
INTRODUCTION

Correlation of sedimentary rock sequences is a key el-

ement to palaeoenvironmental interpretation of ancient

geological events. If correlation fails, rocks of different ages

are wrongly considered coeval and building hypothesis and

models lead to false interpretations. Extreme caution is nec-

essary to correlate sequences within a basin or among dis-

tant basins. The OAE1a event is usually determined by a

specific carbon isotope signature in combination with bios-

tratigraphy (ammonites, nannoconids, foraminifera), facies

(TOC-enriched series) and events (Osmium events, nan-

noconid crises) that can help to prove isochroneity between

different areas.
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ABSTRACT:

García-Mondéjar, J., Fernándes-Mendiola, F. and Owen, H.G. 2015. The OAE1a in Cuchía (Early Aptian, Spain):

C and O geochemistry and global correlation. Acta Geologica Polonica, 65 (4), 525–543. Warszawa.

C-isotopes, TOC and O geochemical data from the lower Aptian Cuchía section in the western Basque-

Cantabrian basin (BCB) allow an accurate delimitation of the OAE1a-equivalent and its geochemical Menegatti´s

segments, a detailed δ13

C

carb

correlation with regional and interregional sections, and a high-resolution con-

struction of TOC and bulk-rock δ18

O

carb

curves and their interpretation. The δ13

C

carb

values range from -2‰ and

+4‰ (VPDB). They agree with previous data from the eastern BCB sections (Aralar) confirming the ammonite

age of the OAE1a in the Basque-Cantabrian basin: Deshayesites forbesi, Deshayesites deshayesi, and Deshayesites
deshayesi-Dufrenoyia furcata transition Zones. Interregional δ13

C

carb

correlation with pelagic (Cismon, Italy, and

Mid-Pacific Mountains, DSDP Site 463) and neritic (Roquefort-La Bédoule, France) core sections, reveals a com-

mon profile of a wide negative excursion characteristic of the OAE1a. It consists of a double trough separated

by a flat relative maximum, with two negative spikes in the upper trough of neritic sections. TOC absolute val-

ues range from 0.12% to 1.37%. Segments of the TOC curve with persistent low values closely correspond with

descending segments of the δ13

C

carb

curve, and are attributed to lesser organic productivity in the BCB. Detailed

bulk-rock δ18

O

carb

data (-5.71‰ to -1.05 ‰ PDB) and variation curve show two main positive O-isotope shifts

and three minor positive inflections, within a general negative trend characteristic of the OAE1a. The two ma-

jor positive shifts correspond to both shallowing upwards sequences and the lowermost can be related to a eu-

static sea level fall. Independent interregional correlation of the O-isotope shifts with C-isotopes supports their

interpretation as punctuating colder events within a general warming trend.
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Aptian sedimentary and palaeoenvironmental changes

are related traditionally to global greenhouse climate

changes influenced by extensive volcanism and super-

plume episodes (Larson and Erba, 1999; Jones and

Jenkyns, 2001; Méhay et al. 2009; Tejada et al. 2009; Erba

et al. 2010; Bottini et al. 2013). Environmental changes are

attributed to warming at the sea-bottom that could have en-

hanced gas hydrates dissociation (e.g. Jahren et al. 2001;

Wagner et al. 2007; Méhay et al. 2009). Rising atmos-

pheric CO

2

is temporarily linked to intensive weathering,

decreasing carbonate sedimentation, and weak ventilation

of marine deep-waters (Arthur and Premoli Silva, 1982;

Herrle et al. 2003). Surface water productivity periodically

increased, and together with monsoons influenced nutri-

ent runoff, precipitation rates and upwelling (Herrle et al.,
2003). The impact of Aptian climate on biotas is summa-

rized for nannoconids (Erba 1994), foraminifers (Premoli

Silva et al. 1999; Moullade et al. 2002), radiolarians (Er-

bacher and Thurow 1995) and dinocysts (Wilpshaar and

Leereveld 1994). Aptian climate and palaeoceanographic

impact on sediments is also recorded by carbon isotopes

(e.g. Menegatti et al. 1998) and organic matter (Schlanger

and Cita 1982; Arthur et al. 1990; Heimhofer et al. 2004). 

In this paper we provide high-resolution chemo-

stratigraphic data from the Lower Aptian Cuchía section

in the western Basque-Cantabrian Basin (BCB) mixed car-

bonate-terrigenous section (García-Mondéjar et al. 2015)

(Text-fig. 1). This section reveals a chemostratigraphic sig-

nature equivalent to that of Selli Level and the OAE1a.

The detailed δ13

C

carb

curve improves the OAE1a correla-

tion with Aralar (eastern BCB, Millán et al. 2009, 2011)

and Cuchía (Najarro et al. 2011). New TOC and O-isotope

curves are correlated at regional and interregional scales,

giving precision to the timing of palaeoceanographic and

palaeoclimatic changes affecting the Earth during the

Early Aptian. Carbon and oxygen-isotope curves together

with TOC absolute values and their variations for Cuchía

(Text-fig. 2) are correlated among coeval sections of the

BCB (Text-fig. 3) and with other basins around the world

(Text-fig. 4). TOC and oxygen isotopes analyses support

common interregional stratigraphic and geochemical sig-

nals (Text-figs 5, 6). 

We delimit precisely the boundaries of the OAE1a in

Cuchía, through a detailed comparison with the Lower

Aptian reference section of the Cismon core (Apticore

Unit 4, 18.77–23.68 m) (Selli Level, Erba et al. 1999),

Italy. Here we include the first black shale bed within the

Selli Level in accordance with Erba and subsequent au-

thors. We especially compare the Cuchía δ13

C

carb

curve

with the curve of Erba et al. (2010, fig. 2), which showed

an original photograph of the split core and a close-up view

of the lowermost black shale bed. 

Menegatti et al. (1998) recognized segments in the

δ13

C

carb

curve. According to these authors the Selli Level,

generally accepted to represent the OAE1a, comprised

segments C4 to C6 of the curve, based on two outcrop sec-

tions: Roter Sattel (Switzerland) and Cismon (Italy). Seg-

ment C3 in Cismon corresponding to a first black shale

bed (Menegatti et al. 1998, fig. 3, bed at 267 m height) oc-

curred below the Selli Level. Subsequent studies in the

Text-fig. 1. Location of the studied sections of Cuchía (western part) and Igaratza, Madotz and Iribas (eastern part) in the Basque-Cantabrian Basin, northern margin 

of Iberia and south of the Cantabrian Sea



Cismon core section (Apticore work) included the first

black shale bed located at the height 23.68 m within the Selli

Level (Erba et al. 1999, fig. 3; Erba et al. 2010, fig. 2).

