
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and sampled with an average resolution of about one sam4 Results

ple per metre. The preliminary field description of textural

components, sedimentary structures and fossil content waé.1 Lithostratigraphy, lithofacies associations and
subsequently integrated with the sedimentological and mi-  Ppalaeoenvironmental interpretation
cropalaeontological study of about 520 double-polished thin

sections. From a lithostratigraphic point of view, the five studied sec-

tions belong entirely to the “Calcari con Requienie e Gas-

3.2 Carbon and oxygen isotopes teropodi” Formation (Requienid and Gastropod limestones
Six hundred samples were analysed for #€/A2C and Formation). . Elght_ Lithofacies Ass_00|at|ons (LA) (Table 1)

ave been identified on the basis of texture, components

180/160 ratios. Mudstones were used as a first choice and. .. . . : )
g~ . with special emphasis on fossil assemblages) and sedimen-
the micritic matrix of wackestones and floatstones as a sec;

; . tary structures. The main skeletal components are mol-
ond choice. About 2 mg of powder was obtained from each ) o . .
. . . . lusks (gastropods, ostreids and requienid rudists), benthic
sample by micro-drilling a polished slab under a binocular

microscope with a 0.5 mm or 0.8 mm Tungsten bit. The anal_foramlmfers and green algae, with additional contribution

ses were performed at the Isotopen-labor of the Institut f from microbial nodules and crusts. Non-skeletal grains are
y °Te P ) per . .. mainly represented by peloids and intraclasts. The nomen-
Geologie, Mineralogie und Geophysik at the Ruhr University

: clature of the LA conforms to that adopted by previous Au-
(Bochum, Germany). Approximately 0.5 mg of sample pow- o
thors for the Lower Cretaceous carbonates of the Apenninic
der was heated for 18 hrs at 105. Samples were reacted

online by individual acidic (HPQy) addition with a Finni- carbonate platform and of other carbonate platforms of the

central-southern Tethyan domain (Raspini, 2001; Pittet et al.,

gan Gas Bench II. Stable isotope ratios were measured witlaooz, Hilloartner et al.. 2003: D’'Argenio et al. 2004: Bach-
a Finnigan Delta S mass spectrometer. The results are re- _ "’ % y i g . '

ported in %o in the conventiondl notation with reference mann and Hirsch, 2006). The described lithofacies repre-

) ) sent a full range of sub-environments, from supratidal marsh
to the Vienna Pee Dee Belemnite (VPDB) standard. The ge o ° ' P

precision (i) monitored by repeated analyses of interna- with ponds, to tidal flat to subtidal restricted to open lagoon

tional and laboratory standards,49.09 %o for carbon and (Fig. 3). .A synoptic d_escrlpuon of LAis given m_TabIe L Al.l
. . the studied successions can be generally ascribed to an inner
+0.13 %o for oxygen isotopes. Replicate measurements show

reproducibility in the range a£-0.1 % for $13C and-£0.2 % platform setting. The Mt. Raggeto and the Mt. Croce sections
for 5180 ' ' show more open marine facies, organized mainly in subtidal

A three-points moving average smoothing has been apgnd, subordinately, in peritidal metric cycles. More restricted
plied to thes13C ands180 profiles in order to filter out high facies occur at Mt. Tobenna, Mt. Motola and Mt. Coccovello,

. . . where peritidal cycles dominate the successions and sub-
frequency (metre scale) fluctuations and to facilitate visual_ _ . .
aerial exposure surfaces are more prominent and frequent.

correlation between the studied successions and the referenceGreenish marly levels are a very typical feature of the
curves. Mt. Tobenna section (see also Raspini, 1998, 2011). They
3.3 Strontium isotopes occur as mm-thick partings between calcareous beds or as
) o ) cm to dm-thick laterally discontinuous levels. The thick-
Th|rt_een frggments of reqwen_ld's.hells f.rom four different g5t |evels often contain nodules of mudstones-wackestones
stratigraphic levels, plus the mslcrlt_lc matrix of_ the same lev- yitn charophytes and ostracods (LA1). These marly levels
els were analysed for tfSr°Sr isotope ratio. The best gocument phases of subaerial exposure of the platform top.
preserved shells were _selected m_the field using as first guidy, 511 the other sections mm-thick recessive marly partings
ance colour preservation (yellowish to dark brown or dark gre often observed while the thickest marly levels seemingly

grey) and preliminary analysis of shell microstructure with correspond to poorly exposed intervals covered by grass and
the hand lens. The samples were then passed through a corgrps.

plete procedure of diagenetic screening, involving standard
petrography (optical microscopy, cathodoluminescence and.2 Biostratigraphy
SEM) and analysis of minor and trace element concentration
(see Frijia and Parente, 2008, for a full description of the The following species of benthic foraminifers and calcare-
screening procedure and for analytical details). The numerious algae have been used in this paper for the biostrati-
cal ages of the samples were derived from the look-up tablegraphic subdivision and correlation of the studied succes-
of McArthur et al. (2001, version 4: 08/04), which is tied to sions (Figs. 4, 5)
the GTS.ZQM' M|n|mgnj and Mmaximum ages were obtained _ Praechrysalidina infracretaceaLUPERTO SINNI,
by combining the statistical uncertainty (2s. e.) of the mean
; . : 1979
values of the Sr-isotope ratios of the samples with the uncer- -
tainty of the seawater curve. — Salpingoporella dinaricdADOICIC, 1959

— Palorbitolina lenticularistBLUMENBACH, 1805)

Solid Earth, 3, 1-28, 2012 www.solid-earth.net/3/1/2012/
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Table 1. Lithofacies description and palaeoenvironmental interpretation

Lithofacies Texture Skeletal and non-skeletal Sedimentary and Environmental
associations (LA) components diagenetic features interpretation
Chara-Ostracodal Mudstone/ Thin shelled ostracods (a), characean oogonia (c) afdssolution cavities with Ephemeral supratidal
limestones (LA 1) Wackestone stems (r), small and thin shelled gastropods (r). vadose silt and/or sparry ponds
calcite infilling.
Fenestral and/or Mudstone/ Ostracods (c), small miliolidsy, Fenestrae, birdseyes,  Tidal flat and/or very
Microbialitic Wackestone thin-shelled gastropods (ffhaumatoporella dissolution cavities (with restricted lagoon
limestones (LA 2) ). vadose silt, sparry calcite
or marly infilling), mud-
cracks and black peb-
bles.
Mili-Ostr-Algal Mudstone/ Ostracods (a), small miliolids (a), green algae (c), thinBissolution cavities with Intertidal to shallow
limestones (LA 3) Wackestone shelled gastropods (r), vadose silt and/or sparry subtidal
textularids (c). calcite infilling. protected lagoon
S. dinarica Wackestone/  S. dinarica(va), cuneolinids (r), nezzazzatids (r), 0s-S. dinaricasometimes Shallow subtidal pro-
limestones (LA 4) Packstone tracods (r), peloids (r). crushed and isoriented  tected lagoon
parallel to bedding.
Bio-Peloidal Packstone/ Benthic forams and green algae (a), molluskan shefarallel lamination (r), Shallow subtidal sand
limestones (LA 5) Grainstone fragments and ostracods (r), peloids and intraclasts (@yadation (r). bars
ooids, oncoids and aggregate grains (r).
For-Algal Wackestone/ Benthic forams (a), green algae (c), ostracodBioturbation. Subtidal open lagoon
limestones (LA 6) Packstone (r), molluskan and echinoid shell fragments (c),
Lithocodium/Bacinellanodules
(c to a) and faecal pellets (r).
Molluskan Floatstone Requienid and/or gastropods (a). Matrix Bioturbation, Bioerosion Subtidal open lagoon
limestones (LA 7) of bio-peloidal-intraclastic of molluskan shells.
wackestone/packstone/ grainstone, with
benthic forams (c), green algae (c),
Lithocodium/Bacinelldr) and faecal pellets (r).
Palorbitolina Mudstone/ Orbitolinids (P. lenticulari§ (c to a), miliolids and Bioturbation, stylonodu- Deep open lagoon
limestones and Wackestone textularids (c), Lithocodium/Bacinella nodules (c)lar structures.
Orbitolinid/codiaceans molluskan and echinoid shell fragments (c), sponge
marls and spicules (a), oncoids, intraclasts and peloids (r).
limestones
(LA 8)
Packstone Orbitolinids (va)Mesorbitolina. parva M. texand Bioturbation,micritization

and codiaceans (vaB(hochstetteri moncharmontipe of orbitolinid shells,
dasycladaceans (r), textularids (r) and echinoid shedtylonodular structures.
fragments (c), micritic intraclasts (c).

va = very abundant; a = abundant; ¢ = common; r = rare

— Voloshinoides murgensisLUPERTO SINNI and schemes for the central and southern Tethyan domain and

MASSE, 1993

their homotaxial order has been documented from the Apen-
ninic, to the Adriatic-Dinaric to the Gavrovo-Tripolitza to the

— Debarina hahounerensiBOURCADE, RAOULT and  north African and Middle East carbonate Platforms (Chioc-

VILA, 1972

— Mesorbitolina parva DOUGLASS, 1960)

chini et al., 1994, 2008; Simmons, 1994; Husinec and Boka
2006; Velic, 2007; Téovic et al., 2011).

