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Abstract

Tracks and trackways of swimming ornithopod dinosaurs are rather rare in the ichnological record; in this paper, a short trac-
kway of a small ornithopod dinosaur is described from Albian-Turonian sediments of the Arcurquina Formation, at Yura District, 
southern Peru. According to the age and overall footprint morphology, a basal member of Iguanodontia is proposed as the poten-
tial trackmaker. The trackway consists of three consecutive tridactyl and mesaxonic footprints, preserved as concave impressions 
or negative epichnia. The first footprint preserves impressions of digits II to IV with a very low angle of total divarication (7.5°). The 
second footprint preserves a half-moon shaped plantar impression, with no traces of digits II and IV; however, digit III is observed 
as an elongate and narrow impression, bearing an acuminate end and a proximal subcircular impression; a sediment mound, 
behind the impression of digit III is preserved as well. The third footprint preserves the whole impression of digit III, while digits 
II and IV preserve their most distal ends as sub-triangular impressions. The second step is shortest; this characteristic, as well 
as the different morphology of the three footprints, can be explained by a scenario in which a small ornithopod dinosaur was in 
underwater locomotion; however, the action of the waves influenced the locomotion of the producer of the footprints. This finding 
represents an important addition to the ichnological record of dinosaurs in Peru.

Keywords: Arcurquina Formation, Ornithopoda, Peru, subaqueous locomotion, Yura.

Resumen

Huellas y rastros de dinosaurios ornitópodos nadando son raros en el registro icnológico; en esta publicación, el rastro corto de un dino-
saurio ornitópodo pequeño, es descrito de sedimentos del Albiano-Turoniano, de la Formación Arcurquina, en el Distrito de Yura, al sur de 
Perú. De acuerdo con la edad y a la morfología general de las huellas, un miembro basal de Iguanodontia es propuesto como el productor po-
tencial de las huellas. El rastro se conforma por tres huellas consecutivas; estas son tridáctilas, mesaxónicas y se conservan como impresiones 
cóncavas, o epicnia negativa. La primera huella conserva impresiones de los dígitos II al IV con un ángulo de divergencia total muy bajo, de 
tan sólo 7.5°. La segunda huella conserva una zona plantar en forma de medialuna e impresiones de los dígitos II y IV ausentes; sin embargo, 
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está presente la impresión, alongada y estrecha del dígito III, con una impresión distal acuminada y una proximal de contorno sub-circular; 
un montículo de sedimento se encuentra conservado detrás de la impresión del dígito III. La tercera huella conserva una impresión sub-oval, 
alongada, del dígito III; mientras que los dígitos II y IV conservan impresiones de su parte más distal, con un contorno sub-triangular. El 
segundo paso se vuelve más corto; esta característica, así como la morfología diferente de las tres huellas, pueden ser explicadas por un es-
cenario en el que un dinosaurio ornitópodo pequeño se encontraba en locomoción subacuática, no obstante, la acción de las olas influyó en 
la locomoción del productor de las huellas. Este hallazgo representa una adición importante al registro icnológico de dinosaurios en Perú.

Palabras clave: Formación Arcurquina, locomoción subacuática, Ornithopoda, Perú, Yura.

the northwest of the city of Arequipa, south-
ern Peru. This site preserves 11 trackways 
belonging to large and small-sized theropod 
dinosaurs in sediments interpreted as Lower 
Cretaceous beds of the Hualhuani Formation 
(Moreno et al., 2004, 2012); however, assigned 
by local geologists to the Late Jurassic Grama-
dal Formation. This tracksite was discovered 
in 2002 and a thematic touristic park has been 
created around the site. 

Recently, a short trackway of an ornitho-
pod dinosaur was found in the Albian-Turo-
nian strata of the Arcurquina Formation, at 
Yura District, in the Province and Region of 
Arequipa (Figure 1). The footprint morpholo-
gy suggests a basal member of Iguanodontia 
in a subaqueous locomotion. It represents the 
first record of dinosaur footprints in the Ar-
curquina Formation, Yura District, southern 
Peru. To report this trackway and its paleo-
ecological implications is the main purpose of 
this paper.

