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ABSTRACT: The carbonate system studied represents an under-investigated
sedimentary record formed in the western end of the Tethys during the Chattian
relatively warm climate regime. These platform carbonates are examined with respect to
rock fabrics, biostratigraphy, biostratinomy, paleoecology, and sequence stratigraphy.
Dominant carbonate producers include scleractinian corals and echinoids, but the most
prolific were symbiont-bearing benthic foraminifera and coralline algae. The presence
of Miogypsinoides complanatus and Miogypsinoides formosensis indicates a late
Chattian age (Shallow Benthic Zone 23). The depositional profile is consistent with a
homoclinal ramp. The absence of a barrier margin and thus, of a lagoon, facilitated the
transport and re-working of biogenic components throughout the platform. As a result,
facies are rather homogeneous corresponding to a rudstone mainly formed by benthic
foraminifera and coralline algae, which passes basinwards to deeper ramp to
hemipelagic deposits rich in echinoids and planktonic foraminifera. Within this
dominant facies, only subtle and gradual lateral variations on the relative abundance or
absence of certain skeletal components or species are recognized, comprising two end
members. A proximal biofacies of benthic foraminifera and coralline algae including
corals in growth position, fragments of green algae, and seagrass dwellers where
Eulepidina, Nummulites, and Operculina are absent, and a distal biofacies where corals,
green algae, and seagrass dwellers are not present, but Eulepidina, Nummulites and
Operculina are common. Carbonate deposition was controlled by long-term relative
sea-level fluctuations including a Rupelian?—late Chattian transgression, a late Chattian
regression, which ended in subaerial exposure of proximal ramp carbonates, and a latest
Chattian to early Miocene transgression. The Chattian carbonate platform was finally
drowned around the Oligocene/Miocene transition.
INTRODUCTION

The late Oligocene (Chattian) was characterized by a relative warm climate and
reduced extent of Antarctic ice sheets between two major glaciations in the early
Oligocene and the Oligocene/Miocene transition (Lear et al. 2000; Zachos et al. 2001;
Alegret et al. 2008; Mudelsee et al. 2014). During this relatively warm period, carbonate
platforms dominated by coralline algae and benthic foraminifera developed along the
margins of the Tethys Sea (e.g., Buxton 1988; Schiavinotto and Verrubbi 1994; Fravega



et al. 1994; Parente 1994; Geel 1995; Kaiser et al. 2001; Knoerich and Mutti 2003;
Bassi et al. 2007; Boukhary et al. 2008; Kuss and Boukhary 2008; Ozcan et al. 2009,
2010; Brandano et al. 2009a, 2009b, 2010, 2012, 2015; Bassi and Nebelsick 2010; Isik
and Hakyemez 2011; Reuter et al. 2013; Pomar et al. 2014; Brandano 2016), as well as
in the Tethyan Seaway in the Iranian Plate (e.g., Elliott 1960; Berning et al. 2009;
Reuter et al. 2009; Behforouzi and Safari 2011), and the Atlantic and Indo-Pacific
realms (e.g., Wheeler 1963; Iturralde-Vinent ,1972; Cosico et al. 1989; Jurgan and
Domingo 1989; Robinson 1995; Kumar and Saraswati 1997; Banerjee et al. 2000; Iryu
et al. 2010; Madden and Wilson 2013). Some of these upper Oligocene deposits are of
economic importance since they constitute hydrocarbon reservoirs in a number of areas,
including onshore southwest Iran (Asmari Formation; Vaziri-Moghaddam et al. 2006;
van Buchem et al. 2010; Sadeghi et al. 2011), Java Basin in Indonesia (Sharaf et al.
2005), offshore Palawan in the Philippines (Malampaya carbonate buildup; Fournier et
al. 2004, 2005) and the Gulf of Venezuela (Perla Field; Pomar et al. 2015).

In the Tethyan realm, the Chattian carbonate platform systems have been mainly
studied in its central and eastern parts. Studies reporting the occurrence and/or
examining Chattian platform carbonates with coralline algae and benthic foraminifera
from the western end of the Tethys are rare and mainly deal with Eocene and Rupelian
strata (Geel 1995, 2000; Stoklosa and Simo 2008; Braga and Bassi 2011; Hontzsch et
al. 2013). Moreover, the nature of most of the southeastern Iberian late Oligocene
sedimentary record is continental (e.g., Jerez-Mir 1973, 1981; Geel 1996; Braga et al.
2002) or deep water (e.g., Geel 1995; Braga et al. 2002; Alegret et al. 2008; Fenero et
al. 2013). Available data on Chattian platform carbonates from the southeastern Iberia
mainly correspond to explanation notes of the Geological Map of Spain to a 1/50.000
scale of the Geological and Mining Institute of Spain (e.g., Vegas et al. 1973; Lendinez
Gonzalez et al. 1993).

Under this context, the present paper documents Chattian platform carbonates of
the Prebetic Domain (southeastern Iberian Peninsula) from sedimentological and
paleontological standpoints. These rocks, formed in the western end of the Tethys Sea,
correspond to an under-investigated sedimentary record of a phase of extensive
carbonate platform development under relatively warm conditions, which should be
taken into account in paleobiogeographic reconstructions of worldwide Chattian
carbonate platform belts.

GEOLOGICAL SETTING

The Chattian rocks studied are located in the Prebetic Zone of the Betic
Cordillera in the southeastern Iberian Peninsula (Fig. 1A). The Prebetic Domain,
classically subdivided into the External Prebetic and Internal Prebetic units, is
characterized by a suite of Mesozoic to early Cenozoic autochthonous deposits
accumulated in the South Iberian passive continental margin (Garcia-Hernandez et al.
1980; Vera 2000; Braga et al. 2002). The External Prebetic corresponds to the northern
part of the Prebetic Zone, located in a proximal position with respect to the southeastern
Iberian paleomargin, and mainly comprises platform carbonates that were periodically
interrupted by inputs of terrigenous sediments delivered from the adjacent emerged
landmass. The Internal Prebetic is mainly formed by hemipelagic deposits including
turbidites. It is located southwards of the External Prebetic, in a distal position with
respect to the Iberian paleomargin, and corresponds to the basin counterpart of the
coastal and platform settings characteristic of the External Prebetic (Martin-Chivelet
and Chacén 2007; Hontzsch et al. 2013).

The outcrops studied belong to the Benitatxell Range, which is located to the
east of the town of El Poble Nou de Benitatxell (SE Spain), in the eastern end of the



External Prebetic (Fig. 1A). The late Eocene—Oligocene was characterized in this area
by regional uplift probably related to the Pyrenean collision (Azéma 1977; Roca 1992;
Geel 1995). The late Chattian—Aquitanian time was marked by regional subsidence
linked to the initial stages of the Betic foreland basin development or to the extensional
opening of the Valéncia Trough (Fontboté et al. 1990; Roca 1992; Geel 1995). From the
Aquitanian onward, the Prebetic basin underwent compression and tectonic inversion on
account of the Betic orogeny, giving rise to the External Zones of the Betic Cordillera
(Azéma 1977; Fontboté et al. 1990; Roca 1992; Geel 1995; Geel et al. 1998). The
paleogeographic reconstruction of the Tethys during the late Oligocene (early Chattian,
~ 28 Ma) by Dercourt et al. (2000) places the Prebetic Domain around 31°N latitude
(Fig. 1B).

The stratigraphic record of the Benitatxell Range is characterized by a
Cretaceous substrate (Fig. 2A), which is unconformably overlain by a Paleogene to
Quaternary succession (Figs. 1A, 2B; Vegas et al. 1973; Lendinez Gonzalez et al.
1993). The overlying Paleogene succession is made up of Oligocene deposits, which
exhibit a basal detritic unit (~ 14 m thick) topped by a 3-m thick conglomerate with
carbonate clasts mainly of Paleocene age (Vegas et al. 1973). The limestone
conglomerate passes upwards in the succession to nummulitic limestone (~ 110 m thick)
including Nummulites fichteli, and this is followed by a sedimentary record around 200
m thick (Vegas et al. 1973), which includes echinoid-bearing limestone and a
stratigraphic interval of interbedded marl and limestone (Fig. 2C) with globigerinids.

