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Chapter 5 
The Dinosaur Footprints 
in the Cretaceous Aeolian Deposits 
of Sanfranciscana Basin 

Ismar de Souza Carvalho and Senira Kattah 

5.1 Introduction 

The Sanfranciscana Basin is one of the Brazilian intracratonic basins, located in 
central-eastern Brazil, oriented in the N–S direction with approximately 1,100 km 
long and 200 km wide (Cabral and Mescolotti 2021), occurring in the states of Minas 
Gerais, Goiás, Bahia, Tocantins, Piauí and Maranhão (Fig. 5.1). It covers 220,000 km2 

of the São Francisco Craton with Paleozoic (Santa Fé Group, Permo-Carboniferous) 
and Mesozoic rocks, ranging from the Late Jurassic to the Late Cretaceous (Campos 
and Dardenne 1997a; Sgarbi et al.  2001) and encompasses the Abaeté (south) and 
Urucuia (north) sub-basins (Campos and Dardenne 1997b). The Cretaceous sedimen-
tary record is constituted by the Areado (Lower Cretaceous), Mata da Corda (Upper 
Cretaceous), and Urucuia (Upper Cretaceous) groups, deposited from Barremian to 
Maastrichtian and is one of the extensive events of Gondwanan continental sedimen-
tation (Carmo et al. 2004; Mescolotti et al. 2019; Nascimento et al. 2022; Sgarbi  
et al. 2001).

The dinosaur footprints from the Sanfranciscana Basin are found in the Lower 
Cretaceous aeolian deposits of the Areado Group that is constituted by the Abaeté, 
Quiricó and Três Barras formations. The Abaeté Formation is composed of matrix-
supported and clast-supported conglomerates, resulted from gravity-controlled 
processes in alluvial fans and wadi in desert conditions (Campos and Dardenne 
1997a; Sgarbi et al.  2001). The Quiricó Formation is composed of mudstone and
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Fig. 5.1 Geographic context of Sanfranciscana Basin in Central-East Brazil. Structural archs and 
subdivision into the Urucuia and Abaeté sub-basins. 2022 Modified from Cardoso and Basilici 
(2022)

heterolithic facies (Mescolotti et al. 2019) interpreted as deposited in lacustrine, 
fluvial and aeolian environments (Campos and Dardenne 1997b). The Três Barras 
Formation is comprised mainly of sandstones, with associated conglomerate and 
fine-grained deposits resulted from fluvial-aeolian processes (Campos and Dard-
enne 1997a; Sgarbi et al.  2001). This unit was divided by Mescolotti et al. (2019) 
in two depositional units. The Lower Unit (Barremian/Aptian) encompasses a wet 
aeolian system composed of dunes, interdunes, and ephemeral alluvial deposits. In 
the upper part of the Lower Unit a continuous paleosol records dune stabilization 
and the end of aeolian accumulation. Follows a stratigraphic gap (Cenomanian to 
Coniacian) that coincides with the Cretaceous Thermal Maximum. The Upper Unit 
(Santonian?/ Campanian) comprises dune fields of a dry aeolian system capped by 
volcanic rocks (Mescolotti et al. 2019).
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The footprints from the Sanfranciscana Basin occur in the aeolian deposits, inter-
preted as interdune deposits, an adequate area to flourish life, especially due the 
moister environment and the availability of water. The footprints are found in the 
Três Barras Formation and they are in the same environmental context of the Botu-
catu Formation and Caiuá Group (Paraná and Bauru basins), where also occur similar 
theropod footprints. 

5.2 Geological Context 

The Lower Cretaceous rock successions registered extremely arid conditions in the 
Gondwana. In the Paraná Basin there are the deposits of the most extensive pale-
odesert of Earth history—the Botucatu Paleodesert, where fossil footprints are found 
in the Botucatu Formation. The Cretaceous deposits of the Sanfranciscana Basin 
(mainly the Areado Group, Fig. 5.2) also record semi-arid to desert settings asso-
ciated to the hot and dry climatic conditions (Grossi Sad et al. 1971; Suguio and 
Barcelos 1983). 

