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ABSTRACT

The Sierra de la Utrera, a relief in the Manilva Basin (Málaga, 
SW Spain), shows bored surfaces at different heights above 
present-day sea level, from 96 m to 287 m. Borings occur 
in the eastern, central, and western parts of the Canuto de la 
Utrera, a prominent gorge in the central-southern part of the 
relief excavated in Mesozoic limestones, as well as on the 
western end of the Canuto Chico, a smaller canyon in the 
northern part. Pliocene marine deposits fossilized the bored 
surfaces. Bored boulders of the substrate are embedded in 
the Pliocene sediments. The traces Gastrochaenolites ispp., 
Entobia ispp., Caulostrepsis ispp., Circolites kotoucensis, 
and Ericichnus asgaardi have been identifi ed. Among these, 
Caulostrepsis is found only in the reworked blocks. This 
ichnoassemblage, attributed to the archetypical Entobia 
Ichnofacies of rocky shores, represents boring activity in 
high-energy, very-shallow-water settings, close to the sea 
level, and with a virtually null sedimentation rate. The vertical 

RESUMEN

La Sierra de la Utrera es un relieve Penibético situado en la 
Cuenca de Manilva (Málaga, SO de España) que presenta 
superficies bioperforadas a diferentes alturas, desde 96 m 
hasta 248 m. Las bioperforaciones se encuentran en las zonas 
oriental, central y occidental del Canuto de la Utrera, una 
garganta fl uvial en la zona centro-sur de la sierra excavada en 
calizas del Mesozoico, en el extremo occidental del Canuto 
Chico, un cañón más pequeño en la zona septentrional del 
relieve. Las perforaciones están fosilizadas por depósitos 
marinos del Plioceno. Bloques erosionados del substrato y 
redepositados en los materiales pliocenos también presentan 
perforaciones. Se han identifi cado Gastrochaenolites ispp., 
Entobia ispp., Caulostrepsis ispp., Circolites kotoucensis, y 
Ericichnus asgaardi. De todas ellas, las trazas de Caulostrepsis 
se encuentran exclusivamente en los bloques erosionados del 
substrato. El contenido icnológico, perteneciente a la Icnofacies 
de Entobia de costas rocosas, se produjo en ambientes muy 
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distribution of bored surfaces attests to a progressive sea-level 
rise. The onlap of the Pliocene deposits on the substrate is 
consistent with the deepening trend. Planktonic foraminiferal 
assemblages collected from the sediment adjacent to the Sierra 
de la Utrera demonstrate that boring activity spanned, at most, 
1 Ma during the early Pliocene, Zanclean (biozones MPl 1 and 
MPl 2), ranging from 5.33 to 4.36 Ma. Benthic foraminiferal 
assemblages indicate oligotrophic, well-oxygenated, deep-
water conditions bordering the substrate. The presence of 
nearly vertical, deep submarine cliffs surrounding the relief 
accounts for these conditions very close to the substrate.

Keywords: Bioerosion, Entobia ichnofacies, palaeogeography, 
early Pliocene transgression, Sierra de la Utrera. 

someros, próximos al nivel del mar, de alta energía y con 
una tasa de sedimentación muy baja o nula. La distribución 
vertical de las bioperforaciones indica que se formaron durante 
una subida de nivel del mar. Una disposición de solapamiento 
expansivo de los sedimentos pliocenos confirma dicha 
profundización. Las asociaciones de foraminíferos planctónicos 
de los sedimentos adyacentes a la Sierra de la Utrera indican 
que la actividad bioperforadora se prolongó ~1 Ma durante el 
Plioceno inferior, Zancliense (biozonas MPl1 y MPl2), entre 
5.33 y 4.36 Ma. Por su parte, los foraminíferos bentónicos 
indican un ambiente oligotrófi co, bien oxigenado, y de aguas 
profundas en las inmediaciones del relieve. La existencia de 
acantilados submarinos profundos rodeando el relieve explicaría 
dichas condiciones paleoambientales próximas al substrato. 

Palabras clave: Bioerosión, icnofacies de Entobia, 
paleogeografía, transgresión del Plioceno inferior, Sierra de 
la Utrera.

1. INTRODUCTION

Rocky shores are particular settings of great geological 
interest in the transition from the land to the sea but they 
have been traditionally overlooked by geologists (Johnson, 
1988a, 1988b). Successive compilations of ancient rocky 
shore examples in the last decades have shown an increase 
in works dealing with, or particularly focusing on, these 
environments (Johnson, 1988a, 1988b; Johnson & Baarli, 
1999, 2012). Although deposition associated with coastal 
cliffs can take place in relatively deep waters (several 
tens of meters of water depth), the identifi cation of rocky 
shores has been conventionally used to delineate past 
shorelines. This, in turn, is critical to investigate sea-level 
and palaeogeographic changes, as well as the tectonic 
evolution of palaeocoasts. 

Among the criteria compiled by Johnson (1988b) and 
Johnson & Baarli (2012) to recognize ancient rocky shores, 
only one deals with the biota inhabiting these settings. 
The characteristic components of modern communities 
dwelling on rocky shores, at high taxonomic levels, 
appeared by the late Oligocene and, since then, these 
communities have remained almost unchanged (Aguirre 
& Jiménez, 1997; Johnson & Baarli, 2012). Particularly 
valuable components to characterise fossil assemblages of 
rocky shores are boring organisms (e.g. Taylor & Wilson, 
2003). Bioerosion constitutes conclusive evidence of the 
activity of organisms that inhabited ancient rocky coasts, 
since their remains are often preserved in situ and, for a 
taxonomically diverse biota, it represents the only way 
to be preserved in the geological record (Tapanila, 2008; 
Gibert et al., 2012). One of the main utilities of bored 
surfaces in ancient rocky shores is the identifi cation of 
palaeoshorelines.

