Palaeogeography, Palaeoclimatology, Palaeoecology 365-366 (2012) 276-293

Contents lists available at SciVerse ScienceDirect PEAI.AED‘:"‘E3
, ©
Palaeogeography, Palaeoclimatology, Palaeoecology ©

°

journal homepage: www.elsevier.com/locate/palaeo

Organic geochemistry, stable isotopes, and facies analysis of the Early Aptian
OAE—New records from Spain (Western Tethys)

Maria Luisa Quijano **, José Manuel Castro °, Richard D. Pancost €, Ginés A. de Gea P, Maria Najarro ¢,
Roque Aguado °, Idoia Rosales ¢, Javier Martin-Chivelet ©

2 Departamento de Quimica Inorgdnica y Orgdnica, Universidad de Jaén, Campus Las Lagunillas, E-23071 Jaén, Spain

b Departamento de Geologia, Universidad de Jaén, Campus Las Lagunillas, 23071 Jaén, Spain

€ Organic Geochemistry Unit, Bristol Biogeochemistry Research Centre, The Cabot Institute, School of Chemistry, University of Bristol, BS8 1TS, UK
4 Instituto Geolégico y Minero de Espaiia, IGME, Rios Rosas 23, 28003 Madrid, Spain

¢ Departamento de Estratigrafia-IGEO (CSIC-UCM), Universidad Complutense, 28040 Madrid, Spain

ARTICLE INFO ABSTRACT
Article history: The Early Aptian Oceanic Anoxic Event (OAE1a) is a time interval characterized by increased organic carbon
Received 10 March 2011 accumulation in marine sediments, notable sedimentary and biotic changes, and abrupt carbon-isotope

Received in revised form 30 July 2012
Accepted 12 September 2012
Available online 8 October 2012

excursions indicative of significant major palaeoenvironmental changes linked to a perturbation in the global
carbon cycle. Here we present the study of four sections recording the OAE1a (Early Aptian) in Spain, which
are located in two broad basins respectively located in the South and the North of Iberia: the Southern Iberian
Keywords: Palaeomargin (Carbonero, La Frontera and Cau sections) and the Basque-Cantabrian Basin (Puentenansa
Early Aptian section), which represent depositional settings ranging from shallow marine (distal ramp -Cau- and drowned
Oceanic Anoxic Event 1a platform -Puentenansa-) to pelagic environments (Carbonero, La Frontera). Biomarker compositions,
Biomarkers C-isotope profiles, biostratigraphic data and facies analysis from the four sections are correlated and integrat-
C-isotopes ed. The C-isotope curves all present a clear negative excursion followed by a positive shift. The integration of
Spain the C-isotope curves with the biostratigraphic data has been used to correlate the studied sections and to ten-
tatively identify the eight segments formerly proposed from the Alpine domain, and subsequently identified
in sections worldwide. Four main groups of compounds are present in all sections: n-alkanes, isoprenoids,
hopanes and steranes. n-Alkanes and acyclic isoprenoids (pristane and phytane) are dominant in most samples.
The hopanes are represented by a range of C,7 to C35 components, with the specific isomers varying amongst the
sections due to differences in thermal maturity. Steranes occur as a range of C,7, Cog and Cpg isomers, whereas
diasteranes only occur in the most thermally mature section (Carbonero). Other compounds of interest include
gammacerane and dinosterane. Differences in thermal maturity appear to be the first order control on different
biomarker assemblages amongst the studied sections. The Carbonero section is thermally mature, whereas the
nearby La Frontera and Cau sections are immature. Puentenansa has intermediate values. Organic matter is de-
rived from a range of terrestrial, marine and bacterial sources. The dominance of the C,9 sterane isomers in all
sections suggests a strong contribution from higher plants. The presence of gammacerane indicates water col-
umn stratification, and high C,9/C30 hopane ratios suggest anoxia at the water/sediment interface, respectively.
Sedimentologic analysis also suggests anoxic conditions during sedimentation, but evidence for strong and per-
sistent water column anoxia is equivocal. The correlation of the sections reveals that sedimentation of
organic-rich facies started earlier in pelagic and later in the shallow marine settings, which can be related to
an expansion of the favorable conditions for organic matter accumulation and preservation from deep marine
waters to shallower platform environments during the development of OAE1a.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The Cretaceous was generally characterized by a greenhouse cli-
EE— mate state (Hallam, 1985; Wilson and Norris, 2001), with a reduced
* Corresponding author. Tel.: +34 953212741; fax: +34 953211876. latitudinal temperature gradient (Huber et al., 1995; Hay, 2008), ele-
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system, primarily reflected in the widespread deposition of organic
carbon-rich marine sediments, whose relation to anoxic marine con-
ditions led to the definition of Oceanic Anoxic Events (Schlanger and
Jenkyns, 1976; Jenkyns, 1980). Subsequent research on OAEs have
revealed that they represent notable perturbations in the global
carbon cycle, which have been related to massive submarine volca-
nism, formation of oceanic plateaus, and increased rates of seafloor
spreading (Leckie et al., 2002). These perturbations were reflected
in rapid climate and environmental changes (Jenkyns, 2003;
Dumitrescu et al., 2006; Hermoso et al., 2009) affecting both the ma-
rine and continental realms (e.g. Skelton, 2003).