The Três Barras Formation (Areado Group) is dominantly composed of sand-
stones that interfinger and conformably overlie the deposits of Quiricó Formation 
and it is overlain by the Upper Cretaceous volcanic alkaline rocks of Mata da 
Corda Group (~80 Ma, Sgarbi et al. 2004). Ten sedimentary facies were recog-
nized in the Três Barras Formation by Mescolotti et al. (2019), including: Medium-
to coarse-grained trough cross-bedded sandstone; meter-scale trough cross-bedded 
sandstone; planar cross-bedded sandstone; parallel-laminated sandstone; climbing

Fig. 5.2 Stratigraphic chart of the Sanfranciscana Basin (modified from Leite and Carmo 2021) 
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ripple cross-laminated sandstone; sandstone with deformational structures; paleosol; 
massive mudstone; laminated mudstone; and interlaminated fine-grained sandstones 
and mudstones with heterolithic lamination. 

The fossils of the Areado Group are restricted to the Quiricó and Três Barras 
Formation (Carvalho et al. 1994). The mudstones, shales, siltstones and carbonates of 
Quiricó Formation (?Hauterivian-Aptian) are a mixed siliciclastic–evaporitic succes-
sion interpreted as fluvio-lacustrine and playa lake paleoenvironment (Cardoso et al. 
2022, 2023). They contain palynomorphs, leaves of gymnosperms and angiosperms, 
annelids, insects, ostracods, spinicaudatans, elasmobranchs, actinopterygians, coela-
canthiforms and dinosaur bones (Scorza and Santos 1955; Barbosa 1965; Duarte, 
1968; Barbosa et al. 1970; Santos 1971; Lima  1979; Duarte 1985a, b; Santos 1985; 
Carvalho et al. 1994, 1995; Arai et al.  1995; Duarte 1997; Barbosa et al. 1997; Delício 
et al. 1998; Carmo et al. 2004; Gallego and Martins-Neto 2006; Carvalho and Maisey 
2008; Zaher et al. 2011, 2020; Leite et al. 2018; Fragoso et al. 2019; Brito et al. 2020; 
Bittencourt and Brandão 2021; Bittencourt et al. 2015, 2018; Ribeiro et al. 2018; 
Coimbra 2020; Carvalho and Santucci 2021; Leite and Carmo 2021). The shales 
of Quiricó Formation can be organic-rich locally, and temporally record perma-
nent dysoxic/anoxic environments. The succession is characterized by mudstones 
with scattered grains of fine sand and desiccation cracks, evaporites interpreted as 
ephemeral shallow lakes with events of subaerial exposure and rapid modifications 
of the water chemistry (Mescolotti et al. 2019; Cardoso et al. 2022). In the Três 
Barras Formation (Barremian-Albian), silexilite units occur in association with sand-
stones and mudstones. In these silica-rich rocks, radiolarians and other marine fossils 
are present (Kattah 1992; Kattah and Koutsoukos 1992). The Três Barras Forma-
tion (Fig. 5.3) comprises siliciclastic deposits interpreted as fluvial, deltaic, marine 
and aeolian sedimentation. The presence of dinoflagellates, radiolarians, spicules of 
sponges, carapaces of foraminifera and possible acritarchs in silexilite levels were 
interpreted as indicative of marine environments (Kattah 1991; Kattah and Kout-
soukos 1992; Pessagno and Dias-Brito, 1996; Pessagno et al. 1997; Dias-Brito et al. 
1999) such as restricted platform (Kattah 1992), marine transitional marginal (Castro 
1996) and neritic or oceanic environments (Arai 1999; Dias-Brito et al. 1999; Arai  
2009, 2014a, b). Carvalho and Kattah (1998) described eleven dinosaur footprints 
in the Três Barras Formation. They are in deposits of an aeolian facies of a humid 
interdune environment (Kattah 1993; Carvalho and Kattah 1998). Other footprints 
were identified as cross-section structures, concave-upward and asymmetric soft-
sediment deformation structures, interpreted as produced in wet interdune facies, in 
the interdune-dune contact and in dune foresets (Mescolotti et al. 2019).

5.3 Footprints: Diversity and Paleobiological Interpretation 

The fossil footprints are found in two distinct ichnosites: João Pinheiro and Presidente 
Olegário, both in the homonymous municipalities of the Northwest of the state of 
Minas Gerais, microregion Paracatu. There are eleven dinosaur footprints in the João
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Fig. 5.3 Outcrop of the Três Barras Formation where occur the footprints of the João Pinheiro 
ichnosite

Pinheiro ichnosite preserved as epireliefs filled with a fine to coarse-grained reddish 
sandstone similar to the surrounding matrix. Three smaller of them are part of a 
short trackway (Carvalho and Kattah 1988). There are also cross-section footprints 
observed as concave upward deformation structures and narrow shaft straight borders 
from the Presidente Olegário ichnosite (Mescolotti et al. 2019). 

