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TRACE FOSSILS FROM THE PERMIAN TERESINA FORMATION AT               
CERRO CAVEIRAS (S BRAZIL)

ABSTRACT –  The ichnofauna of the Teresina Formation from the Cerro Caveiras (Dom Pedrito, Rio Grande do Sul State, 
South Brazil) is revised in this paper. Bergaueria isp., Cochlichnus cf. anguineus, Cruziana problematica, cf. Diplocraterion 
isp., Diplopodichnus biformis, Helminthopsis isp., Lockeia siliquaria, Multina arcuata isp. nov., Oldhamia isp., Palaeophycus 
striatus, P. tubularis, Phymatoderma burkei, Planolites beverleyensis, P. montanus, Teichichnus isp., and Thalassinoides isp. 
were recorded. Isopodichnus problematicus, Helminthopsis tenuis and Unarites isp., previously described in these deposits 
are now described as Cruziana problematica, indeterminate molluscan trail, and Multina arcuata isp. nov., respectively. The 
ichnofauna is composed chiefly of horizontal, simple shallow burrows, with a predominance of feeding structures. Resting, 
dwelling and crawling structures also occur, as well as indeterminate tiny grazing trails, but are less frequent. Ichnodiversity 
and intensity of bioturbation are usually low, and P. montanus is the commonest ichnotaxon. The main characteristics of the 
ichnofauna suggest a marine benthic fauna stressed by salinity fluctuations and resulting in an impoverished Cruziana ichnofacies. 
The absence of vertical burrows and the common occurrences of monospecific assemblages of Planolites indicate extreme 
stress events, probably due to the establishment of freshwater conditions. Further studies focused on the ichnological 
signatures of these deposits will provide more detailed information to improve the current paleoecologic and paleoenvironmental 
interpretations of the Teresina Formation deposits.

Key words: ichnology, Teresina Formation, Cerro Caveiras, Permian, Paraná Basin, South Brazil.

RESUMO – A icnofauna dos depósitos da Formação Teresina aflorantes no Cerro Caveiras (Dom Pedrito, RS) é aqui revisada. 
Foram registrados os icnotáxons Bergaueria isp., Cochlichnus cf. anguineus, Cruziana problematica, cf. Diplocraterion isp., 
Diplopodichnus biformis, Helminthopsis isp., Lockeia siliquaria, Multina arcuata isp. nov., Oldhamia isp., Palaeophycus striatus, 
P. tubularis, Phymatoderma burkei, Planolites beverleyensis, P. montanus, Teichichnus isp. e Thalassinoides isp. Isopodichnus 
problematicus, Helminthopsis tenuis e Unarites isp., previamente descritos nestes depósitos, são aqui identificados como 
Cruziana problematica, pista indeterminada de molusco e Multina arcuata isp. nov., respectivamente. Escavações simples, 
rasas, horizontalizadas, com domínio de estruturas de alimentação caracterizam a icnofauna estudada. Estruturas de repouso, 
moradia, e deslocamento, além de diminutas pistas de pastagem indeterminadas ocorrem subordinadas. A icnodiversidade e o 
índice de bioturbação são baixos, em geral, e P. montanus é o icnotáxon mais comum. As características gerais da icnofauna 
sugerem uma fauna marinha bentônica estressada por flutuações de salinidade e permitem reconhecer uma assembleia de 
Icnofácies Cruziana empobrecida. A ausência de escavações verticais e a ocorrência comum de assembléias monoespecíficas 
de Planolites indica estresse acentuado, decorrente do estabelecimento de condições de água doce. Estudos futuros focados 
no reconhecimento e na análise das assinaturas icnológicas da Formação Teresina no Cerro Caveiras permitirão um melhor 
entendimento paleoecológico e paleomabiental da sucessão.
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INTRODUCTION

Studies on the ichnofauna from the Upper Permian deposits 
of the Paraná Basin in Rio Grande do Sul State (RS), south 
of Brazil, were focused on the top of the Teresina Formation 
(formerly assumed as the Serrinha Member of the Rio do Rasto 
Formation) in the southwest part of the RS (Netto, 1988, 1992). 
Two ichnocoenoses were recognized, one restricted to the 
region of Tiaraju (ichnocoenosis A), containing the ichnogenera 
Planolites, Teichichnus and Thalassinoides, and the other 
recorded at Cerro Caveiras (ichnocoenosis B), containing 
Cochlichnus, Flabellichnus, Helminthopsis, Isopodichnus, 

