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Fig. 5.	 Trace fossils from the Capacete Formation at Coromandel region. A, B. Skolithos (Sk) and Palaeophycus (Pa) in rippled sand-
stone. C. Scoyenia bearing longitudinal striae (Sc). D, E. Scoyenia (Sc) in Sr facies filled by distinct (D) or similar sediment (E) to the host 
rock. F. Ichnoassociation of Scoyenia (Sc), Palaeophycus (Pa), and Taenidium (Ta), recurrent in the facies Sr. G. Rhizoliths horizontally 
oriented in relation to the bedding plane.



256 D. SEDORKO Et Al.

Fig. 6.	 Trace fossils from the Capacete Formation at Coromandel region. A. Beaconites (Be) in horizontally stratified sandstone (Sh). 
B. Taenidium (Ta) present in the Sr facies. C. Camborygma (Ca) in horizontal view. D. Polished sample of Camborygma (Ca) evidencing 
a chamber close to the ramification – see the paired apertures on bedding plane (yellow circle).
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Fig. 7.	 Overview of Outcrop 2. A. Facies association and architecture of distal meandering river deposits from the base of the Capacete 
Formation. Note the erosive contact in the lower part of the channel element and the slightly dip of the point bars to the thalweg channel. 
B. Interpretive sketch of the panoramic view.

In the studied outcrops, meniscate trace fossils are com-
mon features and mostly represented by Taenidium, with 
subordinated occurrence of Scoyenia and Beaconites. This 
dominance is typical of periodically exposed palaeoenvi-
ronments, indicating a transition between aquatic and ter-
restrial depositional systems (Frey and Pemberton, 1984). 
While Taenidium and Beaconites are commonly produced in 
a soft substrate, scratch marks in Scoyenia can be considered 
a proxy of drier or firmground substrates, reflecting desicca-
tion by subaerial exposure (Savrda et al., 2000; Buatois and 
Mángano, 2002).

Sparse Palaeophycus and Skolithos occur in facies formed 
by relatively higher energetic flows (Sr, Sh, and St) if com-
pared to the fine-grained facies (P and S), indicating epi-
sodic colonization of abandoned channel and crevasse splay 
deposits, mostly by arthropods (Ratcliffe and Fagerstrom, 

1980; D’Alessandro and Bromley, 1987; Mazzucconi and 
Bachmann, 1995; Buatois and Mángano, 2004; Krapovickas 
et al., 2009). Finally, Camborygma is a common compo-
nent of Scoyenia ichnofacies since the Triassic, but it is also 
characteristic of the Camborygma ichnofacies (Hasiotis and 
Dubiel, 1993). In the studied area, this ichnogenus is restrict-
ed to Sr and Sh facies, being interpreted as crayfish domicile 
structures developed in the upper part of abandoned fluvial 
bars and crevasse splay deposits (e.g., Hasiotis and Mitchell, 
1993). The depth of Camborygma can be an indicator of local 
fluctuations in the water table level because its chambers re-
main underwater while they are colonized (Hasiotis, 2007). 
The relatively low depth of these structures (up to 10 cm) 
suggests that the colonization occurred during a period of 
high groundwater level. The absence of erosive features and 
the shape of galleries preserving ramification corroborates 
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Fig. 8.	 Palaeoenvironmental reconstruction. A. Depositional model of the Capacete Formation during the Late Cretaceous. Adapted 
from Campos and Dardenne (1997a). B. Inferred distribution of trace fossils in Capacete Formation subenvironments.

this interpretation. The water level of the phreatic is an 
important factor for distribution of biogenic sedimentary 
structures in subaerial settings, controlling the archetypical 
continental ichnofacies (Buatois and Mángano, 2004, 2007; 
Netto and Grangeiro, 2009).

Several lines of evidence support the classification of this 
ichnoassemblage as belonging to the Scoyenia ichnofacies 
with prolonged water influence, as: (1) the recurrence of 
Taenidium, Skolithos, and Palaeophycus, with less frequent 
occurrences of Beaconites, Scoyenia, and Camborygma; (2) 
general low diversity; (3) recurrence of burrows bearing 

meniscate backfill associated with horizontal feeding struc-
tures and cylindrical vertical burrows; (4) predominance of 
traces in floodplain settings (Fig. 7), and (5) association with 
root traces (Frey et al., 1984; Buatois and Mángano, 1995, 
2011).

The Scoyenia ichnofacies is representative of deposition in 
subaqueous sediments that are periodically exposed to sub-
aerial conditions, or subaerial sediments periodically flood-
ed, commonly in river channel margins, overbanks, and 
sand bars (Frey and Pemberton, 1984, 1987). In the studied 
case, the presence of rhizoliths in association with different 
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types of trace fossils reinforces the hypothesis of sporadic 
colonization of the vegetated flood plains by invertebrate 
tracemakers (Fig. 8B). The dominance of meniscate bur-
rows in floodplain settings have been widely documented 
(e.g., Bromley and Asgaard, 1979; Bracken and Picard, 1984; 
D’Alessandro et al., 1987; Smith, 1993; Eberth et al., 2000; 
Savrda et al., 2000; Buatois et al., 2007, 2020; Krapovickas 
et al., 2009). The absence of physical structures indicative 
of periodic subaerial exposure (e.g., mudcracks or raindrop 
imprints) in the levels bearing trace fossils allows the in-
terpretation of colonization under moist, possibly flooded 
zone. However, irregular walls and the filling sediment in 
Camborygma are indicative of firm substrates, evidencing 
the presence of two suites: a softground pre-desiccation 
suite characterized by backfilled structures (Taenidium, 
Beaconites) and a firmground post-desiccation suite char-
acterized by Camborygma. The presence of this taphonom-
ic filter evidences that trace fossils distribution was largely 
controlled by availability of humidity within substrate, and 
the restricted presence of trace fossils in overbank settings 
reveals high seasonality rains in an arid to semiarid setting 
(e.g., Buatois and Mángano, 2004).

Body fossils have a low potential for preservation in ox-
idized palaeosols of well-drained and dry settings (e.g., 
Retallack, 1998). The presence of the Scoyenia ichnofacies 
in some stratigraphic intervals of the Capacete Formation 
is, up to now, the only evidence of biologic activity dur-
ing the Early Cretaceous for this arid to semiarid region.  
It changes the assumption of widespread harsh depositional 
conditions associated with gravity flows and explosive vol-
canic activity adjacent to the unit, at least in the described 
outcrops. Finally, the presence of typical architectural ele-
ments and facies associations related to deposition in mean-
dering rivers and distributary/distributive channels evidences 
this fluvial style in the distal plains of the alluvial-fluvial braid-
ed system interpreted for the Capacete Formation (Fig. 8).

 CONCLUSIONS
The sedimentological data and ichnological signatures 

indicate deposition by meandering rivers and distribu-
tary/distributive fluvial system in the Capacete Formation. 
Meniscate trace fossils (e.g., Taenidium, Beaconites, and 
Scoyenia), associated with Skolithos, Palaeophycus, and 
Camborygma attest the predominance of arthropod activi-
ty in those horizons. Rhizoliths are also recorded, indicat-
ing presence of vegetation in floodplain settings. The trace 
fossil suite suggests colonization of the substrate under 
predominantly aquatic conditions and the local presence of 
Camborygma, a crayfish burrow, is indicative of high water 
table level. Thus, despite the arid climate interpreted for the 
almost entire Upper Cretaceous units in the Sanfranciscana 
Basin, our new data support distal deposition under local 
humid (or at least, high moisture) conditions for the beds 
bearing trace fossils.
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