2. Material and methods

The trackway is preserved in a relatively 
small outcrop, 2.48 m by 1.40 m; the surface 
was cleaned manually with brushes. Measure-
ments were taken from the trackway, with 
a measure tape and a protractor. Divarica-
tion angles were measured between the lon-
gitudinal axes of the digits. As an additional 
record of the trackway, footprints were drawn 
in a plastic sheet with permanent ink mark-
ers. Photographs were taken with a Flexacam 
C5-Leica camera and a Sony Cyber-shot, DSC-
WX60 camera.

1. Introduction

The vertebrate footprint record from the 
Mesozoic of Peru includes supposed dinosaur 
footprints from the Late Cretaceous sediments 
of the “Couches Rouges” Formation, in the 
Cusco Region (Gregory, 1916; Leonardi, 1994; 
Noblet et al., 1987, 1995). However, Lockley 
et al. (1999) considered that the footprint-bear-
ing layers were Paleogene in age; thus, the 
footprints were produced by notungulate and/
or litoptern mammals (Lockley et al., 1999). 
The other non-dinosaurian footprint record, 
known to date, from the Mesozoic of Peru, are 
footprints related to the ichnogenus Brachychi-
rotherium; these footprints came from Upper 
Triassic sandstones of the Sarayaquillo Forma-
tion in central Peru (Salas-Gismondi and Cha-
caltana, 2010).

In regard to dinosaur footprints, an early 
report includes theropod and sauropod foot-
prints that were discovered in a point on the 
road between Huacamochal and Usquil, at 
La Libertad Region (Trottereau, 1964). Jail-
lard et al. (1993) reported Upper Cretaceous 
theropod and ornithopod footprints from 
the Vilquechico Group, Vilque Chico District, 
Huancané Province, Puno Region. In 2016, 
Jaimes et al. reported a short trackway of a 
purported theropod dinosaur, also from the 
Vilquechico Formation (Jaimes et al., 2016).  
Large-sized dinosaur footprints were reported 
from the Lower Cretaceous Carhuaz Forma-
tion at the Conococha-Antamina road (Obata 
et al., 2006); these fooprints were also com-
mented on by Arce (2002). One of the best 
known tracksites from Peru, is located close 
to the town of Querulpa Chico and 70 km in 
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3. Geological setting

The Arcurquina Formation represents the 
Albian-Turonian sedimentation in southern 
Peru, in the regions of Arequipa and Moquegua 
(Figure 1). In the Yura Basin (Arequipa), it 
has a thickness of 600 m. Four third order se-
quences (in terms of sequence stratigraphy) 
can be recognized in the Arcurquina Forma-
tion (Jaillard, 1995). The outcrop consists of a 
carbonate succession with intermittent detri-
tal and silt-clay episodes (Figure 1d). A strati-
graphic correlation with the historical column 
of Jaillard (1995), suggests that the track-
way-bearing outcrop corresponds to sandy 
beds at the beginning of the third sequence, 
which are Cenomanian age based on the in-
vertebrate assemblage (Benavides, 1962). The 
sedimentary environments recorded indicate 
a shallow to outer carbonate platform, with 

some lagoon beds and sandy bodies (Jaillard, 
1995). The sedimentary facies interpretation 
corresponding to the third sequence indicates 
middle to outer ramp facies, interbedded with 
stratigraphic levels interpreted as tidal flats. 
The studied trackway is located on a tidal flat 
level. This layer is composed of coarse to me-
dium-grained sand, with grey and reddish 
colors due to oxidized allochthonous clasts. It 
is located at the top of a 3 m small sequence 
interpreted as tidal flat beds. Mud-cracks sed-
imentary structures, gypsum cristals and hor-
izontal laminations, are features of this fining 
upwards sandy sequence. Asymmetric and 
eroded ripples in the sediment surface (Figure 
2a–b) suggests local wave reworking.