The uppermost part of the Oligocene record is characterized by a limestone
interval up to ~ 40 m thick rich in lepidocyclinids. The present study is essentially
engaged in the analysis of these lepidocyclinid limestones (Fig. 3A—3C), which also
include abundant coralline algae and other benthic foraminifera, such as
Miogypsinoides, Neorotalia, Risananeiza, Nummulites, Operculina, Heterostegina,
Spiroclypeus, Cycloclypeus, Amphistegina, and Victoriella.

Small patches of late Oligocene platform carbonates up to 9 m thick (Fig. 3D)
rich in coralline algae, benthic foraminifera, and scleractinian corals outcropping in the
Rebaldi area, 3.5 km north of Benitatxell Range, were also examined (Fig. 1A). This
northern disseminated sedimentary record unconformably overlies Cretaceous well-
bedded wackestone limestone (Fig. 3E) with planktonic foraminifera, and locally shows
an up to 1-m thick basal conglomerate lag.

The early Miocene is mainly distinguished by a hundreds-of-meters thick
succession of marl (Fig. 3F) and silty to sandy limestone containing abundant
planktonic foraminifera, mainly globigerinids, and glauconite. Locally, unconformable
conglomerate deposits attributed to the late Miocene occur (Fig. 1A). The Quaternary
sediments and rocks mainly correspond to gray and red clay, calcareous breccia and to
beach, dune and marsh deposits (Vegas et al. 1973).

MATERIALS AND METHODS

Three stratigraphic sections were logged in up to kilometric spaced sectors
exhibiting the best exposure conditions found along the Chattian carbonates cropping
out in the Benitatxell Range (Figs. 1A, 2A, 2B, 4, 5), from northeast to southwest: (1)
Torre Garcia-Cim del Sol Road section (135 m thick); (2) Accés Sud Road section (27
m thick); and (3) Albacete Road section (32 m thick). An additional stratigraphic log,
Rebaldi section (13 m thick), is presented for the Chattian disseminated platform
carbonates located to the north of the Benitatxell Range (Figs. 1A, 3D, 3E, 6).
Sedimentological, stratigraphical and paleontological field observations were
complemented with a petrographic analysis of 134 thin sections with surface areas of 28
mm x 48 mm, 48 mm X 56 mm, and 56 mm X 78 mm. The Chattian limestones with



benthic foraminifera and coralline algae examined commonly lack clear bedding planes
(i.e., Fig. 3B, 3C), and the sedimentary structures recognized are restricted to scarce
bioturbation structures. Moreover, only minor facies differences including variations in
the relative proportion (or absence) of the distinct fossil biota identified and local
changes in the rock texture were observed (Figs. 4-6). Therefore, distinct lithofacies
assemblages were not distinguished within this Chattian record. In addition, to place the
benthic foraminifera- and coralline algae-bearing strata into a sequence-stratigraphic
framework and to better understand their geological context, the lithostratigraphic units
overlying and underlying these Chattian rocks were analyzed at the Torre Garcia-Cim
del Sol Road section (Fig. 4). The contact between the Cretaceous substrate and the
examined Oligocene rocks was investigated in the Rebaldi section (Figs. 1A, 3E, 6).

Taxonomic identification of benthic foraminifera and coralline algae was
performed on randomly oriented sections. Samples of marls were washed, dried and
sieved to obtain loose specimens of planktonic and benthic foraminifera for microfossil
content and taxonomic determinations. Carbonate textures follow the classification
schemes of Dunham (1962) and Embry and Klovan (1971). This paper uses ‘early’ and
‘late’ to qualify both time-rock units and geologic time units following Zalasiewicz et
al. (2004).

Biotic components, quartz, and glauconite were qualified by using three
categories: (1) Facies-characteristic component; (2) common component; and (3) rare
component (Figs. 4-6). The abundance of the different coralline algal taxa identified
was quantified in the Benitatxell Range by point counting (2100-point net). Qualitative
evaluation of test degradation on benthic foraminifera follows the numerical scale by
Beavington-Penney (2004): (0) in situ; (1) moderate transport/wave re-working; (2)
extensive transport/wave re-working; and (3) may reflect transport distance much
greater than in category 2, or transport within turbidity currents, or predation by large
bioeroders such as fish and echinoids. On other biogenic components, as well as at the
scale of microfacies, the qualitative estimation of pre-burial taphonomic features
including abrasion, fragmentation, bioerosion and encrustation, used two categories: (1)
low and (2) high (Figs. 4-6).

A transgressive-regressive (T-R) sequence-stratigraphic analysis (see Catuneanu
et al. 2011) was carried out to interpret the changes in accommodation during
deposition of the carbonate successions studied. The reduced extent and bad exposure
conditions of the outcrops (e.g., Fig. 3B, 3C) did not always permit recognizing stratal
terminations or stacking patterns, and thus, to perform a three- or four-systems tract-
based sequence-stratigraphic analysis (i.e., Catuneanu et al. 2011). Therefore, the T-R
sequence-stratigraphic analysis applied to these carbonate successions is based on the
identification of surfaces that mark large-scale changes in facies trend from deepening-
to shallowing-upwards, or vice versa. The surfaces with sequence-stratigraphic
significance used in the study correspond to a maximum flooding surface and sequence
boundaries, which include subaerial unconformities and a maximum regressive surface.
CHARACTERIZATION OF THE CHATTIAN CARBONATES FROM THE
BENITATXELL RANGE

The coralline algal limestones with lepidocyclinids examined are essentially
dark gray massive rudstone (Figs. 4, 5, 7A). The intergranular space in these grain-
dominated fabrics is mainly filled with micrite (Fig. 7B). However, rudstone beds with
calcite cement filling the intergranular space are locally present. Primary aragonitic
skeletons of green algae and corals are replaced by calcite. Fractures, as well as primary
intraskeletal porosity of coralline algae and benthic foraminifera, are also commonly
occluded by sparry calcite. Stylolites are frequent along the rims of lepidocyclinid tests.



Packstone to floatstone textures are uncommon (Figs. 4, 5). Non-skeletal components
identified correspond to peloids and silt- to sand-sized quartz particles, which occur
locally with abundances ranging from rare to common (Figs. 4, 5). Quartz grains do not
surpass abundances of 1%. Glauconite occurs as a rare component in the Torre Garcia-
Cim del Sol Road section from meter 114 to meter 124 (Fig. 4).

Fossil Assemblages

Skeletal components in the Chattian limestones are dominated by benthic
foraminifera and coralline algae. A detailed account of these fossil assemblages is
provided below. Other identified biotic components correspond to fragments and
entirely-preserved specimens of mollusks (Fig. 7C), green algae, echinoids, bryozoans,
scleractinian corals, microbialites, Ditrupa sp., other worm tubes, and planktonic
foraminifera. The colonial corals found in life position exhibit sheet-like, platy, massive
and domal morphologies, and occur isolated giving rise to an unbound growth fabric.
The stratigraphic distributions and qualitative abundances of the main biota recognized
in these Chattian limestones are shown in figures 4 and 5.

Coralline Algae.—Coralline algae occur mainly as fragments of crusts or branches
scattered among benthic foraminifer tests or forming rhodoliths (Figs. 4, 5, 7D).
Limestones are well cemented, thus precluding the extraction of isolated rhodoliths.
Therefore, we could not perform a shape analysis of the rhodoliths following the
methodology of Bosence (1976, 1983). However, different sections in the outcrop
indicate that they are ellipsoidal-spheroidal in shape (Fig. 7D).

Rhodoliths are nucleated. Nuclei are made up of benthic foraminifers, or
fragments of calcareous algae, bryozoans, balanids, echinoids, and corals. More rarely,
nuclei are fragments of lithified sediment. The rhodoliths are made up of complex
intergrowth of different species of coralline algae, the main contributor to the rhodolith
formation, with bryozoans, serpulid tubes, and encrusting benthic foraminifers. Locally,
molds of vermetid gastropods are also present. Predominant coralline algal growth
forms are warty and fruticose. Encrusting and laminar growth forms are less common.

