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The Ribesalbes—Alcora Basin (Castell6 Province, Spain) contains two lower Miocene units that are rich in fossils. The
Unit B contains oil-shale and laminated bituminous dolomicrite related to a palacolake, whereas the Unit C is composed
of sandstone and mudstone beds from distal deltaic and shallow lacustrine environments. The La Rinconada and San
Chils localities from the Unit B have yielded a fossil assemblage of plants, molluscs, arthropods, and vertebrates, while
the localities from the Unit C in the Campisano ravine (Araia/Mas d’Antolino outcrop) are rich in mammalian record.
Here we study a new palaeolake deposit of laminated lacustrine limestone beds in the Unit C named Foieta la Sarra-A.
This new locality has provided an assemblage of charophytes, terrestrial plants, molluscs, arthropods, and teleosteans.
The latter represent the only known fish record from the Ribesalbes—Alcora Basin to date. Although the specimens
are generally poorly preserved, the presence of soft-body preservation due to the action of microbial mats at the lake
bottom allows considering the Foieta la Sarra-A locality as a Konservat-Lagerstétte. The Foieta la Sarra-A palacolake
had a different water chemistry compared to that represented in the Unit B. Its depth was about a few metres and the
water level suffered periodic fluctuations. This new locality sheds light on the palacoenvironmental dynamics of the
Ribesalbes—Alcora Basin during the early Miocene and provides a new approach to the palacoecological reconstruction
of the basin.
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Introduction

Lakes are remarkable ecological archives due to their high
sensitivity to climatic changes, a characteristic that can
also be used in deep time (Cohen 2003). Indeed, the fos-
sil content and sedimentary record of palaecolakes provide
valuable information, such as palacoclimatic, chemical, and
temperature conditions (Talbot and Allen 1996). During
the Miocene, a large portion of the European continent was
covered by lakes (e.g., Neubauer et al. 2015a, b; Mandic et al.
2019; Vasilyan 2020). Those which developed in the Iberian
Peninsula produced exceptionally well-preserved fossil as-
semblages with Konservat-Lagerstitte characteristics (e.g.,
McNamara et al. 2012; Pefialver et al. 2016). Remarkable
Iberian Konservat-Lagerstdtten in Miocene lacustrine de-
posits are the fossil localities of Rubielos de Mora (Teruel
Province), Bicorb (Valencia Province), La Rinconada
and San Chils (the latter two in Castell6 Province). These
well-preserved and diverse fossil assemblages originated
under anoxic conditions at the lake bottom with presence of
microbial mats (Penalver 2002; Pefialver and Gaudant 2010).

The Ribesalbes—Alcora Basin is a Neogene complex gra-
ben covering around 150 km? located in SE Iberian Range
(Anadon et al. 1989; Fig. 1A). This basin is well-known for
the mining activities leading to oil-shale extraction in the La
Rinconada (Ribesalbes) and San Chils (I’Alcora) mines until
the early 20" century and clay extraction in the Campisano
ravine (Araia/Mas d’Antolino area) which continues now-
adays (Pefialver et al. 2016; Crespo 2017). The Campisano
ravine contains seven sections with mammalian fossil re-
cord that have been proposed as a Site of Geological Interest
(Costa-Pérez et al. 2019), i.e., Mas dels Coixos, Mas de
Torner, Araia Cantera Sud, Barranc de Campisano, Foieta
la Sarra, Mas d’Antolino B and Corral de Brisca (Fig. 1A).
La Rinconada is a well-known locality that has provided an
outstanding record of plants, molluscs, ostracods, arachnids,
insects, amphibians, bird feathers and coprolites (Pefialver
et al. 2016). Furthermore, a fossil assemblage from the San
Chils locality has been recently described showing a strong
similarity to the assemblage of La Rinconada (Alvarez-
Parra and Pefialver 2019). Both localities have been inter-
preted as different areas of the same meromictic palaeolake,
mostly contemporaneous, that occupied the basin during
the early Miocene (Alvarez-Parra and Pefialver 2019). The
exceptional preservation of their fossil record is related to
the presence of microbial mats at the lake bottom (Pefialver
et al. 2016). Interestingly, these fossil localities lack fish
record, which might be related to an endorheic origin of the
lake or an inappropriate water chemistry for the species that
could reach the lake (Pefialver et al. 2016).

Forty-five fossiliferous levels rich in mammal remains
have been recently described by Crespo et al. (2019¢), in ad-
dition to the ones previously studied by Agusti et al. (1988),
in the seven Campisano ravine sections. Their general fea-
tures, together with the geological and preliminary biostrati-
graphic framework, were published by Crespo et al. (2019¢),
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who described the geology of the area and placed the sec-
tions under study a stratigraphic context. In addition, many
of the small mammal groups found in these sections have
already been studied, including two new species of bat and
dimylid (Furi6 et al. 2012; Crespo 2017; Crespo et al. 2019a,
b, 2020a, b, 2021a, b). Among the different studied sections
from these localities, the Foieta la Sarra section includes the
Foieta la Sarra-1 locality, which yields a rich record of verte-
brate remains (Crespo et al. 2019¢). The faunal assemblage of
the Foieta la Sarra-1 locality listed by Crespo et al. (2019¢) is:
Amphiperatherium frequens erkertshofense (Koenigswald,
1970), Heteroxerus rubricati Crusafont, Villalta, and Truy-
ols, 1955, Megacricetodon primitivus (Freudenthal, 1963),
Democricetodon decipiens (Freudenthal and Daams, 1988),
Eumyarion weinfurteri (Schaub and Zapfe, 1953), Micro-
dyromys koenigswaldi De Bruijn, 1966, Peridyromys muri-
nus (Pomel, 1853), Pseudodryomys ibericus De Bruijn, 1966,
Simplomys julii (Daams, 1989), Glirudinus undosus Mayr,
1979, Ligerimys ellipticus Daams, 1976, Galerix symeoni-
disi Doukas, 1986, Talpidae sp. indet., and cf. Soricella dis-
crepans Doben-Florin, 1964. The preliminary study of the
palaeoecology of this mammalian assemblage by Crespo
(2017) indicated an increase of the open forest, as well as
higher humidity and temperature than the oldest localities
from the Campisano ravine.

Here, we describe the fossil record and the palacoecology
of a new lower Miocene locality we name Foieta la Sarra-A,
which namely consists of laminated lacustrine limestone
beds located at the base of the Foieta la Sarra section. Our
main goal is to infer the taphonomic and palaecoecological
conditions of this outcrop. Together with the current data
from La Rinconada and San Chils localities, our new find-
ings shed light on the palacoenvironmental dynamics of the
Ribesalbes—Alcora Basin during the early Miocene.

Abbreviations.—EDX, X-ray energy microanalysis.

