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1. Introduction
Carbonate platform systems represent an excellent example 
of ancient sediment archives, which provide crucial data 
regarding the reconstruction of continental margins. 
Platform evolution is influenced and controlled by multiple 
processes, including global and regional climate variability, 
global and local tectonics, eustatic sea level variations, and 
the changing dominance of platform biota through time. 
The interactions of those processes create highly dynamic 
and complex environmental scenarios. One main problem 
regarding the reconstruction of shallow marine inner 
platform settings is the frequent subaerial exposure during 
sea level lowstands, causing erosion, karstification, and 
major hiati at the platform. To understand the evolution 
and the dynamics of carbonate platforms, mass flow 
deposits at the platform slope represent an excellent tool 
for the reconstruction of those systems. In contrast to the 
shallow marine platform interior, mass flow deposits at the 
outer neritic and bathyal slope are less altered and better 

preserved. Their biotic compositions and geochemical 
signatures record environmental shifts from the remote 
platform interior, especially during times of climatic and 
tectonic instability.

The Palaeogene represents an epoch in Earth’s 
history that is characterised by high climatic variability 
and the reorganisation of major continental plates in 
the Mediterranean realm. The transition from the Early 
Cenozoic greenhouse to the Late Cenozoic icehouse, 
punctuated by multiple climatic perturbations, is recorded 
by various environmental parameters and organisms at the 
marginal shelves (e.g., climatically controlled facies shifts, 
shifts in the trophic regime, and varying carbon isotope 
signatures). Furthermore, the continuing convergence of 
the African Craton and Eurasia, leading to the reactivation 
and progradation of ancient fault systems, causes major 
incisions in the marginal marine environments in the 
Tethyan realm. Studying the impact of those perturbations 
on carbonate platforms will help to understand the 
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dynamics of depositional processes at passive continental 
margins.

An excellent example for such a highly dynamic 
environment is represented by the South Iberian continental 
margin in the NW Tethys during the Palaeogene. The 
stratigraphic record of this passive margin reveals a 
complex framework of autochthonous and allochthonous 
units, which have been deformed during multiple phases 
of tectonic activity, culminating during the Miocene uplift 
of the Betic Cordillera. The pre-orogenic sedimentary 
record of the passive South Iberian margin contains a 
heterogeneous suite of slope-related hemipelagites and 
shallow marine platform carbonates. This succession 
has been studied intensively with respect to the tectono-
stratigraphic evolution of the Betic domain since the 
Mesozoic. Various local studies reveal facies patterns 
and depositional processes, especially of the undisturbed 
marly successions of the deeper shelf. However, a coherent 
model of a detached carbonate platform regarding the 
fundamental biotic evolution during times of high climatic 
and tectonic variability is missing. In this study we link 
and compare the data of 10 circum-Tethyan carbonate 
platforms with the succession of the South Iberian 
margin to achieve new information regarding timing and 
biotic impact of the Early Palaeogene greenhouse to Late 
Palaeogene icehouse transition. We conducted a high 
resolution microfacies analysis comparable to the study of 
Hoentzsch et al. (2011a) of proximal and distal mass flow 
deposits, as well as creating a new carbon isotope record 
of these deposits. These results will reveal the impact 
of long- and short-term climatic evolution to shallow 
marine benthic assemblages, especially to larger benthic 
foraminifera and corals.
1.1. Climatic evolution during the Palaeogene
The Palaeogene is known as a period in Earth’s history that 
underwent fundamental long-term and transient climatic 
changes, resulting in the transition from global greenhouse 
to icehouse conditions (Zachos et al. 2001). The Early 
Palaeogene (Palaeocene–Middle Eocene) is characterised 
by global greenhouse conditions, culminating during the 
Early Eocene Climatic Optimum between 53 and 49 Ma 
(Figure 1). Anomalous warm poles and low latitudinal 
temperature gradients caused strongly decreased 
ocean circulations with highly oligotrophic open ocean 
conditions (Hallock et al. 1991; Gibbs et al. 2006). This 
Early Palaeogene “hothouse” was, however, superimposed 
by multiple transient climatic perturbations, which are 
attributed to significant negative shifts in the global carbon 
cycle (“hyperthermals” or Eocene thermal maxima; 
Thomas & Zachos 2000; Cramer et al. 2003; Lourens et 
al. 2005). The most prominent carbon cycle perturbation 
is the Palaeocene–Eocene Thermal Maximum, resulting 
in a global transient temperature increase of 4–8 °C and 

major environmental turnover in nearly all environments 
on Earth (e.g., Kennett & Stott 1991; Beerling 2000; Bowen 
et al. 2004).

The post-Early Eocene Climatic Optimum climate 
is characterised by a cooling of higher latitudes, whereas 
the tropics remained warm (Pearson et al. 2007). The 
increasing latitudinal temperature gradients strengthened 
global oceanic currents, causing the upwelling of cooler 
deep ocean waters and the eutrophication of the oceans 
(Hallock et al. 1991). The temperature decline during the 
Middle and Late Eocene was interrupted by the Middle 
Eocene Climatic Optimum between ~41.5 and 40 Ma, 
affecting both surface and bathyal environments (Figure 
1; Bohaty & Zachos 2003; Bijl et al. 2010). However, 
this transient warming was not affected by a significant 
negative carbon isotope excursion (Jovane et al. 2007). 
The continuing cooling in the second half of the Eocene 
led to the occurrence of the first ephemeral Antarctic ice 
sheets in the second half of the Eocene.  A major break in 
global climate since the end of the Early Eocene Climatic 
Optimum is represented by the Oi-1 glaciation at ~34 Ma, 
coinciding with the Eocene–Oligocene boundary (Figure 
1; Zachos et al. 2001, 2008; DeConto et al. 2008). A sharp 
global temperature drop is associated with a positive 
carbon isotope excursion of ~1‰ and a major biotic 
reorganisation (Ivany et al. 2000; Zanazzi et al. 2007; Eldrett 
et al. 2009). The Oi-1 glaciation demonstrates the onset 
of permanent Antarctic ice sheets and a strong demise 
in global carbonate platform systems. Thus, the Eocene–
Oligocene boundary represents the final transition from 
climatic optimum conditions to icehouse conditions.
1.2. Concepts on biotic shifts during Palaeogene platform 
evolution
The evolution of carbonate platform systems during 
the Palaeogene was strongly influenced by long-term 
global climatic and tectonic turnover and transient 
perturbations. The spatial and quantitative distribution 
of platform-building organisms through time shows a 
clear connection to the environmental turnover in the 
Palaeogene (Hallock et al. 1991; McGowran & Li 2001; 
Nebelsick et al. 2005). The timing and biotic effects of 
environmental transitions during the Palaeogene were 
raised in multiple biosedimentary concepts. Hallock et 
al. (1991) presented the first compilation of Palaeogene 
evolutionary events for larger benthic foraminifera 
and planktic foraminifera with respect to the effects of 
varying trophic resources in the oceans (trophic resource 
continuum). Hottinger (1997, 1998) and McGowran and 
Li (2001) link the evolution of Tethyan larger foraminifera 
to major changes in climate and define the major Cenozoic 
larger benthic foraminifera assemblages as chronofaunas. 
Brasier (1995) and Hottinger (2001) introduce the concept 
of global community maturation cycles for larger benthic 
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foraminifera. According to this approach, larger benthic 
foraminifera evolution can be classified into 4 (Brasier) or 
5 (Hottinger) phases of increasing habitat adaptation and 
improving life strategies. Both authors suggest that each 
global community maturation cycle is terminated by a 
mass extinction.

The described concepts have been applied to selected 
critical intervals during the Palaeogene. Scheibner and 
Speijer (2008a) show that the global warming during 
the early Palaeogene caused a Tethyan-wide massive 
decline in coral reefs and a coeval shift to larger carbonate 
platforms dominated by benthic foraminifera. The authors 
define the circum-Tethyan platform stages and link the 
evolutionary impact of the larger foraminifera turnover 
(Orue-Etxebarria et al. 2001) at the Palaeocene–Eocene 
boundary directly to the Palaeocene–Eocene thermal 
maximum. Nebelsick et al. (2005) summarise changes in 
specific carbonate facies types in the circum-alpine area 
during the Middle Eocene to Oligocene and introduce 
the concept of facies dynamics. The authors argue that 
major carbonate platform organisms are controlled by 
phylogenetic, ecological, and geological parameters. 
The following paragraphs summarise the main steps in 
Palaeogene carbonate platform evolution with respect to 
the introduced concepts.
1.2.1. Palaeocene
The global ocean crisis during the Cretaceous–Palaeogene 
transition at 65.5 Ma led to a massive specific decline in 
global shallow benthic assemblages. A long-term sea 
level rise during the Early Palaeocene created new shelf 
areas and vacant biological niches (Buxton & Pedley 
1989). The created vacant niches were occupied by larger 
benthic foraminifera and corals, which became a major 
part of shallow benthic assemblages (first phase of the 
global community maturation cycle; Hottinger 2001). 
At around 60 Ma, new larger benthic foraminifera with 
complex morphologies appeared (second phase of the 
global community maturation cycle; Hallock et al. 1991; 
Hottinger 1998, 2001). Increasing oligotrophic conditions 
and a prominent sea level fall at 58.9 Ma (Hardenbol et 
al. 1998) favoured the proliferation of hermatypic coral 
build-ups throughout the Tethys (Tethyan platform stage 
I; Scheibner & Speijer 2008a, 2008b). Increasing global 
temperatures at the end of the Palaeocene caused a 
decline of many low-latitude coral communities (Tethyan 
platform stage II; Scheibner & Speijer 2008a, 2008b). The 
open niches were occupied by larger benthic foraminifera. 
Platform stage II represents a transitional episode between 
coralgal and larger foraminifera dominance in the Tethyan 
realm. In the northern Tethyan and peri-Tethyan realms, 
coralgal assemblages still dominated the platform margin, 
whereas at lower latitudes (0°–20°), larger foraminiferal 
communities composed of ranikothalids and miscellanids 

first proliferated. Duration was restricted to shallow 
benthic zone 4 (SBZ 4, Serra-Kiel et al. 1998).
1.2.2. Early Eocene
The Palaeocene–Eocene boundary represents a major 
caesura in the evolution of shallow marine benthic 
communities. The massive transient temperature peak 
during the Palaeocene–Eocene thermal maximum caused 
a Tethyan-wide decline of coral communities. Palaeocene 
ranikothalids and miscellanids were replaced by Eocene 
nummulitids and alveolinids (Scheibner et al. 2005). This 
evolutionary trend, known as larger foraminifera turnover, 
is directly linked to the negative carbon isotope excursion 
of the Palaeocene–Eocene thermal maximum (Orue-
Etxebarria et al. 2001; Scheibner et al. 2005). Carbonate 
shelves were now dominated by photo-autotrophic larger 
benthic foraminifera assemblages throughout the Tethys 
(third phase of the global communifty maturation cycle; 
Hottinger 2001; Tethyan platform stage III; Scheibner & 
Speijer 2008a, 2008b). Studies from the Egyptian carbonate 
shelf suggest that the impact of the Early Eocene Climatic 
Optimum (52–49 Ma; Zachos et al. 2001) and the post-
Palaeocene–Eocene Thermal Maximum hyperthermal 
events were of minor extent but may have coincided 
with a peak in the specific diversity of larger foraminifera 
K-strategists (organisms with a large body and a long live 
span that live in stable environments; Hottinger 1998; 
Hoentzsch et al. 2011b). Furthermore, the size of larger 
benthic foraminifera increased significantly from the 
Middle Ypresian to the Bartonian (fourth phase of the 
global community maturation cycle; Hottinger 2001).
1.2.3. Middle Eocene
The specific diversity of K-strategist larger benthic 
foraminifera continuously decreases from the base of the 
Lutetian to the Priabonian (Hallock et al. 1991; Hottinger 
1998). The extinction of Assilina and giant Nummulites 
in the Lower Bartonian represents the termination of the 
Early Palaeogene global community maturation cycles 
(fifth phase; Hottinger 2001). The time interval from the 
Bartonian to the Priabonian is subdivided by Less and 
Özcan (2012) into 8 distinctive larger benthic foraminifera 
events related to climatic and evolutionary events.