According to the recent compilation of literature on fossil 
rocky-shore deposits (Johnson & Baarli, 2012), Neogene 
and Quaternary examples are by far the most abundant 
and the best documented ones. In the Iberian Peninsula in 
particular, there is a wealth of studies dealing with boring 
ichnoassemblages in Neogene rocky shores (Martinell & 
Domènech, 1986; Silva et al., 1995; Aguirre & Jiménez, 
1997; Gibert et al., 1998; Silva et al., 1999; Domènech et 
al., 2001; Cachão et al., 2009; Santos et al., 2008a, 2010, 
2011a; Gibert et al., 2012; Aguirre et al., 2014; Domènech 
et al., 2014; Rodríguez-Tovar et al., 2015). 

In the Sierra de la Utrera, located in the Manilva Basin 
(SW Spain) (Fig. 1), well-documented examples of boring 
ichnoassemblages associated with rocky-shore settings have 
been reported (Santos et al., 2008b; Martinell et al., 2008). 
This relief was covered by Pliocene marine deposits, which 
also include bored boulders and big blocks derived from the 
substrate. In this paper, a detailed characterization of the 
boring ichnoassemblages, both those preserved in situ in the 
substrate and those found in the fallen blocks, is presented. 
The in situ preserved bored surfaces documented sea-level 
variations that, in turn, enabled palaeogeographic changes to 
be delineated in the basin. In addition, bored boulders eroded 
away from the basement and embedded in the surrounding 
Pliocene deposits recorded the successive boring activity 
affecting the substrate during the sea-level change.

The aims of the present study are: 1) to characterise 
the ichnoassemblages preserved in situ in the substrate 
and those found in the redeposited boulders; 2) to use 
bioerosion structures to delineate relative sea-level 
variations as well as palaeogeographic changes in the 
study area; 3) to constraint the timing involved in the sea-
level change in the Manilva Basin; and 4) to determine the 
role of the sea-level oscillations in the palaeogeographic 
evolution during the studied time interval.
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Figure 1.  a) Location and geological map of the Sierra de la 
Utrera and its environs. The transect I-II represents 
the cross-section shown in (b). S-1 to S-5 indicate 
the positions of the study sections with in situ borings 
(see Fig. 4). HEDI-1, CAN-UTR-1 to CAN-UTR-3, 
and UTR-1 show the position of the samples collected 
for the study of the foraminiferal assemblages. The 
small Pliocene outcrop indicated by the samples 
CAN-UTR-1 to CAN-UTR-3 is also the place of the 
stratigraphic log called Canuto (see Fig. 5). b) Cross 
section along the transect I-II in (a) indicating the 
position of Section 1 to Section 4 along the Canuto 
de la Utrera (see Fig. 4).

Figure 2.  a) Panoramic view of the Canuto de la Utrera at 
its eastern end (picture taken looking to the west). 
Yellowish sediments in the foreground (Pl) are 
Pliocene deposits. b) Panoramic view of the Canuto 
Chico (the photo is taken looking to the WNW). 

Basin (Málaga province, SW Spain) (Fig. 1a). The Sierra 
de la Utrera is a Jurassic-Cretaceous intensely karstifi ed 
relief forming an ample N-S oriented anticline (Fig. 1b). 
Sierra de la Utrera is affected by an intricate set of joints 
and faults oriented in different directions, prevailing N 45-
50º E and N 120-145º E (Fig. 1a). This complex structural 
system mostly controlled the karstifi cation of the relief 
(Zotano, 2003).

In the central-southern part of the Sierra de la Utrera, 
the relief is cut by a conspicuous E-W gorge with nearly 
vertical walls called Canuto de la Utrera (or Canuto 
Grande) excavated following a normal fault (Zotano, 
2003; Sendra et al., 2013) (Fig. 2a). A less-prominent E-W 
canyon lies in the northern part of the relief, the so-called 
Canuto Chico (Fig. 2b). “Canuto” is a local term used for 
a marked canyon excavated in a hard substratum, in this 
case Jurassic-Cretaceous limestones. 

The Sierra de la Utrera is the most south-western 
relief of the External Zones of the Betic Cordillera, the 
westernmost peri-Mediterranean Alpine belt (Martín-
Algarra, 1987). Within the External Zones, the Sierra 
de la Utrera belongs to the Penibetic Zones, a tectono-
palaeogeographic domain of the Betic Cordillera located 
in the most distal position with respect to the southern 
palaeomargin of the Iberian Plate (Martín-Algarra, 1987). 

2.  L O C A T I O N  A N D  G E O L O G I C A L 
CONTEXT

The study area is Sierra de la Utrera (also known as Sierra 
de los Canutos), a relief with a maximum height of 354 
m above present-day sea level, between Casares, to the 
north, and Manilva, to the south, in the so-called Manilva 
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Figure 3. Synthetic stratigraphic log of the Sierra de la Utrera 
(modifi ed after Martín-Algarra, 1987). The in situ 
borings affected the limestones of the Líbar Group 
as well as the limestones and marly limestones of the 
lower part of the Espartina Group. lms: limestone; 
Fm.: Formation; e.: early; m.: middle; Haut.-Turon.: 
Hauterivian-Turonian; Paleog.: Paleogene; Mioc.: 
Miocene. 

The outcropping nucleus of the Sierra de la Utrera 
anticline is made up of Jurassic limestones of the Líbar 
Group that includes the Endrinal Formation in the lower 
part (Early-Middle Jurassic) and the Torcal Formation 
in the upper part (middle Oxfordian-early Valanginian) 
(Martín-Algarra, 1987) (Fig. 3). Early-Late Cretaceous 
marly limestones and marls (González-Donoso et al., 1983) 
of the Espartina Group surround the anticline nucleus 
(Martín-Algarra, 1987) (Fig. 3). Paleogene limestones, 
sandy limestones, and marls crop out locally in the vicinity 
of the Sierra de la Utrera overlying the Mesozoic substrate 

(Fig. 3). Turbiditic sandstones alternating with marls of 
the Campo de Gibraltar Units overthrust the Mesozoic 
materials (Figs 1, 3). Finally, Pliocene marine deposits 
unconformably onlap an erosional surface excavated in 
the previous materials (Fig. 1). 