5.3.1 João Pinheiro Ichnosite 

The short track of three consecutive footprints (JPAR 01, JPAR 02 and JPAR 03) 
shows an oblique pace of 60 cm and step angle of 155º. The stride is 112.5 cm long. 
These footprints are tridactyl, mesaxonic and digitigrade with evidence of claws, 
with 15 cm of width and length. The hypexes angles between digits II-III and III-V 
are acute, with an average value of 30º. Footprint JPAR 01 is preserved as convex 
epirelief and footprints JPAR 02 and JPAR 03 as concave epirelief. Two footprints 
from this short track (JPAR 01 and JPAR 02) show a projection on the rear border that 
could correspond to digit I. The digits are tapered and the extremities of footprints 
JPAR 01 and JPAR 03 show claw imprints (Figs. 5.4 and 5.5).
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Fig. 5.4 Footprints from the João Pinheiro ichnosite that are interpreted as tracks of small and 
large-sized theropods and ornithopod trackmakers preserved in the Três Barras Formation, Areado 
Group. JPAR—João Pinheiro County, Areado Group. Footprints in dark color due the use of water 
to highlight them. Scale bar: 5 cm

The isolated footprints are bigger than these last ones. They are also tridactyl, 
mesaxonic and with digit III projecting more than digits II and IV (JPAR 04, JPAR 
05, JPAR 07, JPAR 08, JPAR11) or presenting almost the same size (JPAR 06, JPAR 
09, JPAR 10). 

The footprint JPAR 04 is isolated, tridactyl and mesaxonic preserved in concave 
epirelief without clear morphological details. The footprint shows 25 cm in width 
and 30 cm in length. Digit III is the bigger, very large in its base and pointed in 
the anterior extremity. The two other digits show almost the same size, shorter and 
more pointed, suggesting the presence of claws. The hypexes between digits II-III 
and III-IV are acute (35º).
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Fig. 5.5 Morphological aspects of the dinosaur footprints from the João Pinheiro ichnosite. a Small-
sized theropod footprints in a short trackway (JPAR 01, JPAR 02, JPAR03); b (JPAR 04), c (JPAR 
05) theropod footprints; d (JPAR 06), an isolated ornithopod footprint; e (JPAR 07), a dubious 
trackmaker (ornithopod or large-sized theropod) due the preservation conditions of the footprint; 
f (JPAR 08), g (JPAR 09) and h (JPAR 10) probable theropod footprints; i (JPAR 11), an isolated 
large-sized theropod footprints probably related to Abelisauroidea; Modified from Carvalho and 
Kattah (1998). JPAR – João Pinheiro County, Areado Group. Scale bar: 10 cm

The footprint JPAR 05 is preserved as concave epirelief. It is an isolated footprint, 
tridactyl and mesaxonic with 26 cm in width and 30 cm in length. Digit III is the 
longest in size, slightly curved in the anterior region. Digits II and IV show the same 
size, while digit III is the most pointed. The hypexes are acute, with 30º of angular 
value between digits II-III and III-IV. The rear border of the footprint is well defined 
and rounded.
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JPAR 06 is also an isolated footprint, tridactyl and mesaxonic, preserved as 
concave epirelief, with 38 cm in width and 24 cm in length. The index l/w is here 0.63, 
a rare condition. It is, in fact, a very short and wide footprint, perhaps because of the 
collapse effect. Surrounding the digits and the rear border there is the deformation 
of the sediments with a crenulation aspect. It corresponds to a fluidization process 
related to the load of the trackmaker over the substrate. Digit IV is not preserved. 
Digit II is pointed, showing bigger dimensions than the other two digits. Only the 
lower portion of digit III is partially preserved. The hypex between digits II-III is 
wide and rounded and the III-IV angle is 40º. The rear border of the footprint is a 
wide continuous curve. 

JPAR 07 is an isolated footprint, 20 cm in width and 48 cm in length, preserved as 
concave epirelief, without clear morphological details and contour. Digits II and III 
are partially preserved, with a wide elongation of the posterior margin of the footprint. 
The interdigital angle between digits II-III is 35º and the hypex is parabolic. 