Planolites, Thalassinoides and Unarites (Netto, 1988, 1992). 
This trace fossil assemblage was interpreted by Netto (1992) 
as representative of a low ichnodiverse Cruziana ichnofacies 
produced in a shallow epicontinental marine setting with 
tidal influence. Netto (1992) also considered the hypothesis 
that this trace fossil assemblage had developed in a “mixed 
environment”, due to the regressive pattern of the sedimentary 
succession and the presence of continental deposits overlying 
the analyzed strata. 

Since then, the knowledge on the ichnology of freshwater (e.g. 
Buatois & Mángano, 1993, 1995, 2004, 2007; Bromley, 1996; 
Gibert et al., 2000; Buatois et al., 2002) and brackish-water (e.g. 
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Pemberton & Wightman, 1992; Bann & Fielding, 2004; 
Buatois et al., 2005; MacEachern et al., 2005, 2007) deposits 
considerably increased, providing new information about trace 
fossil distribution in shallow marine and coastal environments 
stressed by salinity fluctuations and/or reduced oxygenation 
levels, such as estuaries and deltas (e.g. Bromley, 1996; Netto, 
2001; Buatois et al., 2002, 2005; Martin, 2004; MacEachern 
et al., 2007; Savrda, 2007). Also, the proposition of well 
defined criteria for morphologic description of the trace 
fossils (Bromley, 1996; Bertling et al., 2006) facilitated the 
ichnotaxonomic assignation and led to several studies revising 
many ichnotaxa, including some of those originally described 
by Netto (1988, 1992).

This considerable advance on the ichnology paradigms 
brought with it new parameters, which favor a more accurate 
analysis of the paleoecology of these deposits and the 
paleoenvironment in which they were formed. However, 
it depends on a detailed ichnotaxonomic study. Thus, the 
aim of this paper is to revise the ichnofauna of the Upper 
Permian deposits exposed at the Cerro Caveiras locality, in 
order to provide detailed information to future studies on the 
paleoecology and paleoenvironment of the Teresina Formation.

MATERIAL AND METHODS

The ichnotaxonomic revision that is the basis of this study 
was carried out using the ichnofossil specimens from Cerro 
Caveiras (Dom Pedrito, RS, Figure 1), originally described by 
Netto (1988, 1992) and housed at the trace fossils collection of 
the Laboratório da História da Vida e da Terra (LaViGea) from 

UNISINOS, under the numbers EO-009, ULVG-8315 (formerly 
EO-070), U-1573, U-1575, U-1576, U-1640, U-1641, U-1643, 
U-1652 to U-1659, U-1662 to U-1679, U-1682 to U-1690, 
U-1692, U-1693, U-1695 to U-1698, U-1700 to U-1703, U-1705, 
U-1707 to U-1712, U-1714 to U-1719, U-1721 and U-1723 to 
U-1728. Specimens observed in the field were also studied.

New specimens were collected during this analysis and were 
catalogued in the LaViGea under the numbers ULVG-7802 to 
ULVG-7806 and ULVG-8314. 

GEOLOGY OF THE STUDY AREA 

The trace fossil assemblage studied herein came from the 
Cerro Caveiras outcrop, situated at the northwest of Dom Pedrito 
City (RS) (UTM 0706867E/6580577N to 0707057E/6581133N, 
strip 21J, Southern Hemisphere; Figure 1). The sedimentary 
rocks exposed at this outcrop are Permian in age and compose 
the upper deposits of the Teresina Formation (Permian, Paraná 
Basin).

The Teresina Formation is part of a 3rd order sedimentary 
sequence that characterizes the regressive succession developed at 
the end of the Permian in the Paraná Basin (Milani, 1997; Milani 
et al., 2007), representing sedimentation in a shallow marine 
environment (Figueiredo Filho, 1972; Schneider et al., 1974; 
Gama Jr., 1979; Rohn, 1989; Lavina, 1991; Klein et al., 1999). 
Lima (2010) recognized five sedimentary facies in the studied 
succession (Figure 2): (i) mudstone; (ii) fine-grained heterolithic; 
(iii) sandstone with climbing ripple lamination; (iv) sandstone 
with trough cross-stratification, and (v) sandstone with hummocky 
cross-stratification (HCS) and swaley cross-stratification (SCS). 