In thin section this layer has a lithic com-
position (quartz 30%, plagioclases 15%, lithic 
fragments 45%) with a matrix of similar com-
position (lithic, quartz and chert fragments) 

Figure 1. a–b, Location of the studied area, Yura-Arequipa district, southern Peru. c, Geological map and location of the out-
crop. d, Stratigraphic section.
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and carbonate and siliceous cement (Figure 
2c-d). A poorly sorting, low sphericity of 
grains and reworking ripples can be observed 
and indicate that these beds represent inter-
tidal environments.

4. Description of the trackway

The reported trackway is conformed by 
three consecutive footprints preserved in a 

relatively small outcrop (Figure 3a), two rights 
and one left; these are preserved as concave 
impressions, negative epichnia (Figure 3b). 
Footprints are tridactyl and mesaxonic; how-
ever, these show morphological differences, 
related to the mode of locomotion and the 
way that the autopodium interacted with the 
sediment (Figure 3c). The first footprint in the 
trackway is a right one (Figure 4a); it bears 
a relatively wide plantar area, with a subcir-
cular heel contour. Its maximum length and 

Figure 2. a, Hand sample of the track-bearing sandy bed with eroded surface. b, View under stereomicroscope (7.5 X) showing 
detrital interbedded layers, Cs (coarse sand) and Fs (fine sand). c, Thin section under crossed polars petrographic microscope 
showing detrital components in Fs layer. d, Thin section under crossed polars petrographic microscope showing detrital compo-
nents in Cs layer. (Qz = Quartz, Fr = Lithic components, Plg = Plagioclase, Op = Opaque minerals, Mz = Matrix components).
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Figure 3. a, Partial panoramic view of the Albian–Cenomanian sediments of the Arcurquina Formation, at Yura District; the 
white arrowhead points to the stratigraphic level preserving the dinosaur trackway. b, Ornithopod trackway from the Arcurquina 
Formation; arrowheads point to each of the three footprints, the first footprint in the right of the photo represents a right one. c, 
Schematic drawing of the trackway.
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width are 23.8 cm and 12.9 cm, respective-
ly. The plantar area is 8.4 cm in length, mea-
sured from the posterior area of digit III to 
the most posterior border of the heel. Digit II 
has a sub-oval contour, with a rounded prox-
imal end and an acuminate distal end, sug-
gesting the presence of a subtriangular claw. 
It is 11.0 cm in length and 3.9 cm in maximum 
width. Digit III bears a conspicuous morphol-
ogy, with a pyriform-elongate contour, being 
narrow proximally and wider distally (Figure 
4a); it preserves a subcircular proximal border 
and, distally, a sub-triangular claw impres-
sion, 2.0 cm in width, at its base, and 1.4 cm 
in antero-posterior length. Digit III is 15.4 cm 
in total length, 4.2 cm in proximal width and 
5.6 cm at its widest portion. Digit IV has mor-
phological similarities with digit II; it is sub-
oval and elongated, with a rounded proximal 
end and a distal acuminate end, suggesting 
the presence of a subtriangular claw. It is 10.2 
cm in length and 3.5 cm in maximum width. 
The angles of divarication between digits, 
measured from their tips to the heel are 12.5° 
between digits II and III, and 13.5° between 
digits III and IV; in this way, the total angle of 
divarication is 26°. However, the total angle of 
divarication, measured between the longitudi-
nal axes of digits II and IV, is only 7.5°; it is an 
important fact that will be discussed later.

The second footprint is a left one (Figure 
4b); its morphology varies drastically from 
the previous right footprint. The plantar 
area is preserved as a half-moon shaped im-
pression whose apexes represent the contact 
points with digits II and IV. The total length of 
this footprint is 21.3 cm and 11.9 cm in maxi-
mum width. The plantar area is 9.6 cm, mea-
sured from the anterior border (contact with 
digit III) to the posterior border of the heel. 
Impressions of digits II and IV are absent. 
Digit III is elongate, preserved as a “scratch 
impression”, with a rounded proximal im-
pression, and a distal acuminate end; digit III 
preserves, as well, a sediment mound of dis-
placement, between its posterior border and 
the anterior border of the plantar impression 
(Figure 4b, white arrowhead).