Up to ten species of non-geniculate corallines belonging to six genera have been
identified: Lithothamnion ramosissimum (Fig. 8A), Lithothamnion peleense,
Lithothamnion sp. 1, Lithothamnion sp. 2, Mesophyllum sp. 1 (Fig. 8B), Sporolithon
lugeonii (Fig. 8C), Spongites sp. 1 (Fig. 8D), Spongites sp. 2 (Fig. 8E), Neogoniolithon
contii (Fig. 8F), and Aethesolithon sp. Together with the identified species, an
unidentified laminar algal species is observed. The thallus shows a dorsiventral
dimerous organization, with primigenous filaments made up of palisade cells. The
postigenous filaments consist of one to two rows of cells, increasing the thickness
surrounding conceptacles. Cell fusions are conspicuous. One sporangial conceptacle is
observed, but unfortunately the numbers of porous on the roof is not visible, precluding
a precise generic assignment. In addition to non-geniculate corallines, a few calcified
portions of geniculate ones are also seen. Their taxonomic identification is not possible
since neither enough vegetative traits nor reproductive structures have been preserved.
However, they show cell fusions, so that attribution to the genus Amphiroa can be
excluded.

In terms of abundance, members of the order Hapalidiales (~ 75% of the total
assemblages) are dominant, followed by Sporolithales (~ 17%), and Corallinales (~
8%). The most abundant species are Lithothamnion ramosissimum and Mesophyllum
sp., followed by Sporolithon lugeonii. Aethesolithon sp. and geniculate corallines are
very rare (less than 1% all together).

Benthic Foraminifera.—ldentified benthic foraminifera include Miogypsinoides
formosensis (Fig. 9A), Eulepidina dilatata (Fig. 9B), Eulepidina elephantina (Fig. 9C;



specimen sizes of up to 5 cm diameter), Eulepidina raulini, Nephrolepidina sp.,
Nummulites cf. vascus, Nummulites cf. bouillei, Operculina complanata, Heterostegina
assilinoides (Fig. 9D), Spiroclypeus blanckenhorni (Fig. 9E), Cycloclypeus aff.
mediterraneus, Risananeiza pustulosa (Fig. 9F), Neorotalia viennotti (Fig. 9G),
Amphistegina bohdanowiczi, Amphistegina mammilla, Victoriella conoidea,
Austrotrillina asmariensis, other miliolids, Peneroplis sp., Sphaerogypsina sp., Gypsina
vesicularis, Planorbulina sp., Planorbulinella sp., Carpenteria sp., Lenticulina sp.,
Nodosaria sp., and textularids. Their stratigraphic distributions and qualitative
abundances are shown in figures 4 and 5.

Biostratinomy

Microtaphofacies were analyzed on coralline algae, symbiont-bearing benthic
foraminifera and other minor constituents to determine how these skeletal components
accumulated, were altered, and differentially preserved in the rock record of the
Benitatxell Range. Biogenic components are generally well preserved but commonly
show pre-burial taphonomic alteration by encrustation, fragmentation, abrasion, and
bioerosion. Some relevant studies on this subject include Nebelsick and Bassi (2000),
Checconi and Monaco (2008), Nebelsick et al. (2011), Silvestri et al. (2011), Cosovié et
al. (2012) and Nitsch et al. (2015).

Encrustations are present in many of the thin sections studied (Figs. 4, 5).
Encrustation is mainly performed by coralline algae. However, bryozoans, serpulids and
foraminifera, such as Gypsina and Planorbulina, are also common encrusters. Complex
multi-taxon encrustation sequences occur (i.e., thodoliths; Fig. 10A). Encrustation
sequences are commonly affected by other taphonomic processes, such as bioerosion.

Bioerosion is generally low (Figs. 4, 5), although it can be locally high on
Eulepidina elephantina tests and rhodoliths (i.e., from meter 85 to meter 95 in the Torre
Garcia-Cim del Sol Road section and around meter 3 in the Accés Sud Road section;
Figs. 4, 5). Cement- and/or sediment-filled rounded holes mainly produced by
lithophagid bivalves (Gastrochaenolites sp.) are easily recognizable on coral skeletons
and rhodoliths. Sack-like borings with a narrow aperture channel that ends in an
ellipsoidal or irregular wider chamber, Trypanites-like borings and other nonspecific
boring structures are as well discernible on large lepidocyclinids (Fig. 10B), rhodoliths,
corals, and other skeletal components. The sack-like bioerosional structures are
connected in places. Locally, bioerosion by sponges (i.e., Entobia) occurs on coralline
algae crusts and rhodoliths.

Fragmentation of skeletal components is mostly high in the microfacies analyzed
(Figs. 4, 5), and mainly affects coral colonies, lepidocyclinids, thin coralline algal thalli,
bivalves, gastropods, green algae, and echinoids (Fig. 10C). Size of skeletal fragments
is very variable and commonly ranges between > 1 mm and < 4 cm. However,
fragments of lepidocyclinids, corals, and rhodoliths > 4 cm do occur.

Abrasion features caused by grain agitation during transport and biological
activity were mainly observed in high abundances (Figs. 4, 5) on benthic foraminifera
and rhodoliths. Rhodoliths commonly exhibit low abrasion of their external coralline
thalli. However, undamaged rhodoliths occur as well. Undamaged tests of symbiont-
bearing benthic foraminifera are very scarce. Test degradation features on benthic
foraminifera mainly range from shallow pits, which do not penetrate the outer wall, to
disintegration of the entire test thickness (Fig. 10D). These observations would include
1 to 3 categories on the scale of taphonomic features observed in fossil Nummulites by
Beavington-Penney (2004).

CHARACTERIZATION OF THE CHATTIAN CARBONATES FROM THE
REBALD{ OUTCROPS



The carbonates studied mainly consist of decimeter- to meter-thick rudstone
beds. Micrite commonly fills in spaces between grains. Locally, packstone (Fig. 11A),
grainstone, and framestone textures occur. The limestones are light- to dark-gray in
color (Fig. 3D). Sparry calcite is present replacing primary aragonitic skeletons of green
algae and scleractinians, and in places in intraskeletal pore spaces of biogenic
components, as well as occluding secondary porosity in the micrite matrix and filling
fractures. Peloids are common non-skeletal constituents of the facies, whereas silt- to
sand-sized quartz grains are rare (Fig. 6). Prograding clinoforms are exposed in the
outcrop (Fig. 3D).

Fossil Assemblages

Colonial corals, benthic foraminifera, and coralline algae are dominant biogenic
components in the limestones investigated in the Rebaldi outcrops. Detailed
descriptions and inventory of benthic foraminifera and coralline algae identified are
provided in the following sections. Corals occur as both fragments and wholly
preserved specimens. The latter are found in growth position and show branching (Fig.
11B), platy, sheet-like, domal and massive morphologies. Scleractinians mainly exhibit
a loose and unbound growth fabric. However, metric coral framestones (‘patch reefs’)
made up of platy and sheet-like colonies give rise to platestone and sheetstone locally
(sensu Insalaco 1998).

Subordinate skeletal components recognized include fragments, as well as
entirely preserved fossils of mollusks, green algae (Fig. 11C), echinoids, bryozoans,
Ditrupa sp., other serpulids, and planktonic foraminifera. The top of the carbonate
succession is characterized by the occurrence of pervasive Paronipora (=Microcodium)
structures (Figs. 3D, 11D). The qualitative occurrences of the fossil assemblages
recognized in the Rebaldi section are detailed in Figure 6.

Coralline Algae.—In the Rebaldi section, coralline algae occur as abraded
fragments. Relative abundance of coralline algae ranges from 5% to 10%. The great
majority of fragments are foliose encrusting thalli; very rarely fragments of branches
can be seen. Due to fragmentation and abrasion, most of the algal portions lack enough
vegetative and reproductive characters to be reliably identified. Therefore, classification
even at higher taxonomic level is precluded. This impedes, in turn, to estimate the
relative abundance of taxa.