Therefore the first black shale bed of the Selli Level from

the Cismon core section corresponds to the Menegatti’s

segment C3 of the δ13

C

carb

curve, and this segment has

since been considered to be the base of the OAE1a by

many authors (e.g. Erba et al. 1999; Méhay et al. 2009;

Erba et al. 2010; Erba et al. 2015). Other works on the Cis-

mon core section omitted the first black shale bed at 23.68

m. Thus they considered segment C3 of the Menegatti et
al. (1998) curve to be below the Selli Level, and conse-

quently below the OAE1a interval (e.g. Keller et al. 2011,

fig. 2; Giorgioni et al. 2015, fig. 2).

Another core section of the lower Aptian from Roque-

fort-La Bédoule (SE France) is considered in this study

and its δ13

C

carb

curve interpreted in terms of the

Menegatti´s segments (e.g. Lorenzen et al. 2013; Moul-

lade et al. 2015). The section lacks TOC-rich beds and

OAE1a identification relies on geochemistry and bios-

tratigraphy, as in the case of Cuchía described here. Iden-

tification of the Menegatti’s segments in Roquefort-La Bé-

doule section curve is not straightforward, and we give an

alternative interpretation of the existing one using a cor-

relation with the Cuchía neritic section and other pelagic

sections. We also make an updated interpretation to the

Menegatti’s segments of the Cuchía section as pro-

posed by Najarro et al. (2011).

METHODS

The Cuchía stratigraphic section located west of

Santander (Text-fig. 1) was investigated along 130 m of

the lower Aptian succession (Text-figs 2 and 3). The

Umbrera, Patrocinio and San Esteban Formations of this

section were sampled metre by metre for carbon and

oxygen-isotope analyses (Text-fig. 2). Powders were ex-

tracted from 130 samples of limestones, marls and cal-

careous lutites, to enable δ13

C

carb

and δ13

C

org

analysis.

A micro-drill was used in order to avoid large detrital

fragments and/or diagenetic calcite from veins.

The inorganic carbon and oxygen measurements

were made with the Finnigan MAT 251 mass spec-

trometer at the Leibniz Laboratory, Kiel University

(Germany). The instrument is coupled on-line to a

Carbo Diel Device (Type I prototype). Samples were re-

acted by individual acid addition (99% H

3

PO

4

at 73ºC).

Standard external error is better than ±0.07% and

±0.05% for δ180 and δ13

C, respectively. The instru-

ment is calibrated with the international standard

NBS19. The isotope values are reported in the conven-

tional delta notation with respect to V-PDB.

The organic carbon measurements were made on

bulk rock samples from marls and lutites. More than 5g

of material were treated with HCL acid (2M) during 24h

to completely removing any carbonate minerals. A few

milligrammes of decarbonated powder were weighed in

tin capsules and measured using a Thermo-Finnigan

Flash EA112 Elemental Analyzer, linked to a Delta

plus mass-spectrometer (Thermo-Finnigan). The re-

productivity of the measurements based on replicate

standards was ±0.1% for δ13

C. The instrument is cali-

brated with the international standard NBS22 and

IAEA-CH-6, and the isotope relations are expressed as

per mil (‰) deviation from the Vienna Pedee Belemnite

(VPDV). Analysis was carried out in the Laboratory of

Services for Research Assistance from University of A

Coruña (Spain). A first report of the results of these

measurements was shown graphically in García-Mondé-

jar et al. (2015, fig. 5).

For TOC determination the same samples as for

δ13

C

org

analysis were treated with HCl at 80% to dis-

solve carbonate minerals and 15 mg of powder was

taken (wt.%). The samples were introduced within a

Carlo Erba-EA1108 Elemental Analyzer calibrated

against the standard aspartic acid and urea. Precision of

the analyses for replicate samples and standards was

±0.03%. Analyses were made in the Laboratory of the

Research Assistant Services from University of A

Coruña, amounting to a total of 72 samples. 

GEOLOGICAL SETTING

The Basque-Cantabrian Basin evolved closely as-

sociated with the Bay of Biscay ocean-floor spreading

zone. Sea-floor spreading in the western Bay of Biscay

began in the Early Aptian and progressed towards the

East, up to the latest Santonian (e.g., Montadert et al.
1974; Wiedmann et al. 1983; Olivet 1996). Within this

extensional scenario several sedimentary basins devel-

oped on the tectonically active North Iberian margin, of-

ten in half-graben configurations (Wilmsen 2005).

Synsedimentary tectonics during Aptian-Albian times

was the main driving control on the stratigraphic archi-

tecture and facies distribution (García-Mondéjar 1989,

1990). 

An E-W 50 × 100 km extensional basin (NCB,

North Cantabrian Basin, Wiese and Wilmsen 1999),

developed on the North Iberian margin as a result of

mid-Valanginian extensional movements. This NCB

halfgraben basin was separated from the more subsi-

dent Basque Basin domain in the east by the “Río

Miera Flexure” (Feuillée and Rat 1971). To the south,

the NCB was bounded by the Cabuérniga Ridge (an
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Text-fig. 2. Lithostratigraphy, age and geochemistry (δ13

C

carb

, δ13

C

org

, δ18

O

carb 

and TOC) of the Cuchía section



east-west trending horst structure formed of Palaeozoic

and Triassic rocks) and by the Asturian Massif (Wilm-

sen 2005). To the west, the NCB was linked to the As-

turian Cretaceous Basin. The NCB northern boundary

is the “Liencres High” (Wiese 1995) representing the

crest of a tilted block (Santander Block, Wilmsen

1997).

Sedimentation occurred in subtropical palaeolati-

tudes of 25–30°N (Masse 2000), and the Early Aptian

reflects warm palaeoclimatic conditions (e.g., Kemper

1982). The facies discussed in this study correspond of

the Early Aptian ‘first biosedimentary system’ of Pascal

(1982).

The pioneering work of Mengaud (1920) provided

the first stratigraphic description and ammonite con-

tent. Collignon et al. (1979) described the ammonite

fauna, establishing the first biozonation. Wilmsen

(2005) distinguished lithostratigraphic units and in-

terpreted their sedimentology. Najarro et al. (2011) re-

organized the Cuchía lithostratigraphy and dated the

marls of the Patrocinio Formation as Deshayesites
weissi Zone age (Deshayesites forbesi Zone in current

terminology), based on ammonite identifications. Ad-

ditionally, they interpreted the OAE-1a equivalent

based on C-isotopes in the Patrocinio Formation and

dated it in the D. forbesi ammonite Zone. This age has

been reviewed, and a much wider OAE1a age from D.
forbesi, Deshayesites deshayesi to D. deshayesi-
Dufrenoyia furcata transition Zones is assigned (Gar-

cía-Mondéjar et al. 2015; this work).