Geological setting

The deposits of the Ribesalbes—Alcora Basin are composed
of detrital and carbonatic materials deposited in alluvial
and lacustrine environments overlying a Mesozoic base-
ment (Anadon et al. 1989) and divided into the Ribesalbes
sequence (early to middle Miocene in age) and the Alcora
sequence (late Miocene in age). The Ribesalbes sequence
includes five depositional units (A to E from the base to the
top) defined by Anadon et al. (1989). The Unit A consists
of a 300 m interval of breccia of Mesozoic limestone clasts
with minor interbedded red sandstone and mudstone. The
Unit B is characterised by oil-shales and laminated bitumi-
nous dolomicrite of the La Rinconada and San Chils locali-
ties, which yield a rich and diverse lacustrine fossil record.
The Unit C crops out in the Campisano ravine, where the
mammalian fossiliferous sites are located. This unit is com-
posed of sandstone beds ranging in thickness between 15
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Fig. 1. A, B. Geographic and geological location of the Ribesalbes—Alcora Basin (Castell6 Province, Valencian Community, Spain) with indication of the
Campisano ravine (1-7), San Chils, and La Rinconada localities. C. Synthetic stratigraphic column of the Campisano ravine (C;), and Foieta la Sarra sec-
tion (C,), showing the location of the Foieta la Sarra-1 (FS1) and the studied Foieta la Sarra-A (FSA) mammalian fossiliferous localities. D. Fossiliferous
laminated slabs of laminated lacustrine limestone at the lower Miocene Foieta la Sarra-A locality. E. Detail of the fine lamination of the Foieta la Sarra-A of
the Foieta la Sarra-A laminated limestone rocks. Abbreviations: ACS, Araia Cantera Sud; CBR, Corral de Brisca; BC, Barranc de Campisano; MAB, Mas
d’Antolino B; MCX, Mas dels Coixos; MTR, Mas de Torner. A, B modified from Crespo (2017), Crespo et al. (2019c¢).

cm and 1.5 m, and which show cross and laminated bedding
that alternates with thick massive mudstone strata interbed-
ded with a few dolomitic and calcareous layers. These facies
were interpreted by Anadon et al. (1989) as distal deltaic and
shallow lacustrine environments. The Unit D represents an
olistostrome of Cretaceous rocks, reflecting tectonic activ-
ity. Lastly, the Unit E is composed of thin bedded limestone

strata rich in ostracods and charophytes, with interbedded
mudstone horizons. On the other hand, the upper Alcora
sequence consists of conglomerate beds related to alluvial
deposits up to 200 m thick. This sequence displays a contin-
uous transition without unconformities over the Ribesalbes
sequence in the Campisano ravine (Anadon et al. 1989).

A synthetic stratigraphic column (Fig. 1C,) and a geolo-
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gical study of the Campisano ravine was presented by Crespo
et al. (2019c). The stratigraphic section is 120 m thick and it
is chiefly formed by mudstone and limestone beds, includ-
ing some sandstone and microconglomerate layers. In the
Campisano ravine, the Foieta la Sarra section is correlated
to the lower part of the Mas d’Antolino B section (Fig. 1C,).
The Foieta la Sarra stratigraphic section is 19 m thick and it
consists of grey mudstone. A 1 m thick laminated lacustrine
limestone bed, which corresponds to the Foieta la Sarra-A
locality, can be distinguished at the base of the Foieta la
Sarra section. The mammalian fossil site is located at the top
of the Foieta la Sarra section, 16 m above the base, within
grey sandy mudstone beds.

According to Crespo et al. (2019b), the presence of the
genera Megacricetodon, Ligerimys, and Democricetodon
in the Foieta la Sarra-1 locality is correlated with the
Biozone C of the MN4 (early Aragonian, early Miocene,
16.49-15.94 Ma), based on the comparison with the
Aragonian type area in the Calatayud—Montalban Basin
(Garcia-Paredes et al. 2016). The Biozone C of the MN4 is
divided in two sub-biozones, i.e., Ca and Cb, with the limit
between them at approx. 16.20 Ma after Van der Meulen et
al. (2012). The limit between these sub-biozones is present
at the Campisano ravine (Crespo et al. 2019¢). Specifically,
the Foieta la Sarra-1 locality has provided the oldest record
of Eumyarion weinfurteri and Ligerimys ellipticus within
the biostratigraphy of the Campisano ravine localities and
in the basin (Crespo et al. 2019¢). Considering lower and
upper stratigraphic levels, Foieta la Sarra-1 is older than
the level Mas d’Antolino B-3 due to the high abundance of
Megacricetodon and the scarcity of Democricetodon, which
are probably correlated with the sub-biozone Ca from the
Calatayud—Montalban Basin. Foieta la Sarra-1 is younger
than the level Mas d’Antolino B-0B because of the presence
of both the genus Eumyarion and the species L. ellipticus,
which are probably correlated with the sub-biozone Cb from
the Calatayud—Montalban Basin (Crespo et al. 2019, 2021b).
Considering this information and the stratigraphic position
of Foieta la Sarra-A locality studied here, its age could be
approximately 16.20 Ma (early Miocene), and thus located
at the base of the Cb sub-biozone.

Material and methods

The material studied herein includes compressed fossils of
plants, molluscs, arthropods, and fish recorded in 45 lam-
inated slabs excavated from the Foieta la Sarra-A locality
at the Foieta la Sarra section near Araia d’Alcora (I’Al-
cora, Castelld Province, Spain; Fig. 1). The fossil speci-
mens from Foieta la Sarra-A are housed at the Museu de la
Universitat de Valéncia de Historia Natural (MUVHN) in
Burjassot (Valencian Community, Spain). The sedimentary
rock exposed at Foieta la Sarra-A does not show significant
signals of weathering, although several Recent small roots
and fungal mycelia were removed from the slabs. The rock
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slabs were observed with a Leica MS5 stereomicroscope.
To enhance visibility of some microfossils, slabs were sub-
merged in ethanol. Specimens were photographed using a
Leica DMSI1000 stereomicroscope with an attached digital
camera, and the drawings were made using a camera lu-
cida attached to the Leica MS5 stereomicroscope. All of
these methods took place at the Department of Botany and
Geology of the Universitat de Valéncia.

The micromorphology of the samples was imaged using
a FEI INSPECT (5350 NE Dawson Creek Drive Hillsboro,
Oregon 97124, USA) Scanning Electron Microscope (SEM)
at the Museo Nacional de Ciencias Naturales (MNCN) in
Madrid (Spain). The SEM microscope in low vacuum mode
allows hydrated samples to be studied in their original state
using the large field detector (LFD), since it is close to the
sample in order to avoid electron losses. In addition, the
samples were observed with the Backscattering Electron
Detector (BSED), which were conductive in high vacuum
mode. The SEM resolution at low vacuum was 4.0 nm at 30
kV (BSED); the accelerating voltage was 20 kV, low vacuum
0.50 torr, and 10 mm of working distance. The X-ray energy
microanalysis (EDX) of the ephippial microsculpture, chi-
ronomid larval galleries and fish remains were conducted
with an energy-dispersive X-ray spectrometer (INCA
Energy 200 energy dispersive system, Oxford Instruments)
at the MNCN (Madrid, Spain).

Anatomic terminology for fish remains follows Lagler
(1947), Daniels (1996), Schultze (2015) and Bréager and Moritz
(2016).

Foieta la Sarra-A fossil assemblage

The Foieta la Sarra-A locality has yielded a diverse record of
plants (including charophytes and embryophytes), molluscs,
arthropods (including crustaceans and insects) and verte-
brates represented by fish. The botanical and faunal taxa of
Foieta la Sarra-A are available in Table 1.