3. MATERIALS AND METHODS

As indicated above, this study analyses the bored 
surfaces found in Sierra de la Utrera, focusing on the 
ichnoassemblages. Four N-S transects crossing the 
bored surfaces in the Canuto de la Utrera and one in the 
Canuto Chico were analysed in order to characterize the 
ichnoassemblages (Fig. 4). In addition to the bored surfaces 
in the Mesozoic substrate of the Sierra de la Utrera, bored 
boulders eroded away from the basement and deposited in 
the Pliocene materials have also been studied. 

The bored surfaces are covered by Pliocene sediments 
and thus several samples were collected in order to 
analyse foraminiferal assemblages (Fig. 1a). Planktonic 
foraminifera provide the biostratigraphic framework of 
the Pliocene deposits adjacent to the bored substrate, 
thus allowing an estimation of the time lapse involved 
in the boring activity. Benthic foraminiferal assemblages, 
microhabitat preferences and planktonic/benthic ratio 
(P/B ratio) are useful to infer the palaeoenvironmental 
conditions in which the Pliocene sediments were formed. 

As a means of completing the description of the 
Pliocene sediments filling up the Manilva Basin, two 
sections were logged (Fig. 5): one located in the eastern 
margin of the Sierra de la Utrera, Álamos section, and 
another in the centre of the Canuto de la Utrera, Canuto 
section (Fig. 1).

4.  P L I O C E N E  D E P O S I T S  I N  T H E 
MANILVA BASIN

The Manilva Basin was a relatively narrow and restricted 
embayment open to the Mediterranean Sea that roughly 
follows the present-day fl uvial valley of the Manilva River 
(Fig. 6). This basin confi guration resembles other Pliocene 
basins located along the Málaga coast (Aguirre, 2000; 
Aguirre et al., 2005) (Fig. 6).

The sedimentary fi lling of the Manilva Basin consists of 
Pliocene marine deposits that covered the bored surfaces. 
The thickness of the Pliocene succession is greater in the 
eastern part of the Sierra de la Utrera (~100 m) than in 
the western side (~50 m). Surrounding the Sierra de la 
Utrera, the base of the Pliocene is not observed and the 
lowermost outcropping sediments are dark-grey clays, 
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Figure 4. The studied sections in the Canuto 
de la Utrera (Section 1 to Section 
4) and in Canuto Chico (Section 
5) with an indication of the heights 
above present-day sea level of the 
bored surfaces and the main trace 
fossils. The position of each section 
is indicated in Fig. 1a.

Figure 5.  Stratigraphic logs of the Los Álamos and Canuto 
sections indicating the position of the three samples 
collected in the latter section. lms.: limestone.

visible at La Hedionda spring (Figs 1, 7a). Upwards, the 
clays change gradually to silts, but due to the outcrop 
conditions, the section cannot be followed beyond this 
point. South of La Hedionda, in the Álamos section (Figs 
1, 5), the sediments change gradually upwards from silts to 
medium-grained sands and fi nally to coarse-grained sands 
(Figs 5, 7b). Channelled conglomerate and breccia beds 
are intercalated in the sands in the upper half part of the 
section (Figs 5, 7c). Conglomerates and breccia are made 
up mainly of clasts of sandstones of the Flysch Units, 
Mesozoic limestones, as well as peridotites, schists, and 
quartzites coming from the Alpujárrides Complex. Large 
isolated boulders, up to a meter in maximum diameter, 
of sandstones, limestones, and marly limestones derived 
from the Betic basement of the Sierra de la Utrera occur 
dispersed in the sands (Figs 5, 7d-7f). These boulders are 
found only in the Pliocene deposits of the eastern part of 
the Sierra de la Utrera, in the Álamos section (Fig. 5). 
Sandstone blocks deriving from the Flysch Units are 
the fi rst ones appearing in the stratigraphic succession. 
Higher up, Cretaceous marly limestones occur. Finally, 
in the upper half part of the section, boulders of Jurassic 
limestones are the only ones observed (Fig. 5). 

Figure 6. Palaeogeographic map of the Málaga coast inferred for 
the early Pliocene (modifi ed after Aguirre et al., 2005).
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Figure 7.  Images of the Pliocene materials studied (a-c) and isolated big boulders embedded in the Pliocene deposits at Álamos 
section (d-f). a) Blue marls of the lowermost outcropping Pliocene deposits at La Hedionda spring. The asterisk indicates 
the position of the sample HEDI-1. b) Silts and fi ne-grained sands with small channelled conglomerates in the lower half 
part of the Álamos section. c) Conglomerate and breccia of the upper part of the Álamos section. Clasts are sedimentary 
rocks coming from the basement of the Sierra de la Utrera and metamorphic rocks (schists, quartzites, and peridotites) 
deriving from the Alpujárrides Complex of Sierra Bermeja, further to the NNW of the study area. d) Bored block of the 
Miocene Flysch Units. e) Bored block belonging to the Lower Cretaceous marly limestones. f) Two bored blocks of Jurassic 
massive limestones. 
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In the Canuto section (Fig. 5), Pliocene deposits abut 
the Jurassic limestones (Fig. 8a). They consist of light 
brownish-yellowish marls with abundant marine fossils 
(solitary corals, bivalves, brachiopods, and barnacles) 
(Figs 8b-8d). 