Among the identifiable algal fragments, six species can be recognized:
Sporolithon sp. (Fig. 12A), Lithothamnion sp. 1 (Fig. 12B), Lithothamnion sp. 3 (Fig.
12C), Mesophyllum sp. 2 (Fig. 12D), Spongites sp. 1, and a laminar algal showing
dorsiventral dimerous organization (Fig. 12E) as the one described in the Benitatxell
Range. In addition, calcified portions of geniculate algae are also present. One of these
algae is articulated, showing two calcified intergenicula articulated by non- or poorly
calcified genicula (Fig. 12F). Further to corallines, the peyssonneliacean Polystrata alba
is also present (Fig. 12G), but was only identified in one thin section (meter 10; Fig. 6).
Benthic Foraminifera.—The taxonomic study yielded Planorbulina sp. (Fig. 13A),
Planorbulinella sp. (Fig. 13B), Peneroplis thomasi (Fig. 13C), Schlumbergerina
alveoliniformis, Praebullalveolina aff. oligocenica, cibicidids, Austrotrillina
asmariensis (Fig. 13D), other miliolids, Nephrolepidina sp., Amphistegina
bohdanowiczi (Fig. 13E), Neorotalia viennoti, Neorotalia lithothamnica (Fig. 13F),
Miogypsinoides complanatus (Fig. 13G), Sphaerogypsina sp. (Fig. 13H), gypsinids,
Spiroclypeus blanckenhorni (Fig. 131), Risananeiza pustulosa (Fig. 13J), Heterostegina
aff. assilinoides (Fig. 13K), Cycloclypeus aff. mediterraneus, Miniacina sp.,
Carpenteria sp. (Fig. 13L), Solenomeris sp., Haddonia heissigi (Fig. 13M), Nodosaria



sp., and textularids. The stratigraphic distribution and qualitative abundance of these
benthic foraminifera are detailed in Figure 6.
Biostratinomy

Pre-burial taphonomic signatures in the microfacies from the Rebaldi section
mainly include abrasion, fragmentation, encrustation, and bioerosion. The
biostratinomic patterns are similar to those described above for the samples from the
Benitatxell Range (Fig. 10). Fragmented and abraded biogenic components occur in
high abundances (Figs. 6, 11A), though well-preserved fossil coral skeletons and
benthic foraminifera tests are common. Fragmentation particularly affects green algae,
corals, mollusks, coralline algal thalli, and benthic foraminifera (Fig. 11A). Size of
skeletal fragments mainly varies between > 1 mm and < 2 cm. Nevertheless, fragments
of coralline algal branches and corals are usually > 2 cm. Test degradation on symbiont-
bearing benthic foraminifera principally includes categories 2 and 3 on the scale of
taphonomic features by Beavington-Penney (2004).

Presence of borings is low in the samples (Fig. 6). It is represented by
Gastrochaenolites occurring in coral skeletons, borings produced by clionid sponges
(Entobia) in corals and algal fragments, and by Trypanites-like borings recognized in
fragments of mollusks. Encrustation is high (Fig. 6), and mostly due to coralline algae
around fragments of corals. Encrustation sequences are commonly multigeneric
including different genera of coralline algae, bryozoans and encrusting foraminifera.
DISCUSSION
Biostratigraphic Considerations

The benthic foraminiferal association determined in Rebaldi and the Benitatxell
Range corresponds to the Shallow Benthic Zone (SBZ) 23, late Chattian, defined by the
range of Miogypsinoides complanatus and Miogypsinoides formosensis (Cahuzac and
Poignant 1997). Other taxa characteristic of this zone are Fulepidina raulini, Eulepidina
elephantina, and Risananeiza pustulosa, while taxa with a longer stratigraphical range
such as Fulepidina dilatata, Amphistegina bohdanowiczi, Operculina complanata,
Heterostegina assilinoides, Spiroclypeus blanckenhorni, Neorotalia viennoti, and
Neorotalia lithothamnica are also common in the biozone. The large variability of
Nephrolepidina, together with the difficulty to obtain accurate measurements from thin
sections precludes a specific assignment. The presence of Amphistegina mammilla and
Schlumbergerina alveoliniformis in the late Chattian is reported for the first time.
Previously, the first occurrence of Amphistegina mammilla in the western Tethys was
placed in the middle Miocene (e.g., Popescu and Crihan 2008; Rogl and Brandstitter
1993), while the earliest occurrence of Schlumbergerina alveoliniformis is reported in
the Burdigalian of Iran (e.g., Daneshian and Yazdani 2006). Similarly, Cycloclypeus
mediterraneus was supposed to become extinct at the end of SBZ 22B, being replaced,
in the western Tethys by Cycloclypeus eidae in SBZ 23 (e.g., Laagland 1990). Its
presence in SBZ 23 characterized in our sections suggests that this replacement was not
synchronous in the western Tethys.

Based on the number of post-embryonic spiral chambers, Miogypsinoides is
subdivided into successive chrono-species, ranging from the early SBZ 23 to the early
SBZ 24 (Miogypsinoides bantamensis-dehartii) with a considerable stratigraphical
overlap of the different chrono-species (Cahuzac and Poignant 1997; Amirshahkarami
2008). The presence of Miogypsinoides complanatus in the Rebaldi section and of
Miogypsinoides formosensis in the Benitatxell Range suggests an early age for the
former, also indicated by the smaller proloculus and/or test size in Heterostegina
assilinoides, Spiroclypeus blanckenhorni, and Risananeiza pustulosa. The absence of



large lepidocyclinids (Eulepidina), Operculina, and Nummulites in Rebaldi might be
due to facies differences.

Thus, the Rebaldi section is placed in the early SBZ 23 (late Chattian), and the
Benitatxell Range in the late SBZ 23 (latest Chattian). For a more detailed
biostratigraphical discussion see Ferrandez-Cafiadell and Bover-Arnal (2017).
Depositional Model

The latest Chattian lepidocyclinid-bearing lithofacies belt is laterally continuous
along the Benitatxell Range (Figs. 1, 2A). This lithostratigraphic unit with benthic
foraminifera and coralline algae thins slightly and progressively towards the southwest
(Fig. 14). Large-scale step-like structures or bulging of sedimentary bodies were not
recognized from the aerial photographs. Accordingly, the depositional profile along the
Benitatxell Range during the latest Chattian corresponded to a homoclinal ramp (Fig.
15). In this respect, ramp depositional profiles were common in Chattian carbonate
systems worldwide (e.g., Brandano et al. 2009a, 2010, 2012; van Buchem et al. 2010;
Bassi and Nebelsick 2010; Pomar et al. 2014, 2015; Shabafrooz et al. 2015).

Within the coralline algal beds with benthic foraminifera studied here, fossil
biotas indicate a progressive increase in water depth in a southward direction, from
Rebaldi to Albacete Road section (Figs. 1A, 46, 14). This fact also supports a
homoclinal ramp depositional profile (Figs. 15, 16). For example, the higher
abundances of the lagenid foraminifera Lenticulina and Nodosaria, which inhabited
distal ramp environments within the lower photic and aphotic zones (e.g., Geel 2000;
Romero et al. 2002), are found in the Albacete Road section (Fig. 5). Therefore,
thinning of the latest Chattian lithostratigraphic unit analyzed in the Benitatxell Range
towards the southwest would be indicative of basinward sediment starvation.

In Rebaldi, skeletal components indicative of tropical to subtropical shallow
ramp settings are abundant (Figs. 6, 14, 15). Such biotas thriving in the upper photic
zone (sensu Hottinger 1997) include Austrotrillina asmariensis (Fig. 13D), other
miliolids (Fig. 11A), Schlumbergerina alveoliniformis, Planorbulina sp. (Fig. 13A),
Planorbulinella sp. (Fig. 13B), Praebullalveolina aff. oligocenica, Peneroplis thomasi
(Fig. 13C), Sphaerogypsina sp. (Fig. 13H), gypsinids, Haddonia heissigi (Fig. 13M),
Miniacina sp., Victoriella conoidea, Solenomeris sp., Carpenteria sp. (Fig. 13L),
textularids (Fig. 11A), fragments of green algae (Fig. 11C), and coral colonies (Fig.
11B), locally forming metric patch reefs.

