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Carbon-isotope stratigraphy of shallow-water limestones and implications

for the timing of Late Cretaceous sea-level rise and anoxic
events (Cenomanian-Turonian of the peri-Adriatic carbonate
platform, Croatia)

Simon D. Davey1-2 & Hugh C. Jenkyns1
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ABSTRACT

A carbon-isotope stratigraphy of shallow-water Cretaceous limestones from
Ihe Adriatic/Dinarie carbonate platform. Croatia, has enabled accurate definition

of the Cenomanian-Turonian boundary bv reference to well-dated
ammonite-bearing sections in England and the United States. The sediments
close to the boundary show pelagic influence registered by the presence of
planktonic foraminifera and calcisphcres. bui also contain rudistid and echino-
dermal grains: above and below are tvpical peritidal carbonates. In one section
the stage boundary is drawn within the deeper-water facies. in another h is

tentatively placed within overlying oncoid-rich packstones and wackestones.
These results spotlight the potential use of carbon isotopes as a dating and

high-resolution correlative tool in shallow-water carbonate rocks, and help
elucidate the timing of océanographie events that affected the Adriatic/Dinarie

carbonate platform. In particular it is suggested that the highest rate of relative,

possibly eustatic sea-level rise took place during the latest Cenomanian.
that this was followed by the global oceanic anoxic event during Cenomanian-
Turonian boundary time, and that peak transgression or maximum flooding
uas achieved during the earlv to mid-Turonian.

RIASSUNTO

La stratigrafia isotopica (8"C) effettuata su calcari cretacici appartenenti alla

piattaforma carbonatica adriatico/dinarica ci ha permesso di definire con
accuratezza il limite Cenomaniano-Turoniano. calibrandolo con serie coeve ad
ammoniti dell" Inghilterra e degli Stati Uniti. 1 sedimenti in prossimità del limite
mostrano un influenza pelagica, con foraminiferi planctonici e calcisfcre associate

a resti di rudisle ed echinodermi. Gli strati immediatamente sovrastanti e

sottostanti sono costituiti invece da carbonati pentidali. In una delle sezioni, il
limite si colloca all' interno della facies con influenza pelagica: in un'altra,
invece, esso cade all' interno della facies micritica con oncoliti che giace al di

sopra dello stesso intervallo. Questi risultati enfatizzano 1) la possibilità di
usare gli isotopi del carbonio come strumento stratigrafico ad alta risoluzione
nelle facies carbonatiche di bassa profondità e 2) consentono di datare eventi
oceanografici che hanno impresso il loro segnale sulla piattaforma carbonatica
adriatico/dinarica. In particolare, si propone che l'innalzamento eustatico del
livello del mare sia coinciso con il Cenomaniano terminale, che T evento attossico

globale si sia verificato nel tardo Cenomaniano-Turoniano precoce e che

la massima ingressione marina sia avvenuta nel Turoniano precoce e medio.

Introduction

Carbon-isotope stratigraphy has shown itself to be a powerful
tool in the correlation of Mesozoic pelagic sediments. Its use in

trans-continental correlation of Cretaceous chalk and
limestone sequences, first demonstrated by Scholle & Arthur
(1980). has subsequently been shown to be valid down to
temporal increments of hundreds of thousands of years or less

(Gale et al.. 1993). The best studied interval is that which
straddles the Cenomanian-Turonian boundary (93 Ma.
Obradovich. 1994; Kowallis et a!.. 1995). This has been
documented isotopically from Europe. North America. Africa and
the Atlantic. Pacific and Indian Oceans (Pratt & Threlkeld.
1984; Hilbrecht & Hoefs, 1986: Schlanger et al.. 1987: Jarvis et

al., 1988: Kuhnt et al.. 1990; Thurow et al.. 1992; Curiale. 1994;

Jenkyns et al.. 1994. 1995; Paul et al.. 1994; Lamolda et al..

1994: Accarie et al.. 1996). Expanded stratigraphie sequences
across this interval show a complex multi-faceted positive
carbon-isotope excursion whose profile is conventionally taken to
reflect global burial patterns of organic carbon. Paul et al.

(1994) estimate the duration of the isotopie event as some
25().(HX) to 270.000 years.

