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Mid-Cretaceous climate was characterised by high global temperatures because of
extreme greenhouse conditions, with CO, levels possibly up to 8 times pre-industrial values.
During this period the oceanic anoxic event (OAE-2) at the Cenomanian/Turonian boundary
(CIT; 93.5 Ma) resulted in extensive burial of organic matter (OM) as marine black shales.
Enhanced OM burial was either caused by oxygen-deficient conditions in marine settings or
high fluxes of OM to the ocean floor or a combination of these factors and is reflected in a
large positive carbon isotope excursion in marine carbonate as well as OM.

A complete, well preserved record of OAE-2 was recovered during ODP Leg 207 off
the coast of Surinam on Demerara Rise. Organic material from this site proved to be thermally
immature, with high organic carbon contents (up to 20 %). A high degree of OM-sulfurisation
favoured preservation, making the recovered sediments excellently suited for detailed
biomarker studies. After laboratory desulfurisation of the polar fraction of the extractable OM,
phytane was the predominant compound. |sorenieratane, a biomarker for euxinic conditionsin
the photic zone, was found in significant concentrations only within parts of the positive §1°C
excursion. It seems therefore that at Demerara Rise bottom waters experienced long-term
anoxia while the base of the photic zone only became euxinic episodically during OAE-2.
This is most likely due to stronger upper water column stratification during OAE-2 since
primary productivity was probably already high as shown by the occurrence of black shales
prior to the OAE.

We measured the compound specific carbon isotopes of isorenieratane (813Cisor) and
phytane (813Cphytan,) present in the desulfurised fraction and compared these records to the
carbon isotopes of bulk organic carbon (613Cmg). The amplitude of the excursion is
exceptionally large in both the 813Cphytane (~ 8 %o) and the 813Corg record (~ 6-7 %0). The high
amplitude of the 813Cphytane excursion suggests that the isotope excursion at this location is not
only the result of globally enhanced carbon burial, but aso of changing local conditions,
probably increased productivity.
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Within OAE-2 we observed two distinct platforms in both 813Cphytane and §™°Cisor (grey
shaded intervals in Fig. 1). In between these platforms carbon isotope ratios show a rapid
decrease, amost back to pre-excursion values. This decrease in isotope values together with
the simultaneous absence of isorenieratane and a drop in sea surface temperatures as
reconstructed with the TEXgg proxy (Fig. 1) suggest that in between the two isotopic plateaus
upper water column stratification was reduced temporarily within OAE-2. This shows that

even within OAEs oceanographic conditions can vary substantially.
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Figure 1. Lithology, stratigraphy, biomarker and stable isotope data for the
Cenomanian/Turonian boundary interval at Demerara Rise ODP Site 1260. From left to right:
total organic carbon content (TOC) in weight %, i sotope values of bulk organic carbon
(5"Corg) and S-bound phytane (5"*Cpnytane) and isorenieratane (5**Cisor) in %o vs. VPDB,
isorenieratane concentrationsin ug/g TOC, TEXsgs temperaturesin °C. Grey shaded areas
mark the range of the two isotopic plateaus characterised by enriched 8C values.
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The widespread deposition of marine black shales during the Cretaceous oceanic
anoxic events (OAEs) occurred under extreme climatic and oceanographic conditions,
accompanied by perturbations in the ecology of primary producers(e.g., Kuypers et a., 1999;
2001; 2004). Deciphering changes in the community of marine primary producers can give us
a better understanding of paleocenvironmental conditions controlling primary production,
nutrientsand carbon cycling during these events

Using a molecular-isotopic approach, we reconstruct the relationship between the
structure of planktonic communities and paleoenvironmental conditions during the mid-late
Cretaceous OAE-2 (Cenomanian-Turonian boundary) at the Levant carbonate platform
deposit of Central Jordan. Due to its position in an inner shelf platform in the western part of
the Neotethys, this area was particularly sensitive to sea level variations. Based on a high
resolution record of &"*Ceabonate and total organic carbon (TOC), three episodes of black shales
deposition with different §"*C signature have been defined and studied in detail in one section
of Central Jordan (GM3): the Mid Cenomanian Event (MCE), the OAE-2, and a post-OAE-2
event of high productivity.