Nowadays, miliolids and peneroplids live on seagrass and algae, between 0 and
30 meters water depth, in low-latitude restricted platform settings including lagoons
(e.g., Hallock and Glenn 1986; Hottinger 1997; Beavington-Penney and Racey 2004).
Seagrass meadows frequently occupied inner ramp settings in the Chattian (e.g.,
Brandano et al. 2009b; Pomar et al. 2014, 2015; Shabafrooz et al. 2015; Brandano
2016). In this respect, other seagrass dwelling foraminifera such as cibicidids,
Planorbulina sp. (Fig. 13A), Planorbulinella sp. (Fig. 13B), Praebullalveolina aff.
oligocenica, and Schlumbergerina alveoliniformis, were also recognized in the rocks
from Rebaldi (Figs. 6, 15). For example, Recent Schlumbergerina alveoliniformis
thrives in vegetated areas, such as lagoons in tropical coral reefs, mostly between 0 and
20 meters water depth (Hofker 1971; Brasier 1975; Haig 1988; Langer and Lipps 2003).
The encrusting foraminifera Sphaerogypsina sp. (Fig. 13H), gypsinids, Haddonia
heissigi (Fig. 13M), Miniacina sp., Victoriella conoidea, Solenomeris sp., and
Carpenteria sp. (Fig. 13L) identified in Rebaldi also indicate low-latitude upper photic
zone environments (e.g., Romero et al. 2002; Brandano et al. 2009b), commonly
associated with coral-bearing facies (e.g., Bosellini and Papazzoni 2003).



Lepidocyclinids, which were widespread in middle to outer ramp settings (e.g.,
Beavington-Penney and Racey 2004; Bassi and Nebelsick 2010; van Buchem et al.
2010; Brandano 2016), below ~ 40 meters water depth (Hottinger 1997), are rare in
Rebaldi with only few abraded Nephrolepidina specimens recognized (Fig. 6). The
deeper-water lepidocyclinid Eulepidina (e.g., Buxton 1988; Schiavinotto and Verrubbi
1994; Fenero et al. 2013), as well as Nummulites or Operculina sp., which nowadays
inhabit the lower photic zone (e.g., Hohenegger et al. 2000; Beavington-Penney and
Racey 2004), are absent (Fig. 6). Cycloclypeus, which is also a common deeper water
foraminifer (Hottinger 1997; Beavington-Penney and Racey 2004), is also rare (Fig. 6).

The latest Chattian benthic foraminiferal assemblage determined in the
Benitatxell Range, which includes lepidocyclinids, as well as other perforate
foraminifera (Figs. 4, 5, 9), is characteristic of more distal ramp environments with
respect to the biofacies characterized in Rebaldi (e.g., Hottinger 1997; Beavington-
Penney and Racey 2004; Brandano et al. 2009b, 2012; Pomar et al. 2014; Brandano
2016). However, in Torre Garcia-Cim del Sol road section, from meter 94 to meter 104
(Fig. 4), colonial corals in growth position, fragments of green algae, Peneroplis,
Austrotrillina, and abundant other miliolids occur. Furthermore, within this coral-
bearing stratigraphic interval, the lepidocyclinid Eulepidina, which inhabited deeper
habitats than that occupied by Nephrolepidina (Buxton 1988; Schiavinotto and Verrubbi
1994; Fenero et al. 2013), disappears. These beds with corals, also observed in the
Accés Sud Road section (Fig. 5), recorded the progradation of proximal ramp facies
above Eulepidina-bearing more distal ramp deposits (Figs. 14-16).

Outcrops showing lateral transitions from shallower ramp facies to deeper ramp
and hemipelagic deposits were not found in the study area. Nevertheless, in Torre
Garcia-Cim del Sol Road section, regressive late Chattian marl and limestone with
echinoids and planktonic foraminifera are overlain by prograding latest Chattian
coralline algal platform carbonates with lepidocyclinids (Fig. 14). Giving that both
lithostratigraphic units belong to a same regressive genetic type of deposit, Walter’s
Law was applied (Figs. 15, 16), and the shallower ramp lepidocyclinid-bearing facies
are interpreted to pass laterally to deeper ramp and hemipelagic deposits made up of
alternating marl and limestone with echinoids, Globigerinoides and Globigerina.

Symbiont-bearing benthic foraminifera, such as nummulitids, amphisteginids,
lepidocyclinids, and larger rotaliids, are also characteristic of tropical to subtropical
carbonate systems (e.g., Betzler et al. 1997; Hohenegger 1999; Langer and Hottinger
2000). Therefore, the Chattian biotic assemblage preserved in the rocks exposed along
the Benitatxell Range and Rebaldi evidences that carbonate sedimentation took place in
tropical to subtropical marine waters.

Relative abundance of different coralline algal taxa can also be related with both
water depth and latitude (see a recent review in Aguirre et al. 2016). Thus, melobesioids
dominate the algal assemblages in high latitudes as well as in deep waters of low
latitudes (Braga and Aguirre 2001, 2004; Braga et al. 2009). Sporolithales are abundant
in deep waters at low latitudes, although they can be also found in shallow waters but in
crevices and cryptic habitats (e.g., Braga and Bassi 2007). In this context, dominance of
the melobesioids Lithothamnion and Mesophyllum, followed by Sporolithon, indicates
that the studied deposits were mainly formed in middle to proximal outer platform
settings as it has been inferred in other Oligocene Tethyan basins (e.g., Bassi and
Nebelsick 2010; Braga and Bassi 2011; Brandano 2016). The bathymetric distribution
of these taxa agrees with the paleoenvironmental conditions interpreted from benthic
foraminifera, such as lepidocyclinids, Heterostegina, Operculina, or Cycloclypeus
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(middle to proximal outer ramp settings; e.g., Beavington-Penney and Racey 2004; van
Buchem et al. 2010; Brandano 2016).

High encrustation, bioerosion, abrasion, and fragmentation of skeletal
components, as well as the occurrence of rhodoliths (Figs. 4-6, 7C), are indicative of
slow sedimentation rates. This implies moderate to prolonged time of residence on the
sea floor for the biogenic material examined. On the other hand, pre-burial taphonomic
features, such as fragmentation and abrasion, are also good sediment-transport
indicators (e.g., Beavington-Penney 2004). In this respect, skeletal components occur
highly fragmented and abraded in the rocks studied in both Rebaldi and the Benitatxell
Range (Figs. 4-6, 10C, 10D, 11A). According to Beavington-Penney (2004), the levels
of abrasion displayed by the nummulitid foraminifera examined indicate moderate,
extensive and turbiditic transport with wave re-working, and/or predation by large
bioeroders. Therefore, taphonomic attributes could be also in accordance with intense
re-mobilization of skeletal components throughout the ramp. In this respect, the facies
in Rebaldi and Benitatxell Range is quite homogeneous. Biota from different ramp
environments are mixed in the deposits studied (Figs. 4-6). Probably, the most
remarkable difference between the late Chattian platform carbonates found in Rebaldi
and the latest Chattian ramp deposits of the Benitatxell Range (Figs. 4, 5), is the
absence of Fulepidina, Nummulites, and Operculina in the first locality (Fig. 6), which
highlights bathymetric differences (Fig. 15). Owing to mixing of biota, upper/lower
photic or euphotic/oligophotic and aphotic divisions were not included in the ramp
model (Fig. 15).

The absence of hydrodynamic structures or important textural variations in such
re-worked carbonates dominated by benthic foraminifera and coralline algae is
conspicuous. The formation of sedimentary structures relies on the presence of subtle
grain size contrasts (Jorry et al. 2006). Therefore, the important differences in size of
the skeletal components in the analyzed rocks (Figs. 7A, 7C, 7D, 10, 11) could have
hindered the potential formation of sedimentary structures generated by water motion.
Accordingly, the resulting ramp model (Fig. 15) is not sub-divided into inner, middle,
and outer parts. This latter sub-division is related to hydrodynamic conditions
(Burchette and Wright 1992).

Depositional Architecture and Sequence Stratigraphy

The latest Chattian platform carbonates with coralline algae and benthic
foraminifera studied in the Benitatxell Range are encased between an underlying marly
unit with intercalated limestone beds, and an overlying succession formed by marl and
silty to sandy limestone (Figs. 4, 14). Both marl-bearing successions are rich in
planktonic foraminifera and glauconite. Furthermore, the limestone beds alternating
with marl of the lower part of the Torre Garcia-Cim del Sol Road section (Fig. 2C) have
been interpreted as a flysch succession by Vegas et al. (1973) and Lendinez Gonzalez et
al. (1993). The marl lithology, as well as the occurrence of turbidite beds, and of
abundant planktonic foraminifera, mainly globigerinids, support deposition in deeper-
water conditions than the coralline algal limestone with benthic foraminifera
investigated (e.g., Hallock and Glenn 1986; Geel 2000; van Buchem et al. 2010; Bassi
et al. 2013). Along the same lines, relatively high concentrations of glauconite are
commonly linked to transgressive contexts and maximum flooding events (e.g.,
Amorosi and Centineo 1997; Huggett and Gale 1997; Wigley and Compton 2007).

