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Ecuador is well known for its extensive extant biodiversity, however, its paleobiodiversity is still poorly
explored. Here we report seven new Mesozoic and Cenozoic fossil localities from the Paciﬁc coast, interAndean depression and Napo basin of Ecuador, including vertebrates, invertebrates, plants, and microfossils. The ﬁrst of these localities is called El Refugio, located near the small town of Chota, Imbabura
Province, from where we report several morphotypes of fossil leaves and a mycetopodid freshwater
mussel of the Upper Miocene Chota Formation. A second site is also located near the town of Chota,
corresponding to potentially Pleistocene to Holocene lake deposits from which we report the occurrence
of leaves and fossil diatoms. A third locality is at the Paciﬁc coast of the country, near Rocafuerte, a town
in Esmeraldas Province, from which we report a late Miocene palm leaf. We also report the ﬁrst partially
articulated skull with teeth from a Miocene scombridid (Mackerels) ﬁsh from El Cruce locality, and
completely preserved seeds from La Pila locality, both sites from Manabí Province. Two late Cretaceous
fossil sites from the Napo Province, one near Puerto Napo showing a good record of fossil shrimps and a
second near the town of Loreto shows the occurrence of granular amber and small gymnosperms seeds
and cuticles. All these new sites and fossils show the high potential of the sedimentary sequences and
basins of Ecuador for paleontological studies and for a better understanding of the fossil record of the
country and northern South America.
© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction
The fossil record of Ecuador is still poorly explored and documented as has been recently discussed in a review study on the
n-Carrio
n, in press).
paleontology of the country (Cadena and Roma
This is due to several factors including for instance the lack of
speciﬁc and permanent paleontological ﬁeldwork. In the following
paragraphs we brieﬂy describe some of the most famous localities
of Ecuador where fossil vertebrates, invertebrates, plants, and microfossils have been reported and studied.
In terms of fossil vertebrates, Ecuador has shown to be rich,
particularly for Neogene faunas, including several Pleistocene and
Holocene localities from Santa Elena Province (southwestern renchez et al., 2014; Lindsey and Lopez,
gion of the country) (Ruiz-Sa
2015; Lindsey and Seymour, 2015; Tanaka et al., 2017, Cadena et al.,
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2017, references therein), an important number of localities from
the inter-Andean basin, including one from the historic center of
n-Carrio
 n, 2012a, 2012b, 2012c,
Quito (capital of the country) (Roma
2012d; Carlini et al., 2013), and the localities near the small town of
Bolivar, Carchi Province (northern of the country) (Ficcarelli et al.,
1992, 1995; Fejfar et al., 1993, 1996; Ferretti, 2010; Tomiati and
Abbazzi, 2002; Ficcarelli et al., 2003).
Fossil invertebrates of Ecuador include freshwater, marine, and
terrestrial forms. For instance, Mesozoic mollusks reported and
described from several localities of the eastern region of the
country (Amazon basin) (Aspden and Ivimey-Cook, 1992; Dommergues et al., 2004; Bulot et al., 2005; Dhondt and Jaillard, 2005).
Cenozoic invertebrates, particularly mollusks, arthropods and ichnofossils have been reported and described from the inter-Andean
pagos Islands (Walker,
depression, the Paciﬁc coast and the Gala
2001; Di Celma et al., 2002; Landini et al., 2002; Ragaini et al.,
n,
2002; Ragaini and Di Celma, 2009; Herrera and Rom
an-Carrio
2012; S