A transient period with increasing abundance of larger 
benthic foraminifera K-strategist taxa is present during 
the Lower Bartonian (FO of Heterostegina; Less et al. 
2008; Less & Özcan 2012) and represents the onset of a 
new global community maturation cycle (Hottinger 2001). 
This interval coincides with the transient warming during 
the Middle Eocene Climatic Optimum (MECO; Bohaty & 
Zachos 2003; Bijl et al. 2010).

The Lower Bartonian is characterised by prevailing 
oligotrophic conditions at the shelves (Nebelsick et al. 
2005). The general cooling trend favoured the recovery 
of patchy coral communities in higher latitudes (Perrin 
2002). 
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1.2.4. Late Eocene
A significant global temperature drop in the uppermost 
Middle Eocene (Middle/Late Eocene Cooling Event; 
McGowran 2009) accompanied by prevailing meso- to 
eutrophic conditions at the shelves caused a shift in the 
prevailing shallow benthic facies assemblages and a 
prominent demise of K-strategists (Hallock et al. 1991; 
Hottinger 2001). Oligotrophic symbiont-bearing larger 
benthic foraminifera (larger nummulitids, alveolinids, 
and acervulinids) were replaced by meso- to eutrophic 
coralline algae (Priabonian chronofauna; McGowran 
& Li 2001; Nebelsick et al. 2005). Despite the increasing 
availability of nutrients at the shelves, the recovery of 
coral communities continues, especially in the northern 
Tethyan realm (Nebelsick et al. 2005). The Thrace Basin in 
NW Turkey is a good example of this trend (Özcan et al., 
2010; Less et al., 2011).
1.2.5. Early Oligocene
The tectonic and climatic isolation of Antarctica during 
the latest Eocene caused a massive temperature drop 
and the onset of perennial ice sheets in Antarctica (Oi-
1 glaciation; Ivany et al. 2000; Zachos et al. 2001; Eldrett 
et al. 2009). Continuing cooling was accompanied 
by a strengthened ocean circulation and enhanced 
upwelling regimes (Hallock et al. 1991). This climatic 
and environmental caesura caused the extinction of 
larger benthic foraminifera that survived the Middle/Late 
Eocene Cooling Event (e.g., orthophragminids and early 
Palaeogene nummulites; Hallock et al. 1991; Prothero 
2003). The newly created niche favoured the evolution 
of modern larger benthic foraminifera taxa and a slow 
diversification of Tethyan coral faunas (Hallock et al. 
1991; Nebelsick et al. 2005). Newly emerged larger benthic 
foraminifera were represented by lepidocyclinids (FO 
upper Rupelian) and miogypsinids (FO Chattian; Özcan 
et al. 2010a). 
1.3. Regional geological framework
1.3.1. Tectonic and stratigraphy at the South Iberian 
margin
The South Iberian continental margin has undergone 
repeated changes and deformation since the Mesozoic, 
culminating in the uplift and deformation of the Betic 
Cordillera orogen in the Early Miocene (Fontboté & 
Vera 1983; Blankenship 1992; Geel et al. 1998; Alonso-
Chaves et al. 2004). Classical tectono-stratigraphic 
classifications differentiate an external zone, representing 
the autochthonous deposits of the South Iberian margin, 
and an internal zone, characterised by an allochthonous 
unit that underwent repeated metamorphism prior to the 
Early Miocene orogeny.

The external zone comprises a heterogeneous suite of 
Mesozoic and Early Cenozoic passive continental margin 
deposits (Garcia-Hernandez et al. 1980; Everts 1991). Those 

Triassic to Early Miocene sediments are detached from the 
Palaeozoic basement and have been thrust northward onto 
the southern margin of the Iberian Craton (Blankenship 
1992). The deposits of the external zone are subdivided 
into 3 units with respect to their position at the shelf; the 
Prebetic domain represents the shallow marine shelf of the 
South Iberian margin, which is strongly affected by sea 
level variations and terrigenous input from the craton. Vast 
areas of the northern Prebetic were covered by a carbonate 
platform (Figure 2). The platform system represents a 
NE–SW striking belt of heterogeneous shallow marine 
sediments that were attached to the Iberian Massif. The 
southern Prebetic is rather influenced by hemipelagic 
deposition and frequent mass flows. The contact between 
the lagoonal Prebetic platform (External Prebetic) and the 
hemipelagic Prebetic realm (Internal Prebetic) is referred 
to as a major palaeogeographic barrier, called the Franja 
Anomala (e.g., de Ruig et al. 1991; Figure 3).

The Subbetic domain is characterised by deeper shelf 
deposits without major terrigenous influence (Figure 2). 
The contact between the Prebetic and Subbetic domains 
points to a major thrust fault (e.g. Garcia-Hernandez et al. 
1980). The internal zone or Betic domain is characterised 
by a heterogeneous stack of allochthonous complexes 
containing thrust sheets of metamorphous Palaeozoic 
rocks (Geel 1996). 
1.3.2. Tectonically controlled platform evolution during 
the Palaeogene
During the Early Palaeogene, the reactivation of major fault 
systems caused multiple phases of depositional instability 
and shelf reorganisation (Martin-Chivelet & Chacon 
2007). A first tectonic phase is demonstrated for the Late 
Thanetian (Latest Thanetian Event, ~57 Ma; Martin-
Chivelet & Chacon 2007), when a far field stress of strong 
compressional tectonics in the Pyrenean orogeny caused 
major block movement and a reorganisation of the South 
Iberian shelf basin. A major depositional unconformity 
at the Prebetic platform indicates there was a widespread 
subaerial exposure of the shallow marine shelf during that 
interval. An acceleration of the collisional tectonics of 
Africa and Iberia as well as the onset of the main orogenic 
phase in the Pyrenees resulted in a second tectonic phase 
during the Middle Ypresian (Intra-Ypresian event ~54.5 
Ma; Martin-Chivelet & Chacon 2007).  During the late 
Lutetian (Intra-Lutetian event, 44–42 Ma), a third tectonic 
phase resulted in a change of the major sediment transport 
direction along the platform from the N–S to the NE–SW 
and a significant progradation of the platform margin 
towards the south (Kenter et al. 1990). The continuing 
convergence between Africa and Eurasia caused a fourth 
phase during the Bartonian (Intra-Bartonian Event, 40–39 
Ma), resulting in the tilting of the Prebetic platform. A fifth 
phase of major tectonic activity during the Late Eocene 
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resulted in complex block-faulting of the platform and 
its separation into several isolated fault-bounded patch 
reefs with different subsidence levels and complex block 
topography (Intra-Priabonian event; De Ruig et al. 1991; 
Geel 1996; Geel et al. 1998). During the Oligocene, 2 more 
phases of tectonic activity have been suggested but not 
described in detail (Rupelian events). 

The phases of major tectonic activity reveal a significant 
cyclicity in the depositional record of the South Iberian 
margin throughout the Palaeogene but especially during 
the Eocene. Geel et al. (1998) distinguish 14 third-order 
cycles in the Prebetic realm from the latest Palaeocene 
to the latest Eocene. Those cycles were mainly controlled 
by the tectonic processes related to the African–Eurasian 
collision and the far field impact of the Pyrenean orogeny. 
However, the beginning of glaciation in the southern 
hemisphere in the Late–Middle Eocene significantly 
increased the glacio-eustatic impact on the depositional 
record.
1.3.3. Regional climate of Iberia during the Palaeogene
The Palaeogene Iberian Peninsula was characterised by 
a stable microclimate due to the strong influence of the 
Tethys in the south and an emerging prominent orogenic 
system in the north (Postigo Mijarra et al. 2009). Early 
Cretaceous to Early Eocene conditions on the Iberian 
Peninsula were characterised by a tropical climate with 
seasonal rainfalls, evidenced by palaeotropical forests with 

a high floral diversity (Lopez-Martınez 1989; Gawenda et 
al. 1999; Adatte et al. 2000; Bolle & Adatte 2001; Postigo 
Mijarra et al. 2009). The impact of multiple Palaeogene 
hyperthermal events has been recorded in the Pyrenees 
(Angori et al. 2007; Scheibner et al. 2007; Alegret et al. 
2009), the Basque Basin (Schmitz et al. 2001; Schmitz & 
Pujalte 2003), and the Betic realm (Alegret et al. 2010).

Large-scale tectonic reorganisation and the onset of 
the first ephemeral ice sheets in the southern hemisphere 
forced a global regression during the second half of the 
Eocene. This regression led to increasing aridity and 
continentalisation of the Iberian–Eurasian climate (Lopez-
Martinez 1989).