The third footprint, is a right one (Figure 
4c), it is tridactyl and mesaxonic; it preserves 
the whole impression of digit III, and digits II 
and IV preserve just their distal parts; the wide 
plantar area observed in previous footprints is 
absent on this one. This footprint is 16.3 cm 
in length and 14.2 cm in width, as preserved. 
Digit III is elongate and suboval in outline, 
with a roughly acuminate distal end; it is 13.6 
cm in length and 7.0 cm at its widest portion. 
The distal end of the digit II is subtriangular in 
outline; it is 6.0 cm in length and 6.0 cm at its 
widest portion. The distal end of the digit IV is 
pyriform in outline; it is 8.1 cm in length and 
4.6 cm at its widest portion. The angle of di-
varication is 7° between digits II and III, and 
10° between digits III and IV; thus, the total 
angle of divarication (II-IV) is 17°.

The preserved trackway parameters include 
steps (measured tip to tip of digit III), stride 
and pace angulation. The step between the 
first and the second footprint is 34.5 cm. The 
step between the second and the third foot-
print is 24.5 cm. The stride measures 63.8 cm 
(measured between the tips of digit III, of the 
first and last footprints). The pace angulation 
is 151°.

5. Discussion

The general morphological features of these 
footprints suggest that they were produced by 
the same type of dinosaur; digit III, in particu-
lar, is preserved in the first and third footprints, 
it is suboval and elongated, with a conspicuous 
robustness (Figure 4); thus, it is suggested that 
the footprints were produced by the same in-
dividual. The presence of a wide plantar area, 
as well as parallel sided to slightly tapered 
toes, suggests an ornithopod trackmaker 
(Thulborn, 1990; Lockley, 1991); according to 
the age and overall morphology of these foot-
prints, a basal member of Iguanodontia is pro-
posed as the potential trackmaker.

The general morphology of the second 
footprint (Figure 4b) recalls, somewhat, that 
of Limayichnus major (Calvo, 1991). In this 
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IV fuse with the plantar impression, form-
ing a U-shaped structure/impression (Calvo, 
1991). A similar configuration is observed in 
the second footprint from the Yura trackway; 
however, it lacks the II and IV digit impres-
sions, thus given the half-moon appearance 
above mentioned. Indeed, Limayichnus major 
has been related to Iguanodontidae, as well 
(Calvo, 1991; Calvo and Rivera, 2018). On the 
basis of the present evidence, no additional 
ichnotaxonomical assignation is purported 
for the Yura trackway.

Although each footprint, in the Yura track-
way, preserves different morphological traits 
(Figure 4), the overall morphological features 
of the footprints are suggestive of an organism 
in a subaqueous locomotion, as it is explained 
below. To date, most of the reported non-avian 
dinosaur swimming traces preserve parallel 
digit impressions, or “scratch marks”; this is 
a common feature of dinosaur footprints indi-
cating subaqueous locomotion (e.g., Coombs, 
1980; Ezquerra et al., 2007; Navarro-Lorbés 
et al., 2023). As for example, parallel digit 
traces are a diagnostic feature in the ichno-
genus Characichnos, an ichnogenus related to 
subaqueous locomotion (Whyte and Romano, 
2001; Milner et al., 2006; Xing et al., 2013). Ac-
cording to Navarro-Lorbés et al. (2023), the 
parallel digit impressions are the result of the, 
minimal or almost minimal, biomechanical 
interaction between pes and sediment; this 
minimal interaction is related to the low in-
fluence that it has in the displacement of the 
animal, being the displacement highly per-
formed by paddling or classical swimming.