The correlation of the studied successions is based in par-

— Mesorbitolina texandROEMER, 1849) ticular on the following biostratigraphic markers, which can

— Archaeoalveolina reiche(DE CASTRO, 1966)

also be easily recognized in the field:
(1) The “Archaeoalveolina reicheli level”, represented

— Cuneolina parvaHENSON, 1948 by few metres of wackestone-packstones with abundant

A. reicheli

The first and last occurrences (FO and LO) of these (2) The ‘Orbitolina level”, a 40 to 170 cm-thick compos-
species are the basis of the most widely used biostratigraphiite bed consisting of marls and marly limestones full of flat

www.solid-earth.net/3/1/2012/
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E=5] supratidal with ponds
[ idal flat

[ Protected lagoon
Intertidal to shallow subtidal shoals

I Open lagoon

Fig. 4. (a)Praechrysalidina infracretaceaxial section (Mt. Croce, sample CR 70.8)) Praechrysalidina infracretacedransversal section
(Mt. Croce, CR 55.4)(c) Voloshinoides murgensisub-axial section (Mt. Coccovello, CO 1.8)) Voloshinoides murgensisub-transversal
section (Mt. Motola, MO 89.7)e) Cuneolina parvaaxial section (Mt. Motola, MO 137.7]f) Debarina hahounerensigquatorial section
(Mt. Coccovello, CV 79.2a)g) Salpingoporella dinaricatransversal section (Mt. Motola, MO 103.8}y) Salpingoporella dinaricaaxial
section (Mt. Motola, MO 103.8)i) Cuneolina parvaaxial section (Mt. Motola, MO 137.7§j) Debarina hahounerensisub-axial section
(Mt. Coccovello, CV 79.2a){k) Archaeoalveolina reichelisub-axial section (Mt. Coccovello, CO 30.Z3)) Archaeoalveolina reicheli
equatorial section (Mt. Coccovello, CO 30.2)) Archaeoalveolina reichgliaxial section (Mt. Coccovello, CO 30.2)) Archaeoalveolina
reicheli, tangential section (Mt. Coccovello, CO 30.2)) Cuneolina parvasub-transversal section (Mt. Motola, MO 137.7). Scale bar is
500 microns for all photographs.
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Fig. 5. (a)Palorbitolina lenticularis axial section through the embryonic apparatus (Mt. Coccovello, sample CV ) Biesorbitolina

texana axial section through the embryonic apparat(cs;d) Palorbitolina lenticularis axial section through the embryonic apparatus

(Mt. Coccovello, CV 65.4a)e) Mesorbitolina texanagaxial section through the embryonic apparatus (Mt. Coccovello, CV 71{f&)esor-

bitolina texana subtransversal section of the embryonic apparatus, slightly oblique through the subembryonic zone (Mt. Coccovello, CV
77.9a);(g) Mesorbitolina parva axial section through the embryonic apparatus, with detail of the embryonic apparatus (Mt. Coccovello,
CV 77.9a);(h) Mesorbitolina parvatransversal section through the embryonic apparatus (Mt. Tobenna, TRig!dgsorbitolina parva
subtransversal section of the embryonic apparatus, oblique through the subembryonic zone (Mt. Coccovello, CV 77.9a).

low-conical orbitolinids 1. parva andM. texang. The top Interval A (0—45m) shows a regular alternation of fenes-
15-20cm are typically made of packstones/grainstones wittiral, mili-ostr-algal and bio-peloidal limestones arranged in
orbitolinids and codiacean green alg&®(eina hochstetteri metric shallowing-upward (SU) cycles. In the first 20m in-
moncharmontiadDE CASTRO, 1978) (Fig. 6, 7a). In the tertidal and supratidal facies prevail and subaerial exposure
Mt. Coccovello section there are several cm-thick levels ofsurfaces are well developed at the top of some SU cycles.
marls with orbitolinids within a 6 m-thick interval of poor The thickness of subtidal facies increases in the second half
exposure. This interval terminates with a 15 cm thick bed ofof this interval, marking the onset of a transgressive trend.
packstones with orbitolinids and codiacean algae. The lower part of Interval B (45-60 m) consists mainly of
(3) The Salpingoporella dinaricaacmes, represented by “Palorbitolina limestones”, with a few levels of requienid-
two distinct m-thick intervals of packstones crowded with gastropod floatstone and of for-algal wackestone-packstone.
S. dinarica,occurring respectively a few metres below and Lithocodium/Bacinellebindstones occur as dm-thick inter-
above the “Orbitolina level” (Fig. 7b). calations from 53.6 to 59.0m. The upper part (60—75m) is
represented by m_alnly made of for-al_gal wapkestones/packsto_nes alternating
with a few levels of bio-peloidal packstone-grainsto8alp-
ingoporella dinaricawackestones-packstone are present at
the top. Interval B terminates with a very prominent surface
of subaerial exposure, marked by a lens of nodular marly
limestones with rounded micritic clasts in a yellowish to
greenish marly matrix.
4.3.1 Mt Croce Interval C (75-120 m) starts with the “Orbitolina level”,
consisting of about 40 cm of marly limestones crowded with
This succession was logged on the southern side of Mt. Croc#at low-conical orbitolinids and codiaceans. The “Orbitolina
in the Aurunci Mountains, about 17 km northwest of Formia level” is overlain by a few metres of fenestral mudstones
(4°2355"N, 13?3145"E) (Fig. 2). Itis 146.2m thick and andS. dinaricawackestones. From 79 to 84 m the qual-
has been divided into four intervals (A-D) on the basis ofity of the outcrop is very poor. A few cm-thick beds
major changes in LA at the decametre scale (Fig. 8). of green marls are discontinuously exposed under a dense

(4) The Palorbitolina limestones,
10-20m of wackestones withP. lenticularis ostreids,
LithocodiumBacinellanodules and sponge spicules.

4.3 Stratigraphy of the studied sections

www.solid-earth.net/3/1/2012/ Solid Earth, 3, 128, 2012
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Fig. 6. The “Orbitolina level” at Mt. Tobennda) is made by a nodular marly basal interval followed by a marly limestone crowded
with flat low-conical orbitolinids(c). At the top there is a bed of orbitolinid-codiacean packstone/graingtgneThe underlying bed

(d) is penetrated by a network of dissolution cavities filled by orbitolinid marly-packstone (see arfeysybitolinid marly-packstone at

Mt. Croce;(f): orbitolinid marly-packstone at Mt. Coccovello.

vegetation cover. The first beds, after this covered inter-A few beds of partially dolomitized fenestral mudstone occur
val, consist of dm-thick levels 08. dinaricapackstones. at the top of the interval.

From about 87 to 112m there are m-thick amalgamated The following biostratigraphic events have been recog-
beds of bio-peloidal packstone-grainstone, separated byized in the Mt. Croce section (Fig. 8):

thin levels of mili-ostr-algal mudstone-wackestone and for-

algal wackestone. Interval C ends with dm-thick beds of — P. infracretaceaoccurs from the base to the top of the
bio-peloidal packstone-grainstone and for-algal wackestone-  section.

packstone, overlain by microbial/fenestral mudstones and o ] ]

_ _ at 69.8-79.8 m; the second acme is at 86.8-87.8 m; the
Interval D (120-146.2 m) consists of a regular alternation LOis at 95.4 m.

of dm-thick beds of mili-ostracodal mudstone-wackestone,
for-algal wackestone and bio-peloidal packstone-grainstone. — The range oP. lenticularisspans from 45.0 to 60.2 m.

Solid Earth, 3, 1-28, 2012 www.solid-earth.net/3/1/2012/
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Fig. 7. (a)orbitolinid marly-packstone at Mt. Tobenna, microfacies (sample TB 8)Salpingoporella dinaricaacme at Mt. Motola,
microfacies (sample MO 103.8).

— The FO ofV. murgensiss at 52.4 m; the LO at 65m. according to Amodio et al. (2003), consists mainlyPador-
bitolina wackestone-packstones. Even if dolomitized lime-
stones are not reported in the Wissler et al. (2004) log, their
— The “Orbitolina level” is found at 75.9-76.3m. The Presence is confirmed by the abrupt shift of about 2 %o in
) . : R 18 ; ; ;
first 20 cm contain exclusivelylesorbitolina parvaand ~ the §°0 at this level (see Fig. 3 of Wissler et al., 2004).