2. Methods
Recording of 4 selected sections along a platform-to-
slope transect was undertaken in order to establish a 
high-resolution dataset of various environments on the 
carbonate platform, comprising selected samples of mass 
flow deposits and hemipelagic background sediments. 
We recorded a new section of Ascoy in the SW part of 
the Prebetic platform and the classical sections of Oneil, 
Ibi, and Relleu for microfacies and biotic assemblages, 
comparable to the detailed microfacies analysis by 
Hoentzsch et al. (2011a). In this study, we only present the 
results of the microfacies and focus on a reinterpretation 
and comparison with other studies in order to achieve a 

Figure 2a. Simplified palaeogeographic reconstruction of the Mediterranean realm in Early to Middle Eocene (Ypresian–
Lutetian). Numbers indicate selected Eocene–Oligocene carbonate platform systems: 1) Northern Calcareous Alps, 2) Pyrenees, 
3) North Adriatic platform, 4) Prebetic platform, 5) Maiella platform, 6) Greece, 7) Turkey, 8) NW Arabian platform (Syria, 
Israel), 9) Tunisia, 10) Libya (Sirte Basin), and 11) Egypt (Galala platform). The positions of the continents and ocean basins 
are adapted and expanded from Ziegler (1992), de Galdeano (2000), Meulenkamp and Sissingh (2000, 2003), and Thomas 
et al. (2010). Figure 2b. Early Palaeogene reconstruction of southern Iberian continental margin and the adjacent Alboran 
microplate, representing the (internal) Betic domain.
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coherent platform model with respect to depositional 
processes, climatic variability, and tectonic impact (Figure 
3). Furthermore, limestones and marls from the lower 
slope section of the Relleu were analysed in order to record 
the long-term geochemical and carbon isotope evolution 
of a marginal shelf environment during times of major 
tectonic and climatic turnover. Bulk rock carbon isotopes 
(δ13C), total organic carbon (TOC), and calcite carbonate 
ratios were recorded and compared with data from the 
open ocean and similar marginal environments (Thomas 
et al. 1992; Zachos et al. 2001) in order to reveal either 
a coupling of the Prebetic platform to the global carbon 
cycle or the impact of regional processes on the Prebetic 
platform. To conclude, the main focus of this study is a 
continuation of the Tethyan carbonate platform evolution 
of Scheibner and Speijer (2008b) covering the Eocene to 
Early Oligocene.

For the isotope measurements, ground samples of bulk 
rock were prepared for measurement in a Finnigan MAT 
251 mass spectrometer at the MARUM Centre for Marine 
Environmental Sciences (Bremen). It is a high-sensitivity, 
moderate-resolution magnetic sector mass spectrometer 
with an ion bombardment gas source. 

Around 100 µg of sample material is needed for 
the procedure. The data obtained consist of isotopic 
proportions of oxygen and carbon in relation to the PDB 
standard. The measurement accuracy for the internal 
standard is given as under 0.05‰ for δ13C and under 
0.07‰ for δ18O. Therefore, any error made by measurement 
devices is assumed to be negligible. 

The measurements of carbon content were done on 
ground bulk rock samples and measured 2 times in a 
Leco CS 200 carbon/sulphur analyser at the University of 
Bremen. Total carbon (TC) and total organic carbon (TOC) 
were each determined with one measurement. Around 50 
mg of each sample was weighed into ceramic crucibles. TC 
was measured directly without further treatment of the 
sample whereas TOC samples were treated with diluted 
HCl (12.5%) beforehand. TOC samples were put under 
a fuel source for 2 to 3 days with the HCl to remove all 
inorganic bound carbon. The raw measured data are TC 
and TOC values. To get total inorganic carbon (TIC) 
values, the following equation was used: TIC = TC – TOC.

The total amount of CaCO3 in the sample was computed 
based on this further equation: 

Figure 3. Location map of the eastern Betic Cordillera, including the main tectono-sedimentary units, major tectonic lineaments, 
and selected sections (modified after Martin-Chivelet and Chacon 2007). The contact between the Prebetic platform and the 
Prebetic hemipelagic realm is referred to as the Franja Anomala (e.g., de Ruig et al. 1991). Red circles indicate the location of 
the studied section; grey circles demonstrate previously studied Palaeogene sections of other authors (1 = Carche, 2/3 = Benis/
Caramucel, 4/5 = Penaguila/Torremanzanas, 6 = Benifallim, and 7 = Agost).
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Based on field experience and extensive microscopic 
observations, the possible influence of dolomitisation on 
the investigated rock samples is assumed to be negligible 
and is therefore not taken into account for the computation 
of TC. 

3. Study area and data set
The Prebetic domain is a 130-km-long and 60-km-wide 
NE–SW striking fault-bounded block north and west of 
Alicante (Figure 3). It represents the northeasternmost 
part of the Betic Cordillera in SE Spain. North of the 
Prebetic domain, the Albacete low subsiding domain 
characterises the southern branch of the Iberian Massif. 
The Balearic Islands probably reflect a continuation of the 
Prebetics prior to the Late Oligocene to Neogene opening 
of the Balearic Sea (Doblas & Oyarzun 1990).

The Prebetic platform represents the northeasternmost 
part of the External Betics. Outcrops of the Palaeogene 
platform interior are rare due to frequent erosional and 
tectonic unconformities as well as intense karstification. 
Generally, sea level lowstands are missing in the 
depositional record on the platform (Geel 2000). In the 
southwesternmost part of the Prebetic domain, various 
isolated mountain ranges expose Palaeogene rocks, 
reflecting the transition from the inner shelf to the 
hemipelagic outer shelf (Carche, Benis, Enmedio; see 
Kenter et al. 1990). Outcrops along the deeper and more 
hemipelagic shelf are frequent in the areas of Relleu, 
Penaguila, Torremanzanas, and Benifallim (e.g., Everts 
1991; Geel 2000) as well as the Agost section, representing 
the Internal Prebetics (e.g. Molina et al. 2000; Ortiz et al. 
2008; Monechi & Tori 2010).

Most of the sections have been described and 
interpreted by various authors using different approaches. 
However, high-resolution microfacies and geochemical 
data are not available yet. In particular, the evolution of 
the platform interior and the impact of the environmental 
perturbations during and after the Paleocene–Eocene 
boundary have still not been described for the Prebetic 
platform. 
3.1. Sections
We studied 4 sections of the Prebetic platform that are 
excellent examples for the coupled tectono-climatic 
impact on shallow marine benthic assemblages during 
the transition from Early Palaeogene greenhouse to Late 
Palaeogene icehouse conditions.
3.1.1. Section 1: Ascoy (Palaeocene–?Middle Eocene, 
~120 m total thickness; Figure 4)
The Sierra d’Ascoy represents a WSW–ENE striking 
mountain range NE of Cieza. The depositional sequence 

encompasses Lower Cretaceous to Miocene hemipelagic 
marls and carbonates interrupted by several erosional 
unconformities (Kenter et al. 1990). Palaeogene rocks 
occur as a contiguous suite of Palaeocene to Middle 
Eocene carbonates of the platform interior, which merged 
into a transitional marine–continental facies during the 
Bartonian. Altogether, 78 limestone samples comprising 
larger benthic foraminifera, corals, and coralline red algae 
were collected. A few intervals show significant amounts 
of quartz grains. Palaeogeographic reconstructions of the 
Palaeogene integrate the succession of Ascoy to the Franja 
Anomala (Martinez del Omo 2003).
3.1.2. Section 2: Onil (Lowermost Eocene–Middle 
Eocene, ~210 m total thickness; Figure 4) 
At the Onil section (~35 km N of Alicante), limestones and 
marls covering the lowermost Eocene to Middle Eocene 
are exposed and altogether 74 samples were collected. 
The rocks show a high abundance of larger benthic 
foraminifera (especially nummulitids and alveolinids) and 
reflect middle inner shelf settings during the Palaeogene. 
Geel (2000) describes 8 depositional cycles arranged in an 
overall shallowing-upward succession. The discrimination 
of the cycles is based on qualitative and quantitative 
variations in larger benthic foraminifera species as well 
as on detected erosional surfaces and hardgrounds. A 
few karstification horizons indicate temporarily subaerial 
exposure during sea level lowstands. The upper interval of 
the section is represented by dolomitised limestones.
3.1.3. Section 3: Ibi (Middle Eocene–Lower Oligocene, 
~360 m total thickness; Figure 4)
The Ibi section represents a continuous succession of steeply 
tilted Middle Eocene to Middle Oligocene limestones and 
dolomites with rare marl intercalations. The section is 
situated about 35 km N of Alicante and about 10 km NE 
of the Onil section. Geel (2000) describes 8 Eocene cycles 
and 4 Oligocene cycles. Altogether, 130 samples were 
collected. The succession of Ibi is interpreted as platform 
interior or backreef environment and corresponds to the 
Onil section (Geel 2000).
3.1.4. Section 4: Relleu (Upper Eocene–Upper Oligocene, 
~215 m total thickness; Figures 4 and 5)
The road-cut section of Relleu is situated ~35 km NE of 
Alicante and encompasses an alternating succession of 
hemipelagic marls and mass-flow related limestones. 
Limestones show a great variety of depositional textures 
(normal grading, flute casts, and rip-up clasts) that indicate 
a turbiditic origin. Furthermore, frequently transported 
larger benthic foraminifera from the inner platform (e.g., 
nummulitids and alveolinids) and autochthonous forms of 
orthophragminids are recorded. Zoophycus traces indicate 
a palaeo water depth of ~300 m that refers to the lower slope 
(Seilacher 1967; Everts 1991). The succession of Relleu 
encompasses 3 depositional sequences during the Eocene 
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Figure 5. Bulk rock carbon isotopes and geochemistry for the Upper Eocene–Lower Oligocene outer ramp succession of Relleu. Data 
for hemipelagic background marls and limestones are plotted separately in order to show possible differences in source area and carbon 
burial. Grey bars indicate limestones. Mass wasting intervals (MWI) refer to periods of frequent turbidite deposition.
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and 5 depositional sequences during the Oligocene (Geel 
2000). In the Relleu section, 198 samples were collected.

The Eocene–Oligocene boundary and planktic 
foraminifera zone P18 are not recorded in the Relleu 
section. Geel (2000) relates this hiatus to a major erosional 
unconformity caused by the massive glacio-eustatic 
regression during the Oi-1 glaciation.

4. Results
4.1. The Palaeogene succession of the Prebetic platform
The 4 recorded sections represent a continuous succession 
of Palaeocene to Upper Oligocene platform deposits and 
hemipelagic marls. Depositional cycles at the Prebetic 
platform compiled by Geel et al. (1998) and Geel (2000) are 
renamed and used to describe the stratigraphic range of the 
recorded stratigraphic intervals (Figure 1). The recorded 
sections can be correlated by their biostratigraphic range 
or major tectono-depositional intervals (Figure 4).
4.1.1. Palaeocene (Thanetian)
Palaeocene rocks were only recorded at the Sierra 
d’Ascoy in the SW part of the Prebetic platform. The 
succession consists of massive fossiliferous limestones 
with high abundances of smaller rotaliid foraminifera, 
orthophragminids, coralline red algae (e.g., Distichoplax 
biserialis), echinodermal fragments, and highly 
disintegrated bioclasts. Smaller benthic foraminifera 
(miliolids) are rare. Detrital quartz accumulations of up to 
20% are reported from a 15-m-thick massive siliciclastic 
limestone interval in the upper Thanetian (Figure 4; cycle 
T1). The quartz-bearing interval is followed by limestones 
with high abundances of hermatypic corals (cycle T2).