Plants.—Three grey-yellowish limestone intervals contain-
ing abundant charophyte remains have been distinguished
in the Foieta la Sarra-A (Fig. 2A, B). These intervals are
exclusively composed of compressed vegetative (thallus)
fragments and poorly preserved gyrogonites (calcified fruc-
tifications of Characeae) forming a type of calcareous sed-
imentary rocks defined as characeite by Soulié-Mérsche et
al. (2010). The flattened charophyte stems studied herein
consist of isostichous corticated thalli. Considering that liv-
ing charophyte genera have not changed their vegetative
structure since the Miocene, these charophyte thalli can be
attributed to the genus Chara since among the living cha-
rophytes only this genus develops corticated stems (Soulié-
Marsche et al. 2010). Complete articulated thalli would be re-
quired for a species-level attribution. Few poorly preserved
gyrogonites occur among charophyte stems (Fig. 2B). The
absence of complete gyrogonites and their poor preservation



ALVAREZ-PARRA ET AL.—PALEOECOLOGY OF MIOCENE LAKE FROM SPAIN S17

Table 1. Botanical and faunal record from the lower Miocene Foieta la
Sarra-A locality (Ribesalbes—Alcora Basin, Castelld Province, Spain).

Charophyta
Charophyceae
Charales
Characeae Chara sp.
Embryophyta
Monocotyledoneae
Poales Poaceae, Cyperaceae,
Sparganiaceae
or Juncaceae indet.
Dicotyledoneae
Incertae sedis Dicotylophyllum sp.
Malpighiales
Salicaceae Salix? sp.
Mollusca
Gastropoda
Littorinimorpha Hydrobiidae? indet.
Hygrophila Lymnaeidae indet.
Planorbidae Ferrissia sp.
Gyraulus sp.
Arthropoda
Branchiopoda Ostracoda indet.
Cladocera
Daphniidae Daphnia (Ctenodaphnia) sp.
Insecta
Coleoptera Coleoptera indet.
Hemiptera Pentatomidae? indet.
Diptera Psychodidae? indet.
Vertebrata
Actinopterygii
Teleostei Teleostei indet.
Cyprinodontiformes
Cyprinodontidae  cf. Aphanius sp.

hinder a detailed taxonomic attribution. Several molds and
casts of planorbid gastropods (Gyraulus sp.) also occur as-
sociated to these characeite intervals.

Several microlevels of Foieta la Sarra-A show accumu-
lations of burned plant remains or fusinite (Fig. 2C) as de-
scribed from La Rinconada and San Chils localities (Pefialver
et al. 2016; Alvarez-Parra and Pefalver 2019), possibly re-
sulting from wildfires near the palaeolake. Undetermined
seeds with slightly bilobate apex have been found, although
their preservation is poor. The Foieta la Sarra-A plant record
also includes leaves, but their taxonomic affinities are chal-
lenging to determine. A large leaf remain and scarce small
fragments with straight margins and parallel veins (Fig. 2D)
are similar to specimens of Typha latissima A. Braun, 1851
in Heer, 1855 (Typhaceae) found in the Miocene Rubielos
de Mora locality (Barron and Diéguez 2001); this type of
plant remain is also found in La Rinconada and San Chils
localities. However, they are usually poorly preserved and
their morphotype could correspond to Poaceae, Cyperaceae,
Sparganiaceae or Juncaceae belonging to the order Poales
(Pefialver et al. 2016; Alvarez-Parra and Pefialver 2019). Two

slender leaves with distal areas partly preserved, 11.6 mm
long and 2.9 mm maximum wide and 14.3 mm long and
2.12 mm maximum wide, respectively (Fig. 2E, F), seem
to be similar to the morphotypes of Dicotylophyllum sp.
present in La Rinconada (Barrén and Postigo-Mijarra 2011).
Two poorly preserved leaf remains with around 6 mm max-
imum width have been tentatively determined as Salix? sp.
(Salicaceae) based on the straight, slightly parallel mar-
gins and their similarity to the specimens of Salix lavateri
A. Braun emend. Hantke, 1851 from La Rinconada (Barrén
and Postigo-Mijarra 2011; Fig. 2G, H).

Molluscs.—The gastropod assemblage recorded in the
studied samples is poorly preserved. Almost all specimens
consist of moulds and impressions, which hinder accurate
taxonomic attributions. The assemblage consists of at least
four freshwater morphotypes, one of which belongs to the
superfamily Truncatelloidea and the rest to the superfamily
Lymnaeoidea. The Truncatelloidea superfamily is repre-
sented in Foieta la Sarra-A, with 15 recognised specimens
in seven of the examined samples, by a single morphotype
(Fig. 3A—C). Due to the incompleteness of the specimens
and their poor preservation, they may belong to Hydrobiidae
or Bithyniidae. However, the general ovate-conical mor-
phology of the specimens, with convex spiral whorls and,
above all, their small size, suggest the attribution to the
family Hydrobiidae.

Regarding the three morphotypes of the superfamily
Lymnaeoidea, 120 specimens belonging to the families
Lymnaeidae and Planorbidae have been studied. Lymnaeidae
is represented by one morphotype, from which eight speci-
mens have been identified (Fig. 3D—G). Seven correspond to
fragments of adult specimens (Fig. 3D, E) and one to a juve-
nile (Fig. 3F, G). The fragments of the adults are very incom-
plete but show elongate morphology, a last round of rapid
growth, and ornamentation of growth constrictions in the
vicinity of the aperture. The juvenile specimen, with dimen-
sions of up to 6.7 mm long and 3.7 mm wide, is compressed
and deteriorated. Nevertheless, an elongate-ovate shell with
three whorls is visible, its spire being short and conical, with
a last whorl enlarging rapidly. The assignment at the genus
level is challenging, but the characteristics observed match
those of the genera Stagnicola and Radix. Vilanova y Piera
(1859) cited the presence of “Lymnaeas” in several areas of
the Castelld Province, including the “Balsa de Fanzara” (the
classical name for the Cenozoic sediments of the Ribesalbes—
Alcora Basin), although this author did not provide further
information. In any case, we prefer to keep the determination
of the lymnaeid morphotype at the family level.

Two species of the family Planorbidae have been identi-
fied in Foieta la Sarra-A, i.e., Ferrissia sp. (Fig. 3H-L), with
41 specimens present in 16 of the studied laminated slabs,
and Gyraulus sp. (Fig. 3M—R), with 71 specimens in 21 of the
slabs. The specimens of Ferrissia, the largest with 5.90 mm
long and 3.89 mm wide, have a limpet-like morphology
with an elliptical basal outline. The anterior shell portion is
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Fig. 3. Molluscs from the lower Miocene Foieta la Sarra-A locality (Ribesalbes—Alcora Basin, Castell6 Province, Spain). A—C. Hydrobiidae? indet. spec-
imens (A, FS-9A-1; B, FS-44C-2; C, FS-15-1). D-G. Lymnaeidae indet. specimens (D, FS-10-1; E, FS-39-1; F, FS-28B-2; G, FS-28A-2). H-L. Ferrissia
sp. specimens (H, FS-16-1; I, FS-16-3; J, FS-13A-1; K, FS-31C-3; L, FS-39-2). M-R. Gyraulus sp. specimens (M, FS-42A-1; N, FS-42B-1; O, FS-35B-1;
P, FS-35A-1; Q, FS-7B-1; R, FS-7A-1). Scale bars | mm.