M. texana The upper part contains al& hochstetteri This dolomitized interval is followed by about 6 m of well
moncharmontiae bedded bio-peloidal packstones with nubecularids and for-

algal wackestones-packstones witithocodium/Bacinella

— The FO of A. reicheliis at 112.3m but the species nodules, alternating with floatstones with requienids and os-

becomes abundant from 117.9 to 118.8M feicheli  treids.

level), in concomitance with the FO @f. parva The last part of the interval A is characterized by poorly
exposed thin beds of bio-peloidal packstone with nubecular-
ids, alternating with ostracodal mudstones-wackestones.

Interval B (39.3-75m) is mainly made of algal
The Lower Cretaceous shallow-water carbonates ofvackestones-packstones rich 6f dinarica, with a few
Mt. Raggeto (7km northwest of Caserta, °@¥14” N, beds of requienid floatstones and of bio-peloidal packstones.
14°1451”E, Fig. 2) have been extensively studied during LithocodiuniBacinellanodules are particularly abundant be-
the last 20 years (D'Argenio et al., 1993, 1999a, 2004;tween 45.5and 53 m from the base of the section, associated

Ferreri et al., 1997: Buonocunto, 1998: Amodio et al., 2003;With requienid floatstones. In the upper part of this interval,

Wissler et al., 2004). A 97 m-thick section was logged, between 62 and 69 m from the base of the section, some beds

starting about 30m below the thin bedded limestonesOf chara-ostracodal mudstones mark a regressive trend cul-

identified by Wissler et al. (2004) as the equivalent of the Minating with a cluster of nodular marly levels.

Selli level. Based on lithofacies associations, this section Interval C (75-97.3m) is mainly made of bio-peloidal

has been subdivided into three intervals (A—C) (Fig. 9). packstones-grainstones. At the base they alternate with
Interval A (0-39.3m) starts with a few metres of bio- some beds of ostreid-requienid floatstones, while in the

peloidal packstones with nubecularids, followed by for-algal uppermost part (from 87 to 97.3m from the base of the

wackestones withLithocodium/Bacinellanodules and bio- Section) there are some intercalations of mili-ostracodal

turbated wackestones witBalorbitolina Dolomite-filled =~ Mudstone-wackestones. The section ends with a few beds

Thalassinoidesurrows make a tridimensional network that of foraminiferal wackestones with primitive forms &t re-

is well visible on weathered surfaces. After a 9 m thick in- icheliand nodules otithocodium/Bacinella

terval of no exposure, the log continues in an abandoned The following biostratigraphic events were recognized in

quarry. At the base of the quarry wall there is a 7.5 m-thick the Mt. Raggeto section (Fig. 9):

dolomitized interval, made of massive dolomites and thinly

bedded dolomitized mudstones-wackestones. It corresponds — P. infracretaceais present from the base to the top of

roughly to the superbundle “14” of Wissler et al. (2004) that, the section.

— D. hahounerensisccurs from 59 to 118 m.

4.3.2 Mt. Raggeto

www.solid-earth.net/3/1/2012/ Solid Earth, 3, 128, 2012
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Fig. 8. Mt. Croce section: lithological-sedimentological log, isotope stratigraphy and biostratigraphy. The thick curves represent the 3-point
moving averages of O- (grey) and C-isotope ratios (black).

— S. dinarica occurs from the base of the section to about 8 km northeast of Salerno (Fig. 2). This is a classical
82.5m; a first interval of maximum abundance occurslocality for the “Orbitolina level” of southern Apennines (De
between 43 to 53 m from the base of the section; theCastro, 1963; Cherchi et al., 1978). The lower half of the
second acme is between 70 and 73 m. section (from 0 to 24 m) is exposed in an abandoned quarry

) , (40r42.01” N, 1£52'43" E) and has been the object of many

- P Ientlcularlsha_s been found from 6 to 24 m from the papers dealing mainly with cyclostratigraphy (Raspini, 1998,
base of the section. 2011; D’Argenio et al., 1999b, 2004). The section continues

_ D. hahounerensisccurs from 39.8m to the top of the ©N the mountain slope above the edge of the quarry.

section. On the basis of the LA trends, the section can be clearly
divided into two intervals (A and B). In interval A (0—
24 m), which has been logged in the quarry wall, the ex-
ceptional quality of the exposure permitted unusual high-
4.3.3 Mt. Tobenna resolution observation of the mm- to dm-thick marly lay-
ers that are found at the top of many limestone beds.
This section is 48.5 m thick (Fig. 10) and was logged on theln the upper part of the section, the thinnest marly lev-
southern slope of Monte Tobenna in the Picentini Mountains,els are observed as mm-thick recessive partings between

— The FO ofA. reicheliandC. parvais at 76.3 m.
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Mt. Raggeto
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Fig. 9. Mt. Raggeto section: lithological-sedimentological log, isotope stratigraphy and biostratigraphy. The thick curves represent the
3-point moving averages of O- (grey) and C-isotope ratios (black). See Fig. 8 for a key to colours, patterns and symbols.

limestone beds, while the thickest levels probably corre- The “Orbitolina level” is overlain by 70 cm of bio-peloidal
sponds to poorly exposed and densely vegetated parts of thgackstones-grainstones. The remaining part of interval A is
slope. The first part of interval A (0—7 m) consists mainly of dominated by chara-ostracodal mudstones-wackestones al-
an alternation of chara-ostracodal mudstones-wackestoneggrnating with cm- to dm- thick levels of greenish marls.
bio-peloidal packstones-grainstones with nubecularids, and he thickest marly levels contain nodules of chara-ostracodal
mili-ostracodal wackestones. Between 7 and 15m from thenudstones. Interval B (24—48.5 m) was logged on the moun-
base of the section, the most frequent lithofacies consists ofain slope immediately west of quarry edge. It is domi-
algal wackestones-packstones wih dinaricg alternating  nated by bio-peloidal packstones-grainstones with abundant
with bio-peloidal packstone-grainstones. A prominent bedbenthic foraminifers, with a few beds of mili-ostracodal
of requienid floatstone is present at 11 m from the base omudstones-wackestondsthocodiuniBacinellanodules are

the section. The “Orbitolina level” occurs at 15m from the a frequent component between 26 and 36 m from the base
base of the section. It is composed by two beds. The lowenf the section. The section ends with a bed of foraminiferal
bed is a 120 cm thick bioturbated marly limestone crowdedpackstone crowded witA. reicheli

with flat low-conical Ol’bitolinids; the argillaceous compo- The fo”owing biostratigraphic events have been recog-
nent decreases upward. The upper bed, which is just 15 CrRjzed in the Mt. Tobenna section (Fig. 10):

thick, is separated by the lower bed by a wavy erosional sur-

face and consists of a packstone/grainstone crowded with

flat low-conical orbitolinids and codiacean algd@o(ieina — P. infracretaceaoccurs from the base to the top of the
hochstetteri moncharmontipeBelow the wavy base of the section.

“Orbitolina level”, the underlying bed is penetrated down to

about 1m by a dense network of dissolution cavities filled by _ g_dinaricais found from the base of the section to 24 m:

orbitolinid packstone (Fig. 6). an interval of maximum abundance is observed between
9 and 14.6 m from the base of the section.
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Mt. Tobenna
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Fig. 10. Mt. Tobenna section: lithological-sedimentological log, isotope stratigraphy and biostratigraphy. The thick curves represent the
3-point moving averages of O- (grey) and C-isotope ratios (black). See Fig. 8 for a key to colours, patterns and symbols.

— D. hahounerensi®ccurs from 3.3 m to the top of the by subtidal facies. It consists mainly Bélorbitolinawacke-

section. stones with sponge spicules and echinoderm fragments, al-
o ] ternating with requienid-gastropod floatstones. Cm- to dm-

— The “Orbitolina level” is at 15.5-17.2 from the base ek heds ot ithocodium/Bacinellzbindstone are present at
of the section. It is crowded with the flat low-conical {he hase of this interval. A m-thick bed of packstone crowded
shells ofM. parvaandM. texana The codiacean alga  yith nubecularid foraminifers occurs at the top. This inter-
B. hochstetteri moncharmontiags particularly abun- -\ terminates with a prominent subaerial exposure surface,
dant in the packstone/grainstone at the top of the level. jyarked by microkarstic cavities with greenish marly infill-

