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ABSTRACT — The geological units that correspond to the Mesozoic in the Parana basin, Séo Paulo State, are
included in Sao Bento Group, by correlation with the Piramboia, Botucatu and Serra Geral formations. The
Botucatu Formation’s age is bracketed between the Upper Jurassic and the Lower Cretaceous (Neocomian). The
Botucatu Formation is composed of aeolian sandstones showing cross-stratification from medium to large scale, a
typical trait of migrating dunes. |chnofossilswere collected in the Sdo Bento Quarry, located in thecity of Araraguara,
S&o Paulo State. Samples MPA-002 e MPA-003, respectively, are the negative epirelief and positive hyporelief of
the same trace fossil. MPA-001 is a negative epirelief. These features show aremoval of sedimentary material, in
contrast to the morphology of ornithopod and theropod dinosaur tracks, where compression and deformation of
unconsolidated sedimentary layers occurs. These trace fossils show a pattern corresponding to erosion caused by
evacuation of liquid wastes and are classificated as urolites, because this term has already been applied to the
occurrence of ichnofossils of thistype in France and Germany. The morphostructure of these urolitesisvery similar
tothe erosional geometry produced in the substrate by expelled liquid waste of modern ratite birds, such as Sruthio
camelus (ostrich). These urolites are the first recordsin Brazil of thistype of ichnofossil, and is aso one of thefirst
examples of trace fossils attributed to liquid waste expulsion by dinosaurs.

Key words: urolite, vertebrate ichnofossils, Botucatu Formation, Cretaceous.

RESUMO - As unidades geol dgicas que correspondem ao Mesozdico da Bacia do Parana, no Estado de Séo Paulo,
estdo reunidas no Grupo S8 Bento, pela associagdo das formagBes Piramboia, Botucatu e Serra Geral. A idade da
Formagéo Botucatu se estende do final do Jurassico ao inicio do Cretaceo (Neocomiano). A Formagéo Botucatu é
constituida por arenitos edlicos exibindo estratificagdo cruzada de médio a grande porte, caracteristica de dunas
trand adantes. Osicnofdsseisforam col etados na Pedreira Sdo Bento, localizadano municipio de Araraquara, no Estado
de S80 Paulo. As amostras MPA-002 e MPA-003 sdo respectivamente o epirrelevo negetivo e o hiporrelevo positivo
de um mesmo icnoféssil. O exemplar MPA-001 € um epirrelevo negativo. Existe remogao de material sedimentar
contrastante com amorfol ogia das pegadas de dinossauros Ornithopoda e Theropoda, onde ocorre a compactagdo das
camadas sedimentares e crenulagBes, com deformagdo do sedimento inconsolidado. Os icnoféssels apresentam o
padrdo correlacionavel ao de extrusdes liquidas como produtos de evacuagéo e sfo classificados como urdlitos, pois
esse termo j& foi empregado para ocorréncia de icnofdssels desta categoria na Franga e na Alemanha. O aspecto
morfoestrutural destes urdlitos € muito semelhante a deformagdo causada no substrato por extrusdes liquidas de aves
retitas atuais, como Sruthio camelus (avestruz). Estes urdlitos sdo os primeiros registros no Brasil deste tipo de
icnoféssil, sendo também uma das primeiras evidéncias do modo de extrusdo liquida associada a dinossauros.

Palavras-chave: urdlito, icnofésseis de vertebrados, Formacdo Botucatu, Cretéaceo.

INTRODUCTION fossil records as being invertebrate and vertebrate ichno-

fossils associated with a desert environment. Many isolated

The first fossil records from Botucatu Formation were footprints and tetrapod tracks are present in the Botucatu

made by aBrazilian mine engineer, Joviano Pachecoin 1913. paleodesert ichnocoenosis, and among them are ornithopod
However, only Huene (1931) studied and interpreted these and theropod dinosaurs.
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Thefirst evidence of occurrence of liquid waste elimination
attributed to a dinosaur was presented to the public during the
62" Congress of the VVertebrate Paleontological Society from
North Americain Oklahoma, inthe United States, by McCarville
& Bishop (2002) from the Museum of Geology, at the South
Dakota School of Mines and Technology. The discovery was
reported in some e-magazines by Reed (2002), L eblanc (2002)
and Rivieccio (2002), in which they related the discovery of
traces of liquid waste associated with sauropod dinosaursin a
locality of LaJunta, Colorado, USA. Thislocality isknown as
a significant tracksite recording activities of dinosaurs of the
Morrison Formation and isan important pal eoichnological site
inNorth America

The trace fossils studied were collected in S&o Bento
Quarry, located in Araraquara, Sdo Paulo State, at the
coordinates 21°49'S and 48°04'W (Figure 1). The quarry
produces flagstones used to pave sidewalks and as wall
covering. Many flagstones with vertebrate and invertebrate
ichnofossilswere examinated by L eonardi (1980, 1981, 1984),
Leonardi & Sarjeant (1986), Leonardi & Oliveira (1990),
Fernandeset al. (1990) and L eonardi & Carvalho (2002). Until
the present work, no scientific paper had been reported afossil
evidenceof liquid waste of tetrapodselimination, from Botucatu
Formation or anywhere el se, to assumethat dinosaurs urinated.