The Palaeocene–Eocene transition is represented by a 
significant shift in the shallow benthic faunal assemblage. 
Small rotaliids are replaced by larger nummulitids (Operculina 
sp., Nummulites sp.) and alveolinids (Alveolina sp.).
4.1.2. Early Eocene (Ypresian)
Lower Eocene rocks are recorded in the Ascoy and Onil 
sections. The basal Eocene succession of Ascoy is dominated 
by massive fossiliferous limestones with abundant 
large nummulitids, alveolinids, orthophragminids, and 
echinodermal fragments. Coralline algae are only common 
in the basal part of the Lower Eocene succession of the 
Ascoy (cycle Y1). Hermatypic corals are not recorded. In 
the Ascoy section, a significant quartz-bearing limestone 
bed in the middle Ypresian is strongly enriched with 
larger benthic foraminifera, shell fragments, and red 
algae (cycle Y1). During the upper Ypresian, fossiliferous 
limestones were replaced by marls with a thickness of up 
to 20 m (cycle Y2). Marls are intercalated by prominent 
massive limestone beds of 3–5-m thickness with reworked 
limestone nodules and high abundances of inner platform 
organisms (larger benthic foraminifera, coralline red algae, 
and echinoderm fragments).

The Lower Eocene succession of Onil is characterised 
by alternating highly fossiliferous limestones and marls. 
The recorded rocks are dominated by nummulitids 
(Assilina sp., Nummulites sp., and Operculina sp.), 
alveolinids (Alveolina sp.), orthophragminids, and 
echinoderm fragments. Soritids (Orbitolites sp.), miliolids, 
and serpulid worm tubes occur in varying amounts and 
accumulate in distinct intervals. Coralline red and green 
algae are rare. The dominance of orthophragminids 
decreased significantly during the Middle Ypresian.
4.1.3. Middle Eocene (Lutetian–Bartonian)
Middle Eocene rocks are recorded from the Onil and Ibi 
sections and can be divided into 3 major intervals. The 
basal Middle Eocene succession is characterised by partly 
dolomitised and quartz-rich limestones and marls without 
major fossil accumulations in the Onil section but by high 
fossil content in the Ibi section (cycles L1–L3).

The major benthic organisms in the Ibi limestones 
are orthophragminids, Nummulites sp., Alveolina sp., 
and Assilina sp.; miliolids; and soritids. The abundance 
of orthophragminids and nummulitids decreases 
significantly towards the upper part of the Middle Eocene 
succession (cycle L3). During cycle L4, an interval of 
massive-to-thick–bedded quartz-rich limestones up to 
30 m in thickness and debris flow deposits with reworked 
limestones nodules and multiple erosional unconformities 
represents a major break in the deposition at the platform. 
Deposition after this mass wasting event is characterised by 
thickly bedded low fossiliferous nodular and dolomitised 
limestones (upper cycle L4/B). The first specimens of 
Solenomeris sp. are recorded in cycle B. The monotonous 
deposition is interrupted by a 2–4-m-thick interval of 
quartz-rich limestones (cycle B).
4.1.4. Late Eocene (Priabonian)
Upper Eocene rocks are recorded from the Ibi and 
Relleu sections. In contrast to the lightly fossiliferous 
upper interval of the Middle Eocene, the Upper Eocene 
successions of both sections demonstrate limestones and 
marls with high amounts of larger benthic foraminifera 
(Nummulites sp., orthophragminids, and Solenomeris sp.), 
smaller foraminifers (miolids), and bioclastic debris from 
the platform interior (gastropods, shell debris, echinoids, 
and coralline red algae). The first recorded specimen of 
Heterostegina sp. and the first Eocene coral fragments 
occur in cycle P1, which is younger than the occurrences 
of Heterostegina sp. in other Tethyan sections (Less et al. 
2008; Less & Özcan 2012). A 10–15-m-thick interval of 
unconformably bounded highly fossiliferous and partly 
quartz-rich limestones is recorded for cycle P1.
4.1.5. Early Oligocene (Rupelian)
The Eocene–Oligocene boundary is only recorded at 
the Ibi section and refers to a major shift in the benthic 
assemblages. Post-Eocene shallow benthic organisms are 
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characterised by the first occurrence of lepidocyclinids 
(Eulepidina sp.) and nummulitids (Heterostegina sp.). Many 
Eocene larger benthic foraminifera (e.g., Nummulites sp., 
orthophragminids, and Solenomeris sp.) are not recorded 
from the Eocene–Oligocene boundary onwards, whereas 
miliolids and coralline red algae become more abundant. 
During cycle R2, the first hermatypic coral fragments 
are recorded since the lowermost Eocene. In the Relleu 
section, at least 3 intervals with increased deposition of 
debris flows and quartz-rich limestones are recorded 
(cycles R2–R4).
4.1.6. Late Oligocene (Chattian)
The Late Oligocene is only recorded in the uppermost 
intervals of the Relleu section and comprises marls and 
fossiliferous limestones. Limestones are rich in larger 
benthic foraminifera (Eulepidina sp. and Heterostegina 
sp.), red algal fragments, and coral debris.
4.2. Carbon isotope stratigraphy and geochemical 
evolution
The long-term bulk rock carbon isotope trend was only 
recorded for the Upper Eocene (Priabonian)–Upper 
Oligocene (Chattian) lower slope succession of Relleu 
(Figure 5; Table). This restriction to lower slope sediments 
minimises the possible effects of diagenesis, which 
might have a stronger influence on carbonate platform 
sediments due to the influence of meteoric waters during 
subaerial exposure. Carbonates and hemipelagic marls 
were examined separately in order to study the possible 
variations between the platform-derived turbidites and 
basinal hemipelagites. 
4.2.1. Carbon isotopes
Marls: Bulk rock carbon isotopes from the recorded 
hemipelagic background deposits (marls) range from 
–1.5‰ to 1.5‰. The discrimination of significant trends 
is doubtful due to highly fluctuating carbon isotope ratios. 
The Priabonian is characterised by a prominent shift from 
positive to negative d13X ratios, culminating with a negative 
excursion of –0.5‰ and a fast recovery to 1‰ (E2; Figure 
5). From the latest Priabonian to the Rupelian, the carbon 
isotope signature shifted from overall positive to negative 
ratios, superimposed by numerous minor positive and 
negative excursions. The depositional significance of 
those excursions is doubtful due to frequent slumping 
in the marl intervals. Chattian carbon isotopes ratios are 
characterised by a continuing shift towards negative δ13C 
ratios with negative excursions in the lowermost interval 
of –1.5‰ (E4; Figure 5).

Limestones: The Priabonian is characterised by 
relatively stable positive δ13C ratios (~1.5‰) with a negative 
excursion in lower mass wasting interval 1 (MWI 1; E1; 
Figure 5). Carbon isotopes from the recorded Priabonian 
limestones indicate strong variations compared to the δ13C 
of the measured hemipelagic marls. During the uppermost 

Priabonian, carbon isotope ratios shifted to more negative 
ratios in the limestones. This trend continued during the 
Rupelian with minor excursions during MWI 2. During 
the upper Rupelian and Chattian, δ13C ratios of both marl 
and limestone units converged and showed only minor 
variations.
4.2.2. Calcium carbonate ratios
Marls: Bulk rock calcium carbonate ratios vary 
significantly between the recorded limestones and marls. 
In the upper Priabonian (P16/17), marls show CaCO3 
ratios between 80% and 96% with transient drops to ~65% 
at 28 m above the base of the section). This significant 
excursion correlates with a negative carbon isotope peak.

The Eocene–Oligocene transition is marked by a 10%–
15% drop in the calcium carbonate ratios of the hemipelagic 
background marls. Average CaCO3 ratios range from 70% 
to 80% in the lowermost Rupelian (P19/20) and increase 
to ~90 % in P21. In lower P21, a transient CaCO3 drop 
from ~90% to 63% correlates with 2 minor negative carbon 
isotope peaks (E3; Figure 5). The calcium carbonate trend 
in the upper Rupelian and lowermost Chattian (upper 
P21) is characterised by a continuous decrease from >90% 
to <70%.

Limestones: The recorded limestones show only minor 
fluctuations in the CaCO3 content with ratios between 
95% and 100%. Three intervals with transient calcium 
carbonate drops to 85% are recorded at the basis of P16 
(E1; Priabonian), at the basis of P21 (Rupelian), and in the 
lower part of P21 (E3).
4.2.3. Total organic carbon (TOC)
Bulk rock TOC ratios do not show any significant trends 
in the marls or in the limestones throughout the recorded 
succession. Average TOC ratios range from 0.05% to 
0.15%. A prominent excursion of 0.75% in the TOC ratios 
is recorded at the base of P16 (Priabonian). This prominent 
TOC excursion correlates with a ~4-m-thick interval of 
transient decreased CaCO3 ratios and a significant negative 
carbon isotope excursion in the recorded limestones (E1; 
Figure 5).

5. Discussion
5.1 Circum-Tethyan carbonate platform evolution 
during the Palaeogene—the Prebetic platform as a test 
case
The biotic evolution of the Prebetic carbonate platform 
can be characterised by major shifts in the prevailing 
benthic assemblages (Figure 4). Those shifts are related 
to climatic and environmental trends (temperature 
and nutrient availability), which cause the emergence, 
proliferation, and demise of environmentally sensitive 
platform organisms. Excellent palaeoenvironmental 
indicators at the Prebetic platform are represented by 
corals, larger benthic foraminifera, and coralline red 
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Table. Geochemical data for section Relleu.