— The FO ofA. reicheliis at 41.1 m where primitive speci- ing. )
mens are first observed. TRAereichelilevel, containing At the base of interval C (98-126 m), there are about three

arich association of typical specimens of this species, ismetres of very poorly exposed sggtlon. Cent|me.tr|c discon-
found at 48.1 m from the base of the section tinuous mar_ly levels are hardly_V|S|bIe under a thick vegeta-
tion and soil cover. The following beds are madeSofdi-
— The FO ofC. parvais at 46.2m. narica packstones alternating with 10 to 50 cm-thick levels
of chara-ostracod and mili-ostr-algal mudstone-wackestone,
capped by subaerial exposure surfaces. From 107 to 122 m,
4.3.4 Mt Motola interval C consists mainly of very thick amalgamated beds
i i (up to 6 m-thick) of bio-peloidal packstone-grainstone, with
This section was logged on the southern slope of Mt. Mo-4 fo\ gecimetric intercalations of gastropod-requienid float-
tola (40°21'53"N, 15°2542"E), about 65km southeast of 00 The uppermost part of the interval (122—126 m) is
_Salerno (I_=|g. 2). ltis _150.3mth|ck and has been SUbd'\_"deqnade of dm to m-thick beds of bio-peloidal packstone-
into four intervals (Fig. 11). Interval A (0-75m) cONSIStS gy aingtone alternating with microbial/fenestral mudstones
mainly of bio-peloidal packstones-grainstones, mili-ostr- capped by thin seams of marls, which infiltrates down-
algal mudstones-wackestones and microbial/fenestral muds, o4 into microkarstic cavities. Interval D (126-150.3m)
stones. Two levels of for-algal packstone and requienid-g iainly made of bio-peloidal packstones-grainstones and
gastropod floatstone occur in the uppermost part. The firSpy; ostracodal mudstones-wackestones. Microbial/fenestral
20m are dominated by peritidal m-thick SU cycles. Sub- ., qqtones, capped by subaerial exposure surfaces, are
aerial exposure surfaces at the top of the cycles are markelgresent in the uppermost part of the section.
by discontinuous levels of greenish/yellowish marls, infiltrat- = 1,4 following biostratigraphic events have been docu-
ing downwards into microkarstic cavities. Subtidal facies be'mented in the Mt. Motola section (Fig. 11):
come predominant upwards, marking the onset of a deepen-
ing trend, but subaerial exposure surfaces are still present at — The FO ofP. infracretaceas at 23 m; the range of this
the top of some cycles. Interval B (75—-98 m) is dominated species extends beyond the top of this section.

Solid Earth, 3, 1-28, 2012 www.solid-earth.net/3/1/2012/



M. Di Lucia et al.: Bio-chemostratigraphy of the OAEla in a Tethyan carbonate platform 13
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Fig. 11. Mt. Motola section: lithological-sedimentological log, isotope stratigraphy and biostratigraphy. The thick curves represent the
3-point moving averages of O- (grey) and C-isotope ratios (black). See Fig. 8 for a key to colours, patterns and symbols.

— The FO ofS. dinaricais at 27.6 m; the acme is at 103.5—- — The FO ofC. parvais at 137.3m.

104 m, the LO is at 109.6 m.
The “Orbitolina level” is missing in this section. Bio-

— The range of. lenticularisspans from 79.2 to 89.7m. lithostratigraphic correlation suggests that it is lost in the gap
associated with the prominent subaerial exposure surface at
— The FO and LO ofV. murgensisare placed at 84 and the boundary between intervals B and C.

89.7 m respectively.
4.3.5 Mt. Coccovello

— D. hahounerensieccurs from 85.4 to 137.3m.
This 135.2m-thick composite section was logged on

— The range ofA. reichelispans from 123 to 126.4 m; the the southern slope of Mt. Coccovello (238"N,
maximum abundanceA: reichelilevel”) is observed at 15°4232"E), about 3km north of Maratea (Fig. 2). It
125.1t0126.4m. has been subdivided into four intervals (A-D) based on
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Mt. Coccovello
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Fig. 12. Mt. Coccovello section: lithological-sedimentological log, isotope stratigraphy and biostratigraphy. The thick curves represent the
3-point moving averages of O- (grey) and C-isotope ratios (black). See Fig. 8 for a key to colours, patterns and symbols.

the major changes of lithofacies associations and on thdor-algal wackestone-packstone, crowded with nubecularid
occurrence of some prominent subaerial exposure surface®raminifers, overlain by a bed &. dinaricapackstone. The
(Fig. 12). Interval A (0-67.2m) is dominated by intertidal interval terminates with a bed of microbial/fenestral mud-
microbial/fenestral mudstones alternating with mili-ostr- stone, capped by a subaerial exposure surface. Interval C
algal mudstones-wackestones and bio-peloidal packstone$85—-120 m) starts with a thin marly level crowded with flat
grainstones. The latter become more frequent in the uppelow-conical orbitolinids, followed by a distinctive requienid
part of the interval, highlighting the onset of a deepeningfloatstone. The orbitolinid marls penetrate downwards into a
trend. Subaerial exposure surfaces are frequent at the basetwork of microkarstic cavities. From 87 to 91 m the sec-
and from 22 to 42 m. tion is characterized by very poor exposure, with discontin-
uous cm-thick orbitolinid marls cropping out from a dense
vegetation and soil cover. A bed of orbitolinid-codiacean
packstone terminates this poorly exposed portion. The next
segment (from 92 to 119 m) consists mainly of bio-peloidal
packstones-grainstones alternating with microbial/fenestral

The lower part of interval B, from 67.2 to 79.1m, con-
sists mainly of Palorbitolina wackestones. About 2m
of Lithocodium/Bacinellabindstone occur in the lower-
most part of the interval (from 69 to 71m). The up-
per part (from 80 to 85m) is made of dm-thick beds of
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mudstones. The uppermost five metres of interval C are alexcursion that peaks at about +4 %, 10 m above the second
most entirely made of chara-ostracod mudstones and fenescme ofS. dinarica and returns at pre-excursion values 1 m
tral mudstones, capped by subaerial exposure surfaces. lmbove theA. reichelilevel. The last part of thé3C curve is
terval D (119-135.2m) is mainly made of an alternation of characterized by values fluctuating between +1 and +2 %e.
bio-peloidal packstones-grainstones and microbial/fenestral Three fragments of requienid shells from a floatstone at
mudstones, with a few beds of mili-ostracodal mudstone-57 4 m from the base of the section, 3m below the top of the
wackestone. A couple of prominent subaerial exposure sur<pa|orbitolina limestones”, have been analysed for SIS. Their

faces occur in the upper part of this interval. 875r6Sr mean value gives a numerical age of 124.1 Ma (Ta-
The following biostratigraphic events were recognized in pje 2).

the Mt. Coccovello section (Fig. 10):

_ P. infracretacedirst occurs at 15.6 m and is present up 4-4-2 Mt Raggeto

to the top of the section.
Ninety-two samples, among which five dolomites, were ana-

— The FO ofS. dinaricais at 42.3m; its first acme is at lyzed for the Mt. Raggeto section. TBEC values range be-
84.3m, the second acme is at 94.5m. tween—0.2 %o and +4.8 %o, with an average value of +2.6 %o
(Fig. 9). Inthe first part of the curve (0—22 m), corresponding
to the “Palorbitolina limestones” and to the thick dolomitic
— The FO and LO oV. murgensisire placed at 70.8 and interval, there is a plateau at about +1.6 %o, with superim-

— P. lenticularisis present from 70.8 to 79.1 m.

82.4 m respectively. posed high- frequency fluctuations between +1 and +2 %e..
) Then, there is a sharp positive excursion of about 1.5-2 %o,
— D. hahounerensisccurs from 78.7 to 87 m. which peaks at +3.4 %o at 25.9 m from the base of the section.

— The base of the “Orbitolina level” is a 5 to 10 cm-thick 1His is followed by a very broad positive excursion, which

discontinuous marly layer which occurs at 85.0m aboveoccupies all the central part of the logged section, reaching
a prominent subaerial exposure surface and infiltrate?®2K values of nearly +5 % at about 50 m from the base of the

downward into microkarstic cavities. This level con- section, at a level corresponding to the first interval of max-

tainsM. parvaandM. texana Other cm-thick discon- imum abundance d. dinarica A stepped decline, with su-

tinuous marly levels with the same microfauna occur Perimposed high-frequency fluctuations, leads to a minimum
across a 5m thick interval of poor exposure. The typ- value of about 0 %0 at 67 m from the base of the section, just
ical packstone withMesorbitolinaand the codiacean Pelow the selgond interval of maximum abundanc&odli-
algaB. hochstetteri moncharmontiaghich elsewhere narica. Theé*>C curve ends with another positive excursion
represents the top of the “Orbitolina level”, occurs at showing two positive peaks at about +4 %0, separated by a

91.2m. relative minimum of about +2 %o at 87 m from the base of

the section. The last few metres of the sections are marked

— TheA. reichelilevel corresponds to a 20 cm-thick layer by a steep decrease to values of about +1.6 %o.

at110.8m.