In the Rebaldi section, the late Chattian coralline algal limestones with benthic
foraminifera overlay unconformably Cretaceous rocks (Figs. 3E, 14, 16). The origin of
this angular unconformity, which has a regional significance, and locally bounds tilted
Eocene deposits (below) from Oligocene strata (above) (Geel 1995), is not clear
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(Moseley 1990). It could be related to a compressional phase accompanied by uplift of
late Eocene—early Oligocene age linked to the Pyrenean collision (Fontboté et al. 1990;
Geel 1995; Stoklosa and Simo 2008). This unconformity was inspected in the Rebaldi
section (Figs. 3E, 6, 14), and signs of prolonged subaerial exposure, such as paleokarst,
paleosol, or vadose cement fabrics, were not observed. However, Geel (1995) reported
the occurrence of middle Rupelian karst features in the area, as well as of Paronipora
(=Microcodium) on top of the Cretaceous substrate, and below Chattian carbonates, in
nearby outcrops located about 15 km to west. In addition, up to tens-of-meters thick
conglomerate deposits with clasts of diverse ages, mainly Paleocene, are locally present
overlying this unconformity (Vegas et al. 1973). This implies that a topographic high
existed or emerged during the late Eocene—early Oligocene. Therefore, short-lived
subaerial exposure conditions resulting in surficial erosion during this time interval
seem plausible.

The unconformity between the Cretaceous substrate and the Cenozoic
succession is thus interpreted as a sequence boundary, which marks the base of
Sequence I (Figs. 14, 16). Above, a marine transgression of Oligocene age flooded the
irregular paleotopographic relief shaped on the Cretaceous substrate (Figs. 14, 16). The
Oligocene transgressive sedimentary fill onlaps the sequence boundary. The
transgressive succession examined in the Rebaldi section is formed by platform
carbonates with benthic foraminifera and coralline algae (Fig. 6), which were deposited
on a paleotopographic high (Figs. 14, 16). In the Benitatxell Range, the transgressive
strata correspond to deeper-water marl and limestone with echinoids, planktonic
foraminifera and glauconite (Figs. 2C, 4, 14, 16).

The end of transgression was placed in the Rebaldi section below upper Chattian
platform carbonates stacked in a prograding pattern and exhibiting downlap stratal
terminations (Figs. 3D, 14). In the Benitatxell Range, the maximum flooding surface is
located at the top of the thickest marl interval, which is interpreted to indicate the
greatest amount of depositional space attained during transgression (Fig. 14).

Above the maximum flooding surface, the regressive deposits of Sequence [ in
Rebaldi are distinguished by prograding carbonates (Fig. 3D) with colonial corals in life
position, benthic foraminifera and coralline algae (Figs. 6, 11B, 12, 13). At the top of
these regressive strata, the occurrence of Paronipora (=Microcodium) structures (Figs.
3D, 6, 11D, 14, 16) indicates subaerial exposure conditions (e.g., Kabanov et al. 2008).
Accordingly, a subaerial unconformity (sequence boundary), which passes basinwards
to a maximum regressive surface (Figs. 14, 16), caps the platform carbonate succession
of the Rebaldi section.

In the Benitatxell Range, the lower part of the regressive unit of Sequence I is
characterized by an alternation of marl and limestone with planktonic foraminifera and
echinoids (Figs. 14, 16). The deposits show a progressive vertical increase in the
abundance of re-worked symbiont-bearing benthic foraminifera between meters 65 and
82 in the Torre Garcia-Cim del Sol Road section (Fig. 4). This fact indicates a gradual
increase of shed sediments from a nearby prograding carbonate platform and thus, a
shallowing-upward trend. Above, regressive lepidocyclinid-bearing platform carbonates
constitute the rest of the regressive strata (Figs. 4, 14). Evidence of subaerial exposure
was not identified within these latest Chattian limestones in the Benitatxell Range.
Therefore, the upper boundary of Sequence I is interpreted to be a maximum regressive
surface, which was placed at the top of beds containing fossil biota representative of the
shallowest environments recognized throughout the successions studied (Fig. 14). In the
Torre Garcia-Cim del Sol Road section, which corresponds to the most proximal section
logged in the Benitatxell Range, the maximum regressive surface is interpreted to be
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located at meter 104. Here, this surface surmounts a 10-m thick succession
characterized by the presence of colonial corals in growth position, fragments of green
algae, Peneroplis, Austrotrillina, and abundant other miliolids. Such biotas are usually
found in shallow proximal platform settings (e.g., Hottinger 1997; Geel 2000; van
Buchem et al. 2010; Pomar et al. 2014). Furthermore, along this coral-bearing
stratigraphic interval (between meters 94 and 104; Fig. 4), the lepidocyclinid genus
Eulepidina (Figs. 7A, 9B, 9C), which thrived in deeper-water settings with respect to
Nephrolepidina (Fig. 7B) (e.g., Buxton 1988; Schiavinotto and Verrubbi 1994; Fenero
et al. 2013), disappears. In the Accés Sud Road section, the maximum regressive
surface was placed at meter 7 (Figs. 5, 14), above the only bed containing corals in
growth position identified, whereas in the Albacete Road section, this limit is not clear.
However, it is tentatively placed at the top of a bed containing fragments of green algae
(meter 14; Figs. 5, 14).

Above the maximum regressive surface, the platform carbonates are dominated
by echinoids, coralline algae and benthic foraminifera (Figs. 4, 5, 14). In the Torre
Garcia-Cim del Sol Road section, the lepidocyclinid Eulepidina (Figs. 7A, 9B, 9C)
reappears at meter 113, and becomes a facies-characteristic component between meters
120 and 124 (Fig. 4). This fact, together with the increase and decrease in the abundance
of planktonic foraminifera and coralline algae, respectively, and the presence of
Nodosaria and Lenticulina (Fig. 4), which are common in distal platform settings (Fig.
15; e.g., Geel 2000; Romero et al. 2002), mark a deepening-upwards trend (Figs. 14,
16). Accordingly, these carbonates form the transgressive unit of Sequence II (Figs. 14,
16). On the course of the marine transgression of Sequence 11, the latest Chattian
carbonate platform with coralline algae and benthic foraminifera was drowned, and
subsequently buried by a lower Miocene succession of marl and silty to sandy limestone
with planktonic foraminifera and glauconite (Figs. 3F, 4, 5, 14, 16).

As a result, the analyzed Chattian lepidocyclinid limestones recorded a
regression of relative sea level between two major transgressions, one starting in the
Rupelian?—early Chattian and ending in the late Chattian, and the other one initiating in
the latest Chattian and continuing into the early Miocene (Figs. 14, 16). This regression
occurred within the late Chattian SBZ 23. The duration estimate for the Chattian Age is
5.1 My (Gradstein et al. 2012). Therefore, the regressive stage of Sequence I occurred in
much less than 5.1 My.

The duration of the relative sea-level changes recognized in Rebaldi and the
Benitatxell Range is less than the resolution of the age constraints obtained by means of
benthic foraminifera biostratigraphy. Furthermore, the marly units overlying and
underlying the calibrated lepidocyclinid limestone did not yield symbiont-bearing
benthic foraminifera (Figs. 4, 5), and were therefore not dated as accurately as the
lepidocyclinid limestone assigned to the late Chattian SBZ 23. In addition, the
amplitude of the relative sea-level fluctuations interpreted is unknown. Hence, rates of
relative sea-level change were not estimated in the successions analyzed.