CARBONATE C-ISOTOPES

The measured bulk δ13

C

carb

absolute values vary be-

tween +4.4 ‰ and -2.31‰ (Text-fig. 2). The Umbrera

Formation shows oscillating low and high values. The

maximum values make up the most characteristic sig-

nal of the curve, which shows a rapid decrease in the up-

permost part of the formation starting at metre 16 (Text-

fig. 2). 

The Patrocinio Formation is characterized by over-

all negative δ13

C

carb

absolute values. The base of this

formation maintains the descending trend of the under-

lying Umbrera Formation to a first minimun spike at 34

m (-1.89‰). Small variations characterize the stretch be-

tween 38 and 68 m. A first negative trough in the curve

is depicted from 17 to 35 metres (Text-fig. 2). The sub-

sequent descending trend determines a second trough

recorded from 68 to 78 m, with two negative spikes (-

1.62‰ and -2.26 (Text-fig. 2). A rapid rise follows

reaching +1.11‰ at the end of the Patrocinio marls at

82 m (Text-fig. 2).

The San Esteban Formation shows a rise to a max-

imum +4.27‰. The Albian Reocín Formation shows ab-

solute values distributed uniformly around +4.0‰. Fi-

nally, the Upper Albian Barcenaciones Formation values

oscillate between +2.0‰ and +3.0‰ (Text-fig. 2).

In summary, the shape of the δ13

C

carb

curve de-

scribed in the Umbrera and Patrocinio Formations (Text-

fig. 2, 84 samples) is reminiscent of a previous curve

from Najarro et al. (2011, fig. 6, 42 samples). We rec-

ognize a broad negative carbon-isotope excursion in the

lower Aptian Patrocinio Formation between metres 20

and 80. This negative excursion contains two troughs

made up of lighter values, respectively around metres 30

(trough 1) and 75 (trough 2) (Text-fig. 2). We discuss be-

low that these spikes are significant in interregional

correlation. We finally recognize a positive carbon-iso-

tope excursion in the latest Early Aptian from metres

110 to 120 in the San Esteban Formation (Text-fig. 2).

ORGANIC C-ISOTOPES

The measured bulk δ13

C

org

absolute values vary be-

tween -27.3‰ and -22.6‰ (Text-fig. 2). In the lower part

of the Umbrera Formation they define a relative maxi-

mum oscillating around -24.0‰. In the upper part of the

same Formation absolute values show a descending trend

to around -26.0‰, which continues to a first minimum

spike (-26.5‰) already at the base of the Patrocinio For-

mation. The next interval is characterized by a gently ris-

ing trend up to values consistently around -25.5‰.

A new negative spike follows (-27.3‰) and subse-

quent values rise again and remain with repeated oscil-

lations between -26.0‰ and -25.0‰, up to the end of

the Marl Member of the Patrocinio Formation. A very

rapid jump from -25.8‰ to -23.7‰ values is shown at

77.6 m in the section (Text-fig. 2). The last interval of

the Formation corresponds to the Sandstone Member,

with absolute values vertically maintained at -23.4‰ in

the lower part, and a last higher value of -22.6‰ at the

very top of the Formation.

The δ13

C

org

curve shows a significant and broad neg-

ative excursion from metre 10 to 77, including a well-

marked first trough (metre 17 to 37) equivalent to that

shown in the δ13

C

carb

curve. Both the δ13

C

carb

and δ13

C

org

curves from Cuchía present highly concordant trends

(Text-fig. 2), pointing to a reliable C-isotope signal.

TOC CONTENT

The TOC content of 72 samples from the Umbrera

Fm (marly intervals) and the Patrocinio Fm has been de-
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termined (Text-fig. 2). The values obtained range from

0.12% to 1.37%, with the maximum corresponding to

lutites from the Sandstone Member of the Patrocinio

Formation, and the minimum to the Marl Member of the

same Formation.

The curve with all absolute TOC values shows four

distinct intervals. They are separated by three abrupt ex-

cursions in the section: 1) towards lower values (19.8 m),

2) towards higher values (37 m), and 3) towards higher

values again (80 m) (Text-fig. 2). In order to emphasize

the four intervals, minimum and maximum envelopes of

the data points have been drawn. 

OXYGEN ISOTOPES

δ18

O values of the Cuchía section range from a

maximum of -1.05‰ in the upper part of the Umbr-

era Formation to a minimum of -5.71‰ in the lower

part of the same Formation. However most of the

measurements oscillate between -3.50‰ and -5.00‰

(Text-fig. 2). Measurements were made at every me-

tre in an 80 m segment of the Cuchía section (Text-fig.

2). The δ18

O curve in Figure 2 shows a minimum ex-

cursion from 1.5 to 13 m in the basal Early Aptian

(Deshayesites oglanlensis Zone). Values then rise

sharply to a maximum at 16 m followed by a second

maximum at 19.5 m. 

The next interval of the curve (D. forbesi and D. de-
shayesi Zones) shows first a decreasing trend, and then

low-amplitude oscillations, starting at 21.1 m and end-

ing at 37 m. Second, a large trend with wider (1 ‰) os-

cillations, between 37 and 62 m. Third a last rising

trend in two steps from 63 to 65 m and from 75 to 79 m. 

The δ18

O absolute values obtained in Cuchía are low

in comparison with others from other Early Aptian sec-

tions. For instance, in the Cismon core, Erba et al.
(2010) describe values oscillating between -0.5‰ and

-3.0‰ and in Cassis-La Bédoule (Kunht, Holbourn and

Moullade 2011) similar oscillations vary between -1

.5‰ and -2.5‰. However most Cuchía values are

higher than -5‰, which is the figure taken in recent sed-

iments as the lower limit of marine carbonates (James

and Choquette 1990). 

THE OAE1a IN THE BASQUE-CANTABRIAN BASIN

The sedimentary and geochemical expression of the

OAE 1a in the Cuchía section is now correlated with the

data derived from the Igaratza and Madotz sections of

the eastern end of the Basque Cantabrian basin.