4.4 Carbon and strontium isotope stratigraphy 4.4.3 Mt Tobenna

4.4.1 Mt Croce Sixty-five samples were analyzed for the Mt. Tobenna sec-
tion. Thes13C values range between2.4 %o and +4.4 %o,
One hundred and fifty samples were analyzed for thewith an average of +1.9 %0 (Fig. 10). The first 10 m of the
Mt. Croce section (Fig. 8). Th&'3C values range between curve are characterized by wildly fluctuating values with two
—1.4 %0 and +4.2 %o, with an average value of +1.7 %o. The closely spaced positive excursions peaking at +3.5 %o and at
lower part of thes3C curve shows a rising trend with su- +4.4%.. Then there is a prolonged decreasing trend, with
perimposed higher frequency fluctuations. Carbon isotopesuperimposed high-frequency fluctuations, reaching a min-
ratios increase from slightly negative values at the base ofmum value of—2.3 %0 a few metres above the “Orbitolina
the section to a maximum of +2.1 %o at 39.1 m, about 6 mlevel”, in correspondence of a cluster of dm-thick greenish
below the base of the “Palorbitolina limestones”. After a marly levels indicating prolonged subaerial exposure. From
1 %o decrease, th#3C curve makes a plateau at about +1 %o, this minimum there is a very sharp rise to a value of +3.5 %o
which corresponds almost entirely to the “Palorbitolina lime- at 25.4 m from the base of the section, just above the last oc-
stones”. This plateau is followed by a marked positive ex-currence ofS. dinarica After a positive plateau, defined by
cursion which starts 4 m below the top of the “Palorbitolina §13C values oscillating mainly between +3 and +4 %o, there
limestones”, peaks at about + 3%. and then decreases ti$ a decreasing trend with superimposed high-frequency fluc-
pre-excursion values of +1 %o at 76.5 m, just above the “Or-tuations. Very depleted values e2.4 %o are reached at the
bitolina level”. From there it starts a new very broad positive end of the section, in correspondence of Aheeichelilevel.
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Three fragments of requienid shells from a floatstone5 Interpretation and discussion
occurring 5.8 m below the base of the “Orbitolina level”
have been analysed for SIS. After discarding as altered ong.1  Reliability of the §*3C record
shell, because of its low Sr concentration560 ppm), the

87sr’865r_ mean value of the two well preserved shells givespring the last two decades C-isotope stratigraphy has been

anumerical age of 119.9 Ma (Table 2). successfully applied to high resolution dating and correlation
of Cretaceous carbonate platforms (Wagner, 1990; Jenkyns,

4.4.4 Mt Motola 1995; Ferreri et al., 1997; Masse et al., 1999; D’Argenio et

) al., 2004; Wissler et al., 2004; Parente et al. 2007; Burla et
One hundred and thirty-seven samples were analyzed for th8| 2008; Vahrenkamp, 2010; Huck et al., 2011: Efillet

. . 3
Mt. Motola section (Fig. 11). The**C values range between al., 2011). On the other hand, it is well known that, besides

fo'5%° and +3 %, with (’112 average value of +1'2%°'_The post-depositional diagenetic alteration (Dickson and Cole-
_flrst part of the ;moothed C curve shows an overall ris- man, 1980: Allan and Matthews 1982: Lohmann, 1988:
Ing trend, reaching a peak of ab?ut +2'2.%°. at 6.2'6 m, abq,uﬁ\/larsha”, 1992), biological fractionation and local palaeo-
16.6m pelow thelgase of the “Palorbitolina limestones ' ceanographic conditions may cause the carbon isotope signal
From this peak,6=C values decrease and then make aof platform carbonates to deviate from the open ocean global
signal (Weber and Woodhead, 1969; Patterson and Walter,

plateau, roughly corresponding to the “Palorbitolina lime-
1994; see Immenhauser et al., 2008, for a recent review). A

stones”, defined by values fluctuating around +1 %.. After a
very sharp decrease 1o 0%, there is a broad positive EXCUlracent study concluded that, in Kimmeridgian shallow-water

sion, peaking at about +2.8 %. some 11 m above the acme 0(garbonates of the Jura Mountains, the general trersd3
S. dinaricaand returning at values of about +1 %o, 4 m above

theA. reichelilevel. Thes13C terminat ith a risi values faithfully records the long-term global variations of
€A. reicheliievel. The curve terminates with anising e open ocean while higher order fluctuations “might result
trend to a peak of about +1.6 %e..

e . ) from variations in local environmental conditions on the shal-
Four fragments of requienid shells, contained in a float-,,, platform” (Colombg et al., 2011).

stone occurring immediately below the acmeSofdinarica

(at 101.9 m from the base of the section), have been analysed Therefore, before gttempting a corrglation With the refer-
for SIS. Theirt’SB8Sr mean value gives 'a numerical age of ence curves of pelagic and hemipelagic successions, the sta-

119.1 Ma (Table 2). ble is_o_tope _record of the studi_eo_l s_,ucqests@ons was carefully
scrutinized in order to assess if it is significantly biased by
diagenesis and/or by local environmental conditions.

Below subaerial exposure surfactSC values are com-
One hundred and twenty-nine samples were analyzed for thEonly depleted, implying the influence of soil-derived £0
Mt. Coccovello section (Fig. 12). Th3C values range be- while §180 values may be enriched because of the preferen-
tween—3.1 %o and +3.7 %o, with an average value of +0.3 %o. tial removal of180 in the pore waters through evaporation
The first part of thes13C smoothed curve shows an overall (Allan and Matthews, 1982; Joachimski, 1994).
decreasing trend, from +0.3 %0 at the base- 103 %o at 44 m, Diagenesis in the vadose zone is generally characterized
with superimposed higher frequency fluctuations. Then therdby depleteds'80 values and highly variablg'3C. Strong
is a rising trend, peaking at about +1.8 %o 8 m below the basecovariation betweed'3C ands'80 is taken as proof of dia-
of the “Palorbitolina limestones”. From this peak3C val- genetic alteration of the stable isotope signal under the influx
ues decrease to about +1 %o and stay around this value fopf meteoric water in the mixing zone (Allan and Matthews,
most of the interval corresponding to the “Palorbitolina lime- 1982), or as a trend of progressively decreasing alteration
stones”. Then there is a prominent positive excursion, peakwithin the freshwater phreatic zone (Swart, 2011).
ing at +3.2%. some 2m above the top of the “Palorbitolina  The scatter plots of carbon and oxygen isotope ratios
limestones” and declining to a minimum of +0.6 %. 0.5m (Fig. 13) show that the covariance betwe®dC ands®0
above the top of the “Orbitolina level”. values is very low to moderate for the five studied sec-

After a sharp positive shift to about +2.1 %o, there is a very tions ¢ = 0.01— 0.46). However, some lithofacies asso-
marked decrease to a minimum efl.9 %o, roughly corre-  ciations show higher correlation coefficients (Table 3) that

4.45 Mt. Coccovello

sponding to theA. reichelilevel. Thes3C curve termi-  could be partly the result of mixing-zone diagenesis or of
nates with a rebound te-1 %o, followed by a new decrease alteration within the freshwater phreatic zone. Some very
to —2.2 %o. negatives13C values &2 %o), especially at Mt. Coccovello

Three fragments of requienid shells from a floatstone atand Mt. Tobenna, are associated with subaerial exposure sur-
86.4m from the base of the section, 1 m above the firstfaces. Evaporation during exposure is probably also respon-
level of marls withMesorbitoling have been analysed for sible for 180 values>0%o in the first part of the Mt. To-
SIS. Their8’SrP8Sr mean value gives a numerical age of benna section. Conversely, some very deplété® values
122.9 Ma (Table 2). (< —3%o), especially at Mt. Motola and in the upper part of
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Table 2. Elemental concentration, Sr-isotope ratio and SIS age

Section Sampleno.  Component  Sr Mg Fe Mn  87srBbsr  t2se. Age [Ma]
[ppm] (*10-%) Min  Mean Max
Motola MO 101.9A requienid 1232 2351 19.1 6.3 0.707313
MO 101.9B  requienid 899 1053 266 14 0.707323
MO 101.9D requienid 949 1007 289 16 0.707309
MO 101.9E  requienid 933 987 234 05 0.707308
average 0.707313 7 118.4 119.1 119.9
Tobenna TB 2.5A* requienid 544 2732 181 19.2 0.707335
TB 2.5B requienid 832 1906 854 9.6 0.707327
TB 2.5C requienid 956 2052 81.7 85 0.707319
average 0.707323 7 119.1 1199 120.7
Coccovello CO5.8A requienid 1012 1172<05 2.3 0.707375
cos8C requienid 929 1036 32.7 3.2 0.707362
CO5.8B requienid 848 1008 665 7.4 0.707382
average 0.707373 12 122.1 1229 1235
Croce CR57.4A requienid 1148 1920 944 2.4 0.707388
CR5748B requienid 1289 1702 4.0 0.8 0.707429
CR57.4C requienid 1411 1967 1105 0.0 0.707393
average 0.707403 26 1229 1241 1252

Numerical age from McArthur et al. (2001, look-up table version 4: 08/04) calculated by combining the statistical uncertainty of the mean
of the isotopic values with the uncertainty of the seawater curve. *: diagenetically altered sample.

the Mt. Tobenna section, are seemingly due to vadose diagesther sections show more restricted facies and were located
nesis. in a more inner platform position. A similar pattern of more

Summing up, the effects of diagenesis are certainly seefegative values in the most restricted sections has been ob-
in the isotopic records of the studied successions. They argerved also in the Cenomanian—Turonian platform carbon-
probably responsible for some high-frequency fluctuations,ates of the Apenninic platform (Parente et al., 2007).