Sample # Depth  [m] Thin 
section

Sample 
association 613C [‰] Carbon [%] TOC [%] CaCO3 100%

I 20 0.5 yes mass flow 1.69 11.795 0.09 97.47
I 21 1.5 yes mass flow 1.70 11.866 0.08 98.19
I 22 2.5 yes mass flow 1.65 11.887 0.07 98.48
I 23 3.6 yes background 1.48 11.102 0.12 91.51
I 24 5.4 yes mass flow 1.55 11.691 0.08 96.70
I 25 5.8 no background 1.01 9.6628 0.41 77.09
I 26 6.9 yes mass flow 1.36 11.012 0.22 89.91
I 27 7.25 no background   9.8731 0.24 80.22
I 28 7.9 yes mass flow 1.48 10.521 0.12 86.60
I 29 8.8 yes mass flow 1.66 11.902 0.75 92.93
I 12 11 yes mass flow 0.73 12.209 0.07 101.13
I 30 15.1 yes mass flow 1.93 12.266 0.07 101.61
I 31 20.2 yes mass flow 1.75 11.979 0.06 99.25
I 32 21.5 no background 0.22 11.927 0.11 98.46
I 33 21.9 yes mass flow 1.93 11.412 0.09 94.32
I 34 24.8 yes mass flow 1.98 11.832 0.08 97.93
I 35 25.9 yes mass flow 1.94 11.965 0.06 99.16
I 36 28.7 no background –0.32 7.992 0.09 65.86
I 37 28.8 yes mass flow 1.66 11.644 0.11 96.04
I 38 29 no background 0.27 8.3014 0.11 68.24
I 39 29.2 no background 1.33 11.308 0.11 93.30
I 40 29.4 no background 0.66 9.9946 0.16 81.95
I 40a 30.6 yes mass flow 1.80 11.635 0.10 96.09
I 41 30.9 yes mass flow 1.93 12.209 0.07 101.14
I 42 31.3 no background 0.08 9.3608 0.11 77.07
I 43 36 yes mass flow 1.91 12.197 0.09 100.88
I 44 36.75 yes mass flow 1.79 11.739 0.11 96.89
I 45 38.4 no background 1.55 10.272 0.11 84.67
I 46 39 no background 1.89 12.131 0.10 100.19
I 46a 39.3 no background 0.51 9.5125 0.12 78.26
I 47 39.7 no background 1.06 10.295 0.11 84.85
I 48 42.2 yes mass flow 1.78 12.161 0.08 100.65
I 49 43.6 no background 1.15 10.751 0.09 88.77
I 50 44.55 no background 1.60 10.792 0.15 88.68
I 51 46.05 no background 1.64 11.807 0.12 97.36
I 52 47.9 no background 1.49 10.527 0.11 86.81
I 53 49.4 no background 1.38 10.126 0.12 83.32
I 54 51.7 no background 1.48 11.289 0.10 93.23
I 55 54.25 yes mass flow 1.10 11.151 0.13 91.76
I 56 54.7 yes mass flow 1.63 12.221 0.07 101.20
I 57 56.8 yes mass flow 1.34 12.246 0.07 101.42
I 58 57.4 no background 0.82 8.6821 0.10 71.48
I 59 59 no background 0.40 8.4844 0.09 69.94
I 60 60 no background 0.61 8.9748 0.08 74.11
I 61 60.9 no background 0.77 9.406 0.11 77.41
I 62 61.5 no background 1.04 9.6452 0.10 79.54
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Table. (continued).

I 63 62 no background 0.91 9.4809 0.11 78.09
I 64 62.5 no background 0.17 9.0714 0.12 74.57
I 65 63.9 no background 0.64 9.8243 0.07 81.26
I 66 65 no background 0.04 7.8141 0.09 64.33
I 67 65.75 no background 0.49 9.3033 0.09 76.72
I 68 67.25 no background 0.58 8.4588 0.10 69.63
I 69 69.2 no background 0.65 9.2117 0.11 75.82
I 70 70.25 no background 0.38 9.3132 0.09 76.82
I 71 71.75 no background 0.32 9.3231 0.09 76.90
I 72 73 yes mass flow 0.70 12.106 0.06 100.38
I 73 73.5 no background 0.37 9.0045 0.11 74.09
I 74 74.7 no background 0.24 9.0034 0.11 74.07
I 10 75.2 no background 0.75 9.3654 0.14 76.85
I 75 75.6 no background 0.67 8.8766 0.11 73.00
I 76 76.5 no background 0.48 8.602 0.11 70.75
I 77 77.75 no background 0.93 9.5223 0.20 77.65
I 78 79 no background 0.77 8.6834 0.12 71.37
I 79 80.7 no background 1.08 10.778 0.08 89.08
I 80 81.5 no background 1.05 9.7749 0.30 78.93
I 81 82.8 no background 1.08 11.223 0.07 92.88
I 82 85 no background 0.48 8.8936 0.09 73.36
I 83 86.5 no background 0.82 9.5717 0.09 78.96
I 84 87 yes mass flow   6.0862 0.13
I 85 88.75 yes mass flow   11.677 0.08 96.63
I 86 89.7 yes mass flow   10.383 0.09 85.71
I 87 90.2 no background 1.33 10.322 0.09 85.26
I 88 90.75 yes mass flow –0.05 12.042 0.06 99.81
I 88a 91 yes mass flow 0.20 12.218 0.05 101.32
I 89 91.7 yes mass flow 1.10 12.02 0.08 99.46
I 9 93.1 yes mass flow 0.33 12.262 0.07 101.54

I 90 93.75 yes mass flow 0.68 12.162 0.05 100.86
I 91 95.3 yes mass flow 1.04 11.904 0.09 98.42
I 92 96.1 yes mass flow 1.05 12.076 0.07 100.02
I 93 96.8 yes background 0.81 11.172 0.06 92.56
I 94 97.4 no background 0.99 9.958 0.07 82.33
I 95 97.7 no background 1.00 9.8689 0.10 81.40
I 96 98.1 no background 1.10 10.33 0.08 85.39
I 97 98.5 yes background 1.19 11.258 0.06 93.26
I 98 98.8 no background 0.22 10.212 0.08 84.39
I 99 99.2 no background 1.00 9.9803 0.10 82.32

I 100 99.8 yes mass flow –0.22 12.18 0.06 100.96
I 101 104.9 yes mass flow 1.18 12.152 0.04 100.88
I 102 105.5 yes mass flow 1.07 12.082 0.07 100.07
I 103 106.6 yes mass flow 0.88 11.973 0.07 99.17
I 104 107.2 no background –0.37 10.094 0.05 83.67
I 105 107.9 no background –0.36 10.147 0.05 84.10
I 106 109 no background 0.62 9.4023 0.08 77.70
I 107 110.7 no background 0.60 9.079 0.07 75.01
I 108 112.25 no background –0.76 7.7674 0.09 63.98

Sample # Depth  [m] Thin 
section

Sample 
association 613C [‰] Carbon [%] TOC [%] CaCO3 100%
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Table. (continued).

I 8 112.75 yes mass flow 0.83 11.844 0.07 98.07
I 109 113.4 yes mass flow 1.06 11.499 0.07 95.19
I 110 113.75 no background 0.50 10.31 0.08 85.20
I 111 114.5 no background 0.79 10.065 0.08 83.21
I 112 115.2 no background 0.18 9.6004 0.10 79.12
I 113 116.4 no background –0.61 8.9521 0.08 73.88
I 114 117.1 no background 1.18 10.842 0.08 89.62
I 115 117.9 yes mass flow   10.288 0.07 85.13
I 116 119.2 no background 0.65 9.7487 0.09 80.50
I 117 119.9 yes mass flow 0.20 10.807 0.08 89.38
I 118a 122.7 yes mass flow 0.54 11.928 0.05 98.94
I 118 123.75 yes mass flow 0.61 11.915 0.06 98.78
I 119 133.5 yes mass flow 0.29 12.103 0.05 100.42
I 120 134.4 yes mass flow –0.20 11.582 0.06 96.00
I 121 134.75 no background –0.99 10.189 0.07 84.31
I 122 135.3 no background 0.01 9.7346 0.06 80.56

I 7 135.8 yes mass flow 0.28 12.413 0.07 102.86
I 123 137 yes mass flow 0.45 11.516 0.07 95.38
I 124 139.3 yes mass flow 0.14 11.821 0.04 98.13

I 6 140.4 yes mass flow 0.14 12.102 0.06 100.35
I 126 140.8 no background 0.37 10.179 0.07 84.17
I 127 141.5 yes mass flow 0.05 12.047 0.04 100.01
I 128 142 yes mass flow 0.16 12.247 0.05 101.62
I 129 142.5 no background –0.47 9.9462 0.07 82.30
I 130 143.2 no background –0.44 10.681 0.07 88.41
I 131 143.7 yes mass flow 0.23 11.883 0.06 98.52
I 132 144.7 yes mass flow 0.09 12.139 0.06 100.62
I 133 145.8 yes mass flow –0.02 11.661 0.07 96.55
I 134 146.4 no background –0.07 9.7182 0.07 80.40
I 135 147.25 no background 0.06 9.7102 0.06 80.39
I 136 148.3 no background 0.12 9.8615 0.05 81.76
I 137 148.85 yes mass flow 0.15 12.028 0.06 99.73
I 138 149.2 no background –0.06 10.478 0.08 86.61
I 139 149.9 yes mass flow 0.11 12.119 0.09 100.24
I 140 150.8 no background 0.10 9.9639 0.07 82.40
I 141 151.4 no background 1.69 9.5837 0.08 79.18
I 142 151.6 yes mass flow 0.21 12.09 0.05 100.29
I 143 152.05 no background 1.42 9.6793 0.08 79.98
I 144 152.5 yes mass flow 0.04 11.881 0.06 98.47

I 5 153.1 yes mass flow 0.06 11.809 0.06 97.85
I 145 153.5 yes mass flow 0.10 11.999 0.05 99.50
I 146 153.9 no background –0.33 10.23 0.06 84.71
I 147 154.5 no background   10.878 0.07 89.99
I 148 156 yes background 0.10 11.047 0.07 91.41
I 149 158 yes background 0.25 11.247 0.08 93.01
I 150 161.2 yes background 0.03 10.999 0.08 90.98
I 151 162.2 yes background 0.17 11.08 0.12 91.28
I 152 169.4 yes mass flow –0.09 11.549 0.12 95.24
I 153 173.75 yes mass flow 0.05 11.471 0.09 94.77
I 154 175.4 yes background 0.00 11.527 0.10 95.23

Sample # Depth  [m] Thin 
section

Sample 
association 613C [‰] Carbon [%] TOC [%] CaCO3 100%
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Table. (continued).