Relative to carbon in the 'oxidized' reservoir, organic carbon

('reduced reservoir") is enriched in the lighter isotope 12C;

consequently increased burial rates of organic matter produce
an increase in the |;,C/12C ratio in sea water which is transmitted

to skeletal and inorganic carbonate (Scholle & Arthur.
1980; Berger & Vincent. 1986). Certain intervals of geological
time were characterized by anomalously high burial rates of
organic carbon on a global scale and these have been termed

' Department of Earth Sciences. University of Oxford. Parks Road. Oxford. OX1 3PR. United Kingdom
2 EPT-1F. Shell International Exploration and Production. PO Box 6(1. 2280 AB Rijswijk. Netherland

Late Cretaceous carbon-isotope stratigraphy. Croatia 163



w
V-A
¦J^ l^_p

—^
°"i

*_ :.:¦¦¦¦-' "-ij-lr.'Vq y '-:

-r*\o.

<st. - C

oo«. \

^r^
CC

fig. 1. Map of the Croatian region showing principal facies Jonisiins across
the Adriatic-Dinaric carbonate platform during Cenomanian-Turonian
boundary time, and localities mentioned in text. After Chorowicz (1977). The

two localities examined isotopically are Telascica Cove on Dugi Otok and

Basina Harbour on Hvar.

"oceanic anoxic events' or 'OAEs' (Schlanger & Jenkyns. 1976;

Jenkyns. 1980, 1999: Arthur et al.. 1990). Here we investigate
the Cenomanian-Turonian isotopie excursion accompanying
the Oceanic Anoxic Event as registered in the shallow-water
domain of the Adriatic/Dinaric carbonate platform, and

explore the stratigraphie use of isotopes in peritidal and related
facies.

The Adriatic/Dinaric carbonate platform

The Adriatic/Dinaric carbonate platform, installed on the
southern margin of the Tethyan Ocean, was a shallow-water

system generally comparable to the Bahama Banks (Jenkyns.
1991). Subsidence on the former continental margin was
balanced by prolific carbonate production, and sedimentary piles
of up to 7 km were built up during the Triassic-Tertiary interval

(Herak et al., 1970: D'Argenio. 1974). The facies include

typical supratidal, intertidal and shallow subtidal lithologies:
oolitic, oncolitic, pelletai, skeletal, stromatolitic facies and lime
mudstones containing spar-filled desiccation pores. To the

east, the carbonate platform is overthrust by the internal Di-
naride ophiolite belt; to the west, it passes into deeper-water
pelagic facies of the Adriatic region (Fig. 1
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Fig. 2. Lithological section sampled at Telascica Cove. Dugi Otok. Croatia,
with accompanying bulk carbon- and oxygen isotope data. Significant features
of the isotope curve are labelled A. B. C and D. The basal part of the section

(Milna Formation) dominantly comprises lime wackestones with cyanobacterial

laminites interbedded with wackestones to mudstones with occasional rudists.

Overlying these facies are the nodular limestones of the Sveti Duh
Formation containing planktonic biota. Position of Cenomanian-Turonian boundary,

according to carbon-isotope stratigraphy (horizontal dashed line), is also
shown.

The Cenomanian-Turonian sea-level rise

The Cenomanian-Turonian has long been recognized by strati-

graphers as an interval characterized by a spectacular
transgression whose sedimentary record can be traced on several

continents (e.g. Suess. 1888: Hancock & Kauffman. 1979;

Schlanger. 1986; Haq et al.. 1988: Hancock. 1989. 1993; Gale.
1996). Because of its ubiquitous influence, this transgression is

commonly viewed as eustatic. with the highest stand of sea

level, perhaps of the whole Phanerozoic. achieved during the

early to mid-Turonian. The impact of this sea-level rise on the

Adriatic/Dinaric carbonate platform, documented by Chorowicz

(1977). Gusic & Jelaska (1990.1993). and Jenkyns (1991).
was manifested by an increased component of planktonic faunal

elements among grains of shallow-water affinity. Locally,
ammonites are recorded from the Turonian (Polsak et al..

1982; Gusic & Jelaska, 1990: Davey et al., 1992). suggestive of
substantial and long-lasting deepening in some areas. The fa-
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