5. ICHNOFOSSIL ASSEMBLAGES

Ichnodiversity in the study area is low, both in number 
of ichnotaxa and in dominance. Only five ichnotaxa 
were recognised, Entobia ispp., Caulostrepsis ispp., 
Gastrochaenolites ispp., Circolites kotoucensis, and 

Ericichnus asgaardi (Fig. 9), with Gastrochaenolites leaving 
the most conspicuous traces. Gastrochaenolites, Entobia, 
and Caulostrepsis were identifi ed at ichnogenus level (Figs 
9a-9d), although several ichnospecies could be present. 
Unfortunately, the low preservation degree of the majority of 
borings precluded a fi ner identifi cation, especially regarding 
Entobia, the most superfi cial trace (Fig. 9c). 

Among bivalve borings, some specimens were 
tentatively assigned to the ichnospecies Gastrochaenolites 
torpedo and G. lapidicus. Although complete specimens 
were rare, the trend to a perpendicular disposition of 
Gastrochaenolites to the wall was clear (Figs 9a-9b). Their 
maximum measurable diameter was 1.5 cm in average, 
with small diameters at the lower part of the gorge and 

the largest ones towards the top. The distribution of 
Gastrochaenolites was very irregular in the four sections 
crossing the in situ bored basement. Field counts of 
boring density range from a minimum concentration of 
2-3 isolated specimens per square metre in some areas to 
430 in others. 

Caulostrepsis was identifi ed only in some fallen blocks 
included in the Pliocene sediments at Álamos section (Fig. 9d). 
No boring sections were available, thus precluding the 
identifi cation at the ichnospecies level. However, clear 
and characteristic “8”-shaped openings made it possible 
to recognize the ichnogenus.

Regular echinoid traces were represented by Circolites 
kotoucensis and Ericichnus asgaardi (Figs 9e-9f), the 

Figure 8. a) Panoramic view of the Canuto section in the centre of the Canuto de la Utrera. J: Jurassic limestones; Pl: Pliocene; Q?: 
possible Quaternary breccia. b-c) Concentration of solitary corals in the marls of the Canuto section. d) Barnacle colonizing 
shells of Neopycnodonte from the middle part of the Canuto section.
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Figure 9. Ichnofossils of the study sections. a) Jurassic calcareous basement with abundant Gastrochaenolites ispp. (Canuto de la Utrera; 
Section 1). Height of the bored surface is ca. 2 m. b) Gastrochaenolites ispp. in the northern side of the centre of the Canuto 
de la Utrera (Canuto de la Utrera; Section 3). c) Extended network of Entobia ispp. (Canuto de la Utrera; Section 2). d) Bored 
block at Álamos section embedded in the Pliocene sediments with Gastrochaeonolites and Caulostrepsis ispp. e) Concentration 
of Circolites kotoucensis (Canuto de la Utrera; Section 2). f) Ericichnus asgaardi from the Canuto Chico (Section 5). 

former being present in both Canuto de la Utrera and 
Canuto Chico. As indicated above, the Sierra de la Utrera 
is intensely karstifi ed; therefore weathering sometimes 
blurred the profi le of the echinoid traces, making it diffi cult 

to distinguish them from inorganic erosive processes. 
Nonetheless, several pieces of evidence account for 
their biological origin. 1) The morphology. The traces of 
Ericichnus and Circolites were exactly identical to those 
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found in very different geographical areas, such as the 
island of Santa Maria, in the archipelago of the Azores, 
the island of Sal, in the archipelago of Cape Verde (Santos 
et al., 2015; Santos & Mayoral, 2016), and in the rocky 
coast of Salou (Tarragona) (Belaústegui et al., in press). 2) 
The distribution. The echinoid traces were not randomly 
distributed. If the morphological structures attributed here 
to echinoid traces were the result of different types of 
karren, a more homogeneous and pervasive distribution 
would be expected. Nonetheless, the traces occurred in 
particular stratigraphic positions, invariably associated 
with other biological structures, such as Gastrochaenolites. 
3) The orientation. The erosive structures followed the 
dominant fault and joint systems oriented predominantly 
N 45-50º E and N 120-145º E that shaped the Sierra de la 
Utrera. However, traces attributed to Ericichnus showed 
an N 65-70º E preferential orientation, indicating that 
they are most likely biological but not karstic dissolution 
following the preexisting main fracturing systems. 
Clearly, these arguments account for the traces that we 
attribute to echinoid activity. Other similar, although more 
questionable, traces are not considered here. This means 
that the actual presence of echinoid borings could be even 
higher than here is considered, since only unequivocal 
depressions of organic origin were taken into account. 
Hemispherical depressions corresponding to C. kotoucensis 
appeared isolated or in groups of more than 8 specimens, 
and had an average diameter of ~3.5 cm (Fig. 9e). E. 
asgaardi had single groove morphology with irregular 
paths up to 35 cm in observable length with a variable 
width between 4 and 7 cm (Fig. 9f). Enlargements along 
the grooves corresponded to their associated Circolites, as 
described by Santos et al. (2015).

As stated above, Caulostrepsis appeared only in fallen 
blocks, so that it was not possible to certify its position 
within the sections. Gastrochaenolites and Circolites were 
also present in fallen blocks. 

The in situ borings affected the basement at several 
heights above the present-day sea level and were not 
randomly distributed along the gorges studied (Fig. 4). 
No borings were found in between the selected transects. 
At Section 1 of the Canuto de la Utrera, Gastrochaenolites, 
Circolites and Entobia successively appeared along 
the section, the fi rst one leaving the most conspicuous 
and persistent traces (Fig. 4). The association of 
Gastrochaenolites, Circolites, and Ericichnus was present 
at 118 m in Section 2 (Fig. 4). Sections 3 and 4 showed 
only Gastrochaenolites, from 210 to 287 m of altitude 
(Fig. 4). Section 4 contained Gastrochaenolites, Entobia, 
and Caulostrepsis (Fig. 4). Possible traces of Circolites 
were also visible in Section 4, although their preservation 
precluded a precise identifi cation. 