JPAR 08 is an isolated tridactyl and mesaxonic footprint preserved as a convex 
epirelief. There is also as in JPAR 06 the deformation of the sediments, with a 
crenulation aspect, surrounding the digits. It is an evidence of fluidization induced 
by the trackmaker load. The footprint is 25 cm width and 38 cm in length with a 
rounded rear outline. The digits show a larger lower portion and a pointing aspect 
in the distal region. They present almost the same size, although digit III is slightly 
longer (10 cm in length) than the others and shows a small curvature in the distal 
extremity. The angular value is 30º between digits II-III and 50º between digits III–IV. 

JPAR 09 is an isolated tetradactyl and mesaxonic footprint preserved as a convex 
epirelief. It measures 24 cm in width and 24 cm in length. Surrounding the footprint 
there are crenulated deformations, especially on the borders of digit IV. The three 
digits present almost the same length (12 cm) with a larger lower portion. The distal 
ends are more pointed. The hypexes are wide, with 50º between digits II-III and 40º 
between digits III-IV. The rear margin presents a short spur, probably corresponding 
to digit I. 

The footprint JPAR 10 is isolated, tridactyl and mesaxonic, 15 cm in width and in 
length, preserved as concave epirelief. The posterior margin is rounded and shows 
a continuous curve between digits II and IV. The digits are pointed, almost with the 
same length (7 cm), and a probable claw impression in digit III. The hypexes are 
acute, and the angle value between digits II-III and III-IV is 40º. 

JPAR 11 is an isolated, tridactyl and mesaxonic footprint preserved as concave 
epirelief. The footprint measures 22 cm in width and 22 cm in length. Although the 
three digits are pointed they show rounded extremities, without the presence of claw 
marks. The hypices between II-III and III-IV are acutes and they show the same 
angle value (45º). The rear margin of the footprint is narrow and slightly pointed. 

The trackmaker interpretation of the footprints from the João Pinheiro ichnosite 
is difficult. There is only one theropod based on osteological data described to the 
Sanfranciscana Basin, the Abelisauroidea Spectrovenator ragei (Zaher et al. 2020) 
from the Quiricó Formation. Other dinosaur remains (bone fragments and teeth) were 
preliminarily attributed to Abelisauridae, Dromaeosauridae (Carvalho et al. 2012; 
Santucci et al. 2014), Abelisauroidea (Bittencourt and Langer 2011; Zaher et al.
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2011; Pires-Domingues 2009) and Noasauridade (Silva 2013). The short track with 
three small fooprints is classified as a small biped dinosaur. In these footprints it is 
possible to observe claws in the digits II, III and IV (JPAR 01, JPAR 02 and JPAR 03) 
and a digit I (hallux) in the rear border. The general morphology allows attributing 
these footprints to a small-sized theropod. Carvalho and Kattah (1998) suggested 
to this track an origin “coelurosauriform” (term that had another meaning, at that 
time), and the Aptian small theropods from the Araripe Basin, similar to Mirischia 
asymmetrica Naish et al. (2004), probably a coelurosaurid or Santanaraptor placidus 
Kellner (1999), classified as coelurosaurid or as a noasaurids (Naish et al. 2004; 
Kellner 1999), could be good examples of trackmakers. 

The footprints from the Três Barras Formation present similarities with some 
footprints found in the Botucatu Formation, Paraná Basin (Leonardi and Godoy 
1980; Leonardi and Lima 1990). There are also features in common with footprints 
from China (Zhen et al. 1991) that show a wide posterior margin (Zhengichnus 
jinningensis Zhen et al. 1986 and Xiangxipus chenxiensis Zeng 1982), in addition to 
those that present a well-defined metatarsal region, similarly to the Sanfranciscana 
Basin footprints JPAR 06 and JPAR 07. The tracks are generally of small, curso-
rial theropod, related to Gondwanan clades such as noasaurids or velocisaurids. 
Leonardi (1977) and Langer et al. (2019) interpreted the recurrence of a similar 
desert-dwelling fauna based on similar tracks from the Botucatu Formation that are 
also found in the Caiuá Group. These authors also observed that the functionally 
monodactyl theropod footprints from the Botucatu Formation, Caiuá Group (Paraná 
Basin) and La Matilde Formation (Argentina; Casamiquela 1964) are consistent with 
the foot morphology of the noasaurid Vespersaurus paranaensis. Noasauridae is a 
clade of theropod dinosaurs nested within Abelisauroidea mainly known by rather 
incomplete records from the Cretaceous of Gondwana. They are small to medium-
sized dinosaurs with necks, arms, and skulls relatively longer than those of other 
abelisauroid clades (Carrano et al. 2011; Barbosa et al. 2023) and a species such as 
Vespersaurus paranaensis was not a top predator, having a possibly generalist diet 
and an opportunistic feeding strategy (Barbosa et al. 2023). 