The OAE1a in Cuchía

The Cuchía section shows one of the thickest out-

crop expressions reported in the world for the lower part

of the OAE1a (Text-fig. 2). The base of the OAE1a is

placed in a very sharp drowning surface at top lime-

stones just after the beginning of the δ13

C

carb

negative

excursion (metre 16, Text-fig. 2), where it has an ab-

solute value of 2.0 ‰, close to the 2.5‰ at base of the

Selli Level in Cismon core (Erba et al. 2010). The Selli

level is considered equivalent to OAE1a, following

Erba et al. (1999, p. 388), Bottini et al. (2013, p. 583)

and elsewhere. In Cuchía, the top of the OAE1a is

placed where δ13

C

carb

reaches values around +4‰ and

stabilize (metre 112, Text-fig. 2) (top Selli Level, e.g.

Erba et al. 1999). Intervals C3, C4, C5 (a and b new sub-

segments) and C6 of Menegatti et al. (1998) are in-

cluded in the OAE1a following Erba et al. (1999) and

subsequent authors. They have been differentiated

through comparison with the Cismon section and core

(e.g. Menegatti et al. 1998; Erba et al. 1999), as ex-

plained in detail below. Two troughs: C3-C4 and C5b-

base C6 are distinguished, the last one characterized by

a double negative spike (Text-fig. 2). Our work confirms

the presence of the OAE1a equivalent in Cuchía (Na-

jarro et al. 2011), and establishes a different base and

new boundaries of the internal Menegatti’s geochemi-

cal segments. This permits for the first time a highly pre-

cise ammonite age attribution to the Menegatti et al.
(1998) segments based on García-Mondéjar et al.
(2015).

Correlation of the OAE1a in Cuchía, Igaratza and

Madotz 

The OAE1a was geochemically identified in two

sections of Aralar, in the eastern Basque-Cantabrian

basin: Igaratza (Millán et al. 2009) and Madotz (Millán

et al. 2011). In both cases ammonites procured bios-

tratigraphic dating of the lower part of the OAE1a,

namely segments C3, C4 and base of C5 of Menegatti

et al. (1998). The section of Cuchía, located in the west-

ern part of the same basin (Text-fig 3) also with a well-

identified OAE1a-equivalent by geochemical correla-

tion, provided with a supplementary ammonite dating

(García-Mondéjar et al. 2015). Apart from refining the

information of Aralar the Cuchía data permits to extend

the OAE1a throughout the whole BCB.

The three sections in Text-fig. 3 are correlated on the

basis of key tie-points provided by ammonites-biozone

boundaries where available, profile shape and compar-

ison of absolute δ

13

C values. The Igaratza and Madotz

sections show the entire Early Aptian (500 m thick in
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Igaratza). The OAE1a is followed by a large positive ex-

cursion of δ13

C

carb

values, close to 6‰ VPDB (Igaratza,

C7 segment of Menegatti et al. 1998). The Cuchía sec-

tion has, as the Igaratza section, an expanded base of the

OAE1a but a reduced C7 segment owing to the presence

of an important palaeokarst at top of San Esteban lime-

stones (Text-figs 2 and 3).

This OAE1a internal organization in segments and

the equivalence with Igaratza differs from that pro-

posed by Najarro et al. (2011, fig. 6), as our C4-C5 in-

tervals correspond to their C3 interval and they did not

differentiate segment C6 (Text-fig. 2).

The geochemical correlation among the sections is

coupled with the biostratigraphic correlation using am-

monites. The sediments equivalent to the C3-C5 seg-

ments interval contain a large fauna of ammonites in

Cuchía and Igaratza, dating it in the D. forbesi, D. de-
shayesi and lowermost part of D. deshayesi-Dufrenoyia
furcata transition Zones. Therefore the segments C3, C4

and C5 of the OAE1a are well identified and correlated

between Igaratza and Madotz (Aralar, eastern BCB).

The Cuchía δ13

C

carb

curve serves for a more accurate

correlation with the Cismon core, such that the segment

boundaries in Igaratza-Madotz sections have been

slightly modified from those of Millán et al. (2011),

which were compared between them using δ13

C

org

val-

ues. 

In figure 3 we show precisely that the base of C3 seg-

ment –base of the Selli Level equivalent- in Igaratza is

differentiated in the descending part of the curve at a neg-

ative spike occurring before the most pronounced spike

minimum. The C4 segment is slightly adjusted in Madotz

(Text-fig. 3) to make it correspond with the rising trend

of C4 in Cuchía, and with the similar rising trend seg-

ment in Cismon core (Text-fig. 4). Finally, the base of C6

segment is slighty lowered in Igaratza, to make it corre-

spond with the equivalent minimum spike in all three lo-

cations of Cuchía, Madotz and Cismon core (e.g. Erba

et al. 1999, for the latter). At least segment C5 and all

segments above it (C6 and C7) correspond to the D. de-
shayesi-D. furcata transition Zones (Text-fig. 3).

The above underlines that even in thick sedimentary

successions as in the Basque-Cantabrian basin, there is

variation in the degree of representation of segments

arising from local variations in the rate of sedimentation.

INTERREGIONAL CORRELATION OF THE OAE1a

The exceptional thickness, ammonite biostratigra-

phy and carbon isotope signal (organic and carbonate)

of the OAE 1a-equivalent in the Cuchía section, enable

a high-resolution geochemical correlation with δ13

C

curves from selected sections of the world. This is in-

tended to facilitate correlation between neritic and

pelagic both core and outcrop sections. 

Comparisons are made with the Cismon core (N

Italy, Erba et al. 2010), Roquefort-La Bédoule core (SE

France, Lorenzen et al. 2013; Moullade et al. 2015) and

DSDP site 463 in the Pacific Ocean (Bottini et al. 2013).

All sections have been redrawn and enlarged in Text-fig.

4. We consider also the OAE1a boundaries established

in the Cismon core reference section, i.e. the Selli Level

boundaries (Erba et al. 1999).

Cuchía-DSDP site 463 correlation

Recent research on the exceptional sets of interac-

tions between the geosphere, biosphere and ocean-at-

mosphere system in the early Aptian has involved the

use of Osmium isotopes to decipher the oceanic rela-

tionships of water masses (Tejada et al. 2009; Bottini

et al. 2013). The geochemical record from the Pacific

(DSDP 463) and the Tethys (Cismon core) reflect

good coincidence in terms of carbon-isotope and

187

Os/

186

Os curves, and provide important data for a

causal link between development of the Ontong Java

Plateau volcanism and establishment of seawater

anoxia (op. cit.).