anchez et al., 2013; Zunino, 2013, references therein).
The fossil record of plants in Ecuador is restricted principally to
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the southern provinces in Mesozoic and Cenozoic sequences that
include the famous petriﬁed forest of Puyango (Shoemaker, 1982),
and reports of leaves and seeds from different localities in Loja, El
Oro, and Azuay provinces (Berry, 1933; Burnham, 1995; Kowalski,
2001).
The micropaleontology of Ecuador, as in many other countries
has resulted highly beneﬁciated by the oil-exploration. However, as
usual, much of this knowledge has not been published and makes
part of internal reports or classiﬁed documents of the oil companies. In spite of this, some studies describing microfossils and
fossil palynomorphs of Ecuador include: Landini et al., 2002;
n
~ ez et al., 2006; Niemann and Behling,
Vallejo et al., 2002; Ordo
2007; Collins et al., 2013; Bush et al., 2014, and references therein.
Here we report and brieﬂy describe seven new Mesozoic and
Cenozoic localities and their fossil content from different regions of
Ecuador, including vertebrates, invertebrates, plants, and microfossils. We also discuss the relevance of these fossil ﬁndings for
understanding the biodiversity history of Ecuador and tropical
South America, as well as their potential importance for future
paleobiological, paleoclimatic, and paleobiogeographical studies.
2. New fossil localities and their geological setting
2.1. El Refugio locality
n,
Situated along the highway 35, which goes from Quito to Tulca
approximately 800 m past the Ambuqui toll station, on the right
side of the road (0 280 3.5000 N, 78 201.1700 W) (Fig. 1.1), town of Chota,
Ibarra Canton, Imbabura Province. The stratigraphic section (Fig. 2)
makes part of the upper sequence (sequence S2) of the Chota Formation following Barrag
an et al., 1996, including ﬁne-grained lithic
sandstones interbedded with siltstones, and layers of dark grey
organic rich mudstones and laminated gypsum. Radiometric ages
for the entire Chota Formation varies from 28 ± 2.0 to 1.1 ± 0.6 Ma,
with four of the ﬁve samples giving a range between 4.8 ± 0.4 to
1.1 ± 0.6 Ma (Pliocene-Pleistocene), based on Winkler et al. (2005).
In particular, radiometric ages obtained from volcanic rocks overlying the Chota Formation along the Chota river by Barberi et al.
(1988) indicate an age between 6.31 ± 0.1 Ma and 6.30 ± 0.06 Ma,
suggesting that the ﬂuvio-lacustrine deposits of the Chota Formation are the oldest of the stratigraphy sequence in this region and
should be at least Miocene in age (Barrag
an et al., 1996).
2.2. Chota locality
Located 200 m after the small town of Chota, crossing the Chota
River bridge, on the left margin of the road (0 280 30.1300 N,
78 30 57.3700 W) (Fig. 1.2), Mira Canton, Carchi Province. This outcrop
is characterized by a thick bed of approximately 6 m of laminated
white to pink diatomite, pinched laterally and in contact with
poorly consolidated ﬂuvial deposits dominated by conglomerates
and conglomeratic sandstones. According to this stratigraphic
conﬁguration and the diatoms content (see microfossils section of
this study) the age for this deposit is hypothesized as Pleistocene to
Holocene.
2.3. El Cruce locality
Located 300 m before the round-point on road 15 that goes from
Manta to Rocafuerte, approximately 3 km before this town, Rocan, Manabí Province (00 540 47.3200 S, 80 290 16.52600 W)
fuerte Canto
(Fig. 1.3). The outcrop is dominated by calcareous mudstones,
mapped as belonging to the Dos Bocas Formation (Egüez et al.,
2017), which is considered late Oligocene to middle Miocene by
Bristow and Hoffstetter (1977). A sample for calcareous