Among the OAEs that punctuated the Cretaceous Period, the one
that occurred during the Early Aptian (so called OAE1a) was one of
the first identified and remains one of the most widely studied. It
had a global extent (Arthur et al., 1990; Leckie et al., 2002) and a du-
ration of 1.0 to 1.3 Myr (Li et al,, 2008). Sediments recording this
event have been recognized in the Tethys domain (“Selli level”,
Menegatti et al., 1998; Hochuli et al., 1999; Luciani et al., 2001; de
Gea et al.,, 2003; Erba and Tremolada, 2004; Heimhofer et al., 2004;
Aguado et al., 2008; de Gea et al., 2008b; Najarro and Rosales,
2008b; Rosales et al., 2009; Mehay et al., 2009; Millan et al., 2009;
Najarro et al., 2011a, b; Stein et al., 2011, among others), in the Boreal
domain (Grocke et al, 1999; Follmi et al, 2006), in the Pacific
(Jenkyns, 1995; Ando et al., 2002; Price, 2003; Dumitrescu and
Brassell, 2005), and Mexico (Bralower et al., 1999). Dramatic environ-
mental changes occurred in association with OAE1a in settings rang-
ing from continental to pelagic, and particularly in shallow marine
carbonate platforms. Among the most striking time-related phenom-
ena were the “nannoconid crisis” (Erba, 1994; Aguado et al., 1999;
Erba et al., 2010), profound changes in the marine biota (e.g. Bralower
et al., 1994; Erbacher et al., 2001; Leckie et al., 2002), and drastic per-
turbations in land vegetation and in continental weathering (Follmi
et al, 2006). Nevertheless, other studies suggest that major pCO,
and vegetation changes did not occur during OAE1a (Heimhofer et
al., 2004).

The impact of OAE1a on shallow carbonate platform environments
has been analyzed in several studies. One major environmental per-
turbation is the widespread drowning event recorded at multiple
sites (i.e. Weissert et al., 1998; Follmi et al., 2006; Castro et al.,
2008; Najarro et al., 2011a; Castro et al,, 2012). In addition, notable
faunal and facies changes in carbonate platforms have been related
to the OAE1a (i.e. Huck et al., 2012), including the remarkable wide-
spread development of Lithocodium-Bacinella episodes in the Tethys
domain (Immenhauser et al., 2005; Bover-Arnal, 2010; Rameil et al.,
2010).

A pervasive feature of OAE1a stratigraphic successions is the series
of pronounced isotopic excursions, first negative and then positive,
that occur in both 8!3Ccarb and 6'3Corg (e.g. Menegatti et al., 1998;
Leckie et al., 2002; de Gea et al., 2003; Herrle et al., 2004, among
others). The widespread documentation of these features of the car-
bon isotope profile in numerous successions of marine carbonate
and pelagic sediments from the aforementioned Tethys, Boreal and
Pacific regions enables their use as a tool for stratigraphic correlation
and as a record of the global perturbations of the carbon cycle. Al-
though there is general agreement that the positive excursion in sed-
imentary 6'3C values arises from increased burial of organic matter
during the OAE, multiple explanations have been proposed to explain
the negative carbon isotope excursion at the onset of OAE1a and, by
extension, the causal mechanism. One explanation is that emplace-
ment of large igneous provinces (LIPs; e.g. Ontong-Java and
Manihiki Plateaus: Larson, 1991; Larson and Erba, 1999; Tejada et
al., 2009; Mehay et al., 2009) raised atmospheric pCO, and enhanced
nutrient fluxes to the ocean. Other potential triggers include dissoci-
ation of gas hydrates releasing methane in continental margin sedi-
ments (Beerling and Royer, 2002; Jahren et al., 2005), or increased
recycling rates of '2C and nutrient-rich intermediate waters linked

to changes in ocean productivity (Menegatti et al., 1998; Larson and
Erba, 1999; Erba and Tremolada, 2004; Weissert and Erba, 2004).