In the Canuto Chico, only Gastrochaenolites and 
Ericichnus asgaardi were identified in the uppermost 
levels of the gorge (Fig. 4). Circolites were also sometimes 

present, but the preservation and the scarcity of potential 
specimens impeded a defi nitive identifi cation.

6. MICROFOSSIL ASSEMBLAGES

6.1. Planktonic foraminifera

It bears mentioning that all samples studied are characterized 
by the presence of Globorotalia margaritae. At global scale, 
the fi rst occurrence of G. margaritae is 5.59 Ma, latest 
Messinian (e.g. Kennett & Srinivasan, 1983; Berggren et 
al., 1995; Wade et al., 2011). Nonetheless, according to the 
Mediterranean Pliocene foraminiferal biostratigraphy, G. 
margaritae is present in the fi rst biozone MPl1, although 
the fi rst common occurrence of this species is 5.08 Ma, 
marking the base of the MPl2 biozone (lower part of the 
early Pliocene) (Iaccarino et al., 1999; Lourens et al., 2004; 
Violanti, 2012). Therefore, all samples belong to the early 
Pliocene. However, the detailed analysis of the planktonic 
foraminiferal assemblages in each sample provides a more 
accurate age estimation. 

From bottom to top, the stratigraphically lowest 
sample, HEDI-1, contains G. margaritae and abundant 
Sphaeroidinellopsis spp (S. seminulina and S. kochi) (Figs 
10a-10c). Based on the dominance of this genus, this 
sample is assigned to the fi rst biozone of the Mediterranean 
Pliocene, MPl1 (5.33-5.08 Ma) (Violanti, 2012), which is 
characterized by an acme of Sphaeroidinellopsis. 

The marls of the Canuto section (CAN-UTR-1 to 
CAN-UTR-3 samples) (Figs 1, 5) include Globorotalia 
margaritae, Globoturborotalia nepenthes, and Globorotalia 
cibaoensis (Figs 10d-e). The last occurrences of G. 
cibaoensis and G. nepenthes are 4.6 Ma and 4.36 
Ma, respectively (Wade et al., 2011). Therefore, the 
deposition of the marls in the central part of the Canuto 
de la Utrera took place between 5.08 Ma (fi rst common 
occurrence of G. margaritae) and 4.6 Ma (last occurrence 
of G. cibaoensis). It is worth mentioning that planktonic 
foraminifera in these three samples are noticeably smaller 
than the adult normal sizes. 

In the stratigraphically highest sample, UTR-1 (Fig. 1), 
G. margaritae and G. nepenthes are present (Fig. 10f). 
This implies an early Pliocene age older than 4.36 Ma, the 
last occurrence of the latter species (Wade et al., 2011). 

6.2. Benthic foraminiferal assemblages

Planktonic/benthic ratio (P/B ratio) is higher than 50% 
in all samples, except in HEDI-1 (46.3%) (Table 1). The 
assemblages are dominated by epifaunal species (> 68.7%). 
All samples are characterized by Cibicides refulgens 
and Cibicides pachyderma, the two species accounting 
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Figure 10.  Planktonic foraminifera used for dating the deposits studied. a-b) Globorotalia margaritae in dorsal (a) and umbilical 
(b) views. HEDI-1. c) Sphaeroidinellopsis seminulina in umbilical side. HEDI-1. d-e) Globorotalia cibaoensis in dorsal 
(d) and lateral (e) views. CAN-UTR-1. f) Globoturborotalia cf. nepenthes in lateral view. UTR-1. Scale bars = 100 mm. 

Table 1.  Benthic foraminiferal assemblages of the studied samples indicating the percentage of each species (numbers in brackets). The 
planktonic/benthic ratio (P/B), as well as the percentages of infaunal and epifaunal species for each sample is also indicated.

HEDI-1 CAN-UTR-1 CAN-UTR-2 CAN-UTR-3 UTR-1

Cibicides refulgens (29.7)

Cibicides pachyderma (7.3)

Bolivina spathulata (6.0)

Neoeponides schreibersii (5.7)

Cibicides sp. (4.0)

Cibicidoides sp. (3.3)

Lobatula lobatula (3.3)

Cibicides pachyderma (15.3)

Cibicides refulgens (10.3)

Bolivina spathulata (7.3)

Lobatula lobatula (5.7)

Siphonina reticulata (5.7)

Pullenia bulloides (4.7)

Anomalina fl intii (4.3)

Cibicides sp. (3.7)

Siphonodosaria lepidula (3.3)

Rosalina globularis (3.0)

Cibicides pachyderma (13.3)

Cibicides refulgens (12.7)

Bolivina spathulata (6.7)

Lobatula lobatula (6.0)

Trifarina bradyi (5.0)

Rosalina globularis (4.3)

Melonis barleeanus  (4.0)

Globocassidulina subglobosa (3.3)

Pullenia bulloides (3.0)

Cibicides sp. (3.0)

Spiroplectinella wrightii (3.0)

Cibicides refulgens (21.7)

Cibicides pachyderma (11.3)

Bolivina spathulata (6.7)

Rosalina globularis (6.0)

Melonis barleeanus (5.0)

Lobatula lobatula (4.3)

Siphonina reticulata (4.3)

Siphonodosaria lepidula (4.0)

Cibicides refulgens (19.0)

Cibicides pachyderma (13.0)

Elphidium crispum (7.3)

Pullenia bulloides (4.7)

Uvigerina peregrina (4.7)

Planulina ariminensis (4.3)

Cibicides sp. (3.0)

Elphidium macellum (3.0)