slightly broader and convex, the flanks are nearly straight or
slightly convex, and the posterior part is convex. The shell
apex is slightly deflected to the right, its posterior portion is
slightly concave, and its anterior portion is weakly convex in
lateral view. The ornamentation is poorly preserved. These
specimens of Ferrissia from Foieta la Sarra-A locality dif-
fer from the middle Miocene Ferrissia illyrica (Neumayr,
1880) from the Dinaride Lake System (Neubauer et al.
2011, 2013, 2015c¢) by its narrower contour. The early—mid-
dle Miocene Ferrissia wittmanni (Schlickum, 1964) from
Southern Germany and Austria (Harzhauser and Kowalke
2002; Kowalke and Reichenbacher 2005; Harzhauser et
al. 2014) also has a narrower profile, as well as concave
flanks and a cup-shaped apex. Moreover, the late Miocene
Ferrissia truci Wautier, 1975, from France (Wautier 1975)
differs from the Foieta la Sarra-A specimens by its more
elongate contour, as well as the elongate apical region with
arounded apex located far back and strongly inclined to the
right. The shape of the shell of the studied specimens is par-
ticularly similar to that of Ferrissia deperdita (Desmarest,
1814), a common species in the middle Miocene of Central

Europe. However, the general degree of preservation and
particularly the ornamentation prevent us from assigning
our specimens to the latter species. On the other hand,
Gyraulus sp. is the most abundant gastropod species in the
studied samples. However, all fossils attributed to this taxon
correspond to incomplete moulds and impressions, which
hinders the determination to species level. However, the
characteristics of this morphotype, whose shell reaches four
whorls among the largest specimens, are consistent with
those of Gyraulus based on the growth pattern (with whorls
moderately increasing in diameter), the estimated dimen-
sions among the studied specimens (with a maximum diam-
eter of 5.18 mm), and the ornamentation of growth lines, i.e.,
prosocline in umbilical view and prosocyrt in apical view.

Arthropods.—Crustaceans and insects represent the hith-
erto recovered arthropod record from the Foieta la Sarra-A
locality. Crustaceans include Ostracoda and Cladocera.
Ostracod shells 1-2 mm long, 0.5-1 mm wide without ap-
parent ornamentation have been found (Fig. 4A); they have
been recorded both as isolated specimens and as mass re-
cords (blooms) in the laminated slabs. The poor preservation

<— Fig. 2. Plant remains from the lower Miocene Foieta la Sarra-A locality (Ribesalbes—Alcora Basin, Castello Province, Spain). A, B. Chara sp. corticated

isostichous thalli (FS-3A) and two gyrogonites surrounded by thalli (FS-3B). C. Burned plant remains or fusinite of diverse size (arrowheads) (FS-8A-1).
D. Poorly preserved Poaceae, Cyperaceae, Sparganiaceae or Juncaceae leaf remain (FS-21B-1). E, F. Dicotylophyllum sp. leaf remains (E, FS-22A-1;
F, FS-24B-1). G, H. Salix? sp. leaf remains (G, FS-19B-2; H, FS-40-1). Scale bars A—C, 1 mm; D-F, 2 mm; G, H, 4 mm.
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Fig. 5. SEM images of arthropod remains from the lower Miocene Foieta la Sarra-A locality (Ribesalbes—Alcora Basin, Castellé Province, Spain). A. Com-
plete Daphnia (Ctenodaphnia) sp. (Cladocera) ephippium (A;) showing an exceptionally well-preserved reticulated microsculpture (FS-43B-4); detail
showing the limit between the paired egg chambers (A,), and the dorsal ridge with variation in microsculpture in the top of the image (A3). B. Chironomid
larval gallery (B,) and its filling material (B,) resulting from oxidation of the original framboidal pyrite (FS-34A-1). Scale bars: A}, 0.3 mm; A,, A;, B,
0.05 mm; By, 0.1 mm.

of the Foieta la Sarra-A ostracod shells prevents a proper
determination. On the other hand, mass records of cladoc-
eran ephippia occur in the Foieta la Sarra-A slabs (Fig. 4B).
Specimens are around 0.8—1 mm long and 0.4—0.5 mm wide
with an ovoid or sub-rectangular shape. Although the ephip-
pia are poorly preserved, the margins of the valve (originally
highly sclerotised) and the paired egg chambers can be dis-
tinguished. The dorsal margin lacks spinules. The ephippia
show their typical reticular microsculpture (Fig. 5A) with
high value of Ca element (Fig. 6A). The ephippial accu-
mulations do not show uniform orientations in the slabs
(see Pefalver et al. 1996). The morphotype of the Foieta
la Sarra-A ephippia corresponds to the subgenus Daphnia
(Ctenodaphnia) based on the sub-rectangular shape and
the axes of the eggs being sub-parallel to the dorsal mar-
gin (Kotov and Taylor 2011), as in two specimens recorded
from the San Chils locality (Alvarez-Parra and Pefialver
2019). Miocene cladoceran ephippia have been found in
several lacustrine deposits from the Iberian Peninsula,
such as Rubielos de Mora (Penalver et al. 1996), Bellver de

Cerdanya in Lleida (Martin-Closas and Delclos 2007), and
Tresjuncos in Cuenca (Bustillo et al. 2017).

Regarding insects, specimens belonging to the orders
Hemiptera, Coleoptera, and Diptera have been found. First, a
partly preserved abdomen divided in at least seven sclerites of
1.32 mm in length and 1.46 mm in maximum width has been
found (Fig. 4C); its distal area is deformed, and the genitalia
are not visible. Its morphology could correspond to a pen-
tatomid hemipteran (Hemiptera: Pentatomidae). This group
is represented in the San Chils locality by a Sciocoris? sp.
specimen (Alvarez-Parra and Pefialver 2019). Moreover, bee-
tles (Coleoptera) are represented among the Foieta la Sarra-A
material by a poorly preserved isolated elytron, 0.91 mm in
length with rounded apex and ornamentation constituted by
ten or 11 rows of hollows (Fig. 4D). Beetles had been previ-
ously reported from the Ribesalbes—Alcora Basin (Pefialver
et al. 2016; Alvarez-Parra and Pefalver 2019). Lastly, an
isolated wing with a rounded apex, six longitudinal veins
and a fusiform (discal?) cell likely belongs to a psychodid
fly (Diptera: Psychodidae) (Quate and Vockeroth 1981). In

<— Fig. 4. Arthropods from the lower Miocene Foieta la Sarra-A locality (Ribesalbes—Alcora Basin, Castell6 Province, Spain). A. Undetermined ostracod shell,

FS-38A-1. B. Mass record of Daphnia (Ctenodaphnia) sp. (Cladocera) ephippia, FS-21A; each specimen is indicated with an arrowhead. C. Photograph
(C)) and drawing (C,) of a Pentatomidae? (Hemiptera) abdomen, FS-41-1. D. Isolated beetle (Coleoptera) elytron, FS-19B-1. E. Photograph (E;) and
drawing (E,) of a Psychodidae? (Diptera) wing, FS-44D-1. F, G. Chironomid larval galleries in longitudinal (FS-45-1) and transversal (FS-29) views,

respectively. Scale bars: A, B, C, E, F, 1 mm; D, G, 0.5 mm.
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Fig. 6. EDX microanalyses of specimens from the lower Miocene Foieta la Sarra-A locality (Ribesalbes—Alcora Basin, Castelld Province, Spain).
A. Ephippial microsculpture of Daphnia (Ctenodaphnia) sp. (FS-43B-4). B. Filling material of a chironomid larval gallery (FS-34A-1). C. Morphotype

2 fish scale (FS-21C-9). D. Isolated fish bone (FS-21).

any case, this determination should remain tentative as the
wing margin is not clearly defined and the veins obscured
due to preservation (Fig. 4E). This would be the first report
of the family Psychodidae in the Ribesalbes—Alcora Basin.
In addition, U-shaped and rather straight galleries of around
0.2-1 mm in diameter and different lengths have been found
in the slabs from Foieta la Sarra-A (Fig. 4F); their sections
are circular (Fig. 4G). This type of ichnofossils of around
1 mm in diameter is commonly related to bioturbation pro-
duced by chironomid (Diptera) larvae and are usually found
in lacustrine deposits (Walshe 1951). Similar ichnofossils
attributed to chironomid larval galleries have been found
in other Cenozoic outcrops from the Iberian Peninsula (e.g.,
Rodriguez-Aranda and Calvo 1998). The galleries show an
orange-brown colour resulted of the oxidation process of the
original framboidal pyrite (Fig. 5B), as EDX microanalysis
indicates (Fig. 6B).