The footprints JPAR 10 and JPAR 11, that show an acute rear border and bigger 
dimensions than the short track (JPAR 01, JPAR 02 and JPAR 03), are related to 
large-sized theropod dinosaurs such as the Abelisauroidea. The same classification 
is assigned to the footprints JPAR 04, JPAR 05, JPAR 08 and JPAR 09, with pointed 
digits and digit III (JPAR 04, JPAR 05, JPAR 08) longer than the others. In the 
Sanfranciscana Basin the unique possible comparison could be with Spectrovenator 
ragei (Zaher et al. 2020). Although it is an Abelisauridae from the Quiricó Formation 
(Aptian) it is correlative in time to these footprints from the Três Barras Formation. 
There are few postcranial remains of Spectrovenator to estimate its length: an astra-
galus is fused to the calcaneum; astragalar ascending process is tall and laminar 
and lacks the fusion with the fíbula; the metatarsus is gracile, lacking the reduced 
width of metatarsal II present in noasaurids; the pedal unguals have proximally bifur-
cated grooves (Y-shaped) and a flexor tubercle with an associated ventral depression 
(Zaher et al. 2020). It is a medium-sized Abelisauridae (2.5 m in length), which
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general dimensions fit in the larger isolated footprints proportions (20–28 cm in 
width and 23–48 cm in length) of the Três Barras Formation. 

The footprint JPAR 06 is the one with the most distinct morphological pattern 
among the Sanfranciscana Basin footprints. The rear border and the obtuse angled 
hypex between digits II-III suggest an autopodium with a digital membrane as identi-
fied by Reynolds (1991) and Zhen et al. (1991). Therefore Reynolds (1991) suggested 
that the large width of the footprint could be related to a locomotor response to the 
sand surface where the trackmaker walked, and not necessarily related to the pres-
ence of a digital membrane between digits. The absence of sharp claws indicates 
that the footprints can be assigned to the ornithopods described and illustrated by 
Leonardi (1994). 

Concerning footprint JPAR 07, the stretching of the rear border could represent 
very distinct groups. The impression of a metatarsal, which is common in Lower 
Jurassic ornithopods (Thulborn 1990; Ellenberger 1970) such as Anomoepus scambus 
and Moyenisauropus natator, is also present in Triassic and Cretaceous theropods 
(Lockley and Gillette 1991). Kuban (1991) considered that the metatarsal impression 
in biped dinosaurs could be a behavioral response to the unstable condition of the 
substrate or a posture change of the trackmaker during the walk. 

5.3.2 Presidente Olegário Ichnosite 

The footprints from the Presidente Olegário ichnosite are preserved as cross-section 
structures concave-upward, symmetric and asymmetric deformation structures, and 
a narrow shaft structure in the facies meter-scale trough cross-bedded sandstone (St2) 
proposed by Mescolotti et al. (2019). The concave-upward footprints range 55–60 cm 
in width and 20 cm in penetration depth, despite the depth of the bedding deformation 
reach 75 cm. The narrow shaft shows straight borders, without the bending of the 
surrounding sandstone beds. It is slightly curved and pointed in the lower border. 
It has 36 cm in width and 80 cm in depth. The load of the trackmakers induced a 
successive deformation in the lower levels of reddish sandstones, fine- to medium 
grained. In the case of the large concave-upward footprints there isn’t the rupture of 
the lower strata. Instead, the narrow shaft shows a clear rupture of the substrate lamina 
succession with the association of microfaults. The environment where these tracks 
were preserved was interpreted as the migration of large sinuous-crested aeolian 
dunes, sometimes with sand liquefaction at the base of foresets due to gravitational 
instability, in a context of wet interdune facies (Mescolotti et al. 2019) (Fig. 5.6).