defined by one or a few data points, but they are not so per- The smoothed'*C curves of figures 8 to 12 show that,
vasive as to distort completely the pristine marine signal. ~ besides the higher order fluctuations at metric to sub-metric

The scatter plots of carbon and oxygen isotope ratios shov?cile’_difme(;j by gnly one ora ff]V.V rg)omts(,j t?ere;-j e:)re some
also that there is no clear separation between the data poingO opic trends and excursions which are defined by many

of the different lithofacies associations (Fig. 13). This sug- ata p_omts and exter_1d across intervals that are tens of me-
gests that variations i13C are not the result of facies U°S thick. These major features of mb"-c curves are sta-
changes. The bias of local palaesoenvironmental condition istically significant because, aF least in the Mt. Ragge.to,
could have been partly counteracted by the fact that micrite,; t. Croce and Mt. Motola sections, they. represent devia-
or the micritic matrix in case of grainy facies, were analyzedtlons from the mean value that are 2-3 times the standard

instead of bulk samples. On the other hand, the lack of adeviation. Moreover, they persist across changes of lithofa-

strict relationship between facies type aptfC has been cies association, suggesting that they are not caused by local

observed also in the recent sediments of the Great Baham%lhanges of palaeoenvironmental conditions. Finally, as dis-
Bank (Swart et al., 2009) cussed in the next paragraph, the major trends and excursions

can be correlated between the five studied sections, suggest-
With the exception of Mt. Coccovello, th33C ands180 99

, X o ing that the forcing was, if not global, at least regional.
mean values of the studied sections fall within the range of

Barremian-Aptian seawater (taken from the “low-latitude” 5.2 The problem of gaps in the carbon isotope

biotic calcite record of Prokoph et al., 2008) (Fig. 14, Ta- stratigraphy of carbonate platforms

ble 4). Apart from Mt. Raggeto, whose samples plot almost

entirely in the field of pristine Barremian-Aptian calcite, a The stratigraphic archive has been described as containing
tail of more depleted values is observed in all the other secmore gaps than record (Ager, 1993). This is particularly true
tions and especially for the Mt. Tobenna and Mt. Coccovelloof shallow-water carbonate platforms whose record is typ-
sections (Fig. 13). This pattern conforms to the facies dis-ically characterized by shallowing-upward cycles truncated
tribution, indicating that Mt. Raggeto is the most open ma-by subaerial exposure surfaces. Shallowing-up sequences
rine among the studied sections, followed by Mt. Croce. Thecan be created by progradation or migration of sedimentary
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Fig. 13. Cross-plots 0813C vs.§180 for the whole datasdf) and for each studied sectigh—f). The all-lithofacies datasgt) shows

very low to moderate covariance+£ 0.01—0.46). Supratidal and intertidal lithofacies associations show higher covariance of stable isotope
ratios (diagrams b—c; see also Table 3. On the other hand, there is no clear relation between lithofacies and isotopic value. The shadec
rectangle in diagrarta) indicates the range of well-preserved biotic calcite of shallow marine tropical-subtropical carbonates (from Prokoph

etal., 2008).

systems (e.g., Ginsburg, 1971; Pratt and James, 1986) but icycles of sea-level changes. In simple “fully allocyclic” mod-
many cases they are best interpreted as formed during one cels, amplitude and duration of sea-level changes, together
cle of sea-level change (Strasser, 1991; Strasser et al., 1999)ith subsidence rate, govern the thickness of elementary cy-
After emersion, a certain lag time elapses before prolific bencles, the duration of gaps and the distribution of “missed
thic carbonate production catches up (Tipper, 1997). As a rebeats” in the different parts of the longer term cycle (Sadler,
sult, shallowing upward cycles are expected to be asymmet1994). Thinner cycles and longer gaps, corresponding to
ric, with a thin transgressive deposit (including a lag) and amissing elementary cycles, are expected during large scale
thicker highstand deposit (Strasser et al., 1999). High fredowstands. Conversely, thickest beds and shortest gaps are
quency cyclicity is generally superimposed on longer termexpected during large scale maximum flooding (Strasser et
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Table 3. Statistical results for C and O isotopes covariation in the

T studied sections
Tobenna

o+—°® m:*a Section LA =n r a b

@ Coccovello LAL1 0 * * *

. —_— LA2 2 * * *
2 LA3 17 051 012 -1.66
@ + LA4 13 030 -0.04 -1.20
° o, } Raggeto LA5 40 057 026 -2.02
— LA6 7 093 056 —3.16
l LA7 6 015 002 -1.23

3 LA8 2 * * *
ALL 87 046 017 —1.80
-4 : ; LA1 7 0.19 -0.04 -1.29

-2 -1 0 1 e 2 3 4 5 LA2 3 % . *

LA3 9 0.24 0.07 —1.67
Fig. 14. Plot of the meant standard deviation of carbon and oxy- tﬁg 28 ggg :8(2)3 :ggg
gen isotope ratios for each studied section. With the exception of Tobenna LA6 7 001 000 —234
Mt. Coccovello, thes13C and§180 mean values of the studied A7 1+ .
sections fall within the range of Barremian-Aptian seawater, rep- LA 2 * * *
resented by the “low-latitude” biotic calcite record of Prokoph et
al. (2008). ALL 65 019 -0.11 -1.66

LA1 2 * * *

LA2 17 074 022 038
al., 1999). More complex distribution of gaps is obtained LA3 14 078 041 —-1.22
if stochastic models of carbonate production, transport, and LA4 2 * * *
deposition are applied (Burgess and Wright, 2003). Croce LAS 73 031 014 -0.83

The presence of gaps can severely hamper the interpre- 'Eﬁs 22 9'52 *0'48 *’1'97
tation of the carbon isotope curves of carbonate platform LAS 17 021 022 —224
sections. If elementary cycles represent precession cycles,
any feature in the targe¥'3C curve of the deep-water ref- ALL 150 030 018 -1.11
erence sections which lasts less than 20 ky will have few, if LA1 5 093 086 -2.07
any, chances of being recorded, due to the pervasive distri- LA2 27 033 028 -236
bution of gaps at this timescale. Missed beats will conceal LA3 22 029 -0.26 -1.98
even longer traits of the target curve, especially during long LA4 2 ¥
term lowstands, expressed in the rock record as higher order Motola ::22 ‘l‘g 8'2 8'24 :g'é%
sequence boundary zones (Strasser et al., 2000). LA7 7 035 013 —2.1

A Milankovitch cyclicity has been inferred for the LAS 13 034 036 -2.93
shallow-water Barremian-Aptian carbonates of the ACP
(D’Argenio et al., 2004 and references therein). A 20ky ALL 137 030 026 2.6
duration, corresponding to the precession cycle, has been LAl 7 059 -017 -2.27
inferred for the elementary cycles. Higher order cycles, LA2 54 025 01 215
expressed as bundles and superbundles of elementary cy- tﬁi 15 9'08 *0'04 *_2'28
cles, have been interpreted as controlled respectively by the LA5 38 043 011 -2.35
100ky and 400ky eccentricity cycle. Based on high res- Coccovello “& 3~ . .
olution cyclostratigraphic correlation with the Serra Sbre- LA7 2 * * *
gavitelli section, showing the most open marine record, many LA8 9 0.05 0.03 -2.64
missed beats were identified in the other sections at the cycle, ALL 129 001 003 —227

bundle and superbundle scale. The longest inferred gaps are
of about 500 ky in the Mt. Raggeto section and up to 1my, s = jithofacies association = number of observations:= Pear-
in the Mt. Tobenna-Mt. Faito composite section (see Fig. 8son correlation coefficient; = slope of the regression liné;= in-
in D’Argenio et al., 2004). Such very long gaps may po- tercept of the regression line; * = not calculated when5.
tentially hide also the major features of the referesitiC

curve, considering that a duration of about 1.2 my has been

estimated for the rising limb (stages C4—C6) of the positive
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of Wissler et al. (2004) and is further supported by their
magnetostratigraphic data, placing the MO within superbun-
dle R14, which corresponds to the top of the “Palorbitolina
limestones” (Amodio et al., 2003). Accordingly, the distinc-

Table 4. Mean and Standard deviation for carbon and oxygen iso-
tope ratios of the studied sections

MEAN + STDEV

Section tive negative trend preceding this positive excursion in the
813C %o 5180 %o Mt. Croce, Mt. Motola and Mt. Coccovello sections can be
Raggeto 267125 _1.33+0.46 correlated to the B7—-B8 segments of Wissler et al. (2003).
Tobenna 189163 -—1.87+0.95 Chemostratigraphic correlation becomes less compelling for
Croce 1.6741.13 -0.794+0.69 the lower part of these sections, mainly because of the lack
Motola 1.17+0.74 —2.29+0.63 of independent tie-points and because of the small ampli-
Coccovello 0.2&1.47 -2.26+0.47 tude of isotopic excursions in the reference curves %o).