Fishes.—A poorly preserved and incomplete teleostean
specimen, abundant clumps of scales and bones, isolated
scales, and other scattered remains comprise the fish record
from Foieta la Sarra-A. The incomplete teleostean specimen,
preserved as a part and a counterpart, preserved its anterior
part. It is comprised by a crushed skull, scales of the abdom-
inal region and the dorsal and pectoral fins (Fig. 7A). The
skull is crushed and only the dentary bone and some bones of
the opercular apparatus are recognisable, although distinc-
tive features of the fish skull are obscured by dissolution and/
or enzymatic attack, which hinder both a detailed anatomic
description and an accurate taxonomic assignment. As far as

it can be described, the dorsal fin appears to be triangular;
no scutes, basal or fringing fulcra are observed. The dorsal
fin base length is about 30 mm and dorsal pterygiophores
are badly preserved. There are ca. 15 dorsal fin rays with
long bases, in the preserved part of which segmentation and
branching are not evident. It is unclear if only the first dorsal
fin ray forms the leading margin of the fin. The distal portion
of the fin is obscured by sediment. The vertebral column
and its associated elements are not apparent. Although, one
badly preserved vertebral centrum is observed near the base
of the skull, it is not clear whether it belongs to this spec-
imen or not. The squamation is composed by small, thin
sub-squarish elasmoid scales of the cycloid type (morpho-
type 1, see below). Scales are imbricated, most of them com-
pletely preserved. Some isolated scales show their anterior
field exposed; the posterior field, which is inserted below
the epidermis, appears to be large. No lateral line scales have
been recognised, nor ctenoid or spinoid scales are observed
in the specimen. Circulii are present as concentric crests sur-
rounding the focus area of the scales; the focus seems to be
displaced from the central area. Circulii of the posterior and
lateral fields are smooth and seems to be regularly spaced.
The so-called first circulii are also smooth. The scales are
composed by two layers: the superficial layer and the basal
bony plate (Fig. 8B). The basal bony plate is the main part of
the scale; its structure or size of collagen fibres is not evident
in the available material.

The clumps of scale and bones are well-sorted (Fig. 7B,
C). Among the bones, some fin rays and ribs have been iden-
tified. The scales in the clumps are represented by at least
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Fig. 7. Fish remains from the lower Miocene Foieta la Sarra-A locality (Ribesalbes—Alcora Basin, Castelld Province, Spain). A. Poorly preserved tele-
ostean specimen (FS-23A-1); df: dorsal fin, pf.r: pectoral fin rays; the arrow indicates the anterior region of the specimen. B, C. Clump of scales and bones
(FS-38A-2); arrowheads indicate diagenetic fractures. Scale bars: A, B, 5 mm; C, 2 mm.

the two morphotypes described below. It is unclear if these
two morphotypes of scales belong to the same individual.
Moreover, it is also unclear if some of these clumps represent
bromalites (i.e., coprolites, cololites, and regurgitalites; see
Hunt and Lucas 2012). Some fin rays and ribs (i.e., fractures
perpendicular to the major axis of the bone; Fig. 7B, C), as
well as most of the scales, exhibit diagenetic fractures.

Fish scales from Foieta la Sarra-A are represented by at
least two morphotypes that are described below. The mor-
photype 1 is well-represented in the incomplete specimen
covered with articulated scales (see above), as well as in the
clumps of scales and bones. EDX analysis of fish scales of

morphotype 2 (Fig. 6C) and an isolated bone (Fig. 6D) con-
firm that the scale and bone are composed namely of Ca, P,
and O, indicating the prevalence of apatite.

Morphotype I: Thin sub squarish elasmoid scales of the
cycloid type. These scales measure ca. 1.5 mm long (mea-
sured antero-posteriorly) and 1.6 mm wide (measured in the
widest portion) (Fig. 8A, B). They have a relatively small
focus that is antero-posteriorly elongate. Circulii are well-de-
veloped. The anterior field is striated (see Brager and Moritz
2016: fig. 3B) and bears 13 to 17 radii (= ridges). The so-
called first circulii are concave to straight. Lepidonts (= small
tooth-like structures anchored to circulii) are not observed.



Fig. 8. Fish scale morphotypes from the lower Miocene Foieta la Sarra-A
locality (Ribesalbes—Alcora Basin, Castello Province, Spain). A, B. General
view and SEM image of the morphotype 1 (FS-21B-2 and FS-21A-10, re-
spectively); the arrow indicates de anterior field of the scale. C. General
view (C,) and SEM image (C,) of the morphotype 2 (FS-21C-9). Scale bars:
A, 1 mm; B, C, D, 0.5 mm.

The posterior field seems to be convex and smooth. Two
generations (principal and secondary) of radius (=ridges) are
easily recognised. The posterior field of the scales does not
show tubercles, but its absence cannot be fully ascertained
due to the preservation of the available material.

This scale morphotype is commonly found in many fresh-
water fishes (e.g., Cyprinodontiformes and Atheriniformes),
and it is most similar to the scales present in some killifish
species of the genus Aphanius (e.g., Gholami et al. 2013;
Teimori et al. 2017).

It is important to highlight that scales might vary in type
(ctenoid and cycloid) and morphology (rounded, squarish,
etc.) in the same individual relative to the different body
sections of an individual. Scales are plastic structures; their
general morphology is highly (intra- and interspecifically)
variable; also, microstructure seems to show a high de-
gree of intraspecific variation, at least in some cyprino-
dontiforms such as Aphanius (e.g., Gholami et al. 2013) and
clupeiforms (e.g., Patterson et al. 2002). Because taxonomy
based on isolated scales appears to be problematic (e.g.,
Briger et al. 2017), we prefer to leave them unassigned.

Morphotype 2: Elasmoid scale of the cycloid type, thin,
rounded or circular in shape, diameter about 1 mm (Fig. 8C,
D). The scale has a large focus located in the middle and
concentric circulii. Radii and spines or ctenii are lacking.
The number of circulii (seven to ten) is almost equal across
the entire field. Circulii are almost equally spaced and con-
centric. This scale resembles those present in the freshwater
gadid teleostean Lota lota Linnaeus, 1758, which is the only
freshwater member of the family Gadidae and is adapted to
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cold waters (Lagler 1947; Oates et al. 1993; Daniels 1996).
Note that some members of Salmoniformes have similar
scale morphology (Patterson et al. 2002).