There are also concave-upward symmetric and asymmetric cross-section tracks 
in the interdune-dune contact. They range from 25–45 cm in width and 32–37 cm 
penetration depth, despite the depth of the bedding deformation reaches 65 cm. They 
are found in fine- to medium-grained parallel laminated sandstones with two-fold 
grain size segregation, arranged in 0.5- to 2-m-thick horizontal to low angle (less than 
5°) strata (SI facies, Mescolotti et al. 2019). The paleoenvironment is interpreted as
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Fig. 5.6 Cross-section footprints from the wet aeolian system of Três Barras Formation, Presi-
dente Olegário ichnosite. a, b Concave upward deformation structures with bedding deformation 
interpreted as a sauropod footprint in the wet interdune facies; c Narrow shaft structures, with a 
pointed lower extremity, this last being interpreted as the impression of a theropod digit III in the 
dune foresets. Facies St2—meter-scale trough cross-bedded sandstone. Photographs courtesy by 
Patricia Colombo Mescolotti. a Scale bar: 20 cm; b Scale bar: 2 cm; c Scale bar: 5 cm

protodunes migration across deflation sand flats under high ratio of wind velocity/ 
sedimentary supply (Mescolotti et al. 2019). 

The cross-section concave-upward footprints (Fig. 5.7) from the Presidente 
Olegário ichnosite were interpreted as produced by sauropods, considering the 
morphology and dimensions of similar occurrences (Avanzini 1998; Gatesy 2003; 
Romano and Whyte 2003; García-Ramos et al. 2006; Falkingham et al. 2016; Sanz 
et al. 2016; Campos-Soto et al. 2017; Díaz-Martínez et al. 2018; Mescolotti et al. 
2019; Carvalho et al. 2021a). The trackmaker could be a large sauropod similar to 
Tapuiasaurus macedoi, a Titanosauria of the family Nemegtosauridade found in the 
Aptian of Quiricó Formation (Zaher et al. 2011). The other cross-section footprint 
that is a narrow shaft, slightly curved with a pointed impression is related to a tridactyl 
trackmaker, in which digit III supported a greater load and consequently its marked 
impression in the substrate. The medium-sized Abelisauroidea Spectrovenator ragei 
from the Quiricó Formation (Zaher et al. 2020) could be a good example of track-
maker to this footprint morphology. In bipedal dinosaurs, the digit III exerts a higher 
pressure on the substrate, conducting to a greater deformation in the central area of 
the cast as suggested by Gatesy et al. (1999), Milàn and Bromley (2006), Falkingham
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Fig. 5.7 Two cross-section concave upward footprints in the interdune-dune contact. The probable 
trackmaker is a sauropod. Facies Sl—parallel-laminated sandstone. Photograph courtesy by Patricia 
Colombo Mescolotti 

and Gatesy (2014) and Milàn et al. (2004, 2006) that analyzed the sediment deforma-
tion induced by theropod foot movements during a stride. Besides, as proposed by 
Delcourt et al. (2024) the distribution of abelisaurids was driven by climatic condi-
tions because they were well adapted to semi-arid conditions and diversified in size 
and number of species. 

5.4 Paleogeographical Distribution of the Footprints 

At the end of the Jurassic and beginning of the Cretaceous, a region of great aridity 
was established in the interior of the Gondwana continent. The eolic and fluvial 
sandstones found in Rio Grande do Sul State (Guará Formation, Late Jurassic), 
indicate a semi-arid climate (Scherer and Lavina 2005, 2006). At the beginning of 
the Cretaceous (Scherer 2000, 2002; Scherer et al. 2002), there was a change in 
climate, with hyperarid conditions, establishing a wide desert known as the Botucatu 
Paleodesert (Almeida 1953; Bertolini et al. 2021). The origin of the Botucatu Pale-
odesert (Botucatu Formation) resulted from the geographic configuration defined 
from the end of the Permian, with the origin of Pangea. The area occupied by this 
paleodesert reached about 1,300,000 km2, covering central-southern Brazil, northern 
Uruguay, eastern Paraguay and eastern Argentina. The ichnofauna of the Botucatu 
Formation is an endemic fauna of an extremely arid environment (Leonardi and 
Sarjeant 1986) including “coelurosaurs”, “carnosaurs”, ornithopods, and mammals 
trackmakers (Leonardi 1980; Leonardi 1981a, b; Leonardi 1991; Leonardi and Godoy 
1980). The presence of conchostracans indicates the existence of temporary lakes 
(Cardoso 1965).
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The paleogeographical position of continental landmasses, the low eustatic sea 
level and atmospheric currents, defined a climate of great aridity during almost all of 
the Mesozoic (Almeida and Carneiro 1998). This climate changed after the breakup 
of Gondwana during the Cretaceous, which led to a modification in the atmospheric 
and oceanic currents, humidity and temperature and, therefore, to the disappearance 
of this great desert. 