Geel (1995) reported for the Rebaldi-Benitatxell Range area a late Rupelian—late
Chattian phase of downwarp, an episode of tectonic uplift in the late Chattian, followed
by a downwarp phase starting around the Oligocene/Miocene transition and continuing
into the Aquitanian. Following Geel (1995), regional tectonic activity linked to the
Pyrenean and Betic orogenies (Azéma 1977; Roca 1992), and possibly to the rifting of
the Valencia Trough (Fontboté et al. 1990), explains the relative sea-level changes
recognized. On the other hand, early to late Chattian and early Miocene transgressions,
as well as late to latest Chattian regressive deposits have been documented in several
other basins of the Tethys (e.g., Hardenbol et al. 1998). Therefore, eustasy could have
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also played a part in controlling these long-term transgressive-regressive sequences
identified.

The correlation between the resulting sequence-stratigraphic framework and that
obtain by Hardenbol et al. (1998) from the European basins of the Tethys does not show
a perfect fit. According to Hardenbol et al. (1998), the acme of the late Chattian
regression in the Tethys occurred in the Chattian/Aquitanian transition coinciding with
the Mi-1 glaciation (e.g., Zachos et al. 2001; Mudelsee et al. 2014), whereas the onset of
the following transgression was in the Aquitanian. The age-calibration of the outcrops
studied in Rebaldi and the Benitatxell Range indicates that here, the maximum
regressive phase identified and the earliest stage of the subsequent transgression took
place within the latest Chattian SBZ 23 (Figs. 14, 16). Accordingly, the effects of
regional tectonics seem to have slightly altered the eustatic signal (e.g., Hardenbol et al.
1998) in the study area.

On the other hand, drowning of the carbonate system of the Benitatxell Range
occurred indeed around the boundary between the Chattian and the Aquitanian (Fig.

14). Interestingly, drowning of latest Chattian carbonate platforms during the
Chattian/Aquitanian transition has been also reported in the Central Apennines in Italy
(Majella platform; Brandano et al. 2015) or in Malta (Lower Coralline Limestone
Formation; Brandano et al. 2009a).

CONCLUSIONS

The carbonate system studied, which developed under warm, tropical to
subtropical conditions during the Chattian, is very similar in terms of biofacies and
depositional profile to contemporaneous carbonate platforms from the Tethys. It was a
homoclinal ramp and the most prolific carbonate producers were symbiont-bearing
benthic foraminifera and coralline algae.

A biostratigraphic analysis based on benthic foraminifera places these platform
carbonates within the late Chattian Shallow Benthic Zone (SBZ) 23. Age-diagnostic
foraminifera of SBZ 23 determined include Miogypsinoides complanatus and
Miogypsinoides formosensis.

The only authochthonous carbonates recognized in the rocks studied are colonies
of wholly preserved scleractinians in growth position, which occur isolated or as small
coral patch reefs, found in proximal ramp deposits. In this Chattian carbonate system,
scleractinian corals did not build large wave-resistant framework structures with
topographic relief such as Recent tropical and subtropical barrier reefs. Other types of
barrier deposits such as shoals were not recognized and thus, the platform lacked a
lagoon.

The absence of a barrier margin facilitated onshore and offshore sediment export
and re-working throughout the platform, while homogenizing the facies from proximal
to distal ramp settings. In this respect, the overwhelming dominant and extensive facies
produced was a rudstone texture mainly made up of benthic foraminifera and coralline
algae with micrite filling the primary inter- and intraskeletal porosity. Accordingly,
strongly different facies belts delimitated by rather sharp boundaries along the carbonate
platform examined were not identified, only little and gradual lateral variations on the
relative abundance or absence of certain biogenic components or species can be
recognized.

Thus, the limestones analyzed exemplify that carbonates found in the
sedimentary record are commonly made up of re-worked sediments transported from
different platform environments. However, within this facies dominated by benthic
foraminifera and coralline algae two end members were identified: a shallower biofacies
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including corals in growth position, green algae, and seagrass-related organisms where

Eulepidina, Nummulites, and Operculina are not present, and vice versa.

Long-term relative sea-level changes including a Rupelian?—late Chattian
transgression, a late Chattian regression, which ended in subaerial exposure of inner
platform carbonates, and a latest Chattian to early Miocene transgression were
identified. These long-term trends of relative sea level are slightly out of phase when
correlated to coeval transgressive-regressive cycles characterized in other basins of the
Tethys. Hence, regional tectonics linked to the Pyrenean and Betic orogenies, and
perhaps also to the opening of the Valéncia Trough, is interpreted to have played a part
in controlling available depositional space in the Prebetic Zone during this time.
Drowning of the Chattian carbonate platform around the Oligocene/Miocene transition
was contemporaneous to the Mi-1 glaciation.
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Figure Captions:

FiG. 1.—Geographical and paleogeographical setting. A) Geological map of the study

area showing Cretaceous, Oligocene, Miocene and Quaternary lithological units

(modified from Vegas et al. 1973). The white and red stars indicate the location of the

outcrops investigated: 1, Torre Garcia-Cim del Sol Road section (Rupelian?—early

Miocene); 2, Accés Sud Road section (Chattian—early Miocene); 3, Albacete Road

section (Chattian—early Miocene); 4, Rebaldi section (Cretaceous and Chattian). Inset:

the situation of the Prebetic Zone, the Betic Cordillera and the outcrops studied in the
southeastern Iberian Peninsula. B) Paleogeographic reconstruction of the Tethys during

the early Chattian (~ 28 Ma) (after Dercourt et al. 2000 and Knoerich and Mutti 2003).

The situation of the Prebetic Domain is marked with a white and red star.

FIG. 2.—Stratigraphic setting. A) Panoramic view of the Benitatxell Range showing the

stratigraphic situation of the Cretaceous substrate and the studied Chattian coralline

algal limestones with lepidocyclinids. Width of image is approximately 1.85 km. B)

Outcrop view of the Torre Garcia-Cim del Sol Road section. The unconformity between

the Cretaceous substrate and the Oligocene sedimentary succession, as well as the

situation of the Chattian coralline algal limestone beds with lepidocyclinids examined,
are indicated. Width of image is approximately 400 m. C) Outcrop photograph of the

Oligocene succession made up of marl and limestone with echinoids and planktonic

foraminifera underlying the lepidocyclinid-bearing beds studied. Torre Garcia-Cim del

Sol Road section. Hammer = 32 cm.

F1G. 3.—Outcrop-scale photographs of the sedimentary successions studied. A) View of

the Chattian coralline algal limestones with lepidocyclinids in the Torre Garcia-Cim del

Sol Road section. Width of image is approximately 120 m. B) Detail of the Chattian

strata analyzed along the Accés Sud Road section. Width of image is around 4 m. C)

View of the Chattian lepidocyclinid and coralline algal limestone exposed along the

Albacete Road section. Jacob’s staff = 1.5 m. D) Image of the Chattian platform

carbonates exposed in the Rebaldi section. Prograding clinoforms are highlighted with a

white discontinuous line. The stratigraphic position of the identified Microcodium

structures is indicated. The carbonate succession is 9 m thick. E) View of the subaerial
unconformity between the Cretaceous white wackestone with planktic foraminifera

(below) and the Chattian platform carbonates with coralline algae and benthic

foraminifera (above). Rebaldi section. Hammer = 32 cm. F) Marls and silty to sandy

limestones rich in planktonic foraminifera and glauconite of early Miocene age
overlying the Chattian carbonates with coralline algae and benthic foraminifera
investigated in the Torre Garcia-Cim del Sol Road section. Hammer = 32 cm.

FI1G. 4—Stratigraphic log of the Torre Garcia-Cim del Sol Road section showing

textures, sedimentary structures and qualitative abundances of skeletal and non-skeletal
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components, as well as of biostratinomic signatures. See Figures 1A and 5 for location
of the profile and key, respectively.

FIG. 5.—Stratigraphic logs. A) Accés Sud Road section. B) Albacete Road section.
Textures, sedimentary structures, and qualitative abundances of skeletal and non-
skeletal components, are shown as well as biostratinomic signatures. See Figure 1A for
location of the sections.

FIG. 6.—Stratigraphic log of the Rebaldi section showing textures, sedimentary
structures and qualitative abundances of skeletal and non-skeletal components, as well
as biostratinomic signatures. See Figures 1A and 5 for location of the section and key,
respectively.