GEOLOGICAL SETTING

The Parand basin is a typica cratonic basin located on
the rigid lithosphere in the southest part of the Brasilian
Platformin an areadeeply affected by the lavaoutflow of the
Brazilian Cycle. It hasan irregular oval shape and coversan

52°

area of about 1,500,000 km?. The deposicional axis of the
Parana basin parallels the Parana River, where the basin fill
attains athickness of 5,000 m. Thisbasin includes Devonian
and Upper Paleozoic continental and marine clastic
sedimentary sequences. The Upper Paleozoic sequence
representsaglacial environment at its beginning and fluvial-
lacustrine at its end. These units were covered by an Upper
Jurassic to Early Cretaceous continental sedimentary
sequence deposited in a semi-arid environment and flood
basalts associated with the most widespread global episode
of continental basic volcanism (Loczy & Ladeira, 1976).
The Mesozoic Period in S8o Paulo State is represented
by the S&o Bento Group containing the Pirambdia, Botucatu
and SerraGera formations. The Botucatu Formationismostly
intercalated with the SerraGeral basalt and itsageisindicated
by stratigraphic relationshipsrather than by fossils. Bigarella
& Salamuni (1961) suggest that the aeolian sandstoneswould
have been accumulated between the Late Jurassic and Early
Cretaceous. According to Scherer et al. (2000), the upper
limit of the Botucatu Formation’s age corresponds to the
Neocomian, contemporaneouswith the most recent lavaflows
of the SerraGeral Formation. “Ar/*°*Ar dating by Renneet al.
(1992) and Turner et al. (1994) showsthat the vol canic rocks
of SerraGeral Formation are about 132 millionyearsold.
According to Fulfaro & Petri (1988), the Botucatu
Formation is composed primarily of fineto medium-grained
reddish well-sorted sandstones with abundant opaque grains
of high sphericity. These sandstones show tangential cross-
stratification as is characteristic of migrating dunes. The
Botucatu sandstone covers most of Parana basin in Brazil,
Eastern Paraguay and Northest Argentina, covering an area
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Figure 1. Location map of Parana basin in South America and the outcrop area of Pirambodia and Botucatu formations in S&o Paulo State.
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Figure 2. Trace fossils corresponding to liquid wastes. A. Sample MPA-002, a negative epirelief; B. Sample MPA-003, a positive
hyporelief; C. Sample MPA-001, a negative epirelief; D. Excavation structure formed by two liters of water in a simulated test. Scale bar in

centimeters.
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of more than 1,300,000 km?2. Deposits of the Botucatu
Formation constitute arecord of aeolian deposition in desert
conditions including persistent ergs and wadi deposits (So-
ares, 1975; Schneider et al., 1974; Caetano-Chang & Wu,
1992). According to Bigarella& Salamuni (1961), the wind
that moved the dunes in the Botucatu paleodesert in Séo
Paulo State originally blew from N to NE. The most typical
sedimentary structures arethetangential cross-stratifications.
An angular unconformity marks the lower contact of the
Botucatu Formation with the basement and the Paleozoic
formations. With the Piramboia Formation, this contact may
be conformablein some places. According to Scherer (1998),
the basalt of the SerraGeral Formation overlays conformably
on the Botucatu Formation. In some parts of the basin the
aeolian sedimentsareintermixed with thelavaflows showing
that the volcanism was contemporaneous with aeolian
deposition.

Intrusive diabase dikesandsills throughout the sedimen-
tary section of the basin are correlated to the Serra Geral
Formation. The PirambdiaFormation and itscorrelaive deposits
represent fluvial deposition at thetime of the continentalization
of Paran& basin in the Triassic, forming an unconformity
surface associated with a period of erosion that occurred
between the Triassic and the Jurassic. A new period of
deposition began with the aeolian sandstones of the Botucatu
Formation and its correlates, overlain by volcanic rocks of the
SerraGerad Formation (Almeida& Melo, 1981).

TERMINOLOGY

According to Fernandes et al. (2002), a trace fossil is a
distinct biogenic structure and shows a behavioural function
which can be closely related to the morphology of the
organism which has produced it, such as footprints, tracks,
excavations also including coprolites, fecal pellets and other
fossil structures.

The term “coprolite” is generally applied to al types of
fossil excrement (Sarjeant, 1975). Theexpression“ urolite” was

Exposed sedimentary layer

Excavation crater

Gravitational

Figure 3. Diagram representing a urolite in a non-horizontal surface
at the paleodune foreset. A. Major axis; B. Minor axis; C.
gravitational stream caused by sand fluidization.
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first used in France by Duvernoy (1844) to differentiate the
fossil nonliquid urinary secretions, produced by some groups
of reptiles, inrelation to coprolites. Leydig (1896a,b) identified
urolites produced by icthyosaurs in sediments of the Triassic,
in Germany. Voigt (1960) described urolites formed of apatite
and calcite produced by reptilesfrom the Upper Cretaceousin
Germany. McCarville & Bishop (2002) mention the discovery
of atracefossil formed by expulsion of liquid waste associated
with sauropod dinosaurs in the Morrison Formation, in the
United States, but they did not suggest any specific
terminology to name the bioturbation structure produced by
fluid stream. Since the term urolite was adopted to determine
fossilized nonliquid urinary secretions (like those expelled by
reptiles or birds), wethink thisterm (compound of two Greek
words, uro meaning “urine” and lithos meaning “stone”) is
the most appropriate to determine the trace fossil formed by
evacuation of liquid waste of adinosaur or any other vertebrate.