Three main ecological structures were defined through the section: a) an extended
period of equally distributed prokaryotic and eukaryotic signals during both the MCE and
OAE-2 indicated by a rather stable sterane over hopane ratio of ~ 0.5; b) a short post-OAE-2
interval with predominant cyanobacterial signals, indicated by the presence of methyl-
branched alkanes; ¢) a short interval of about 20 kyr with a predominance of eukaryotes and
presumably high productivity and nutrient input, characterized by an exceptionally high
abundance of pristane and phytane (3.5 mg g'l TOC, 50% of the hydrocarbon fraction) and
amost an absence of hopanes. To our knowledge, such a high relative abundance of

presumably chlorophyll-derived pristine and phytane lacks any precedent. The last two
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ecological structures and the return to previous conditions occurred in a relatively short
interval of time, reflecting a highly dynamic environment.

Additionally, the post-OAE event with the same unusual feature was studied in
another section (KB3) located ca. 30 km from GM3, in the center of which was a sub-basin
within the Levant platform, corroborating that this event of high eukaryotic productivity and
anomalously high preservation of pristine and phytane was at least regional.

The possible role of nitrogen fixation by cyanobacteria will be discussed based on the
presence of 2-methylhopanoids and nitrogen isotopes, whereas the possible stratification of
the water column and development of photic zone euxiniawill be assessed on the presence of
isorenieratene derivatives after desulfurization. We will examine the role of changes in
productivity and ecology as a result of the relationship between sea-level changes and

nutrients input combined with microfossil data.
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Periods of deposition of black shales containing 1 to 30 wt% organic carbon occurred
widely in epicontinental seas and ocean basins from the Aptian (125-112 Ma) through the
Coniacian (89-86 Ma) stages of the middle Cretaceous. A particularly extensive and well-
developed black shale sequence was deposited close to the Cenomanian-Turonian boundary
(93.5 Ma) and is often called the “ Cenomanian-Turonian Boundary Event” (CTBE: Thurow et
al., 1992). CTBE black shales are found throughout North Atlantic, South Atlantic, and
western Tethyan settings and in afew Pacific Ocean settings. Furthermore, CTBE black shales
typicaly contain an apparently synchronous intensified depositional interval that is
collectively termed Oceanic Anoxic Event 2 (OAE 2: Schlanger and Jenkyns, 1976). In
marked contrast to their near ubiquity in Atlantic and western Tethyan settings, CTBE black
shales were rarely deposited in the eastern Tethys, part of which is now the Indian Ocean. To
date, they have been found only at Ocean Drilling Program (ODP) Site 763 on the Exmouth
Plateau off northwestern Australia (Meyers and Dickens, 1992), and they are absent in
complete Cenomanian-Turonian boundary sequences at nearby Site 765 on the Argo Abyssa
Plain and Site 766 on the Gascoyne Abyssal Plain (Thurow et al., 1992).

On the basis of the shipboard measurement of 2.2 wt% organic carbon concentration in
a late Cenomanian-early Turonian dark-colored claystone from Site 1138 on the Kerguelen
Plateau, ODP Leg 183 shipboard scientists speculated that they had found evidence of the
CTBE at this southern Indian Ocean location. We have conducted elemental, isotopic, and
Rock-Eval analyses of organic matter in samples of Cenomanian through Santonian sediment
from ODP Site 1138 that confirm the existence of Cenomanian-Turonian black shales at this
high-latitude location. Total organic carbon (TOC) concentrations range between 1 and 20
wt% in black to medium-gray sediments deposited around the Cenomanian-Turonian
boundary, and 613Corg values that increase 4 %o over background values suggest the presence
of OAE 2 in the boundary sequence. Rock-Eval pyrolysis results show that the organic matter
is aga Type Il material that has experienced modest ateration. Important contributions of

nitrogen-fixing bacteria to the amplified production of organic matter implied by the high



P99-MO

TOC concentrations is recorded in §°N values between -5 and 1 %o, and the existence of a
near-surface intensified oxygen minimum zone that favored organic carbon preservation is
indicated by TOC/TN ratios between 20 and 40. This finding doubles the Indian Ocean
locations at which CTBE black shales have been found, and it expands the range of
pal eoceanographic settings in which CTBE black shales were deposited, which is particularly
significant in light of the relative isolation of the high-latitude Kerguelen Plateau from the
world ocean during the middle Cretaceous. In contrast to the marine nature of the
Cenomanian-Turonian boundary section, deeper sediments at Site 1138 contain abundant
land-derived organic matter that records the presence of nearby forests on the Kerguelen
Plateau until the earliest Cenomanian.
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Figure 1. Concentrations of CaCO; and total organic carbon (TOC), total organic carbon to
total nitrogen atom ratios (TOC/TN), and §"°Niqy and §*3Cyry values of sediment samples from
mid-Cretaceous lithostratigraphic Units 1V, V, and VI at ODP Site 1138 on the Kerguelen
Plateau.
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