P/B ratio: 46.3% P/B ratio: 75.7% P/B ratio: 75% P/B ratio: 68.3% P/B ratio: 51.7%

Total epifauna: 79% Total epifauna: 70.7% Total epifauna: 68.7% Total epifauna: 74.3% Total epifauna: 73.7%

Total infauna: 21% Total infauna: 35.3% Total infauna: 31.3% Total infauna: 25.7% Total infauna: 26.3 %

for more than 25% of the total assemblage. Pullenia 
bulloides, Siphonina reticulata, Planulina ariminensis, 
and Anomalina fl intii are also common species, except 
in the HEDI-1 sample. In the sample UTR-1, Elphidium 

crispum and Elphidium macellum also occurred as common 
species. All values of benthic foraminiferal assemblages 
are included in Table 1.
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7. DISCUSSION

7.1.  Palaeoenvironmental interpretation of the 

ichnoassemblages

Bioerosion evidences a strong relation between the 
behaviour of the producers and the resulting traces based 
on their almost permanent emplacement. Ethologically, 
the ichnofossils identified belong to the domichnion-
pascichnion categories, and distinction among bioerosion 
due to the activity of endolithic (worms and bivalves), 
semi-endolithic (sessile sponges) and epilithic (mobile 
regular echinoids) organisms deserves comments. The 
presence of Entobia, Caulostrepsis, Circolites, Ericichnus, 
and Gastrochaenolites in the bored surfaces of the 
Mesozoic substrate of Sierra de la Utrera, as well as 
in the reworked blocks, allows this ichnoassemblage to 
be attributed to the archetypical Entobia Ichnofacies in 
hard substrates. This ichnofacies has been classically 
interpreted as an indicator of shallow- to very-shallow-
water settings with a low or null sedimentation (Bromley 
& Asgaard, 1993; Martinell & Domènech, 1995; Aguirre 
& Jiménez, 1997; Gibert et al., 1998, 2012; Silva et al., 
1999; Domènech et al., 2001; Santos et al., 2008a, 2011a, 
2011b, 2012a, 2012b; Cachão et al., 2009; Johnson et al., 
2011; Aguirre et al., 2014, among many others). 

However, Bassi et al. (2011, 2012) have recently 
described similar ichnofossil assemblages in macroids 
collected at 60-100 m water depth, from SW Kikai-
jima (N of Ryukyu Islands, S Japan). The authors 
concluded that their fi ndings challenge the paradigm of the 
Entobia-Gastrochaenolithes-Trypanites-Meandropolydora 
ichnoassemblage as a palaeobathymetric proxy. 
Alternatively, Bassi et al. (2011, 2012) stated that this 
ichnoassemblage is more reliable as an indicator of 
frequent turbulence and low sedimentation rates, rather 
than a water-depth indicator. 

Although the results of Bassi et al. (2011, 2012) are 
challenging, numerous quantitative studies and qualitative 
observations show a decrease in boring intensity and 
rates with depth both in the tropics and in high-latitude 
settings (see summary in Wisshak, 2006). In general, 
macroborers increase in shallow waters as well as with 
the time of exposure of the substrate (e.g. Tribollet & 
Golubic, 2005; Wisshak, 2006). In the case of polychaetes, 
they are important macroborers from 1 to 7 m water depth 
and Caulostrepsis isp. signifi cantly decreases below its 
highest abundance at 15-30 m in cold-temperate areas 
(Wisshak, 2006). 

In addition, bioeroding activity by echinoids is 
constrained to high-energy very shallow waters worldwide, 
close to the low-tide line (see a review in Asgaard & 
Bromley, 2008). In the Mediterranean, Martinell (1981) 
described dense concentrations of Paracentrotus lividus 

within their characteristic cup-shaped traces, Circolites, 
in rockgrounds of different lithologies. The same applies 
for the grooves formed by echinoids, Ericichnus (Asgaard 
& Bromley, 2008). Therefore, the signifi cant presence of 
Circolites kotoucensis and Ericichnus asgaardi both in the 
Canuto de la Utrera and in the Canuto Chico restricts the 
palaeodepth of the identifi ed boring associations to very 
shallow waters. Moreover, based on the observations of 
Bassi et al. (2011, 2012) the ichnoassemblages described 
point to a low or null sedimentation rate as well as high 
water turbulence, inherent to these shallow-water settings.

Regarding the sediment deposited adjacent to the 
Sierra de la Utrera, benthic foraminiferal assemblages 
account for the palaeoenvironmental settings. The high 
abundance of epifaunal species indicates well-oxygenated 
and oligotrophic conditions (Jorissen et al., 1995). In 
terms of palaeobathymetry, the samples are dominated by 
Cibicides refulgens and Cibicides pachyderma, which live 
from the outer shelf to the upper slope (van Morkhoven 
et al., 1986; Barbieri & Ori, 2000; Schönfeld, 2002; 
Murray, 2006; Villanueva-Guimerans & Canudo 2008; 
Pérez-Asensio & Aguirre, 2010; Pérez-Asensio et al., 
2014; Aguirre et al., 2015). Samples CAN-UTR-1 to 
CAN-UTR-3 also contain taxa common in slope settings, 
including Siphonina reticulata, Pullenia bulloides and 
Anomalina fl intii (Berggren & Haq, 1976; Berggren et al., 
1976; Hayward et al., 2003; Pérez-Asensio et al., 2012). 
Finally, P/B ratios higher than 40% are also compatible 
with these settings (Murray, 1991, 2006).

The presence of very steep rocky shores with nearly 
vertical submarine cliffs accounts for these relatively deep-
water conditions prevailing very close to the palaeocoast, 
in the vicinity of the Sierra de la Utrera, as well as in 
the centre of the Canuto de la Utrera. In this context, 
the presence of bored surfaces in very shallow waters 
is compatible with outer-shelf or upper-slope deposits 
adjacent to them. 