During the Late Cretaceous, regional arid conditions are still persistent as observed 
in the deposits of the Caiuá Group. It is a quartz and feldspathic sandstones succes-
sion, fine to-medium grained size, reddish in color, with large cross stratifications 
presenting an ichnofauna of theropods and mammals (Leonardi 1977; Leonardi 
1981a, b; Leonardi 1991). The dinosaur tracks in this unit are few, with only one large 
theropod trackway, one trackway and an isolated footprint of a “coelurosauriform”. 
None of these are similar to those found in the Sanfranciscana Basin. Their morpholo-
gies are masked by a wide deformation zone on the surrounding sandy matrix, not 
allowing clearly recognizing the contours of the footprints and their digits. 

The stratigraphic levels of the Sanfranciscana Basin (Três Barras Formation) 
where the fossil footprints are found are indicative of humid interdunes areas, with 
subordinated deflationary pavements (Kattah 1991). The footprints with a clear 
morphology would indicate the moments of greater wetness of the substrate, while 
without clear morphology would have formed in conditions of dryness. During the 
living time (Barremian-Albian) of the trackmakers occurred great environmental 
changes related to the South Atlantic opening (Mescolotti et al. 2019), especially a 
more humid climate and the first marine ingressions from the Equatorial region. 

5.5 Paleoenvironmental and Paleoclimatic Contexts 

The more diverse biologic activity in deserts occurs in interdune areas. The parame-
ters controlling the kind of activity in those settings are moisture, sedimentation rate, 
and the size of surrounding dunes. Especially in the interdune environments, such 
as the wadi, there is a high potential to the preservation of the fossil footprints. The 
maintenance of tracks in aeolian sandstones is directly related to the cohesion of the 
sand, related to a high humidity, when the trackmaker induces the deformation of the 
substrate (Ahlbrandt et al. 1978). Furthermore the fast burial also plays an important 
role in the preservation, especially in the leeward and interdune areas, which are the 
most conducive to preserving footprints. 

The origin of the wetness in the sand dunes that allow the footprints preservation 
is controversy. Leonardi (1980) considered that the preservation of footprints in the 
Botucatu Paleodesert would be related to a higher humidity (because of dew) of 
the sandy surface during the night, when the footprints would be produced and at 
dawn there would be their subsequent covering by dry sand. Another possibility 
would be the existence of a high groundwater level, which would allow a greater 
wetness of the sediments and, consequently, the preservation of the footprints even 
in the dunes foreset. However, the predictive model of Winkler et al. (1991), of
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restricting occurrences of fossil footprints to interdune areas, is the most common. 
Interdune deposits represent a complex sedimentation of aeolian and non-aeolian 
environments ranging from deflation surfaces to ephemeral lakes. Due to the high 
local sedimentation rate and grain size of the surrounding active dunes, the potential 
for fossil footprints preservation in interdune areas is high. In addition, observation of 
current environments demonstrates that the wetness conditions in these areas allow 
the proliferation of a diverse biota (Carvalho and Kattah 1998). 

In this way, the lack of fossils in deposits adjacent to the interdunes would reflect 
the low original biological productivity and the low diversity of large animals in an 
area of active dunes. Winkler et al. (1991) postulated that the presence of fossil tracks 
and fossils of large vertebrates in the interdune deposits of the Navajo Sandstone 
(Middle Jurassic, Arizona, USA) would imply the existence of a complex food chain, 
and may even represent temporal intervals not typical of the hyper aridity of deserts, 
a moment where the dunes are most active. Leonardi (1991) considered that the 
dinosaur tracks in the desert paleoenvironments of South America generally belong 
to bipedal and small-sized forms. The frequency of theropods is high (87%) with a 
predominance of “coelurosauriforms”, absence of sauropods and rare ornithopods, 
which possibly would have been the largest dinosaurs in arid environments. A similar 
conclusion was also reached by Lockley and Conrad (1991) in the study of the Glen 
Canyon and San Rafael groups (Jurassic, USA), in which most of the fossil footprints 
in desert paleoenvironments are those produced by theropods. There would be a 
preferential distribution of these in the playa lake and interdune fluvial deposits, 
when compared with the paleoenvironments that represent the dune fields. 