I 155b 181.7 yes mass flow 0.07 11.581 0.08 95.77
I 155a 182 yes mass flow 0.27 11.699 0.07 96.91
I 155 182.4 yes mass flow 0.22 11.726 0.08 97.05

I 4 182.7 yes mass flow 0.09 11.834 0.08 97.91
I 156 185.8 no background 0.05 10.694 0.08 88.40
I 157 186.6 no background 0.08 10.102 0.06 83.65
I 158 187.5 no background 0.09 9.046 0.08 74.65
I 159 189.9 no background 0.00 8.8091 0.07 72.79
I 160 191.4 no background –0.28 9.663 0.07 79.93
I 161 192.9 yes mass flow 0.19 11.871 0.08 98.20

I 3 193.25 yes mass flow 0.11 12.024 0.07 99.56
I 162 193.5 yes mass flow –0.77 11.354 0.09 93.87
I 163 194.5 no background 0.16 9.9245 0.06 82.16
I 164 195.9 no background –0.12 8.7809 0.09 72.41
I 165 196.6 yes mass flow –0.32 11.951 0.04 99.22
I 166 197.05 yes mass flow 0.00 11.847 0.07 98.12
I 167 197.5 no background –0.03 9.1573 0.08 75.59
I 168 198.8 no background –0.30 9.5339 0.08 78.75
I 169 200.5 no background –0.93 7.3402 0.09 60.43
I 170 201.5 yes mass flow –0.21 12.04 0.06 99.79
I 171 202.1 no background –0.24 8.5708 0.08 70.73
I 172 203.25 yes mass flow –0.07 11.947 0.06 98.99
I 173 203.8 no background –1.37 8.5103 0.08 70.24
I 174 204.2 yes mass flow –0.15 11.84 0.05 98.18
I 175 204.4 yes mass flow –0.51 12.076 0.04 100.22
I 176 204.7 no background –0.17 8.569 0.11 70.49
I 177 205.3 no background –0.06 9.5124 0.10 78.38
I 178 206.2 no background –0.24 8.8694 0.09 73.10

I 178b 206.7 yes mass flow –0.34 11.948 0.06 99.02
I 179 207.3 no background –0.19 8.8882 0.08 73.34
I 180 208 no background –0.22 9.043 0.07 74.72
I 181 208.4 yes mass flow –0.35 11.818 0.06 97.91
I 182 208.9 no background –0.56 8.9529 0.08 73.89
I 183 209.4 no background –0.10 8.4462 0.09 69.65
I 184 209.75 no background –0.35 8.9557 0.08 73.95

I 2 210.2 yes mass flow 1.96 12.374 0.07 102.52
I 185 210.2 yes mass flow –0.04 11.88 0.05 98.58
I 186 210.4 yes mass flow 0.34 11.898 0.06 98.65
I 187 211 no background –0.47 8.5661 0.08 70.69
I 188 211.4 no background –0.64 7.7918 0.08 64.27
I 189 211.6 yes mass flow –0.14 11.998 0.05 99.50
I 190 211.9 yes mass flow –0.02 11.958 0.05 99.20
I 191 212.2 no background –0.80 7.9937 0.07 66.02
I 192 212.7 no background –0.23 9.0422 0.10 74.52
I 193 213 no background –0.40 8.4709 0.08 69.87
I 194 213.5 yes mass flow –0.11 11.719 0.06 97.09
I 195 213.9 yes mass flow 0.04 13.438 0.08 111.25
I 196 214.5 yes mass flow –0.04 12.048 0.08 99.72

I 1 216 yes mass flow –0.19 10.892 0.08 90.10

Sample # Depth  [m] Thin 
section

Sample 
association 613C [‰] Carbon [%] TOC [%] CaCO3 100%
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algae. Coral reefs represent highly sensitive ecosystems 
with clearly defined thresholds regarding thermal stress, 
eutrophication, and turbidity (Hallock 2005; Payros et al. 
2010). Increasing global temperatures during the Early 
Palaeogene (58–49 Ma) with low latitudinal gradients and 
generally low Mg/Ca ratios in the ocean water hampered 
the growth of larger coral communities, while larger 
benthic foraminifera proliferated (Scheibner & Speijer 
2008a, 2008b). Furthermore, the aragonitic skeleton of 
corals is more prone to calcium carbonate dissolution 
than the calcitic tests of larger benthic foraminifera 
(Payros et al. 2010). The transition from coral-dominated 
assemblages to larger benthic foraminifera-dominated 
assemblages can be observed at the Prebetic platform 
and throughout the Tethys (Figure 4), although timing 
and distribution are strongly linked to latitude (Figure 6). 
The 3 major circum-Tethyan platform stages arranged by 
Scheibner and Speijer (2008a) pinpoint the climatically 
controlled trends in larger benthic foraminifera and coral 
evolution from the Late Palaeocene to the Early Eocene. 
Platform stage I (58.9–56.2  Ma; SBZ 1–3) is represented 
by the dominance of coralgal assemblages throughout the 
Tethys. Platform stage II (56.2–55.5 Ma; SBZ 4) represents 
a transitional stage with prevailing corals in the northern 
Tethyan realm but a significant demise of coral build-ups 
in the southern Tethys. During platform stage III (55.5–?; 
SBZ 5/6–?), larger benthic foraminifera replaced corals as 
major platform organisms.

The demise of coral-dominated platforms during 
the Palaeocene is rather an effect of coupled long-term 
climatic evolution and multiple transient environmental 
perturbations. With the pronounced sea surface 
temperature rise at the Palaeocene–Eocene Thermal 
Maximum and the coeval eutrophication of shelf areas, 
the living conditions of corals probably exceeded a critical 
threshold throughout the Tethys, whereas the long-term 
coral demise during the Late Palaeogene is only an effect 
of increasing greenhouse conditions.

However, Scheibner and Speijer (2008a) only define 
platform stage III as a tentative interval with a stratigraphic 
range of less than 500 ky. The timing of the recovery of 
the circum-Tethyan coral fauna and, thus, the range of 
platform stage III are still under debate. Hoentzsch et al. 
(2011b) show that benthic foraminifera dominated in the 
low latitude carbonate shelf of Egypt at least until the end 
of the Early Eocene Climatic Optimum (~49 Ma, SBZ 
14a). New data from the Prebetic platform in SE Spain 
and compiled records from numerous Eocene–Oligocene 
shallow marine successions reveal the evolution of circum-
Tethyan carbonate platforms during the transition from a 
global greenhouse to an icehouse (Figures 6 and 7).

We selected 11 Palaeocene to Oligocene carbonate 
platform systems in the Tethys that provide sufficient data 
for a comparison between the abundance of corals and 

larger benthic foraminifera. The selected environments 
range from temperate latitudes (~25°N to 43°N) to 
equatorial latitudes (<25°N). Especially in the northern 
cool temperate environments (e.g., Northern Calcareous 
Alps, Prebetic platform), carbonates are frequently 
dominated by coralline algae, which are associated with 
larger benthic foraminifera (Rasser 1994; Rasser & Piller 
2004; Nebelsick et al. 2005). However, major platform 
organisms besides larger benthic foraminifera and corals 
are not considered in this approach, due to their high 
thresholds to temperature and nutrient fluctuations.

1) Northern Calcareous Alps (43°N)
Shallow-benthic assemblages in the Northern 

Calcareous Alps show a significant demise of hermatypic 
corals and a coeval increase in larger benthic foraminifera 
after the Palaeocene–Eocene thermal maximum (Darga 
1992; Schuster 1996b; Scheibner & Speijer 2008b). 
However, the coral fauna did not disappear in the Early 
Eocene and persisted in rare small patch reefs until the 
Bartonian, whereas larger benthic foraminifera remained 
a major platform contributor. During the Priabonian, 
the coral abundance increased significantly. Corals 
proliferated throughout the Northern Calcareous Alps and 
formed major reefs (Nebelsick et al. 2005).

2) Pyrenees (38°N)
The Pyrenean succession has been strongly affected 

by the compressional tectonics of Iberia and Eurasia since 
the Mesozoic (Vergés et al. 2002). Continuous Palaeogene 
sections are rare and often influenced by terrigenous 
deposits. However, various studies show flourishing 
coral patch reefs during the Early Eocene (Eichenseer & 
Luterbacher 1992; Schuster 1996a). Bartonian successions 
are rare and indicate larger benthic foraminifera as 
major platform building organisms (Payros et al. 2010). 
Abundant corals are described within siliciclastic 
mesotrophic prodelta settings in the Priabonian (Morsilli 
et al. 2012). The ongoing Pyrenean orogeny led to an 
increasing continental infill of the Pyrenean basins and the 
destruction of the platform during the upper Priabonian 
and Oligocene (Vergés et al. 2002).

3) North Adriatic platform (38°N)
The Palaeogene succession of the North Adriatic 

platform reveals the existence of larger benthic 
foraminifera-dominated assemblages without corals 
during the Ypresian and Lutetian (Cosovic et al. 2004; 
Zamagni et al. 2008). The first coral records after the 
Palaeocene–Eocene Thermal Maximum point to the 
uppermost Lutetian (SBZ 16; Cosovic et al. 2004). A 
significant increase in coral abundance is recorded from 
the Early Oligocene in successions in Slovenia and in the 
Po Basin (Nebelsick et al. 2005).

4) Prebetic platform (36°N)
The Prebetic platform is dominated by larger 

benthic foraminifera assemblages without coral records 
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throughout the Early and Middle Eocene (Geel 2000; this 
study). Increasing abundance of coral fragments and the 
first post-Palaeocene–Eocene Thermal Maximum patch 
reefs were present during the Late Eocene (Geel 2000; this 
study).

5) Maiella platform (35°N)
Platform deposits of the Maiella platform are dominated 

by larger benthic foraminifera in the Early and Middle 
Eocene (Moussavian & Vecsei 1995; Vecsei & Moussavian 
1997). Corals are generally present but are not considered 
to be a major platform contributor. Extend coral reefs are 
described from the Priabonian and Oligocene (Vecsei 
& Sanders 1997). The timing of major coral abundance 
during the Priabonian coincides with coral-solenomeris 
assemblages in the Trentino in North Italy (SBZ 20; Bassi 
1998; Bosellini & Papazzoni 2003)

6) Greece (32°N)
Accordi et al. (1998) describe environments dominated 

by larger benthic foraminifera shoals with colonial coral 
fragments during the Early Eocene. The first recorded 
reefal limestones with major coral abundance point to 
the Late Bartonian and Priabonian (Barattolo et al. 2007). 
The Oligocene is characterised by an increasing restriction 
of the shallow marine environment and the concurrent 
destruction of the platform (Barattolo et al. 2007).

7) Northern and Central Turkey (30°N)
Studies on carbonate platforms from the Palaeogene 

of northern and central Turkey reveal a strong tectonic 
influence and highly discontinuous sections. The Thrace 
Basin in NW Turkey was dominated by larger benthic 
foraminifera during the Early Eocene. The first coral reefs 
records are dated from the late Lutetian to early Bartonian 

Figure 6. The evolution of circum-Tethyan carbonate platforms with respect to the latitudinal and quantitative distribution of larger 
benthic foraminifera (LBF) and major coral built-ups. Question marks refer to very rare or questionable coral records. Platform 
stages I–III according to Scheibner and Speijer (2008a). Shallow-benthic zonations (SBZ) refer to the classifications of Cahuzac and 
Poignant (1997) for the Oligocene and Serra-Kiel et al. (1998), Less et al. (2008), and Less and Özcan (2012) for the Palaeocene and 
Eocene.
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(Middle Eocene; Özcan et al. 2010; Less et al. 2011), 
although the most prominent patch reefs occur in the late 
Bartonian to Priabonian (Middle–Late Eocene; Özcan et 
al. 2010; Less et al. 2011).  Other authors conclude the late 
Early Oligocene was a period with the first coral records 
in the area (SBZ 21/22; Schuster 2002; Harzhauser 2004; 
İslamoğlu et al. 2010).