Correlation of the δ13

C

carb

negative excursion of the

Cuchía section and DSDP site 463 (Bottini et al. 2013)

is represented in the central part of Text-fig. 4. In both

sections there is a comparable trend of the carbon-isotope

curves. The OAE1a at DSDP site 463 is characterized by

a marked negative excursion from metres 614 to 625 (see

Text-fig. 4). This broad excursion is correlated with the

substantial negative trough from metres 16 to 112 in the

Cuchía section (Text-fig. 2). Within the negative excur-

sion of DSDP site 463 two further negative troughs are

recognized. Trough-1 stands around metre 622.5 and

trough-2 around metre 617.2. Similar prominent troughs,

although less pronounced, can be recognized at parallel

horizons in Cuchía, where trough-2 is further subdi-

vided into a double negative spike (Text-fig. 4).

Cuchía-Cismon core correlation

The overall negative inflection of the δ13

C

carb

curve

in DSDP site 463 (Pacific Ocean) and Cuchía is also rec-

ognized in the Cismon core from metres 18.8 to 23.8

(Text-fig. 4, right part), and correlation of the same ex-

cursion has been made between the Pacific and Italy

cores independently using osmium-isotope curves (Bot-

tini et al. 2013, fig. 1). The Pacific trough-1, within the

general negative excursion (Bottini et al. op. cit.) is

well recognized in the Cismon core (CIE interval) (Text-
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Text-fig. 4. Correlation of the δ13

C

carb

curve from Cuchía section with similar curves from Cismon core (Erba et al. 2010), Roquefort-La Bédoule core (Lorenzen et al.
2013) and DSDP site 463 (Bottini et al. 2013). All curves have been redrawn and enlarged. Correlation lines A (carbonate crisis level) and B (top of the OAE1a) link

curve points with equivalent absolute values and shifts of the δ13

C

carb

trends, delimiting the Selli Level and the negative carbon-isotope excursion (CIE). In Cuchía and

DSDP 463 sections the Selli-equivalent interval appears as a double negative trough in the curves. The second trough in Cuchía contains a double spike, as in the Roque-

fort-La Bédoule section. 

187

Os/

188

Os segments of Bottini et al. (2013) and CIE intervals of Erba et al. (2010) help to constrain the indirect correlation with 

Cuchía section



fig. 4). However the counterpart of trough-2 of the

DSDP site 463 in Cismon core is much less prominent

(see Bottini et al. 2013). We suggest that trough-2 equiv-

alent can be situated around metre 20.2, where values

define a faint negative trend (Erba et al. 2010). 

In the Cismon core there is a key horizon at the base

of the Selli level, defining the onset of a carbonate cri-

sis (Erba et al. 2010). This horizon marks a decline in

carbonate content, which was preceded by a significant

nanoconid crisis. The base of the Selli Level has an

equivalent surface in Cuchía marked by a sharp drown-

ing episode at the level of correlation line A (Text-fig.

4). In both Cismon and Cuchía sections this surface cor-

responds to a small step in the first descending parts of

their respective δ13

C

carb

curves, inmediately after the

beginning of their common negative excursion (Text-

fig. 4). In Cismon the carbonate crisis level has a

δ13

C

carb 

absolute value around 2.5‰ (Erba et al. 2010).

The same equivalent level in Cuchía has an absolute

value of 2‰.

In the Cismon core the negative trajectory of the

curve begins from a δ13

C

carb

absolute value around

2.9‰. This important shift point has been accurately

identified in Cuchía, with a δ13

C

carb

value of 2.67‰

(Text-fig. 4, just below correlation line A).

The negative trajectory of the curve in Cismon

changes to positive trajectory around 1.5‰, and ends

with a strong rising trend from approximately 2‰ to

3‰. The interval corresponding to this negative trajec-

tory (CIE) is about 1.3m thick (Text-fig. 4). In Cuchía,

the negative excursion equivalent to the CIE appears

also as a trough (trough 1 in Text-fig. 4) representing 23

m in thickness. 

The higher parts of the δ13

C

carb

curves in both Cis-

mon and Cuchía, from the top of the CIE to the top of

the Selli Level, show rather parallel trajectories al-

though with less data in Cuchía because the upper in-

terval is dominated by the Patrocinio Sandstone Mem-

ber (metres 83 to 100 in Text-fig. 4). In Cismon, the

absolute values of this interval descend slowly from ap-

proximately 3.0‰ to 2.5‰, and they rise quickly to

around 4‰. In Cuchía the absolute values descend with

oscillations to around -2‰ and then they rise sharply to

around 4‰ (Text-fig. 4).

Cuchía-Roquefort/La Bédoule core correlation

The δ13

C

carb

negative flexure of the Early Aptian

identified in the previous sections is also represented in

the Roquefort/La Bédoule core, from metres 19 to 58

(Lorenzen et al. 2013; Moullade et al. 2015) (Text-fig.

4, left part). In our interpretation the two troughs com-

prised in the negative excursion of the curve, identified

in Cuchía and DSDP 463 site, are also recognized in the

Roquefort section with 1.5-2 ‰ values. Trough -1 is less

prominent and smoother in shape and lies around me-

tre 52 in Text-fig. 4. Trough 2 is very prominent and, as

in Cuchía, is subdivided into a double spike at the re-

spective heights of 31.5 and 35 metres (Text-fig. 4). This

correlation is similar to that made between the Cismon

core and La Bédoule outcrop sections, with the base of

the Selli Level placed around 2.5 ‰ of δ13

C

carb

(Gior-

gioni et al. 2015, fig. 6).

The dating from ammonites in Cuchía is reason-

ably coincident with Roquefort/La Bédoule. A D.
forbesi Zone age is deduced from the first ammonites

or the early descending interval of trough 1 at Cuchía,

and a D. weissi (forbesi) Zone is assigned to the be-

ginning of the same descending interval in Roque-

fort/La Bédoule: from metre 58 upwards to metre 56

in the section (Moullade et al. 2015, fig. 13). Simi-

larly a weissi age is assigned to the beginning of a de-

scending trend at metre 49 of the La Bédoule section

(outcrop, not core) in Kunht et al. (1998, their fig. 5).

Higher up in both La Bédoule sections (outcrop and

core) the age is D. deshayesi Zone for the first

through, the central plateau and the second trough of

the carbon-isotope curve. This approximate bios-

tratigraphic age match supports the geochemical cor-

relation of the double trough of both Cuchía and

Roquefort/La Bédoule and with those of Cismon core

and DSDP site 463 (Text-fig. 4). 

The correlation made by Lorenzen et al. (2013) and

Moullade (2015) with Cismon is different to what we

propose here. They correlate their double spike, be-

tween the heights of 30 m and 40 m, to segment C3 of

Menegatti et al. (1998), and date it towards the middle

part of the D. deshayesi Zone. It is made equivalent to

the lower part of Cismon´s CIE. 