nannofossils (YT-Nan-0001) was studied from this locality and the
results and implications for the age of the section are presented in
the discussion section of this study.

2.4. La Pila locality
Located 80 m after La Pila town on the road that goes from
 n, Manabí Province
Montecristi to Jipijapa, Montecristi Canto
(0161041.8400 S, 80 340 53.1000 W) (Fig. 1.4). This outcrop is represented by siliceous siltstones, mapped as belonging to the Dos
Bocas Formation (Egüez et al., 2017), which is considered late
Oligocene to middle Miocene by Bristow and Hoffstetter (1977).

2.5. Rocafuerte locality
Located 1.2 km west of Rio Fuerte town, along the beach, Paciﬁc
coast, Rio Verde Canton, Esmeraldas Province (1040 28.6200 N,
79 23017.9500 W) (Fig. 1.5). The outcrop is dominated by calcareous
ﬁne-grained sandstones with abundant hematite laminae and
nodules, mapped as belonging to the Viche Formation (Egüez et al.,
2017), which is considered as lower to lower middle Miocene in age
(Cantalamessa et al., 2007).

2.6. Puerto Napo locality
Located 200 m before the town of Puerto Napo on the right
margin of road 45 that goes from Tena to Puyo, Napo Province
(1020 31.76S, 77470 38.5400 W) (Fig. 1.6). This section is represented
by an interbedded sequence of biomicrites and grey to black shales,
belonging to the upper segment of Napo Formation, Coniacian age
(Bristow and Hoffstetter, 1977).

2.7. Pungarayacu quarry
Located 7 km after the small town of Jondachi, along 20 road
that goes from Tena to Loreto, Loreto Canton, Napo Province
(0 420 24.14S, 77440 28.7800 W) (Fig. 1.7). An old quarry in the middle
of a dense tropical forest exposes a sequence of limestones, interbedded with grey to black-oily siltstones and claystones potentially
belonging to the middle segment of Napo Formation, Turonian in
age (Bristow and Hoffstetter, 1977).

3. Materials and methods
All macro fossil specimens and nannofossil samples reported
and ﬁgured herein were prepared, studied, and deposited at the
Paleontology Lab collections of Yachay Tech, San Miguel de Urcuquí,
Imabura Province, Ecuador. Specimens and micropaleontological
slides receive a collection identiﬁcation number starting with the
university initials (YT) followed by an abbreviation of the group to
which they belong e.g.,: Ver (vertebrates), and ﬁnally a consecutive
serial number of four digits e.g.,: 0001.
Most of the specimens were studied and photographed using an
Olympus SZX16 stereomicroscope. Additionally some specimens of
diatoms and small seeds were observed and studied using a
Phenom ProX Scanning Electron Microscope under 5 and 10 kV
conditions (YT Paleontology Lab facility). Preliminary taxonomic
identiﬁcations of the fossils described herein were consulted with
experts in each of these groups, and are referred to as personal
communications in each of the sections that we described the
fossils.
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Fig. 1. Map of Ecuador showing the new six fossil localities describe herein: (1) El Refugio locality, Chota Formation, Imbabura Province; (2) Chota locality, paleolake deposits, Carchi
Province; (3) El Cruce locality, Dos Bocas Formation, Manabí Province; (4) La Pila locality, Dos Bocas Formation, Manabí Province; (5) Rocafuerte locality, Viche Formation,
Esmeraldas Province; (6) Puerto Napo locality, Napo Formation, Napo Province; (7) Pungarayacu quarry, Napo Formation, Napo Province.

4. Fossil invertebrates
4.1. Bivalvia
Large pearly freshwater mussels were found in a siltstone layer
at the El Refugio locality (middle segment of the section, Fig. 2)
(Fig. 3.1). At least six specimens (YT-Inv-0001-0006) were
collected, being the largest one being 10.5 cm long. These bivalves
belong to the Mycetopodidiae family (F.P. Wesselingh, personal
communication, 2017).
4.2. Decapoda
Shrimps preserving tails, arms, and claws with delicate cuticles
were found in the Puerto Napo locality, Napo Formation