8) Northwestern Arabian platform (26°N)
The NW Arabian Platform (or Levant Platform) is 

dominated by nummulitic limestones from the Early 

Eocene to the Priabonian (Ziegler 2001; Daod 2009). Small 
Early Eocene patch reefs are recorded in Israel (Benjamini 
1981). Krasheninnikov (2005) describes Upper Eocene 
and Oligocene coral-bearing reefal limestones in the 
Palmyrids of Syria. In Israel, the first coral records after 
the Palaeocene–Eocene thermal maximum correspond to 
the Late Eocene (Benjamini & Zilberman 1979).

9) Tunisia (26°N)
Early to Middle Eocene rocks are dominated by 

nummulitic limestones without hermatypic corals 
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Figure 7. Relationship between circum-Tethyan platform stages and climate, climatic events, trophic resources, larger benthic 
foraminifera, and coral evolution during the Palaeogene. Main evolutionary caesuras are represented by major climatic events 
(Palaeocene–Eocene thermal maximum, Middle–Late Eocene cooling event, Oi-1 glaciation). The global community maturation 
cycle limit at the Lutetian–Bartonian boundary is probably linked to the increasing availability of nutrients at the shelves. 
Abbreviations: S = Selandian, ETM = Eocene thermal maximum, FO = first occurrence, LO = last occurrence, GCMC = global 
community maturation cycle, LBF = larger benthic foraminifera.
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(Bismouth & Bonnefous 1981; Loucks et al. 1998; 
Beavington-Penney et al. 2005; Taktak et al. 2010; Tlig 
et al. 2010). The first rare coral records are present in 
the Priabonian (Bismouth & Bonnefous 1981; Tlig et 
al. 2010). The Lower Oligocene succession comprises 
nummulitic limestones but no coralgal assemblages (Salaj 
& van Houten 1988). During the Chattian, the deposition 
at the Tunisian carbonate platform was characterised by 
increasing continentalisation.

10) Libya (20°N)
Early Eocene deposits in the Libyan Sirte Basin 

are characterised by frequent nummulitic limestones 
(Ahlbrandt 2001). Tawadros (2001) reports on solitary 
corals in the uppermost Lutetian to Priabonian limestones. 
The first extended reefal limestones are recorded from the 
Early Oligocene (Abdulsamad & Barbieri 1999).

11) Egypt (20°N)
Carbonate platform successions in Egypt are dominated 

by larger benthic foraminifera limestones from the Early 
Eocene (Schuster 1996a, 1996b; Wielandt 1996; Hoentzsch 
et al. 2011a, 2011b). Rare isolated coral fragments from 
the Early Eocene are found in the Eastern Desert (Galala 
platform; Hoentzsch et al. 2011a, 2011b) and from the 
latest Lutetian in the Western Desert, whereas nummulitic 
limestones prevailed throughout the Eocene (Tawadros 
2001). During the Oligocene, major carbonate platforms of 
the Egyptian shelf were subaerially exposed and destroyed. 

The compiled records of Palaeogene circum-Tethyan 
platform associations reveal a significant trend regarding 
timing and latitudinal distribution of larger benthic 
foraminifera and hermatypic corals. Following the 
definition of circum-Tethyan platform stages of Scheibner 
and Speijer (2008a), we expand this classification from 
the Early Eocene to the Early Oligocene and redefine the 
stratigraphic range of platform stage III. We introduce 3 
further circum-Tethyan platform stages characterised 
by a) the recovery of isolated coral faunas during the 
Bartonian in the northern Tethys (platform stage IV), the 
first larger reefal complexes at the northern Tethys and a 
recovery of the coral fauna in the southern Tethys during 
the Priabonian (platform stage V), and b) the Tethyan-
wide coexistence of larger benthic foraminifera and coral 
faunas in the Oligocene (platform stage VI). Oligocene to 
Miocene latitudinal trends of Cenozoic reef patterns are 
illustrated in Perrin and Kiessling (2010).
5.1.1. Platform stage III (55.5–40.4 Ma; SBZ 5–16)
Platform stage III, introduced by Scheibner and Speijer 
(2008a) is defined by the occurrence of typical Eocene 
larger benthic foraminifera assemblages (Early Palaeogene 
chronofauna: Nummulites sp., Alveolina sp., Assilina sp., 
orthophragminids, Orbitolites sp.; Buxton & Pedley 1989; 
McGowran & Li 2001) and rare or absent hermatypic 
coral build-ups (Figures 6 and 7; ‘Palaeogene gap’ in coral 

abundance; Wilson & Rosen 1998). However, in several 
areas in the northern-temperate Tethyan realm (Northern 
Calcareous Alps, Pyrenees, and Maiella Platform), smaller 
coral patch reefs are recorded (Figure 6). The size and 
abundance of coral communities in those areas are 
significantly smaller than in the Palaeocene. Exceptional 
warm temperatures in higher latitudes caused the 
expansion of the tropical reef belt above 80°N (Kiessling 
2001).
5.1.2. Platform stage IV (40.4–37.2 Ma; SBZ 17–18)
Platform stage IV represents a transitional stage between 
circum-Tethyan larger benthic foraminifera-dominated 
carbonate platforms during the Ypresian–Lutetian and 
the recovery of circum-Tethyan coral faunas during 
the Priabonian–Oligocene (Figures 6 and 7). The first 
larger Tethyan coral build-ups were recorded from the 
latest Lutetian (Perrin 2002). During the Bartonian, the 
occurrence of smaller patch reefs in overall larger benthic 
foraminifera-dominated platforms increased in the 
northern Tethyan realm (43°N to 30°N). In contrast to 
the recovery of the coral fauna in the northern temperate 
Tethys, the southern Tethyan realm remained coral-free.
5.1.3. Platform stage V (37.2–33.9 Ma; SBZ 19–20)
The global cooling event at the Bartonian–Priabonian 
boundary represents a major caesura in the evolution of 
Tethyan carbonate platform assemblages (Figures 1, 6, 
and 7). Many Early Eocene larger benthic foraminifera 
disappeared due to increasing trophic resources at the 
shelves (eutrophic Priabonian chronofauna; McGowran & 
Li 2001). Besides the demise of larger benthic foraminifera 
species, significantly lower temperatures during the 
Priabonian favoured the expansion of coral communities 
in the northern Tethys and led to the recovery of the coral 
fauna in the southern Tethys (Figures 6 and 7). Besides this 
latitudinal differentiation, increasing growth rates in coral 
reefs also varied between the Eastern and the Western 
Tethys. In the Western Tethys, increasing coral growth has 
been dated from the Late Eocene, whereas coral growth in 
the Eastern Tethys has not been described until the Early 
Eocene (Wood 1999). This observation is in contrast to 
the study of Kiessling (2001, 2002), who demonstrates a 
general slight constriction in coral reef growth during the 
Late Eocene and Early Oligocene. However, the specific 
diversity of corals increased significantly and all modern 
coral families appeared at the end of the Eocene (Wood 
1999).
5.1.4. Platform stage VI (33.9–?; SBZ 21–?) 
The base of platform stage VI coincides with the massive 
temperature drop related to the Oi-1 glaciation. This 
climatic caesura caused the extinction of orthophragminids 
and a strong decline in coral abundance but no extinction 
(Wood 1999). New larger benthic foraminifera emerged 
that were more tolerant to the cooler climate of the Late 
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Palaeogene. This Oligocene–Miocene larger benthic 
foraminifera chronofauna is dominated by lepidocyclinids, 
smaller nummulitids, and miogypsinids (Buxton & Pedley 
1989; McGowran & Li 2001). Increasing oligotrophic 
conditions during the Early Oligocene favoured the 
proliferation of larger coral communities throughout 
the Tethys. However, the large-scale glacio-eustatic sea 
level fall, which coincided with the glaciation, caused the 
continuing continentalisation and destruction of many 
Tethyan carbonate shelves (Figures 6 and 7).
5.2. Variations in the evolution of larger benthic 
foraminifera and corals at the Prebetic platform
The Prebetic carbonate platform represents an exception 
in the evolution of the Eocene coral fauna in the northern 
Tethys. The first coral records are found in the Late Eocene, 
whereas carbonate platforms in comparable latitudes 
reveal the first frequent coral records during the Lutetian 
(Maiella Platform, Pyrenees) or Bartonian (North Adriatic 
Platform).

The causes for the absence of Middle Eocene coral 
faunas in the Prebetics are supposed to be related to 
repeated tectonic perturbations throughout the Palaeogene 
(Figures 1 and 4). Frequent phases of tectonic deformation 
in the hinterland as well as the continuing convergence of 
the Betic domain towards the Prebetic shelf led to a high 
environmental instability. Repeated uplift at the Iberian 
hinterland linked to a tropical humid to semi-humid 
climate caused the erosion and discharge of large amounts 
of terrigenous deposits toward the shelf (Postigo Mijarra 
et al. 2009). High-resolution carbon isotope records from 
the hemipelagic Relleu section indicate a depositional 
system that is strongly decoupled from the global carbon 
cycle (Figure 5). This decoupling is related to an increasing 
regional environmental impact in the Prebetic realm. 
Furthermore, the continuing convergence of the Betic 
domain may be related to an increasing isolation of the 
Prebetic shelf. A similar scenario has been described 
for the Early Eocene Egyptian shelf (Hoentzsch et al. 
2011b). Tectonic uplift along the SE Mediterranean Syrian 
Arc-Fold Belt associated with the closure of the Eastern 
Tethyan seaway due to the initial contact between India 
and Eurasia led to an increasing restriction of the Egyptian 
Eastern Desert Intrashelf Basin (Hoentzsch et al. 2011b). 
Assemblages of coralline red algae, green algae, and larger 
benthic foraminifera indicate higher trophic resources 
in the Egyptian platform succession (Hallock & Schlager 
1986; Vecsei 2003; Bassi 2005). A similar microfacies has 
been detected at the Palaeogene Prebetic succession. James 
et al. (1999) concluded that the combination of warm–
temperate conditions and mesotrophic nutrient influx 
promotes coralline algae and bryozoan growth rather than 
the proliferation of reef-building corals. Recent studies 
have shown that increased terrestrial sediment influx 

decreases coral reef viability (Ryan et al. 2008). Copper 
(1994) links global coral reef crises in the Earth’s history 
to periods of major tectonic reorganisation and climate 
change.

In contrast to the described scenario, enhanced 
nutrient availability and shelf restriction may not hinder 
the proliferation of corals. In the Pyrenees, Eocene 
non-framework coral build-ups have also developed in 
mesotrophic, turbid, and poorly illuminated environments 
with high terrestrial sediment discharge (Morsilli et al. 
2012). Leinfelder (1997) demonstrated the occurrence of 
coral reefs in siliciclastic settings in the Late Jurassic of 
Portugal. Pleistocene and Holocene mixed siliciclastic-
carbonate settings with coral proliferation are described 
from volcanoclastic-influenced shelves in Indonesia 
(Wilson & Lokier 2002).