In our interpretation segment C3 is dated as D.
forbesi Zone. The peak negative trough-1, between seg-

ments C3-C4, is just at the base of the D. deshayesi
Zone. Segment C4 corresponds to the D. deshayesi
Zone, Cheloniceras parinodum Subzone (Text-fig. 2),

and finally segment C5 (a, b) and C6 are dated D. de-
shayesi Zone, grandis Subzone. 

The structure of the double trough has been reported

in Weissert and Lini (1991), Ferreri et al. (1997),

Grötsch et al. (1998), Moullade et al. (1998a), Renard

et al. (2005), Najarro et al. 2011, Millán et al. (2011) and

Lorenzen et al. (2013). However as we have shown for

the Cuchía and Roquefort-La Bédoule sections, the

double spike in the upper trough had never been re-

ported and it may confuse equivalencies unless a good

biostratigraphic control by ammonites supports corre-

lation. 
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In conclusion, in thick neritic sections of the

northern Tethys such as Roquefort/La Bédoule or

Cuchía, and in thin pelagic sections of the southern

Tethys or the Pacific such as Cismon and DSDP site

463 respectively, the δ13

C

carb

negative flexure of the

OAE 1a is characterized by two negative troughs

separated by a central plateau, with a double negative

spike in the upper trough of the northern Tethys sec-

tions. The double trough structure is also present in

the North-Atlantic Hole 641C core (Tremolada et al.
2006).

Cuchía and the Boreal OAE1a 

In more northerly latitudes, the OAE1a has been re-

ported in the Lower Saxony Basin (Germany) and the

Volga Region (Russia). Ammonites from the Alstätte

section (Germany) date the OAE1a equivalent in the De-
shayesites fissicostatus Zone, the first Zone of the Early

Aptian (Lehmann et al. 2012). On biostratigraphic

grounds, this interval is correlatable with the earliest pre-

OAE1a facies of the Cuchía section. In the Ulyanovsk

area (Volga Region, Russia), a section interval with bitu-

minous shale from ammonites Deshayesitid volgensis
Zone (transition schlovkensis-Matheronianum Ancylo-

cerartid Zones) is attributed to the OAE1a (Zakharov et
al. 2013). That shale unit would be correspondent with at

least part of the OAE1a represented in Cuchía. Recent

work on the Eastern Russian Platform places Early Apt-

ian OAE1a bituminous shales within the Deshayesites

volgensis ammnonite range, although in the Nizhnij Lo-

mov section the bituminous shale contains D. deshayesi
(Zorina 2014).

BLACK SHALES IN THE OAE1a

Black shale beds associated with OAE1a appear at

different heights in the C-isotope curves for different

sections. This variability seems associated with the dif-

ferent sedimentary, tectonic or diagenetic characteris-

tics of each section. In a recent paper, Giorgioni et al.
(2015) describe black-shale accumulations of both

pre-OAE1a and OAE1a times in four pelagic sections

of the southern and northern margins of the Alpine

Tethys Ocean. 

The expanded section of Cuchía and its excellent

correlation with the Cismon type section has permitted

the correlation of groups of black shale beds with par-

ticular segments of the OAE1a C-isotope curve. This has

revealed for the first time a parallel behaviour in both

pelagic and neritic environments, with respect to the

TOC record variations in time.

Data from the Livello Selli equivalent in the Cismon

section (northern Italy) and Roter Sattel section (west-

ern Switzerland) show two main positive shifts in the

δ13

C

carb

and δ13

C

org

records (C4 and C6 segments), re-

spectively in the lower and upper parts of the Selli

Level interval (Menegatti et al. 1998). 

In the Cismon core (Erba et al. 1999; Erba et al.
2010, Fig.1A; Bottini et al. 2013), two main intervals

with black shale beds appear within the Selli level. One

of them is in the lower part (CIE) and the other is in the

upper part (Text-fig. 4). Both of them mostly coincide

with corresponding rising trends of the δ13

C

carb

curve.

The lower black shale association consists of two other

minor intervals enriched in organic matter, one in the

lower part of the CIE and the other inmediately overly-

ing the CIE (Text-fig. 4, right part). 

In DSDP site 463 two intervals with TOC enrich-

ment (over 5%) similarly stand out within the OAE1a

around metres 615 and 620, respectively (Bottini et al.
2013, fig. 1). Approximately, both these intervals follow

vertically two respective shifts towards positive values

of the δ13

C

carb

curve. 

The same trend is recognized in Cuchía (Text-fig. 2).

The rising TOC values at the heights 37 m and 80 m of

this section appear just along the two positive shifts of the

carbon-isotope curve, which succeed the two negative

spikes located at respectively 34 m and 75 m (Text-fig. 2). 

In summary, despite the very low relative concen-

tration of TOC in thick neritic sections such as Cuchía,

a careful C-isotope correlation with the reference sec-

tion of the Selli Level (Cismon core) and DSDP site

463 in the Pacific Ocean, reveals that the main incre-

ments of organic matter preserved in the three sites

were related to positive shifts of the C-isotope curve of

the OAE1a. Therefore, apart from the enhancing in-

fluence of global causes such as precession-controlled

black shale formation or other local causes such as

basins controlled by structural highs (e.g. Giorgioni et
al. 2015), the ultimate control in organic matter accu-

mulation of the entire OAE1a record is oceanographic,

related to intense volcanism (Ontong-Java Plateau,

Bottini et al. 2013).

TOC VARIATIONS (CUCHÍA, IGARATZA, IRIBAS)

We report here low TOC record and minimum TOC

value oscillations with time, along with the correspon-

ding negative shifts of their respective δ13

C

carb

curves,

in three sections covering the entire BCB: Cuchía (this

paper), Igaratza and Iribas (García-Mondéjar et al. 2009)

(Text-fig. 5). Correlation of the three sections has been

made on biostratigraphical and geochemical evidence,
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with the base of the D. deshayesi Zone chosen as datum.

The maximum and minimum values of each curve have

been outlined in order to stress the amplitudes and

trends of the TOC variations with time. Common os-

cillations of the TOC values for the three OAE1a-equiv-

alent succesions range from 0.2% to 0.4%. In two in-

tervals from Cuchía and Igaratza TOC variations are

very reduced and absolute values are very small (min-

ima 1 and 2, Text-fig. 5). In Cuchía these intervals co-

incide approximately with descending segments of the

δ13

C

carb

curve of the OAE1a-equivalent (Text-figs 2

and 5); they are respectively in the lowermost part (me-

tres 19.8 to 37.0) and in the central-upper part (metres

68.0 to 75.0) of the section. In Igaratza the TOC-mini-

mum intervals span from metres 75.0 to 100.0 (mini-

mum 1) and from metres 115.0 to 120.0 (minimum 2)

(Text-fig. 5, centre).