Nevertheless, a tentative correlation is supplied in Fig. 15,
which suggests that the lowermost part of the Mt. Motola
and Mt. Coccovello sections might extend into the Early Bar-
remian.

The second positive excursion of the Mt. Raggeto curve is
much broader (nearly 30—-40m). It starts some 10 m above
the LO of P. lenticularis peaks at +4.9 %o at a level corre-
sponding to the first acme &. dinarica and finishes with
Assuming that the carbon isotope record of the five stud-values close to 0% a few m below the second acme of
ied sections was not shaped by local palaeoenvironmens. dinarica This second positive excursion is completely
tal changes and diagenetic overprint, a chemostratigraphigissing at Mt. Motola. In the other sections the rising limb
correlation was attempted with the reference carbon iso-and the peak interval (corresponding to values above +4 %o)
tope curve of the Cismon Apticore in the southern Alps are largely missing, while the decreasing limb is at least
(Menegatti et al.,, 1998; Erba et al., 1999) and with the partly recorded in the Mt. Tobenna and Mt. Coccovello sec-
composite curve of Herrle et al. (2004) from the Vocontian tion, less in the Mt. Croce section. In these three sections
Basin of south-eastern France. The nomenclature of the isathe “Orbitolina level” occurs in what is left of the decreasing
topic segments is taken from Wissler et al. (2003) for thelimb of this positive excursion. In agreement with Wissler
Barremian-Early Aptian interval (B3—-B8/A1-A3) and from et al. (2004; see also Ferreri et al., 1997) this second posi-
Menegatti et al. (1998) for the isotopic excursion of the Selli tive excursion is correlated with the positive CIE associated
event (C3-C7) (Fig. 15). with the “Selli event”. This correlation is also supported by

A correlation between the carbon isotope curves of thethe SIS ages of 119.9 Ma for a requienid bed 5.8 m below
studied sections is possible by using as tie points the last octhe “Orbitolina level” at Mt. Tobenna and of 119.2 Ma for
currence of. lenticularis the two acmes ob. dinaricgthe  a level immediately below the second acmeSofdinarica

CIE associated with the “Selli event” (Li et al., 2008; Malin-
verno et al., 2010).

5.3 Platform-to-basin chemostratigraphic correlation

“Orbitolina level” and theA. reichelilevel. At Mt. Raggeto
there are three positivi3C excursions at values +3—4 %o
between the “Palorbitolina limestones” and the FQA\ofe-
icheli. The first excursion is rather short (it takes less than

at Mt. Motola (Fig. 15 and Table 2). On the contrary, this

correlation is at odds with the SIS age of 122.9 Ma obtained
for a requienid level occurring 1 m above the first marls with

Mesorbitolinaat Mt. Coccovello (Fig. 15 and Table 2).

10m) and peaks a few metres above the last occurrence of The third positive excursion of the Mt. Raggeto curve

P. lenticularis A positive excursion of similar shape and

starts a few metres below the second acmé& otlinarica

amplitude, occurring in the same stratigraphic position, is ob-peaks at about 4.5%. and decreases to vak@%. at the

served also at Mt. Croce and at Mt. Coccovello. At Mt. Mo-

top of the section, close to the FO Af reicheli This posi-

tola this positive excursion is seemingly truncated by a smalltive excursion is well expressed in all the other sections but at
gap, because there is only a minor positive peak at aboumMt. Coccovello, where its rising limb and peak interval are

+1 %o, nearly corresponding with the LO &% lenticularis
The Mt. Tobenna section starts above the LQPolenticu-

truncated by a gap, whose occurrence is supported also by
the truncated range &. dinaricajust above its second acme

laris and this first excursion is probably represented only by(Fig. 15). The correlation of this excursion with the reference

the small peak at +3 %o occurring at the base of the section.
The first positive excursion of the Mt. Raggeto curve

curve is more problematic. It could correspond to the broad
positive excursion spanning tlire melchioris N. nolaniand

is here correlated with the A1-A2 segments of Wissler etthe lower part of thed jacobi ammonite zones in the com-
al. (2003). This correlation is supported by the SIS numer-posites13C curve of the Vocontian basin (Herrle et al., 2004;

ical age of 124.% 1.1 Ma, corresponding to th. oglan-
lensisammonite zone, of the requienid level occurring 3m
below the LO ofP. lenticularisat Mt. Croce. This is in
agreement with the correlation of the Mt. Raggeto curve

Solid Earth, 3, 1-28, 2012

Folimi et al., 2006). Alternatively, it could embrace also the

positive excursion spanning the Aptian-Albian boundary.
The chemostratigraphic correlation proposed above dif-

fers from the one proposed in previous works, when the
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more complete Mt. Raggeto section was not yet included insouthern Tethyan carbonate platforms (¥eR007; Chioc-

the database (Di Lucia and Parente, 2008; Di Lucia, 2009)chini et al., 2008). In particular, the acme $f dinaricais

In particular, since the most prominent positive excursion,easily picked in the field and is widely recognized in central
which is fully recorded only at Mt. Raggeto, was at least Tethyan carbonate platforms (Carras et al., 2006 and refer-
partly missed in a gap in the other sections, the next posiences therein; Vai 2007). The “Orbitolina level”, contain-
tive excursion (the one starting above the “Orbitolina level”) ing M. parvaand M. texana has long been used as a bio-
was misidentified as the Selli event excursion. This mistakdithostratigraphic marker in the geological maps of southern
stemmed from the impossibility of estimating correctly the Apennines.

duration of gaps, which are below biostratigraphic resolu-

tion, without making reference to a more complete section5.5 Chronostratigraphic calibration of carbonate

and with very few independent points of chronostratigraphic platform biostratigraphy

calibration (like SIS data or well dated biostratigraphic mark-

ers). This highlights once more the difficulty of applying car- The biozonations of the Lower Cretaceous carbonate plat-
bon isotope stratigraphy in inherently incomplete and poorlyforms of the central Tethys (Apenninic, Adriatic and

dated shallow-water carbonate platform sections. Gavrovo-Tripolitza platforms) are mainly based on cal-
careous algae and larger benthic foraminifera. The
5.4 Biostratigraphic criteria for the Selli event in chronostratigraphic calibration of these schemes has always
central Tethyan carbonate platforms posed serious problems because ammonites, and calcareous

plankton and nannoplankton, which are the pillars of Creta-
Chemostratigraphic correlation with the well dated carbonceous chronostratigraphy, are notably absent from carbonate
isotope curves of the Cismon core and of the Vocontianplatform successions.
composite section allows individuating in the carbonate plat- The problem of chronostratigraphic calibration has been
form successions of the southern Apennines the segmentsxplicitly acknowledged by some authors (De Castro, 1991;
corresponding to the OAE1la and to propose a set of biosChiocchini et al., 2008). Others (Bachmann and Hirsch,
tratigraphic criteria to individuate the stratigraphic interval 2006; Velt, 2007) have anchored their biostratigraphic
equivalent to the OAE1a in the carbonate platforms of theschemes to the chronostratigraphic ages of orbitolinid larger
central and southern Tethys. These criteria will be particu-foraminifera, which have been established mainly in North-
larly useful when carbon isotope stratigraphy is not availableern Tethyan carbonate platforms.
or when chemostratigraphic correlation is biased by low res-  Several shortcomings in this indirect correlation are high-
olution or by the overprint of local palaeoceanographic pro-lighted below:
cesses and/or of early meteoric diagenesis. A survey of the
recent literature shows that this is often the case in shallow- _ The precise isochrony of FOs and LOs of orbitolinid

water carbonate sections. For instance, some recently pub-  gpecies between the northern and central-southern car-

lished carbon isotope curves from the Barremian-Aptian of bonate platforms has been never tested against indepen-
the Adriatic-Dinaric carbonate platform show no evidence of dent evidence.

the broad positive excursion associated with the Selli event

and of the preceding negative shift gbwic et al., 2011). In — Orbitolinids are generally found in discrete intervals
another case study, the OAEla positive CIE is not present  and sometimes are totally lacking in inner platform fa-
in the carbon iSOtOpe record of bulk/micritic matrix Samples, cies. Name|y, the flat low-conical species are genera”y
while it is more falthfully reprOduced by the biotic calcite of found in mar|y or calcareous mar|y |e\/e|s7 which seem-
rudist shells (Huck et al., 2010). ingly represent transgressive to maximum flooding in-
Based on the chemostratigraphic correlation of Fig. 15, the tervals (Vilas et al., 1995; Immenhauser et al., 1999;
segment of decreasing>C values leading to the C3 negative Jones et al., 2004). The local range of these taxa could
peak, which is taken as the onset of the Selli event, starts a  be related more to the occurrence of the appropriate fa-
few metres above the LO d?. lenticularisand V. murgen- cies, controlled by local to regional sea-level history,

sis The C4-C6 segments, corresponding to the interval of  than to evolutionary processes of speciation and extinc-
enhanced accumulation of organic matter in deep-water sec-  tjon.

tions, ends just below the first acme $f dinarica which

roughly corresponds to the C7 segment of p&&ic values. — The chronostratigraphic calibration of orbitolinid bios-
The whole CIE associated with the OAEla is bracketed in tratigraphy is still the matter of intense scientific debate,
the ACP between the LO &f murgensisind the “Orbitolina even in the areas where it has been first proposed, like
level”. the Urgonian Platform of the northern Tethyan margin

These criteria are particularly useful because they are  (Arnaud et al., 1998; Clavel et al., 2007Iini, 2008;
based on biostratigraphic events that are widely employed  Conrad et al., 2011; Géd et al., 2011; Huck et al.,
in the most popular biostratigraphic schemes of central and  2011).
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For all these reasons, the supremacy of chemostratigraphic
correlation is advocated to establishing the chronostrati-
graphic calibration of carbonate platform biostratigraphy.