(Fig. 3.2e3.5) (YT-Inv-0007-0011). A total of seven specimens were
found, and these seem to belong to the infraorder Thalassinidea (J.
Luque, personal communication, 2017).
5. Fossil vertebrates
5.1. Actinopterygii
A partially complete skull, considerably crushed, but preserving
in place most of its teeth in the premaxilla and dentary
(Fig. 4.1e4.3) (YT-Ver-0001). The specimen was found at El Cruce
locality, Manabí Province. This ﬁsh is potentially a representative of
the Scombridae family, resembling the Scomberomorus genus,
which include also the extant mackerels (J. Carrillo, personal
communication, 2018).
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6. Fossil plants
6.1. Angiosperms
Several indeterminate families of fossil leaves and seeds were
found in four different horizons at the El Refugio locality, Chota
Formation (Fig. 2). At least thirteen different morphotypes have
been identiﬁed, including large leaves with entire margin, some
with dentate margin, two different type of grasses, and two potential small seeds (Fig. 5.1e5.8) (YT-Bot-0001-0022, 0028)
(Supplementary data 1). Insect damage has also been recognized in
some of these fossil leaves, as well as different levels of veins
structures (Fig. 5.3).
Other locality from which we have found fossil leaves is the
Rocafuerte locality, Viche Formation. Here we found only one small
leaf that potentially represents a palm, with abundant oily microbubbles attached to the cuticle surface (Fig. 5.9) (YT-Bot-0025).
Fossil leaves have also been found in the paleolake deposits of
the Chota basin particularly at the Chota locality. The fossils are
found well-preserved in the diatomite layers; however we only
have identiﬁed one morphotype characterized by long leaves with
entire margin and low degree of venation (Fig. 5.10) (YT-Bot-00230024).
A large drift seed was found associated with abundant plant
remains in La Pila locality, Dos Bocas Formation (YT-Bot-0029)
(Supplementary data 1). This fossil seed resembles in shape and
size the seeds of the extant Hura genus (S. Manchester, personal
communication, 2017).
6.2. Gymnosperms
Small seeds and cuticle remains well-preserved were recovered
from grey siltstones rich in organic matter and other plant remains
(Fig. 6.1e6.5) (YT-Bot-0026), found at the Pungarayacu quarry,
Napo Province. These seeds potentially belong to the Gnetales order
(F. Herrera, personal communication, 2017).
6.3. Amber
Granular amber that varies from coarse grains to pebbles, are
very abundant in the same siltstones that the Gnetales seeds and
cuticles were found (YT-Bot-0027, Supplementary data 1). At present, none of these amber granules have shown to preserve fossils,
only abundant “dusty” like inclusions and potentially
microbubbles.
7. Microfossils
7.1. Diatoms
At least twelve different taxa have been found in the diatomites
from the paleolake deposits of the Chota basin, Chota locality. Some
of the taxa identify include: Cocconeis placentula (Fig. 6.6) and
Navicula cryptocephala (Fig. 6.7) (YT-Dia-0001-0002). (S. Fritz,
personal communication, 2017), (Supplementary data 2).
8. Discussion
8.1. Relevance of the new fossils

Fig. 2. Stratigraphic column of the Chota Formation, El Refugio locality, showing the
fossil leaves and freshwater bivalves horizons.

The fossil ﬁsh reported here from El Cruce locality, Manabí
Province represents the ﬁrst skeletal remain with in-place dentition reported for this region of Ecuador, and potentially the ﬁrst
fossil record of scombridid from the Paciﬁc margin of South
America, from the late Miocene, based on the identiﬁcation of the
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Fig. 3. Fossil invertebrates from Ecuador reported herein: (1) Freshwater mussel (YT-Inv-0005) belonging to the Mycetopodidiae family (F.P. Wesselingh, personal communication,
2017) from El Refugio locality; (2) Posterior portion of a fossil shrimp with the tail (YT-Inv-0009), Puerto Napo locality; (3) Partial arm with claw of a fossil shrimp (YT-Inv-0007),
Puerto Napo locality; (4) Proximal segment of an arm of a fossil shrimp (YT-Inv-0010), Puerto Napo locality; (5) Close-up of margin of YT-Inv-0010 (red rectangle in (4)). Scale bars
are (1) 2 cm; (2) 3 cm; (3, 4) 10 mm; (5) 1 mm. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the Web version of this article.)
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Fig. 4. Scombridid (J. Carrillo, personal communication, 2017) partial fossil ﬁsh skull, from El Cruce locality (YT-Ver-0001): (1) Dorsolateral view showing the articulated (crushed)
right maxilla, premaxilla and dentary; the print and a fragment of the right dentary also can be observed (2) Close-up of the premaxilla and dentary showing teeth in-place; (3)
Close-up of the teeth (red rectangle in (2)). Scale bars are (1) 3 cm; (2) 5 mm; (3) 1 mm. Abbreviations: lde, left dentary; rde, right dentary; rmx, right maxilla; rpm, right premaxilla.
(For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the Web version of this article.)

calcareous nannofossils NN8 zone, represented by Catinaster coalitus (this study). Isolated marine ﬁsh remains principally teeth and
otoliths assemblages have been reported from the Pliocene Onzole
Formation, Esmeraldas Province (Bianucci et al., 1993; Carnevale
et al., 2011), and nearly complete freshwater ﬁsh skeletons have
been reported from the Loja Province (White, 1927; Costa, 2011).
The marine fossil shrimps from Puerto Napo locality represent
the ﬁrst record of these decapods in the Mesozoic of Ecuador.
Fossils of freshwater shrimps have been reported from the Miocene
n-Carrio
n, 2012).
of southern Ecuador (Herrera and Roma
The freshwater mussels from the Chota Formation represent the