As mentioned above, most of the track and 
trackways of swimming dinosaurs preserve 
elongate and subparallel digit impressions, 
ranging from one to, usually, three; also, no 
trace of the plantar area is preserved. It has 
been explained by the deepness of the water 
body crossed by the dinosaur; as the water 
body got deeper, the dinosaur scratched the 
bottom with its claws, leaving such subparallel 
impressions (e.g., Coombs, 1980; Whyte and 
Romano, 2001; Milner et al., 2006; Ezquerra 
et al., 2007; Xing et al., 2013; Navarro-Lorbés 

Figure 4. Close up of the footprints of the Yura ornithopod 
trackway. a, right footprint, the first in the trackway, note the 
wide plantar area, as well as the subtriangular claw impression 
of digit III, and acuminate ends of digits II and IV; b, left foo-
tprint, the second in the trackway, note that digit III is preser-
ved as a “scratch mark” with a subcircular proximal impression 
and a sediment mound of displacement is preserved as well 
(white arrowhead); c, right footprint, the third in the trackway, 
note the complete impression of digit III and distal impressions 
of digits II and IV; Roman numerals indicate digit numbers. 
Scale in a represents 10 cm and also applies to b and c.

ichnotaxon, digits II and IV diverge slightly 
from digit III, at an angle of 25º or less; also, 
the impression of digit III is oval in shape 
and separated from the heel impression. 
As described by Calvo (1991), digits II and 
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et al., 2023). An additional feature, observed in 
footprints indicating subaqueous locomotion, 
is that most of these parallel “scratch marks”, 
were left regularly spaced within a particu-
lar trackway, as the organism crossed a water 
body in calm (e.g., Xing et al., 2013). However, 
Ezquerra et al. (2007) reported an Early Creta-
ceous swimming dinosaur trackway, from la-
custrine nearshore sediments in the Cameros 
Basin, Spain: the evidence suggests a thero-
pod swimming and scratching the bottom; 
although the footprints are regularly spaced, 
amplified asymmetrical walking movements 
left the right sets of footprints with an inward 
rotated angle of 40°, in order to maintain di-
rection into a leftward water current (Ezquer-
ra et al., 2007).

In the first footprint of the Yura trackway, 
the three digits were placed together, almost 
sub-parallel, with a very low angle of divarica-
tion between digits II and IV, just 7.5° (Figure 
4a). Thus, it is here assumed that, the almost 
parallel digit impressions indicate swimming 
locomotion. In regard to the presence of the 
plantar impression in the first footprint of the 
Yura trackway; it is not possible to demon-
strate that this footprint is the first one in a 
trackway of a dinosaur entering in a water-
body; however, it is possible to appreciate 
the preservation of different footprint mor-
phologies within a single trackway. A simi-
lar situation is seen in a Lower Cretaceous 
tracksite known as “Icnitas-4 tracksite”, at La 
Rioja, Spain. In this case, the trackway known 
as EVP12 represents a swimming dinosaur 
(Perez-Lorente, 2015; Navarro-Lorbés et al., 
2023). Although this trackway is composed 
of five footprints, the morphology of the first 
one suggests it was made by terrestrial loco-
motion. However, the second and third foot-
prints (EVP12.2 and EVP12.3; Perez-Lorente, 
2015), have elongated and roughly parallel toe 
impressions, interpreted as the product of the 
foot slipping in the mud (Perez-Lorente, 2015; 
Navarro-Lorbés et al., 2023); particularly, the 
third footprint preserves three elongated digit 
impressions not convergent in the proximal 
area (Perez-Lorente, 2015). The explanation of 

the morphological differences among the foot-
prints from Spain, is that the organism, in this 
case a dinosaur, entered a water body, from a 
shallow area to a deeper area (Pieńkowski and 
Gierliński, 1987; Perez-Lorente, 2015; Navar-
ro-Lorbés et al., 2023). 

The second and third footprints of the Yura 
trackway preserve morphological traits that 
clearly indicate a swimming locomotion; as 
mentioned above, the plantar impression in 
the second footprint is observed as a half-
moon structure (Figure 4b); it lacks the im-
pressions of digits II and IV. However, digit III 
is observed as an elongate and narrow impres-
sion, bearing an acuminate distal end and a 
proximal subcircular impression; a sediment 
mound, between the impression of digit III 
and the anterior border of the plantar impres-
sion, is preserved as well (Figure 4b, white 
arrowhead). In this case, it is possible to ap-
preciate that the plantar impression together 
with digit III participated in the propulsion of 
the organism. 