This paper presents the study of four sections recording the OAE1a
in Spain, from two different basins (Southern Iberian Palaeomargin
and North Cantabrian Basin, Fig. 1), and also representing different
palaeogeographic settings (shallow marine and pelagic settings).
The sections have been characterized using a combination of isotopic,
elemental and biomarker approaches. The latter have been widely
used in the investigation of OAEs, including the assessment of marine
productivity, terrestrial vs. marine sources of organic matter, and the
redox state of the ocean (Meyers, 1997; Pancost et al., 2004). The
timing of C-rich sediment deposition is interpreted with respect to
the local carbon isotope stratigraphy, with biomarker and elemental
analyses being used to further constrain changes in organic carbon in-
puts and differences in thermal maturity among the four sections.
Overall, the integration of stratigraphy and geochemistry, and the
correlation with reference sections, has led to present a sedimentary
model which assess mechanisms for the spread of anoxia, taking
into consideration global and regional effects.

2. Geological setting
2.1. Palaeogeographic framework

During Aptian times the sedimentary basins of Iberia were strongly
influenced by the relative motions of the contiguous Eurasian and Afri-
can plates (Fig. 1). The initiation of the seafloor spreading in the North
Atlantic, which started very early in the Cretaceous, led to a decrease
in the sinistral movement between Iberia and Africa that had prevailed
during part of the Jurassic (Ziegler, 1988), and to a phase of rapid anti-
clockwise rotation of Iberia relative to Europe that would culminate in
seafloor spreading in the Bay of Biscay from middle Aptian times on-
wards (Olivet, 1996; Vergés and Garcia-Senz, 2001). In that geodynamic
framework, extensional tectonics prevailed in the main sedimentary
basins, including the two considered in this paper: the North Cantabrian
Basin (NCB), which belonged to the northern margin of the Iberian
plate, and the Southern Iberian Palaeomargin (SIPM) (Fig. 1). That ex-
tensional tectonism experienced a strong phase during the latest Juras-
sic to the Hauterivian, followed, during the Barremian-Aptian, by an
interval of smaller tectonic movements but larger subsidence rates,
that favored the development of wide and thick carbonate platforms
(including the Urgonian facies) in the shallow areas of the basins
(e.g., Martin-Chivelet et al., 2002; Vera, 2004).

The Lower Cretaceous sequence of the SIPM includes thick succes-
sions (>3000 m) of carbonates and siliciclastics that were deposited
in shallow platforms (mostly in the so-called Prebetic Zone, Fig. 2A)
and hemipelagic/pelagic settings (dominant in the Subbetic Zone,
Fig. 2A) (e.g. Ruiz-Ortiz, 1980; Martin-Chivelet et al., 2002; Vera,
2004). The configuration of the SIPM was defined by a series of
basin-scale troughs and swells, bounded by large extensional faults
roughly parallel to the continental margin, that were initiated in the
Middle Jurassic (e.g., Azéma et al., 1979; Garcia Hernandez et al,,
1980; Vera, 1988; Ruiz-Ortiz et al., 2001). This tectonic pattern con-
trolled strong differential subsidence and deposition rates. The strat-
igraphic sections herein considered correspond to depocentral areas
in both the Prebetic (Cau section), and the Subbetic (Carbonero and
La Frontera sections) (Fig. 2A).

The North Cantabrian Basin (NCB) was a relatively small
(=~20x80 km), E-W elongated sub-basin, which belonged during
the Mesozoic to the larger Basque-Cantabrian Basin (BCB). Located
in the northwestern margin of the BCB, this sub-basin behaved inde-
pendently for most of the Cretaceous, and was relatively less
subsident than other areas of the BCB. It was separated from the
rest of the basin to the east by a N-S complex fault structure (Rio
Miera Flexure; Feuillée and Rat, 1971). The NBC was generated by
rifting tectonics linked to the opening of the Bay of Biscay and



Download English Version:

https://daneshyari.com/en/article/4466742

Download Persian Version:

https://daneshyari.com/article/4466742

Daneshyari.com


https://daneshyari.com/en/article/4466742
https://daneshyari.com/article/4466742
https://daneshyari.com