A major eustatic transgression was reported in the

Early Aptian (D. forbesi Zone, Haq et al. 1988, 3

rd

or-

der cycle 4.1; Haq 2014, cycle KAp1). It could have re-

sulted from oceanic capacity diminution (e.g. Pitman

1978) after massive volcanism and mid-ocean-ridge

volume increments in the deep ocean (e.g. Larson and

Erba 1999; Bottini et al. 2013). Water volume increment

in the hydrosphere by volcanic outgassing could also

have helped (H

2

O is the main volcanic gas, e.g.

Symonds et al. 1994). Perhaps deepening of platform

waters reduced shallow-water biological carbon pro-

ductivity or the input of detrital organic components

from continental sources. 

However another possible explanation relates TOC

characteristics (minima and low-amplitude variation of

absolute values) with the negative shift segments of

the δ13

C

carb

curve. Light carbon injection from subma-

rine volcanic source was proposed to explain the strong

descending interval of the C-isotope curve at the base of

the OAE1a (e.g. Méhay et al. 2009; Erba et al. 2010).

Massive amounts of CO

2

and other greenhouse volcanic
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Text-fig. 5. Total organic carbon (TOC) correlation among Cuchía, Igaratza and Iribas sections in the Basque-Cantabrian basin. The base of D. deshayesi Zone has

been chosen as datum. Different lines (C-isotopes, TOC values) complement the correlation. An interval with reduced TOC absolute values and diminished TOC vari-

ation 

with time (TOC minima 1 and 2) is correlated among the three sections 



gases introduced into the atmosphere would have en-

hanced a climatic change. Increased temperatures in

the Early Aptian at the beginning of the OAE1a have

been reported (e.g. Steuber et al. 2005; Ando et al.
2008; Zakharov et al. 2013), although accompanied by

some relative colder phases (e.g. Dumitrescu et al.
2006; Jenkyns et al. 2012; Bottini et al. 2013; Bottini et
al. 2015). High CO

2

levels in the atmosphere could have

elevated polar temperatures (e.g. Barron and Washing-

ton 1982), making the world climate more uniform

from the equator to the poles. This would have lowered

the amplitude of climatic oscillations making a more

uniform TOC record.

Large amounts of CO

2

in the atmosphere were also

made responsible for a strong acidification in the hy-

drosphere and a nannoconid crisis (e.g. Erba et al.
2010), although they apparently did not affect or-

ganic productivity in pelagic areas (e.g. Hochuli et al.
1999). However acidification from these gases could

have diminished the productivity in neritic areas such
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Text-fig. 6. Oxygen-isotope curve of the Cuchía section correlated with the equivalent curve from SE France (Lorenzen et al. 2013, modified by simplifying curve trends

and introducing the two lower arrows). Positive δ18

O 

carb

excursions and deflections in Cuchía are correlated to SE France. Those shifts coincide with interpreted 

intervals of shallowing upward facies and relative sea level falls and are attributed to cooling events



as the Basque-Cantabrian, perhaps explaining the low

relative values in TOC recorded in it. Carbonate plat-

form demise (e.g. Masse and Ferneci 2011), also oc-

curred in the BCB (e.g. Fernández-Mendiola et al.
2010, Millán et al. 2011), was probably the most rel-

evant consequence of this acidification in neritic en-

vironments.

OXYGEN-ISOTOPE VARIATIONS

The δ18

O isotope absolute values from bulk-rock

of the pre- OAE1a and OAE1a-equivalent sediments

in Cuchía (Menegatti´s segments C2–C6 base) are rel-

atively low and they mostly oscillate between -4 and

-5 ‰ (Text-fig. 6). Three shifts and two subtle de-

flections to higher values, represented with arrows, are

distinguished in the curve. The first and the last shifts

are the best marked (long continuous arrows). The

very pronounced first shift is just below the OAE1a-

equivalent interval, at top of the C2 segment (ap-

proximately at top of the Deshayesites oglanlensis
Zone). The final major shift is already in the upper

part of the OAE1a-equivalent interval, i.e. at the base

of segment C6, Deshayesites grandis Subzone (Text-

fig. 6).

The oxygen-isotope curve of the Cuchía section is

correlated with a similar curve from a roughly coeval

section on biostratigraphic terms (SE France, Loren-

zen et al. 2013, fig. 4, simplified here in Text-fig. 6;

Moullade et al. 2015, fig. 13). The main part of the

compared sections belongs to the ammonites D. de-
shayesi Zone. However, the D. weissi/D. forbesi-D.
deshayesi correlation biohorizon does not agree with

the geochemical C-isotope correlation. In Cuchía this

zone boundary was established with numerous speci-

mens (see García-Mondéjar et al. 2015) and resulted

very close to the first δ13

C

carb

minimum (1.6 metres

below). In Roquefort-La Bédoule the same boundary

was established with very scarce and somewhat

crushed ammonites specimens (Ropolo et al. 2006),

and was placed a little more separated from the first

δ13

C

carb

minimum (3.5 metres below). 

Three correlation horizons independent from O-

isotopes are used to tie both sections: a) the carbonate

crisis level (height 17 m in Cuchía, lower datum); b) the

first δ13

C

carb

negative spike within the lower negative

trough of the OAE1a (Minimum-1, height 34 m in

Cuchía, middle correlation line); and c) the uppermost

of the two δ13

C

carb

negative spikes within the second

negative trough of the OAE1a (Minimum-2, height 75

m in Cuchía, upper datum). 

The Cuchía oxygen-isotope curve shows lower

absolute values than those of the similar curve from

the Roquefort-La Bédoule section (SE France). The

Cuchía major positive oxygen-isotope shifts are

around metres 15, 19 and 80, respectively, and the

little-marked positive deflections are around metres

36 and 64, respectively (Text-fig. 6). The uppermost

shift (80 m) and its previous deflection (64 m) cor-

relate with two oxygen-isotope positive shifts in

SE France. In a similar way the shift at 19 m and the

deflection at 36 m in Cuchía approximately corre-

spond to the two lower shifts in the Roquefort-La

Bédoule section (Text-fig. 6, arrows added in this

paper). As it was mentioned before the minor dis-

crepancy in the position of the top D. weissi/D.
forbesi Zone between the two sections, makes cor-

relation of this biohorizon in disagreement with the

O-isotope correlation of the first shift to higher val-

ues. We attribute this to possible ammonites classi-

fication divergence owed to differences in the orig-

inal materials.