ﬁrst report of these bivalves in the Chota basin and at the same time
represent the westernmost fossil record of the Mycetopodidiae
family in South America. Thus, considering that the age of this
n et al., 1996), make
sequence is potentially late Miocene (Barraga
these fossil bivalves have relevance to establish a possible west
extension of the late Miocene Pebas wet-land system that existed
previous to the origin of the current Amazon drainage system, a
study that is currently being developed by the senior author. Fossil
invertebrates particularly gastropods were only previously
mentioned in the general description of the Chota Formation
(Barrag
an et al., 1996), however, we did not ﬁnd evidence of these
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Fig. 5. Fossil leaves and seeds from El Refugio (1e7), Rocafuerte (8), and Chota (9) localities: (1) Leaf with dentate margin (YT-Bot-0001); (2) Leaf with entire margin (YT-Bot-0014);
(3) Detail of the venation pattern of YT-Bot-0012; (4) Leaf elongated with entire margin (YT-Bot-0019); (5) Close-up of red rectangle area in (4), showing microverrucate texture; (6)
Fern leaf (YT-Bot-0028); (7) Potential fossil seed (YT-Bot-0005); (8) Grass leaf (YT-Bot-0022); (9) Palm leaf fragment (YT-Bot-0025), and one of its oily microbubbles shown at the
upper right corner (scale bar 5 mm); (10) Leaf with entire margin (YT-Bot-0024), from the paleolake deposits of Chota locality. Scale bars are (1, 6, 8, 10) 5 mm; (2, 4, 9) 10 mm; (3, 7)
2 mm; (5) 1 mm. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the Web version of this article.)
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Fig. 6. Small seeds and diatoms from the Pungarayacu and Chota localities respectively: (1) Small seed from Gnetales (F. Herrea, personal communication, 2017) (YT-Bot-0026); (2)
SEM-photograph of the proximal region of YT-Bot-0026; (3) YT-Bot-0026 after being released from the rock; (4) Fragment of a cuticle (YT-Bot-0026); (5) SEM-photograph of the
cuticle shown in (4); (6) Cocconeis placentula diatom from Chota locality (YT-Dia-0001); (7) SEM-photograph of Navicula cryptocephala diatom (YT-Dia-0001), from Chota locality.
Scale bars are (1, 4) 1 mm; (3) 0.5 mm; (6) 10 mm. SEM-photographs have the scale at the bottom black stripe, as well as the magniﬁcation and voltage information.
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at the Chota Formation localities explored.
Fossil leaves from the El Refugio locality (Chota Formation)
represent the ﬁrst occurrence of this type of fossils in northern
Ecuador and could contribute to the understanding of paleovegetation changes of this region during the onset of the uplifting
of this part of South American Andes. As well as, represent a good
site for comparisons with the ﬂoristic composition and paleobiogeography distribution between this and the Miocene south
localities of the country, particularly with the Nabon basin fossils
(Kowalski, 2001).
The small seeds and cuticles potentially from gymnosperms
(Gnetales), as well as the granular amber from Pungarayacu locality
offer a new opportunity for understanding aspects of the vegetation and possibly climatic conditions of this part of South America
during the late Cretaceous.
Finally, the fossil diatoms from the lake deposits of the Chota
basin, particularly from the Chota locality constitute the ﬁrst fossil
record of this type of microfossils in northern Ecuador and could
shed light on paleoenvironmental conditions of this region of the
country during the Neogene and the Quaternary, as well as for
correlation with other paleolake deposits along the South American
Andes.
9. Conclusions
The fossil sites and fossils reported and brieﬂy described herein
are evidence of the high potential that the sedimentary rocks of
Ecuador have to improve our knowledge on the paleobiodiversity
not only of the country but also of northern South America. At the
same time, with this work we show the poorly explored state in
which many of the basins and sequences of Ecuador are in terms of
their fossil content. We hope this study will trigger other near
future contributions describing and studying in detail the taxonomic, systematic paleontology, as well as to establish the paleoenvironmental,
paleobiogeographical
and
paleoclimatic
implications of the fossils described herein. Also with this type of
contributions we hope to promote and support the paleontological
activity and research in Ecuador.
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