DESCRIPTION OF TRACE FOSSILSAND DISCUSSION

Thetracefossils examined in thisstudy arerepositedina
newly organized local museum, the Museum of Paleontology
inAraraguara(MPA). The studied trace fossils are preserved
inthree aeolian flagstones: MPA-001 (75x45 cm), MPA-002
(50x45 cm) and M PA-003 (60x50 cm). The samples MPA-002
and MPA-003 respectively are the negative epirelief and
positive hyporelief of the same trace fossil (Figures 2A, B).
The exemplar MPA-001 is a negative epirelief (Figure 2C).
Theélliptical morphology of the concave portioninthesmall
excavation crater of MPA-001is16 cmin diameter along the
major axisand 11 cm along the minor axis, and about 1.8 cm
deep. MPA-002is19 cmin diameter along the major axisand
12 cmalong the minor axisand 1.8 cm deep.

In both specimens, the boundary of the concave structure
shows inner concentric delineations corresponding to the
sedimentary layers of the foreset that became exposed. The
lower edge of the concave structure is overlaid with the
sediment removed from there and the sand removed by
fluidization formed a gravitational stream of 34 cm length
(Figure 3). Vertically, theforeset dipis 29°.

To understand the formation of this fossil structure, it
was simulated by a simple experiment. Two liters of water
were poured from 80 cm height in asloped area of 1oose sand.
The result was an excavation structure similar to the fossil
structures, resulting in the removal of the superficial layers
of sand and flowing of the rest by gravity (Figure 2D).

Concerning theformation of these structures, thereisaclear
withdrawa of sedimentary material compared to the morphology
of the associated dinosaur tracks (Figure 4A, B, C), where the
sedimentary layersare compressed by theweight of theanimal.
Thedinosaur tracks belonging to theichnocoenosis of Botucatu
Formation are of ornithopod and theropod dinosaurs, always
displaying a half-moon shaped ridge on the edge where more
effort was made by themotion of these animalsin the pal eodesert
sand. Undertracks do not show this feature. Besides, the shape
of the trace fossil is markedly different from the shapes of the
associated dinosaur tracks.

10/11/2004, 08:33



FERNANDESET AL. —UROLITESIN THE BOTUCATU FORMATION, BRAZIL 267

Figure 4. Dinosaur tracks, belonging to the ichnocoenosis of the Botucatu Formation, produced in a foreset dip of 29°. A. Ornithopod

dinosaur; B, C. Theropod dinosaurs. Scale bar =5 cm.

Figure 5. Struthio camelus (ostrich). A, B, C. Sequence of pictures taken at an ostrich farm showing the strong flow of liquid waste

produced during evacuation.

Leonardi (1981, 1984, 1994) documented the presence of
several kindsof small mammal's, and these could bethe source
of aliquid waste. However, the size of the trace fossilsindi-
cates they would have to be produced by bigger animals,
such as ornithopod dinosaurs, which were present as shown
by their fossilized tracks.

Comparing and analyzing the behavior of modernratitebirds,
such as Sruthio camelus (ostrich), we observed a strong flow
of liquid waste (urine) produced by theseanimals (Figure 5A, B,
C) before the solid waste evacuation. In ostriches, the urine
remains stored in the urodeum, which have similar functionto a
urinary bladder of mammals, until themoment of itselimination.
The solid wastes remains stored in the coprodeum and are
eliminated subsequent to the urine (Moro & Luchini, 1999).
Assuming that certain groups of dinosaurs had asimilar urinary
physiology, they could have caused erosion of unconsolidated
sediments on the surface when eliminating an abundant liquid
flow similar to that produced by the ostrich.

‘ Artigo20_Fernandes.p65 267

CONCLUSIONS

Among the countless vertebrate ichnofossils recorded
in the aeolian sandstones of S&o Bento Quarry in Araraquara,
up to now only two trace fossils have been identified as
urolites. Despite the documented occurrence of small
mammal sfossilized tracksin the Botucatu Formation, thetra-
cefossilsstudied here seem to be produced by bigger animals,
like dinosaurs, that existed in the Botucatu paleodesert.

The studied trace fossils show a pattern that we demons-
trated could beformed by an abundant falling stream of fluid and
that is different from the structures described before in other
occurrencesin the paleontological records. Themorphostructura
aspect of these urolitesisvery smilar to the deformation caused
inthe soil by dimination of liquid wastes of modern ratite birds,
like Struthio camelus (ogtrich). These urolitesarethefirst records
in Brazil of thistype of ichnofossil, and it is also one of the first
evidences of the liquid waste attributed to dinosaurs.
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