7.2.  Sea-level change and palaeogeographic 

evolution

As commented above, Pliocene marine deposits of the 
Manilva Basin onlap the Mesozoic basement of the Sierra 
de la Utrera. This stratigraphic architecture attests for an 
early Pliocene relative sea-level rise. The biostratigraphic 
data indicate that the sea-level rise coincides with the early 
Pliocene transgression detected globally (Haq et al., 1987; 
Snedden & Liu, 2010). At maximum, the inundation of the 
relief took place in a time interval of about 1 Ma, from 
5.33 at HEDI-1 to 4.36 at UTR-1.

Boring organisms including sponges, worms, bivalves, 
and regular echinoids, producing Entobia, Caulostrepsis, 
Gastrochaenolites, and Circolites plus Ericichnus traces, 
respectively, colonized the Betic basement. The in situ 
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sea level and palaeogeographic evolution of the Manilva 
Basin during the early Pliocene transgression.

Microfossil assemblages collected from the Pliocene 
sediments surrounding the Sierra de la Utrera supplement 
this lack of information. They add evidence to infer 
palaeogeographic and sea-level changes in the Manilva 
Basin based on two main aspects: 1) planktonic foraminifera 
provide a reliable time frame for the sea-level change that 
led to the formation of bored surfaces at different heights; 
and, 2) benthic foraminifera allow to contextualise the 
palaeoenvironmental conditions prevailing in the Manilva 
Basin, which are approximately coeval with the bioerosion 
of the substrate (oligotrophic, well-ventilated deep-water 
conditions, as stated above). Therefore, consolidation of all 
the information is needed to reliably reconstruct changes in 
the Manilva Basin during the early Pliocene sea-level rise.

The Sierra de la Utrera anticline formed during the 
Miocene (Durand-Delga, 2006; Balanyá et al., 2012; 
González-Castillo et al., 2015) (Fig. 11a) as the result 
of the westward movement of the Betic mountain range 
(González-Castillo et al., 2015). Later, this relief continued 
to be tectonically stable, given that the Pliocene deposits 
are not signifi cantly distorted or folded. They are only 
slightly tilted (< 5º) dipping to the SSE due to post-
Pliocene uplifting of the Sierra de la Utrera (Durand-
Delga, 2006). Due to this tectonic stability, the spatial 
distribution of the bored surfaces found at different heights 
above present-day sea level allows the reconstruction of 
the position of the palaeocoast at different times during 
the deepening trend.

The Sierra de la Utrera remained emerged up to the 
earliest Pliocene, when marine deposition started in the 
Manilva Basin (Figs 11a-c). During this time interval, the 
marls and sandstones of the Flysch Units, followed by the 
Early Cretaceous marly limestones and then the Jurassic 
limestones, were successively eroded away. Blocks and 
boulders of the bored substrates, successively older as 
Pliocene transgression advanced, were deposited at the 
toe of submarine cliffs (Figs 11c-e). The fi rst big boulders 
embedded in the Pliocene sediments are sandstones of 
the Flysch Units (Fig. 7d). Higher up into the section, 
big blocks of Early Cretaceous limestones and marly 
limestones are present (Fig. 7e). Finally, in the upper half 
part of the section, bored boulders are Jurassic limestones 
(Fig. 7f). This succession is recorded in the Álamos section, 
on the eastern side of the Sierra de la Utrera (Fig. 5), 
but not on the western side. This spatial difference 
suggests that the eastern side of the relief was most likely 
characterized by the existence of palaeocliffs providing 
boulders of different lithologies as the substrate became 
eroded, while the western palaeocoast was presumably 
less rough (Figs 11c-d). 

Planktonic foraminifera of sample HEDI-1 indicates 
an early Pliocene age (MPl1 biozone) for the fi rst marine 
deposits recorded in the Manilva Basin (Fig. 11c). 

Figure 11.  Sketches showing the inferred evolution of the Sierra 
de la Utrera and the variations in sea level (s.l.) during 
the Pliocene deduced from the ichnoassemblages 
and foraminiferal assemblages. Labels in drawings 
(c), (d), and (e) refer to the position of the samples 
analysed at the time of their formation based on the 
planktonic foraminiferal assemblages. Sketches not 
to scale. (See details in the text).

borings, as well as those present in the fallen boulders, 
indicate the approximate position of the coastline at 
different times of the deepening trend. However, the 
succession of the boring activity is hard to determine 
from the fi eld data alone since they appear at different 
heights above the present-day sea level, from 96 to 287 
m, but overprinting among them is unclear. This prevents 
an assessment of a historical succession of boring activity 
and, consequently, the establishment of the sequence of 
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During this initial fl ooding, benthic foraminifera suggest 
an environment near the outer-middle shelf transition 
(Fig. 11c). It is uncertain that the deposits of HEDI-1 
were coeval with the boring activity in the adjacent 
palaeocliffs. Nonetheless, the successive presence of 
fallen blocks included in the Pliocene sediments suggests 
that the bioeroder communities developed during this 
time frame.

Following the initial marine inundation of the Manilva 
Basin, Pliocene sediments onlap the Mesozoic relief of 
Sierra de la Utrera, testifying to the continuous sea-level rise 
(Figs 11d-e). Bored surfaces located at progressively higher 
positions in the Sierra de la Utrera (Fig. 4) account for this 
deepening. Planktonic foraminiferal assemblages provide 
the age estimation for the palaeocoast position (Figs 11d-e). 