F1G. 7—Outcrop images and thin-section photomicrographs of representative Chattian
biotic composition and facies from the Benitatxell Range. A) Detail of a rudstone
texture dominated by lepidocyclinids. The conspicuous larger specimens correspond to
Eulepidina elephantina. Accés Sud Road section. Coin diameter = 1.625 cm. B)
Photomicrograph of a rudstone texture with the lepidocyclinid Nephrolepidina sp.
occurring in rock-forming abundance. Meter 3 in the Albacete Road section. Scale bar =
0.5 mm. C) Bedding plane of a coarse rudstone texture with well-preserved pectinids.
This surface corresponds to the top of the Chattian limestone with benthic foraminifera
and coralline algae in the Torre Garcia-Cim del Sol Road section. Scale bar =4 cm. D)
Detail of a spheroidal rhodolith from Torre Garcia-Cim del Sol Road section. Pen = 3.6
cm.

F1G. 8. —Representative Chattian coralline algae from the Torre Garcia-Cim del Sol
Road section (Benitatxell Range). A) Lithothmanion ramosissimum showing empty
multiporate sporangial conceptacles. B) Encrusting Mesophyllum sp. 1 growing on
micrite-rich carbonate. C) Branch of Sporolithon lugeonii showing buried isolated
sporangial cavities grouped in a sorus. D) Encrusting Spongites sp. 1 with several
uniporate sporangial conceptacles. E) Fruticose growth of Spongites sp. 2 characterized
by trapezoidal uniporate sporangial conceptacles. F) Encrusting Neogoniolithon contii
with a large uniporate sporangial conceptacle. Yellow arrow points to the pore canal in
a marginal section.

FIG. 9.—Representative Chattian benthic foraminifera from the Benitatxell Range
identified at species level. A) Miogypsinoides formosensis. Accés Sud Road section. B)
Eulepidina dilatata. Accés Sud Road section. C) Eulepidina elephantina. Torre Garcia-
Cim del Sol Road section. D) Heterostegina assilinoides. Torre Garcia-Cim del Sol
Road section. E) Spiroclypeus blanckenhorni. Accés Sud Road section. F) Risananeiza
pustulosa. Torre Garcia-Cim del Sol Road section. G) Neorotalia viennoti. Torre
Garcia-Cim del Sol Road section.

FIG. 10.—Microtaphofacies from the Benitatxell Range. A) Photomicrograph showing a
coral fragment (c) encrusted by a multi-taxon sequence including different coralline
algal species (ca), and bryozoans (b). Note the presence of Amphistegina (a) and
Risananeiza pustulosa (r) at the lower left corner. Torre Garcia-Cim del Sol Road
section. Scale bar = 1 mm. B) Pervasively bioeroded test of Eulepidina elephantina (e).
Note the presence of geopetal infillings within the boring structures, and of
Amphistegina bohdanowiczi (a) at the lower right part of the image. Accés Sud Road
section. Scale bar = 1 mm. C) Photomicrograph of highly fragmented skeletal
components. Note the presence of a damaged test of Nephrolepidina sp. (n) at the center
of the image. Torre Garcia-Cim del Sol Road section. Scale bar = 1 mm. D)
Photomicrograph of abraded tests of Neorotalia viennoti (ne), Nummulites cf. vascus
(nu), Nephrolepidina sp. (n) and Eulepidina elephantina (e), which is encrusted by
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coralline algae (ca) (yellow arrows). Torre Garcia-Cim del Sol Road section. Scale bar
=1 mm.

FIG. 11.—Outcrop images and thin-section photomicrographs of representative late
Chattian biotic components and facies from the Rebaldi section. A) Representative
photomicrograph of the microfacies giving rise to the platform carbonates of the
Rebaldi section. Common skeletal components include Risananeiza sp. (r), fragments of
coralline algae (ca), Amphistegina bohdanowiczi (a), Heterostegina sp. (h), miliolids
(m), Miogypsinoides complanatus (mi), textularids (t) and Nephrolepidina sp. (n). Scale
bar = 1 mm. B) Photograph of a branching coral colony preserved in growth position.
Camera cap = 5.8 cm. C) Detail view of a fragment of a dasycladacean alga (yellow
arrow). Scale bar = 1 mm. D) Detail view of pervasive Paronipora (=Microcodium) on
a scleractinian coral. Scale bar = 1 mm.

FIG. 12.—Representative Chattian coralline algae from the Rebaldi section. A)
Sporolithon sp. 1 showing a sorus consisting of a few isolated calcified sporangial
chambers. A large, trapezoidal stalk cell is preserved at the base of one of the chambers.
Scale bar = 100 pm. B) Fragmented and abraded branches of Lithothamnion sp. 1 with
numerous large multiporate sporangial conceptacles. Scale bar = 200 um. C) Branch of
Lithothamnion sp. 3. This species is characterized by a consistently zonated thallus
preserving a few buried small ovate multiporate sporangial conceptacles. Scale bar =
200 um. D) Laminar thallus of Mesophyllum sp. 2. Two pores are clearly visible in the
roof of the sporangial conceptacle chamber. Scale bar = 200 um. E) Thin, laminar
coralline algal thalli with dimerous organization. Scale bar = 200 pm. F) Articulated
geniculate coralline alga. Scale bar = 100 um. G) Polystrata alba. Note the miliolid at
the upper part of the image. Scale bar = 100 pm.

FIG. 13.—Representative Chattian benthic foraminifera from the Rebaldi section
determined at genus and species levels. A) Planorbulina sp. Scale bar = 100 um. B)
Planorbulinella sp. Scale bar = 100 pum. C) Peneroplis thomasi. Scale bar = 100 pm. D)
Austrotrillina asmariensis. Scale bar = 200 um. E) Amphistegina bohdanowiczi. Scale
bar =200 um. F) Neorotalia lithothamnica. Scale bar = 200 um. G) Miogypsinoides
complanatus. Scale bar = 500 um. H) Sphaerogypsina sp. Scale bar = 500 um. I)
Spiroclypeus blanckenhorni. Scale bar = 500 um. J) Risananeiza pustulosa. Scale bar =
500 pm. K) Heterostegina aff. assilinoides. Scale bar = 500 um. L) Carpenteria sp.
Scale bar = 500 um. M) Haddonia heissigi. Scale bar = 500 um.

F1G. 14.—Correlation of the stratigraphic columns logged in Rebaldi and the Benitatxell
Range showing distribution of main components, facies and the sequence-stratigraphic
analysis. See Figure 1A for location of the stratigraphic logs and Figures 4—6 for
textures and detailed distribution and qualitative abundances of skeletal and non-skeletal
constituents.

FIG. 15.—Schematic depositional model resulting from the application of Walter’s Law
showing the lateral facies relationships and biotic occurrences for the late and latest
Chattian carbonates studied in Rebaldi and the Benitatxell Range. Note the homoclinal
ramp depositional profile interpreted for the Rebaldi-Benitatxell Range carbonate
system. Biogenic components are represented roughly in their original habitats from
shallower to deeper ramp settings, following Hallock and Glenn (1986), Buxton (1988),
Schiavinotto and Verrubbi (1994), Hottinger (1997), Geel (2000), Romero et al. (2002),
Beavington-Penney and Racey (2004), Brandano et al. (2009b, 2012), Bassi and
Nebelsick (2010), van Buchem et al. (2010), Pomar et al. (2014) and Brandano (2016).
FIG. 16.—Conceptual model for the sedimentary evolution of the late Chattian
carbonate system analyzed in Rebaldi and the Benitatxell Range in relation to changes
of relative sea level. The model is based on the sequence-stratigraphic analysis shown in
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Figure 14. See this latter figure for key. A) Sedimentary architecture generated above
the Cretaceous substrate during the Rupelian?—late Chattian transgressive and early
regressive stages of Sequence I. B) Latest Chattian deposition of platform carbonates
and marls and limestones with echinoids and planktic foraminifera during the late
regressive stage of Sequence I and the early transgressive stage of Sequence II. During
the late regressive stage of Sequence I, the proximal ramp was subaerially exposed and
Microcodium structures developed on top of this regressive unit. C) Drowning of the
latest Chattian lepidocyclinid-bearing carbonate platform and deposition of marls and
silty to sandy limestones with planktonic foraminifera and glauconite during a later
transgressive stage of Sequence II.
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