Structures such as sediment mounds behind 
digit impressions indicating propulsion have 
been observed in swimming ornithopod foot-
prints from the Lower Cretaceous Yanguox-
ia tracksite in China (Fujita et al., 2012: fig. 
7e) and from the Lower Cretaceous “Icnitas-4 
tracksite”, in Spain; in this later case, the left 
footprint EVP12.5, from the EVP12 trackway, 
preserves a large rounded mound of sediment, 
just behind the toe impressions (Perez-Lo-
rente, 2015: fig. 3.105; Navarro-Lorbés et al., 
2023).

The third footprint of the Yura trackway 
preserves subtriangular impressions, antero-
posteriorly short, of the tips of digits II and IV, 
and a complete impression of digit III (Figure 
4c). The overall morphology of this footprint 
suggests that propulsion was given by digit 
III and distal portions of digits II and IV. The 
morphology of this third footprint recalls the 
footprint morphology of small ornithopods 
from the famous Cretaceous (Albian-Ceno-
manian) Lark Quarry tracksite, in the Winton 
Formation, Queensland, Australia (Romilio 
et al., 2013; Thulborn, 2016). Some of these 
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ornithopod footprints preserve a prominent 
digit III, while digits II and IV are observed as 
sub-triangular impressions; it has been sug-
gested that these footprints were left by swim-
ming ornithopods (Thulborn, 2016: fig. 3).

Among saurischian dinosaurs, swimming 
traces are well known for theropods (Milner 
et al., 2006; Whyte and Romano, 2001; Milner 
and Lockley, 2016). Although questioned by 
some authors (e.g., Vila et al., 2005; Ishiga-
ki and Matsumoto, 2009; Falkingham et al., 
2011, 2012), manus-only and manus-dominat-
ed trackways have been associated with swim-
ming sauropods (Bird, 1944; Ishigaki, 1989; 
Demathieu et al., 2002; Farlow et al., 2019). 
Tracks and trackways of swimming ornitho-
pod dinosaurs are rather rare in the ichnologi-
cal record; for example, manus-only trackways 
attributed to swimming thyreophorans have 

been reported for ankylosaurids (Riguetti 
et al., 2021) and suggested for stegosaurians 
(Romano and Whyte, 2015). In regard to large 
tracks and trackways of swimming ornitho-
pods, these have been reported by Fujita et al. 
(2012) and Moklestad et al. (2018); and those 
of small swimming ornithopods have been re-
ported by Lockley and Foster (2006) and Rom-
ilio et al. (2013).

The parameters of the trackway are a notable 
feature, the step between the first and second 
footprints is 34.5 cm, the next step between 
the second and third footprints is shorter, 24.5 
cm. The shortening of the second step, as well 
as the different footprint morphologies in the 
Yura trackway, could be explained by the sce-
nario of a small ornithopod dinosaur in sub-
aqueous locomotion, however, at the mercy of 
the waves (Figure 5).

Figure 5. Reconstruction of locomotion behavior of track-maker producer based on the Yura trackway; it represents a small 
ornithopod, probably a basal member of Iguanodontia, in a subaqueous locomotion being influenced by the waves on the envi-
ronment. Artwork by one of the authors (RARR), and is based on Gasparinisaura cincosaltensis, a basal iguanodontian from the Co-
niacian-Santonian of Argentina (Coria and Salgado, 1996).
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6. Conclusion

This paper reports the first record of dino-
saur footprints in the Albian-Turonian Arcur-
quina Formation and, indeed, from the Yura 
District, southern Peru. Additionally, it rep-
resents a rare finding of a trackway of a small 
ornithopod, probably a basal member of Igua-
nodontia, in a subaqueous locomotion being 
influenced by the waves on the environment. 
This record is an important addition to the ich-
nological record of dinosaurs in Peru.
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