Discussion

Taphonomy—The laminated limestone beds from Foieta
la Sarra-A are interpreted as lacustrine deposits; the re-
corded taxa correspond to a typical assemblage of a peren-
nial palaeolake, characterised by the presence of lymnaeid
and planorbid molluscs, ostracods, and charophytes (Freytet
and Verrecchia 2002). The Foieta la Sarra-A record fulfils
the requirements to be considered a Konservat-Lagerstitte
based on the preservation of soft-bodied specimens, such
as the well-preserved reticulated microsculpture of the
Daphnia (Ctenodaphnia) ephippia (Fig. 5A) and insect re-
mains (Fig. 4C—E), which is explained by the presence of
microbial mats in the palacolake (Wilby et al. 1996). The
incomplete fish specimen with articulated bones, fins, and
scales in original position (Fig. 7A) could have reached the
bottom of the lake articulated in conditions of low water
energy (see below). The carcass lacks evidence of flotation,
as well as of predation and/or scavenging. Aside from this
singular specimen, bacterial decay and flotation appear to
be evident in the remaining fish carcasses, as most of the
specimens are disarticulated and forming clumps (Fig. 7B,
C), perhaps due to scavengers since no clear orientation of
the elements is apparent. In any case, at least some of the
clumps could be bromalites; thus, their preservation resulted
from rapid burial after production. The well-developed di-
agenetic fractures on bones and scales evidence the fossil
diagenesis (Fig. 7B, C). There appears to be no directional
scatter of Daphnia (Ctenodaphnia) sp. ephippia, fish scales,
and/or lepidotrichia. Thus, the palacolake was apparently
quiet, lacking currents that could have affected the distri-
bution of fish carcasses. Characeite rocks and the slabs with
chironomid larval galleries correspond to the in situ record
of marginal areas of the lake, while the rest of the specimens
were deposited at the lake bottom covered by microbial mats.

The presence of charophytes, mass records of cladoceran
ephippia, ostracods, and fish remains in Foieta la Sarra-A in-
dicates that the water chemistry was dissimilar to that of the
palaeolake of the Unit B which is apparently lacking these
taxa (Penalver et al. 2016). The laminated slabs from La
Rinconada and San Chils resulted from the sedimentation of
fine-grained particles on microbial mats at the anoxic bottom
from a meromictic lake (Anadon et al. 1989; Pefialver et al.
2016; Alvarez-Parra and Pefialver 2019). The environmental
conditions related to the presence of microbial mats in Foieta
la Sarra-A could also be different. As noted above, it is un-
clear if the clumps of fish scales and bones resulted from
scavenging or they are bromalites. Therefore, we propose two
hypotheses for the presence of microbial mats at the lake bot-
tom: (i) as finding potentially scavenged fish is incompatible
with an anoxic lake bottom, the microbial mats were related
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to a lake bottom that was at least slightly saline (Bauld 1981;
Penalver and Gaudant 2010); this contradicts the molluscan
assemblage found, which indicates freshwater conditions in
the palaeolake; (ii) if the fish remains were bromalites, the
lake bottom could have been anoxic. The preservation of
the Foieta la Sarra-A materials is worse than other Miocene
palaeolakes such as Bicorb and La Rinconada (Pefialver and
Gaudant 2010; Pefalver et al. 2016), so it is plausible that the
microbial mats of Foieta la Sarra-A were thin veils rather
than thick mats. A detailed taphonomic study of the Foieta la
Sarra-A palaeolake is beyond the aims of this contribution,
and future studies will have to address that matter.

Palaeoecological reconstruction of the Foieta la Sarra-A
palaeolake and its surroundings.—The botanical and fau-
nal composition of the Foieta la Sarra-A record (Table 1)
represents the community that inhabited a lacustrine en-
vironment and contiguous areas during the early Miocene.
Charophyte accumulations of Chara sp. recorded as chara-
ceite are related to the presence of charophyte meadows at the
lower marginal areas of the lake, which was well-oxygenated
and well-illuminated based on the finding of thalli and gyro-
gonites (Soulié-Mirsche et al. 2010). Charophyte stems are
well-preserved and somewhat fragmented, suggesting that
the environment was relatively quiet, without the action of
strong currents nor waves. The charophyte meadows corre-
sponded to one of the primary producers in the palaeolake.
The assemblage of molluscs is composed of 127 poorly
preserved specimens of four freshwater gastropod taxa. The
93.3% are pulmonate species (Lymnaeidae indet., Ferrissia
sp., and Gyraulus sp.) which, as a whole, indicate aquatic en-
vironments that are shallow, stagnant or with weak currents
and abundant aquatic vegetation (Gloer 2002). Ferrissia
would also indicate the existence of probable reed-belts on
the shore while Lymnaeidae and Gyraulus point out the pos-
sibility of temporary desiccation (Fetcher and Falkner 1993;
Gloer 2002). Many extant individuals studied in Europe, de-
termined as Ferrissia wautieri (Mirolli, 1960) but according
to Vecchioni et al. (2017) corresponding to the allochtho-
nous species of cosmopolitan distribution Ferrissia califor-
nica (Rowell, 1863), inhabit stagnant to lentic waters, living
among the leaves of aquatic vegetation and underneath the
leaves of reeds-belts on the upper littoral zone and showing
little sensitivity to water quality (Gloer 2002). Some authors
also indicate that the same species is thermophilous and lives
in eutrophicated waters (Van der Velde 1991). Extant spe-
cies of Lymnaeidae preferably inhabit shallow, permanently
stagnant or weakly flowing waters, with salinities ranging
from freshwater to oligohaline in the case of Stagnicola
and up to mesohaline in Radix; lymnaeids typically live on
macrophyte vegetation feeding on epiphytes (Adam 1960;
Okland 1990; Gloer 2002). Some lymnaeid species with-
stand periods of desiccation and inhabit temporary water
bodies, even those being located on flood plains (Fetcher
and Falkner 1993). Extant species of Gyraulus live in a va-
riety of conditions, preferably in shallow waters, including
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water bodies that are ephemeral, stagnant, or slowly running
and abundant in vegetation (Gloer 2002; Welter-Schultes
2012). The fourth taxon (Hydrobiidae? indet.), which rep-
resents 6.7% of the specimens studied, suggests permanent
waters, at least at the time of deposition. Extant species of
Hydrobiidae thrive in permanently flooded freshwater to
brackish water environments (Arconada and Ramos 2003).

Lymnaeids feed namely by scraping algae and diatoms
from rocks or macrophytes (Pyron and Brown 2015), al-
though they often consume filamentous algae (Kesler et al.
1986). Extant Holarctic species of Ferrissia show a prefer-
ence for periphytic algae, especially diatoms (Burky 1971).
Concerning the genus Gyraulus, the analysis of stomach
content indicates a primarily detritivorous diet (Dudgeon
and Yipp 1985), although other studies also show algal con-
sumption (e.g., Hann etal. 2001). The species of Hydrobiidae
have a widely diverse diet, including detritus, bacteria,
filamentous algae, and diatoms, among others. Studies on
the feeding habits of some freshwater hydrobiid species
(Radea et al. 2017), as well as species from other related
families such as Amnicolidae (Kesler 1981), show a diet
suggesting the importance of periphyton diatom grazing.
In sum, the combination of the four gastropod taxa found in
Foieta la Sarra-A suggest that the palacolake was shallow,
perennial, and quiet (absence of strong currents). Moreover,
this molluscan assemblage indicates that the aquatic mac-
rophytes were abundant in the shallow areas of the lake
such as the littoral zone, and the shores were also covered
with helophytic vegetation. This vegetation was important
in maintaining molluscan populations, as constituted the
main substrate for the epiphytes on which molluscs fed
on, particularly in the case of Lymnacidae. Moreover, this
vegetation would contribute to the formation of detritus
which could support the Gyraulus sp. populations. These
characteristics are compatible with a vegetated shore of the
lake whose waters were oligohaline at the most.