As the sea level rose, the karstifi cation of the Mesozoic 
basement continued. This led to the eventual marine 
invasion of karstified surfaces and to deposition of 
marls with abundant marine fauna in the central part 
of the Canuto de la Utrera (Figs 11c-e). The Jurassic 
limestones covered by these marls also show bivalve 
borings (Gastrochaenolites) confirming the marine 
inundation. Planktonic foraminifera found in CAN-UTR-1 
to CAN-UTR-3 samples are considerably small. Dwarfed 
microfauna are generally attributed to stressful conditions 
(e.g. Van de Poel, 1991, 1992; Abramovich & Keller, 
2003; Corbí et al., 2016). In the study case, the limited 
extension of the marls in Canuto de la Utrera suggests that 
deposition could have taken place in deep cracks associated 
with karstifi cation and/or tectonic (joints and/or faults). 
This particular sciaphilous setting would account for the 
stressful conditions limiting the growth of planktonic 
foraminifera. In addition, these palaeoenvironmental 
conditions are consistent with the deposition of marls and 
the relatively deep-water benthic foraminiferal assemblages 
found in the Canuto section. 

The highest bored surfaces are in Canuto Chico and in 
Section 4, at 283 m 287 m above present-day sea level, 
respectively (Fig. 4). This is nearly 40 m higher than the 
topographically highest sample UTR-1 (250 m) (Fig. 1b). 
Benthic foraminiferal assemblage of this sample indicates 
outer-shelf conditions. In the recent platform of the nearby 
Mediterranean, the outer platform ranges from ~70 to 100 
m. The palaeogeographic restriction of the Manilva Basin 
(Fig. 6) suggests that similar palaeobathymetric conditions 
were probably established at shallower settings during the 
early Pliocene. Thus, an estimation of about 50 m water 
depth for the deposition of sample UTR-1 is reasonable. 
The presence of abundant inner-shelf benthic foraminifera 
in UTR-1, such as Elphidium crispum and E. macellum 
that live between 0 and 50 m depth (Murray, 1991, 2006), 
agrees with the shallower position inferred above. This 
means that in the vertical of this sample the sea-water level 
was ca. 50 m above the sea bottom. This is consistent with 
the palaeocoast located approximately at the same level 

when the highest boring palaeocommunities of Canuto 
Chico and Section 4 were active. Given the virtual absence 
of Pliocene tectonics in the area, the time estimate for the 
boring activity in Canuto Chico and in the highest part of 
Section 4 can be taken as that determined in sample UTR-
1, i.e. about 4.36 Ma (Fig. 11e). 

It is not clear whether the whole sierra was completely 
submerged during the early Pliocene fl ooding or some 
emerged parts remained as small islands (Fig. 11e). The 
highest point of Sierra de la Utrera, 354 m, is nearly 65 
m higher than the highest bored surfaces at Canuto Chico 
and Section 4. As inferred above, the boring activity in 
these surfaces took place at ~4.36 Ma. This date coincides 
with the maximum fl ooding reached during the Zanclean, 
which characterizes the global Neogene sea-level cycle 
Za 1 (Snedden & Liu, 2010), which, in turn, took place 
during a relatively warm period (~4.5-4.3 Ma) (Hansen 
et al., 2013; Rohling et al., 2014). It is presumed that the 
highest bored surfaces in the Sierra de la Utrera were most 
likely formed during the early Pliocene maximum fl ooding 
and, therefore, parts of the Mesozoic substrate emerged, 
forming small islands (Fig. 11e). 

The palaeogeographic evolution depicted above 
contrasts with that proposed by Guerra-Merchán et al. 
(2014). These authors considered that the Casares-Manilva 
area remained emerged during most of the early Pliocene 
and that the Manilva Basin was inundated at the end of 
the early Pliocene, from 4.63 to about 4.28 Ma. Our data 
clearly indicate that the Pliocene infi ll in the Manilva Basin 
started earlier, at the base of the early Pliocene. 

7. CONCLUSIONS

The Penibetic relief of Sierra de la Utrera, in the Manilva 
Basin (Málaga, SW Spain), shows bored surfaces 
distributed from 96 m to 287 m above present-day sea 
level. The traces are found along the Canuto de la Utrera 
and Canuto Chico, two gorges that cut the relief in its 
central-southern and northern parts, respectively.

The boring activity is recorded in different lithologies 
from the basement: 1) turbiditic sandstones of the Flysch 
Units of the Betic Cordillera, 2) Early Cretaceous marly 
limestones and limestones, and 3) Jurassic limestones. 
Pliocene marine deposits onlap the basement, thus 
fossilizing the bored surfaces. In addition to the in situ 
borings affecting the substrate, boulders and large blocks 
derived from the basement and embedded in the Pliocene 
deposits also show borings. These bored boulders occur 
exclusively in the eastern side of the Sierra de la Utrera, 
indicating the existence of palaeocliffs.

The observed ichnoassemblages are characterized 
mostly by bivalve borings attributed to Gastrochaenolites 
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ispp, followed by traces of sponges (Entobia ispp), 
worm borings (Caulostrepsis ispp), and echinoid traces 
(Circolites kotoucensis and Ericichnus asgaardi). 
Caulostrepsis is found only in the reworked boulders 
embedded in the Pliocene deposits. These trace fossils 
correspond to the archetypical Entobia Ichnofacies of 
rocky shores. They were formed in very shallow waters, 
close to the sea level, with high hydraulic energy and a 
low or null sedimentation rate. 

The vertical distribution of bored surfaces and the onlap 
geometry of the Pliocene deposits suggest a progressive 
sea-level rise. Planktonic foraminiferal assemblages of 
the Pliocene deposits adjacent to the Sierra de la Utrera 
indicate that the sea level rose during the early Pliocene, 
Zanclean (MPl1 and MPl2 biozones), from 5.33 Ma to 
4.36 Ma at maximum age range. Benthic foraminiferal 
assemblages suggest that oligotrophic, well-oxygenated, 
relatively deep-water conditions prevailed surrounding 
the relief. 
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