The footprints of the Três Barras Formation (João Pinheiro ichnosite) are in a 
context of sandstones with fine to medium grain size, poorly selected. There is inter-
calation of centimetric levels of coarse-grained sandstones, claystones and siltstones. 
The color is pink to reddish. Under the microscope, crystals of calcite and dolomite are 
observed in the siltstones. The sedimentary structures are dissecation cracks, symmet-
rical and climbing wavy ripples, and channel cross-bedding. The pavement on which 
the footprints are found is poor selected quartz sandstone, locally with ripple marks 
and tabular cross-stratifications. Above the level of footprints there is conglomeratic 
sandstone with faceted pebbles. Kattah (1991) interpreted this stratigraphic level as 
indicative of an area of humid interdunes, with subordinated deflationary pavements. 
Most footprints preserved on this surface do not have clear morphological details, 
which must be related to a very loose sandy substrate. However in some cases (JPAR 
01 and JPAR 03) the anatomical details such as claws and phalangeal pads are quite 
evident. Reynolds (1991) and Lockley (1991) consider that this fact results from 
fluctuations in the hydrostatic level during the formation of footprints. The foot-
prints with a clear morphology would indicate the moments of greater moisture of 
the substrate. The others would have formed in conditions of greater aridity, when 
the groundwater is lower. Drier sand would not have been cohesive enough to allow 
for better footprint preservation. 

The fossil footprints from the João Pinheiro ichnosite were recognized by morpho-
logical data from the autopodia on the bedding plane. Otherwise the footprints from 
the Presidente Olegário ichnosite reach many sedimentary levels beyond the surface
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and they are preserved as deformation structures which can be observed in cross-
sections. They are directly related with the trampling by terrestrial vertebrates and 
the pressure generated during the contact between a tetrapod autopodium and the 
substrate, leading to the origin of load structures with successive laminae defor-
mation (Carvalho et al. 2021a, b, 2022). Deformation of the print-bearing surface, 
by the dinosaur trampling, favors the preservation of underprints and transmitted 
prints on bedding planes beneath the primary footprint-bearing surface as “under-
tracks” or “ghost prints” (Sarjeant and Leonardi 1987). The stratigraphic analysis of 
Mescolotti et al. (2019) considered a wet aeolian system including a wet interdune 
facies, interdune-dune contact and dune foresets as the environments where these 
footprints were preserved (Fig. 5.8).

5.6 Conclusions 

The desert environment is a challenging geological context to the preservation of 
footprints. The dry sands, the low humidity, the inconstancy and fast changes in the 
substrate, the deflation, generally destroy the tracks or just allow a deformation struc-
ture in the contact between the trackmaker’s feet and the superficial layers. Despite 
these restrictions, some environmental settings especially in the wet interdune areas, 
where there is a more diverse biologic activity in deserts, present a high potential 
to the preservation of the footprints. Interdune deposits represent a complex sedi-
mentation of aeolian and non-aeolian environments ranging from deflation surfaces 
to ephemeral lakes. Due to the high local sedimentation rate and grain size of the 
surrounding active dunes, the potential for fossil footprints preservation in the inter-
dune areas is high. In addition, observation of current environments demonstrates 
that the moisture conditions in these areas allow the proliferation of a diverse biota. 
Then, the maintenance of tracks in aeolian sandstones is directly related to a high 
humidity that allows the cohesion of the sand. The fast burial also plays an important 
role in the preservation, especially in the leeward and interdune areas, which are the 
most conducive to preserving footprints. 

The footprints from the Sanfranciscana Basin are found in two localities where the 
Três Barras Formation outcrops: João Pinheiro and Presidente Olegário ichnosites. 
There are eleven dinosaur footprints in the João Pinheiro ichnosite preserved as 
concave epilelief with infilling of fine to coarse-grained reddish sandstone similar 
to the surrounding matrix. In the Presidente Olegário ichnosite the footprints are 
observed as cross-section concave upward deformation structures and narrow shaft 
straight borders. These two sets of footprints indicate small and medium-sized 
theropods, ornithopods and sauropods. Aptian age deposits of the Sanfrancis-
cana Basin (Quiricó Formation) present osteological remains of Abelisauroidea 
(Noasauridae and Abelisauridae), Dromaeosauridae and Titanosauria (Nemeg-
tosauridae) that could be related to some of the trackmakers of João Pinheiro and 
Presidente Olegário ichnosites.
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Fig. 5.8 Environmental reconstruction of the wet aeolian system of Três Barras Formation, 
Sanfranciscana Basin, and the dinosaur trackmakers (Art by Guilherme Gehr)
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