Daphnia cladocerans are filter-feeding crustaceans
of freshwater habitats (Ebert 2005). The specimens from
Foieta la Sarra-A correspond to the subgenus Daphnia
(Ctenodaphnia), which is related to shallow, temporary wa-
ter bodies (Popova et al. 2016). Daphnia (Ctenodaphnia)
ephippia from Foieta la Sarra-A have been found as mass
records in the rock slabs, suggesting environmentally stress-
ful conditions, such as temporary desiccation or lack of food
resources, that caused the change in their reproductive cy-
cle from parthenogenetic to ephippial females (Penalver et
al. 1996; Ebert 2005). The finding of these records is in-
teresting, as it appears to contradict the permanent water
condition inferred by charophytes, some of the molluscs
and fish. Nonetheless, Daphnia (Ctenodaphnia) individuals
could have occupied lake margins that desiccated during dry
periods in a lake with a fluctuating extension. Predators of
Daphnia (Ctenodaphnia) could have been other arthropods
as well as vertebrates, although their presence did not affect
the emergence of massive Daphnia populations. Although
cladoceran ephippia have not been found in the extensive
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fossil record of La Rinconada (Pefnalver et al. 2016), and they
are represented in San Chils only by two specimens in a slab
(Alvarez-Parra and Pefialver 2019), similar ephippial mass
occurrences were found in Rubielos de Mora (Pefalver et al.
1996). Moreover, the occurrence of mass records of Daphnia
(Ctenodaphnia) in Foieta la Sarra-A indicates that the water
chemistry of this palaeolake was different in comparison to
the lacustrine deposits from the Unit B. Furthermore, ephip-
pia from Foieta la Sarra-A do not show a preferential orien-
tation in the slabs, suggesting a low energy environment.
Lastly, they are found associated to mass occurrences of
ostracods, like the ones from Rubielos de Mora and Bellver
de Cerdanya Miocene outcrops (Penalver et al. 1996).

The absence of dipteran pupal exuviae in Foieta la Sarra-A
is noteworthy, as they are abundant in La Rinconada and
San Chils, where they indicate stagnant water and lack of
predators (Pefalver et al. 2016; Alvarez-Parra and Pefialver
2019). The presence of fish predators matches such absence
of dipteran exuviae, although the record of the latter would
require a higher grade of exceptional preservation than that
observed in Foieta la Sarra-A. Nonetheless, the finding of
Chironomidae larval galleries occurring at the lake bottom
suggests that populations of this group of flies were present
in this lacustrine environment; chironomid larvae are found
in ecosystems of different characteristics, although their
presence in Foieta la Sarra-A could be related to shallow
waters of a lentic environment and were microphagic, i.e.,
feeding on detritus and small plants or animals (Oliver 1981).

The teleostean fish scale morphotype 1 resembles the
scales present in some Kkillifish (Cyprinodontiformes), a
large group of secondarily freshwater fishes with a wide
geographical distribution. More specifically, the scale mor-
photype 1 resembles the scales present in species Aphanius,
including small omnivorous eurythermic and eurhyhaline
species that inhabit brackish and salt marshes, coastal la-
goons, river mouths and freshwater environments (Gaudant
1993; Nelson et al. 2016). Therefore, Aphanius species are
highly ecologically flexible fishes that tolerate a wide range
of temperature and salinities, and so they may occur in a
wide range of habitats (Teimori et al. 2014). Despite their
omnivory, the diet of some Aphanius species has a high
degree of seasonal variation and, in general terms, includes
several small invertebrates and their eggs, as well as dia-
toms (Leonardos 2008). Also, some species of Aphanius
display some differences in habitat preference related to
their age (Alcaraz and Garcia-Berthou 2007).

Although the palaeoichtyofauna can be useful to under-
stand the palaecoenvironment, it is important to highlight
that “deducing a type of environment from only a single tax-
on’s autoecology risks falling into a circular reasoning but
this analysis is, however valuable if its incorporates a set of
signals that point to the same environment” (Cavin 2017: 4).
Moreover, due to the high diversity of fishes’ lifestyles and
their ability to live in environments with changes in salinity,
using them to determine or define types of freshwater envi-
ronments is challenging.
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The palaeovegetation of Foieta la Sarra-A corresponds to
a typical riparian assemblage, similar to the La Rinconada
and San Chils assemblages related to a lacustrine palacoenvi-
ronment (Barron and Postigo-Mijarra 2011; Postigo-Mijarra
and Barron 2013; Alvarez-Parra and Pefialver 2019), based
on the presence of specimens of Poales, Dicotylophyllum sp.,
and Salix? sp. Palaeofires could be recurrent based on the
accumulations of fusinite in the Foieta la Sarra-A rock. The
scarcity of insects in the fossil record of Foieta la Sarra-A
might be explained by the presence of vertebrates such as
fishes, which fed on the former when they were washed to
the lake. Abundant amphibian, crocodilian (and other rep-
tilian), and mammalian record has been found in the other
levels of the Foieta la Sarra section and Campisano ravine lo-
calities (Crespo 2017; Crespo et al. 2019¢; VDC unpublished
data), whereas amphibians and bird (only feathers) remains
have appeared in La Rinconada and San Chils (Pefalver
et al. 2016; Alvarez-Parra and Pefalver 2019). Therefore,
although these vertebrates could have inhabited the riparian
environment or that contiguous the palacolake of Foieta la
Sarra-A, there is a gap of such faunal record to date.

Palaeoenvironmental dynamics during the early Mio-
cene in the Ribesalbes—Alcora Basin.—The deposits of
the Ribesalbes—Alcora Basin show a dynamic environmen-
tal evolution of the water body during the early Miocene.
The oil-shale and laminated bituminous dolomicrite of La
Rinconada and San Chils localities, belonging to the Unit B,
correspond to the record of a meromictic palacolake (Penalver
et al. 2016). On the contrary, the stratigraphically higher fine
grain facies of the Campisano ravine, belonging to the Unit
C, represent the distal deposits of an alluvial fan or a muddy
floodplain (Crespo et al. 2019c¢), indicating an environmental
change during the early Miocene in the basin. The laminated
slabs found in Foieta la Sarra-A hitherto represent the only
record of a well-developed palaeolake in the stratigraphy of
the Campisano ravine (Crespo et al. 2019c¢), showing that the
palacoenvironments inferred for the facies of the Unit C are
more diverse than previously assumed.

The palaeolake corresponding to the deposits of the
Unit B, which outcrops in La Rinconada and San Chils, had
a permanent water stratification, with an anoxic lake bottom
were microbial mats developed (De las Heras et al. 2003).
This water stratification was probably influenced by the in-
ferred subtropical climate that prevailed in the area (Penalver
et al. 2016). Water depth could be several tens of metres in
areas away from the shore (De las Heras et al. 2003). The
water was basic in character, oligo- or mesosaline and with
high sulphate content (De las Heras et al. 2003). The slight
salinity could have also contributed to the stratification of
the water column (Penalver et al. 2016).