The neritic Cuchía O-isotope curve is correlated

with two other curves from pelagic environments: Cis-

mon core in Italy (Erba et al. 2010), and DSDP Site 463

in the Pacific (Bottini et al. 2010). Most O-isotope

trends in these curves show a close correspondence in

time.

All positive O-isotope shifts in the Cuchía section

except the central one at 36 m (Text-fig. 6) are related

to local shallowing upward sequences (description in

García-Mondéjar et al. 2015). Moreover the major shift

in the interval 12–16 m, just below the carbonate crisis

level, ends with an exposure/drowning surface that can

be considered global in character. This boundary was re-

ported with a karst surface in Aralar, 185 km to the east

of Cuchía (Text-fig. 3) (top Abrevadero Member, Mil-

lán et al. 2011). We attrinute it to a major sequence

boundary at the base of the eustatic cycle KAp1 (ap-

proximately in the transition D. oglanlensis-D. forbesi
Zones), which involved more than 75 m of absolute sea-

level fall (Haq 2014).

The uppermost shift to more positive δ18

O isotope

absolute values in Cuchía along the 75–80 m section in-

terval is related to a shallowing upward sequence rec-

ognized from deltaic progradation. Two more subtle

equivalent sequences are present in Aralar (Igaratza

and Madotz sections, Text-fig. 3), both of them located

around the base of the identified Menegatti´s segment

C6 as in Cuchía. 

In summary, at least the two major positive shifts in

δ18

O isotope values reported in Cuchía coincide with

two respective intrabasinal shoaling upward sequences,

and the older one is approximately coincident with a

major eustatic sea-level fall (KAp1).
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Many authors have proposed qualitative variations of

climate – cooling and warming trends – based on δ18

O iso-

tope analysis of bulk rock (e.g. Kunht, Holbourn and

Moullade 2011; Lorenzen et al. 2013; Maurer et al. 2012;

Bottini et al. 2015). They rely on the assumption that

weak carbonate diagenesis can change the mean δ18

O

value of a series, but usually preserves the high-frequency

O-isotope variations (e.g. Stoll and Schrag 1996). In

Cuchía the succesion was little tectonized, it did not reach

great depths after deposition (Wilmsen 2005), and its di-

agenetic overprint was lessened by the high clay content. 

The positive shifts in δ18

O isotope described in

Cuchía are successfully correlated with others from

contemporaneous sediments of different basins in the

world using independent methods (δ13

C

carb

variations,

e.g. Text-fig. 6). We deduce from this fact that the main

oceanographic signal of the O-isotope variations was

preserved, despite the blurring effect introduced by lo-

cal diagenesis.

The single major relative sea-level fall in the entire

Cretaceous, that occurred approximately at the Early

Aptian D. oglanlensis-D. forbesi transition Zone (Haq

2014, fig. 1) was accompanied by a positive shift in the

δ18

O. Among other places this shift is recorded in the

Contessa section of Italy (Scrag, in Haq 2014, fig. 3).

Data of the same event suggesting sea level fall and a

positive δ18

O shift have been recognized in the Cuchía

section, just before the OAE 1a record (Text-fig. 6)

The other major Cuchía sea-level fall/positive shift of

δ18

O reported here is in the D. deshayesi Zone and is co-

incident with a notable positive shift in the δ18

O of the

Contessa section (Italy, Schrag, in Haq 2014, fig. 3), and

a similar shift in Cismon core (N Italy), DSDP site 463

(Pacific) (Bottini et al. 2015, fig. 8), and Roquefort-La

Bédoule core (Lorenzen et al. 2013, fig. 4).

The synchronism of relative sea-level fall-positive

shift in δ18

O has led several authors to invoke ice ac-

cumulation on Antarctica as the primary cause of eu-

stasy in the Cretaceous (e.g. Stoll and Schrag 1996;

Miller et al. 2005; Immenhauser 2005). Subdued re-

occurrence of eustasy in pre and late OAE1a times is

likely, and could at least have happened during the two

relative sea-level falls/ δ18

O positive shifts docu-

mented in the Cuchía section and correlated globally

(top of D. oglanlensis Zone and middle-upper part of

D. deshayesi Zone, respectively, Text-fig. 6)

CONCLUSIONS 

1. The Cuchía section in the western Basque-Cantabrian

basin is characterized with new geochemical carbon

and oxygen data. High resolution sampling along the

ca. 130 m thick Early Aptian sediments has permit-

ted the elaboration of a new δ13

C

carb

curve with ab-

solute values ranging from 4.4‰ to -2.31‰. The

δ13

C

org

has absolute values ranging from -27.3‰

and -22.6‰.

2. Both curves of δ13

C

carb

and δ13

C

org

are very much

concordant. They present a wide negative excursion

below followed by the rising part of a major positive

excursion. These intervals are considered geochem-

ically characteristic of the OAE1a defined from the

Selli Level in Cismon core, with segments C3 to C6

equivalent to those of Menegatti et al. (1998).

3. Comparison with the Igaratza and Madotz sections

from Aralar (eastern BCB) shows both geochemical and

palaeontological concordance. All studied ammonites

from Cuchía are from the lower half of the Marl Mem-

ber of the Patrocinio Formation. They are dated in the

D. forbesi, D. deshayesi and D. deshayesi-D. furcata
transition Zones, which geochemically correspond to

the C3-C5 segments of Menegatti et al. (1998). 

4. Correlation of the Cuchía δ13

C

carb

curve with similar

curves from Cismon, Roquefort/La Bédoule and

DSDP Site 463 core sections, permits the geochem-

ical characterization of the OAE1a and its lower part

(CIE) in both neritic (northern Tethys) and pelagic

(southern Tethys and the Pacific) successions. The

signature of these successions shows a major negative

excursion in the OAE1a, consisting of a double

trough separated by a flat relative maximum. The up-

per trough contains two negative spikes. 

5. TOC analyses from the Cuchía section show ab-

solute values ranging from 0.12% to 1.37%. These

are distributed in four intervals corresponding to

characteristic segments of the C-isotope curve. In-

tervals of major reduction in both TOC content and

TOC variation amplitudes, present in Cuchía, are

also common in other BCB sections (Igaratza and

Iribas). Diminished productivity in neritic areas by

water acidification and low seasonality by warming

(greenhouse conditions) explain these geochemical

variations with time.

6. δ18

O data in Cuchía range from -1.05‰ to -5.71‰.

Background low values are punctuated by two major

and three subtle shifts to higher values. Interregional

correlation of the major positive shifts of Cuchía

point to relative cooling periods. These shifts coincide

with shallowing upward successions and relative sea-

level falls. 
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