The distribution of larger benthic foraminifera at the 
Prebetic platform is comparable to the general evolution of 
larger benthic foraminifera in the Tethys. The significant 
larger foraminifera turnover at the Palaeocene–Eocene 
boundary has been recorded for the first time in the 
Prebetic realm. Besides the prominent larger foraminifera 
turnover, subsequent specific transitions are more 
gradual than abrupt. Increasing records of larger benthic 
foraminifera are often related to tectonically driven 
mass wasting intervals (Figure 4). However, a prominent 
demise in the abundance of larger benthic foraminifera 
and the dominance of miliolids and soritids during the 
upper Lutetian and Bartonian indicates the tectonically 
driven restriction of the platform. The mass occurrence 
of Solenomeris sp. during the Priabonian has also been 
observed in the Early Eocene Pyrenean domain (Perrin 
1992; Plaziat & Perrin 1992). The occurrence of Solenomeris 
build-ups is attributed to larger benthic foraminifera reef 
bodies that stretch for many kilometres. Furthermore, 
ecological similarities between Solenomeris and coral 
reefs probably indicate environmental similarities for both 
organism groups. However, Solenomeris is understood to 
tolerate more unfavourable conditions regarding light and 
trophic regime than corals. Plaziat and Perrin (1992) link 
the occurrence of Solenomeris to the northern limit of coral 
reef growth. In the Prebetics, the first coral records after 
the Palaeocene–Eocene Thermal Maximum are found in 
the Early Oligocene (Figure 4). The mass occurrence of 
Solenomeris during the Late Eocene probably represents a 
transitional stage in coral recovery in the study area.
5.3. Global vs. regional carbon isotope trends and the 
relation to Late Eocene–Oligocene platform evolution
The evolution of the global carbon cycle, expressed in 
the ratio of stable carbon isotopes (δ13C), is controlled by 
major carbon fluxes driven by volcanism, tectonics, the 
expansion of ice sheets, and changing Earth parameters. 
However, global signals are superimposed by regional 
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carbon fluxes, which are related to changes in sea level, 
productivity, and carbon burial, especially on marginal 
shelves.

Carbon isotope records based on bulk rock 
measurements indicate trends that are comparable to 
the high-resolution δ13C records for deep marine benthic 
foraminifera compiled by Zachos et al. (2001) (Exmouth 
Plateau, Eastern Indian Ocean; Thomas et al. 1992). 
The carbon isotope ratios of deep marine bulk rock and 
benthic foraminifera reveal the evolution of the open 
ocean reservoir. However, the carbon isotopes of peri-
platform deposits are strongly influenced by regional 
tectonic, oceanographic, and climatic conditions and may 
significantly vary from those of the open ocean.

Carbon isotope trends of marginal hemipelagic 
and pelagic sediments have been used as a proxy for 
Cenomanian–Turonian sea level fluctuations since the 
late 1980s. Arthur et al. (1987) suggested a relationship 
between sediment erosion and decreasing δ13C in the 
geological record. A shift to increasingly negative δ13C 
ratios requires the input of isotopically lighter carbon (12C), 
by such means as the input of oxidised organic matter from 
sediments during sea level rises. This theoretical approach 
was proven by Hilbrecht et al. (1986), who revealed a 
coupling of sea level fluctuations and long-term carbon 
isotope trends in the Cenomanian and Turonian of NW 
Germany. Mitchell et al. (1996) and Voigt and Hilbrecht 
(1997) confirmed that the long-term enrichment in 
heavier carbon isotopes is strongly related to long-term 
eustatic sea level rise. Increases and positive maxima in 
δ13C correspond to phases of sediment accumulation 
during sea level highstands and transgressions. A trend 
towards δ13C depleted ratios and negative maxima in δ13C 
correspond to phases of sediment erosion and reworking 
during sea level lowstands and regressions (Hilbrecht et al. 
1986; Voigt & Hilbrecht 1997).

Swart (2008) demonstrated a strong relationship 
between Late Cenozoic sea level changes and the δ13C 
trends in carbonate platform systems. Aragonite-
producing organisms proliferate at carbonate platforms 
especially during transgressions and high sea levels. The 
chemical signature of aragonite reveals more positive 
δ13C ratios than pelagic deposits without major aragonite 
concentrations. Following this concept, positive bulk 
rock δ13C ratios indicate periods with a high sea level at 
carbonate platforms, whereas depleted bulk rock δ13C 
ratios indicate periods with a low sea level. This relation 
is decoupled from the isotopic changes of the global 
carbon cycle. The impact of δ13C enrichment during sea 
level highstands requires the presence of major aragonite-
producing organisms (benthic green and red algae (except 
coralline), bivalves, gastropods, and serpulid worm tubes; 
according to Van de Poel & Schlager 1994; Lowenstam & 
Weiner 1989; Flügel 2004).

The Late Eocene–Early Oligocene carbon isotope 
evolution in the Prebetic realm reveals a prominent 
decoupling of the shelf from the global carbon cycle, 
especially during the latest Eocene and late Rupelian–
early Chattian (Figure 4). The significant differences in the 
carbon isotope evolution are attributed to a strong regional 
impact on the Prebetic realm and are especially reflected 
in the prominent variations in carbon isotopes between 
turbiditic limestones and hemipelagic background marls.

The Relleu section reveals 5 intervals of frequent 
turbiditic limestone and debris flow deposition (MWI 
1–4; Figure 5). Limestones in the Priabonian MWI 1 
are significantly enriched in heavier carbon. Microfacies 
indicate the predominance of aragonitic coralline red 
algae and calcitic larger benthic foraminifera (Figure 
4). Following the approach of Swart (2008), aragonitic 
organisms, which flourish during times of relatively 
high sea level, favour the production of 13C-enriched 
carbon isotopes. Global sea level and regional sequence 
stratigraphic reconstructions point to a flooding of 
the Prebetic platform prior to the Eocene–Oligocene 
boundary (Figure 1; Geel 2000; Miller et al. 2005). The 
significant shift towards increasingly negative δ13C ratios 
in the Early Oligocene is attributed to the massive glacio-
eustatic sea level of the Oi-1 glaciation, which caused a 
demise of aragonite-producing organisms at the platform. 
However, microfacies from the Ibi and Relleu sections do 
not indicate a demise of red algae abundance during the 
Oligocene. The 13C-enriched turbidites of the Late Eocene 
also indicate the negligible discharge of 12C-enriched 
organic matter to the Prebetic shelf.

Early Oligocene turbidite intervals (MWI 2–4) 
are characterised by converging carbon isotope ratios 
towards those of the hemipelagic background marls but a 
continuing depletion in the carbon isotope ratios (Figure 
4). This depletion is in contrast to the open ocean data of 
Thomas et al. (1992) and Zachos et al. (2001). We suggest 
an increasing restriction of the Prebetic shelf basin that 
is related to a continuing sea level drop during the Early 
Oligocene and the convergence of the Betic domain 
towards the Iberian Massif. Continuing convergence 
of both domains caused the contraction of the Prebetic 
shelf and the Subbetic basin. An increasing deposition of 
terrestrial deposits generally during the Early Oligocene 
low-stand sea level may have shifted the carbon isotope 
signature towards more negative ratios (Hoentzsch et al. 
2011b).

6. Conclusions
The analysis of 10 Tethyan carbonate platform successions 
supported by high-resolution microfacies and geochemical 
data from the Prebetic platform in SE Spain reveals the 
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following results regarding the palaeoenvironmental 
evolution of circum-Tethyan shallow marine carbonate 
factories during the Palaeogene:

1) Palaeogene shallow marine benthic assemblages 
of the Prebetic carbonate platform have been subdivided 
into distinct intervals that are related to major climatic 
thresholds. Palaeocene platform deposits are characterised 
by dominant corals, coralline red algae, and smaller benthic 
foraminifera. Increasing temperatures and decreasing 
trophic resources caused the demise of the major coral 
and coralline red algae association during the Early and 
Middle Eocene and favoured the predominance of larger 
benthic foraminifera. Significant cooling and enhanced 
trophic resources during the Late Eocene and Oligocene 
favoured the recovery of corals and coralline red algae 
and caused major shifts in the larger benthic foraminifera 
assemblages at the Prebetic platform. However, frequent 
syndepositional tectonic activity throughout the 
Palaeogene caused no significant impact on the prevailing 
benthic assemblages.

2) The distribution of larger benthic foraminifera 
and corals at 10 Palaeogene circum-Tethyan carbonate 
platforms has been compared with the records of the 
Prebetic succession. Following the classification of the 
circum-Tethyan platform stages (Scheibner & Speijer 
2008b), the dominance of corals and larger foraminifera is 
strongly controlled by climatic variations during the Early 
Palaeogene.

We reinterpret platform stage III and introduce 3 new 
stages (IV–VI) that demonstrate the biotic evolution of 
carbonate platforms subsequent to the Palaeocene–Eocene 
thermal maximum.

Stage III is characterised by the predominance of 
larger benthic foraminifera and rare or absent coral 
build-ups throughout the Tethys and ranges from the 
Palaeocene–Eocene thermal maximum to the Lutetian–
Bartonian boundary (SBZ 5–16). During the subsequent 

platform stage IV (SBZ 17–18), carbonate platforms were 
dominated by larger benthic foraminifera but corals also 
proliferated in the northern temperate Tethys. This trend 
is linked to the increasing cooling of higher latitudes 
whereas tropical realms remained warm. The Bartonian–
Priabonian boundary represents another major cooling 
event that coincided with the demise of many symbiont-
bearing larger benthic foraminifera and the expansion 
of coral faunas in the tropical southern Tethys (platform 
stage V; SBZ 19–20). Platform stage V coincides with the 
exceptional highly eutrophic Priabonian chronofauna in 
larger benthic foraminifera evolution. The final step in 
the transition from greenhouse to icehouse conditions 
is represented by the Oi-glaciation at the Eocene–
Oligocene boundary. This temperature drop favoured 
the proliferation of major coral build-ups throughout the 
Tethys and their coexistence with newly emerged larger 
benthic foraminifera (platform stage VI, SBZ 21–?).

3)	 Carbon isotope ratios from the Prebetic platform 
indicate an increasing decoupling of the Prebetic shelf 
from the global carbon cycle during the Oligocene. 
Strongly negative carbon isotope ratios suggest increasing 
carbon burial at the shelf related to the massive sea level 
drop at the Eocene–Oligocene boundary. Furthermore, 
the continuing convergence of the Betic domain and the 
Iberian Craton caused the restriction of the Prebetic shelf, 
which led to increasing terrestrial sediment discharge.
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