The Foieta la Sarra-A palaeolake shows taphonomic
and palaeoecological similarities to the lacustrine record
of the Unit B, such as the fine lamination due to the pres-
ence of microbial mats at the lake bottom (which enabled
the fossil preservation and is characteristic of Konservat-
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Fig. 9. Synthetic 3D representation of the aquatic environment evolution in the Ribesalbes—Alcora Basin (Castelld Province, Spain) during the early
Miocene, mostly based on the La Rinconada (ca. 19 Ma, belonging to the Unit B) and Foieta la Sarra-A (ca. 16.20 Ma, belonging to the Unit C) deposits,
which nowadays are separated by around 4 km. Rock deposits have been strongly simplified (e.g., breccia and sandstone are not represented). The sig-
nificant differences in the aquatic biota are marked with red asterisks. Animals represented in grey correspond to the fossil record of the Foieta la Sarra-1
(FS1) mammalian locality, which are not recorded in the slabs of Foieta la Sarra-A Foieta la Sarra-A (FSA). In La Rinconada (A), heteropterans are repre-
sented by the families Nepidae and Notonectidae, odonates by the infraorders Zygoptera and Anysoptera, and nematocerans by the families Chironomidae
and Chaoboridae. In Foieta la Sarra-A (B), planorbids are represented by the genera Ferrissia and Gyraulus, and nematocerans have been inferred based
on chironomid larval galleries in the Foieta la Sarra-A slabs. Silhouettes not to scale.

Lagerstétten) and the finding of plant remains and fossil in-
sects (Pefialver et al. 2016). Interestingly, Foieta la Sarra-A
shares with San Chils, but not with the widely studied La
Rinconada, the presence of Daphnia (Ctenodaphnia) sp.
ephippia, although only represented by two specimens in
San Chils (Alvarez-Parra and Pefialver 2019), in contrast to
the mass records from Foieta la Sarra-A. La Rinconada has
yielded fossil record of amphibians (Pefialver et al. 2016),
which have not been found in Foieta la Sarra-A. Despite
that, Foieta la Sarra-A has provided charophytes and lym-
naeids, not recorded in the Unit B, and the only fish remains
of the Ribesalbes—Alcora Basin to date. Considering the
overall data from the palacolakes of the Unit B and Foieta
la Sarra-A, the palacoenvironment and the palaeoecology
were clearly different (Fig. 9). Their palaeoenvironments
differ due to a change of the water chemistry. The three
main mechanisms controlling the water chemistry of lakes
are atmospheric precipitation, rock dominance of the basin
and evaporation-crystallisation processes (Gibbs 1970), and
these three could explain the environmental dynamics of
the palaeolake records of the basin. The rock dominance of
the basin corresponds to the basement that crops out in the
marginal areas of the basin and is eroded by the lotic waters,

which arrive to the lakes formed in the central areas and set
the chemistry of their waters (Gibbs 1970). The deposits of
the Unit B have been tentatively dated as slightly older than
the deposits of the Unit C (Pefialver et al. 2016), but it is
unlikely that the rock dominance of the basin could change
enough to modify the water chemistry in such a short time.
Therefore, the factors that influenced a change of the water
chemistry in the palacolakes of the basin need to be further
studied based on sedimentological works and geochemi-
cal analyses of the Foieta la Sarra-A rock. An increase of
the humidity in the second local biozone of the Campisano
ravine was proposed after the preliminary studies of the
mammalian palaeoecology and isotopes in the fossiliferous
localities (Rios 2013; Crespo 2017). The faunal assemblage
in the second local biozone (after Crespo et al. 2019¢) ap-
parently shows more humid preferences than in the first one
(Crespo 2017; Crespo et al. 2019¢). The Foieta la Sarra-A
assemblage and palaeoecology confirm an increase of the
humidity in the second local biozone. Indeed, there was a
stable water body at least during the beginning of the second
biozone, with no lacustrine sediment apparent during the
first biozone. A tropical climate has been inferred for the
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early Miocene forest of the Campisano ravine surrounding
the palaeolake (Crespo et al. 2020b).

The seven sections of the Campisano ravine, correspond-
ing to the Unit C, include facies that represent different pa-
lacoenvironments (Crespo 2017; Crespo et al. 2019c¢). Most of
the deposits are mudstone beds with variegated colours, sug-
gesting that sediments were exposed to subaerial conditions.
Sandstone and microconglomerate channels are interpreted
as the fluvial contribution to the distal parts of alluvial fans
in a low-energy environment. These channels correspond,
for instance, to specific high energy episodes related to large
floods caused by storms. Thinner tabulate sandstone layers
that cover a larger lateral surface, were probably deposited in
the floodplains (Crespo 2017; Crespo et al. 2019c). Massive
limestone beds were probably deposited in shallow lacus-
trine and marshy environments subjected to the fluctuation
of the water level. Furthermore, several levels of the sections
from the Campisano ravine indicate particular environments.
These include: (i) dark lenticular beds with black-lignitiferous
mudstone probably related to a palustrine environment (in the
levels Mas dels Coixos-3 and Mas d’Antolino B-11), (ii) palae-
osols associated with longer intervals of subaerial exposure
(in the level Mas dels Coixos-4-6), (iii) fine ferruginous and
red-coloured levels probably associated to low sedimentation
rate episodes and combined with abundant iron supplies (in
the level Araia Cantera Sud-2), (iv) evaporitic deposits in the
form of gypsum layers formed on the edge of a lake (in the
levels Mas d’Antolino B-0A and Mas d’Antolino B-0B), and
(v) laminated limestone beds as those from Foieta la Sarra-A
(Crespo 2017; Crespo et al. 2019¢). Particularly, an increase
of the energy in the environment is observed in the Foieta la
Sarra section (Fig. 1B), as the laminated limestone beds are at
the bottom of the deposit (Foieta la Sarra-A) and sandy mud-
stone is present at the top (Foieta la Sarra-1). Accordingly,
the Campisano ravine deposits reflect the complexity of the
palacoenvironments of a palaeolake and its surroundings.
The Foieta la Sarra-A locality in particular shows the envi-
ronmental evolution of a palacolake that occurred in the basin
in comparison with the record of the Unit B.

Conclusions

Foieta la Sarra-A corresponds to the record of a different
palaeolake to that of the Unit B, or a later phase of the same,
providing evidence of the palacoenvironmental dynamics of
the Ribesalbes—Alcora Basin during the early Miocene. The
Foieta la Sarra-A palacolake had a different water chemistry
in comparison to that of the Unit B. Such factor explains the
presence of mass occurrences of ostracods and Daphnia
(Ctenodaphnia) sp. ephippia. The occurrence of characeite
beds indicates that the palaeolake depth was not significant
(i.e., a few metres). Moreover, the water level underwent
periodic fluctuations, favouring the mass production of
Daphnia (Ctenodaphnia) sp. ephippia in the most marginal
palaeolake areas under stress conditions. The scarcity of
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insects could be related to the abundance of fishes as preda-
tors, to preservation, and/or to sampling biases.

A new palaeontological work is planned in the near fu-
ture in order to increase the known fossil assemblage from
Foieta la Sarra-A. Furthermore, a sedimentological and geo-
chemical approach would shed further light on the palaco-
lake environment. The search of new lacustrine limestone
levels in the stratigraphy of the Campisano ravine, as well as
new palacontological excavations in La Rinconada and San
Chils would provide new data on the complex palacoecology
of the Ribesalbes—Alcora Basin during the early Miocene.
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