The chemostratigraphic correlation with the well-dated
reference sections of the Cismon Apticore and of the Vocon-
tian basin of south-eastern France is here used to establishing
the chronostratigraphic age of the biostratigraphic events rec-
ognized in the carbonate platform successions of the southern
Apennines (Fig. 15). The lowest FO and the highest LO are
considered, assuming that the small differences between the
ranges observed in the three studied sections are the result
of the lack of appropriate facies, of small gaps or of other
sampling biases.

— The FO ofP. infracretaceacorrelates with the lower-
most Upper BarremianH. sartousiammonite zone).
This species persists until the top of the five studied sec-
tions.

— The range ofP. lenticularisspans from the uppermost
Barremian P. waagenoidegone) to the lowermost Ap-
tian (upper part of thé. oglanlensiszone). In the
studied sections the levels rich Bf lenticularis(LAS,
“Palorbitolina limestones”) mark a transgressive inter-
val corresponding to the B8-A1 segments of the carbon
isotope curves. Therefore, chemostratigraphy supports
a correlation of the “Palorbitolina limestones” of south-
ern Apennines with the “Couches @érfeuresa Orbito-
lines” of the French Vercors and with the “Lower Or-
bitolina Beds” of the northern Tethyan Helvetic plat-
form (Arnaud et al., 1998; Clavel et al., 20025Ini

for the calibration of the Aptian biostratigraphy of cen-
tral and southern Tethyan carbonate platforms (Sim-
mons, 1994; Witt and 6kday, 1994; Bachmann and
Hirsch, 2006; Velt, 2007). However, it is worth noting
that in the northern Tethyan Helvetic carbonate platform
M. texanahas been found in the upper Schrattenkalk
Fm. (Schroeder in Schenk, 1992; Schroeder et al.,
2007), which has been dated by carbon isotope stratigra-
phy and ammonites as middle Early Aptian, close to the
boundary between thB. weissiand theD. deshayesi
zones (Blimi, 2008; Fllmi and Gainon, 2008). The
“Orbitolina level” of the southern Apennines cannot be
correlated with the “Couches saipeuresa orbitolines”

of the French Vercors and the “Upper Orbitolina Beds”
of the Helvetic Alps (Linder et al., 2006;Hmi and
Gainon, 2008). Instead, a correlation with the “Niveau
Fallot” of the Vocontian Basin (Friedrich et al., 2003),
recently proposed by Raspini (2011), is compatible with
the chemostratigraphic data presented here.

— The A. reichelilevel, consisting of a bed rich of fully

developed specimens of this alveolinid species, is corre-
lated with the middle part of the. jacobizone (Upper
Aptian). In the Mt. Motola, Mt. Tobenna and Mt. Croce
section this level is preceded by some metres of lime-
stones with a few small primitive specimens Af re-
icheli.

The FO ofC. parva is correlated with the middle part
of theH. jacobizone, in the Upper Aptian.

www.solid-earth.net/3/1/2012/

et al., 2007; BlImi and Gainon, 2008). In the scheme of Fig. 16, the chronostratigraphic ranges
supported by the chemostratigraphic correlation presented
in this paper are compared with the ranges given for the
same species in other biostratigraphic schemes of central
and southern Tethyan carbonate platforms (Bachmann and
Hirsch, 2006; Husinec and Saka2006; Velt, 2007; Chioc-
chini et al., 2008; Téovic et al., 2011).

Some discrepancies emerge, which might be at least partly
due to a slight diachrony of the biostratigraphic events be-
tween different carbonate platforms. However, it must be re-
The first acme ofS. dinaricabegins in latest Early emphasized that the chronostratigraphic calibration proposed
Aptian (D. furcatazone) and straddles the Bedoulian- in this paper is the first direct calibration based on isotope
Gargasian boundary, terminating in the lower part of stratigraphy. For all the other biostratigraphic schemes cited
the E. subnodosocostatuzone. The second acme is above, the chronostratigraphic calibration is largely based on
roughly correlated with the lowermost part of tRemel-  the ages proposed for orbitolinids in the carbonate platforms
chioris zone. The LO can be correlated with the upper of the Northern Tethyan margin. This indirect chronostrati-
part of theN. nolaniammonite zone. graphic calibration might be biased for several reasons, as

. . discussed above.
The “Orbitolina level” of the southern Apennines, con-

taining an association dfl. parvaand M. texana cor-
relates with the upper part of tHe. subnodosocosta-
tum zone, confirming the middle Gargasian age pro-
posed by Cherchi et al. (1978). A Gargasian age forThe geological archive of the resilient central and southern
the FO of M. texana has been recently restated by Tethyan carbonate platforms contains valuable information
Schroeder et al. (2010), and remains one of the tie point®n the response of tropical and subtropical neritic ecosystems

The range ofV. murgensisstraddles the Barremian-
Aptian boundary (FO in the upper part of the
P. waagenoidezone, LO in the lower part of the
D. weissizone).

The FO ofD. hahounerensis close to the base of the
Aptian (D. oglanlensimmmonite zone). The LO corre-
lates with the Upper Aptiahl. jacobiammonite zone.

6 Conclusions

Solid Earth, 3, 128, 2012
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Age Barremian | Lower Aptian | Upper Aptian Albian
Taxa Lower Upper [ Bedoulian Gargasian | _Clansayesian Lower
C. parva e —
—
. . & —
A. reicheli .
C
* T Y g
M. texana ~— L
> - D— ........
M. parva .

D. hahounerensis|*"

——

B

V. murgensis $¢

¢

+ | e——————
P. lenticularis © T
<
. & L

S. dinarica .
. [ e e E————
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Fig. 16. Chronostratigraphic calibration of the Apenninic carbonate platform biostratigraphy. The calibration is based on the chemostrati-
graphic correlation with well-dated basinal sections (see Fig. 15). The chronostratigraphic calibration of the same biostratigraphic events,
proposed by previous works on the Apenninic and other central and southern Tethyan carbonate platforms, is given for comparison. The
shaded field indicates the chronostratigraphic interval covered by the sections studied in this paper.

to the palaeoenvironmental perturbations associated with theentral-southern Tethyan carbonate platforms. According to
massive injection of C@into the Atmosphere-Ocean sys- the calibration proposed in this paper, the boundary is very
tem during the early Aptian OAEla. The first step to un- closely approximated by the first occurrence/ofmurgensis
lock this archive is to increase the precision of chronos-andD. hahounerensis

tratigraphic dating and correlation of shallow-water carbon- In all the biostratigraphic schemes published so far for the
ate successions with deep-water successions, which reprépenninic carbonate platform and other central and south-
sent the reference record of palaeoceanographic events. Bfn Tethyan platforms, the chronostratigraphic calibration
this paper this task is fulfilled by integrating carbon isotope Was anchored to the ages established for selected taxa of or-
stratigraphy and biostratigraphy, with additional support by bitolinid foramlnlfe_ra in t.he_ carbonate platform of the N_orth-
strontium isotope stratigraphy on a limited set of samples ™ Tethyan margin. This is the first chronostratigraphic cal-

. . . . . ibration, for the Apenninic carbonate platform, constrained
C_hgmostratlgraphlc correlation of five sectlo_ns of the_Apen-by carbon and str(?ntium isotope stratigraphy. Chemostratig-
ninic carbonate platform c_)f southern Italy with the_ C|smor_1 raphy is being successfully applied to Cretaceous carbon-
Apticore and the composite section of the Vocontian Basinge platforms. Its integration with biostratigraphy hold

permits the chronostratigraphic calibration of carbonate platthe promise of producing standard biozonations, based on
form biostratigraphy across the Barremian-Aptian interval. larger foraminifera and calcareous algae, perfectly tied to the

The main result derived from this calibration is the defini- chronostratigraphic scale. This would open the possibility of

tion of biostratigraphic criteria to individuate, in the carbon- fully exploiting the valuable archive of palasoenvironmental

ate platforms of the central and southern Tethys, the stratiE: hanges preserved by Cretaceous carbonate platforms.

graphic interval equivalent to the OAEla. The interval of de-
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