Figure 1. Geologic map with location of the study area (modified from Wildner et al., 2006).
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Figure 2. Schematic profile and sedimentary facies of the Teresina Formation sedimentary succession exposed at Cerro Caveiras. A, sandstone 
with trough cross-stratification facies; B, sandstone with HCS and SCS facies; C, fine-grained heterolithic facies; D, sandstone with climbing ripple 
lamination facies; E, mudstone facies. Scale bars = 10 cm (C) and 50 cm (A-C, E). Bioturbation index follow the Taylor and Goldring (1993) scale.
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These sedimentary facies revealed the predominance of wave action 
and allowed inferring deposition in a lower shoreface-offshore 
transition zone affected by unidirectional currents, maybe 
generated by a prograding delta (Lima, 2010). They form stacked 
coarsening- and thickening-upward cycles and characterize the 
deposits observed in the upper part of the Teresina Formation. 
These deposits are overlaid by retrogradational/agradational 
cycles (Figure 2). 

ICHNOTAXONOMY

Ichnogenus Bergaueria Prantl, 1945
Bergaueria isp.

(Figure 3A)

Analyzed material. One specimen in sample U-1641, and 
another observed in the outcrop.
Description. Short, plug-shaped, vertical burrow, with an 
elliptical base and a central depression at the basal end. Burrow 
borders are smooth, with very discrete lining. Ornaments are 
absent. Burrow fill is similar to that of the host rock. Minimum 
diameter of the basal end is 17.3 mm, maximum is 19.25 
mm; maximum height preserved is 4.75 mm. Preservation 
in positive hyporelief.
Discussion. Bergaueria differs from the ichnogenera Conichnus 
and Dolopichnus by its general geometry and from Conostichnus 
by the absence of an apical disc and ornamentation on the 
borders of the burrow (Pemberton et al., 1988). According 
to these authors, the diagnostic criteria for ichnospecific 
differentiation in Bergaueria are the thickness of the burrow 
lining and the presence and morphology of the ornamentation 
at the basal end. The specimen collected at Cerro Caveiras is 
apparently incomplete or suffered strong weathering process, 
having no remaining diagnostic characters that would allow 
the inclusion of this specimen in any known ichnospecies.

Bergaueria is interpreted as the dwelling or temporary 
reclusion structure of anthozoans (anemones), which is 
passively filled by sand after the animal death or the burrow 
abandonment (e.g. Alpert, 1973; Häntzschel, 1975; Pemberton 
et al., 1988; Ekdale & Lamond, 2003), being preserved mostly 
as protuberances at the base of sandy beds. Bergaueria occurs 
from the Precambrian up to the Recent, and albeit being 
a common component of marine ichnocoenoses, it is also 
recorded in marginal marine successions, suggesting some 
resistance of their producer to slight oscillations in water 
salinity (e.g. Dam, 1990; Crimes & Crossley, 1991; Buatois 
& Mángano, 1993; Buatois et al., 2009). 

Ichnogenus Cochlichnus Hitchcock, 1858
Cochlichnus cf. anguineus Hitchcock, 1858

(Figures 3B-C)

Analyzed material. Four specimens in samples U-1652 and 
ULVG-7806.
Description. Shallow, horizontal, unbranched burrow, whose 
trajectory is composed of one or more regular sinuous meanders. 
Burrow without lining, showing active compacted fill. Average 

burrow diameter is 1 mm. The wavelength and the amplitude 
of the sinuous meanders vary between the specimens, but 
remain stable between the curves of the same specimen. 
Preserved in full relief.
Discussion. The description and identification of Cochlichnus 
followed the same approach of Balistieri et al. (2002), which 
included burrows and sinusoidal trails within this ichnogenus 
when the establishment of a safe distinction between them was 
not possible. Nonetheless, and spite of the slight irregularity 
of the meanders, the trajectory markedly sinusoidal of the 
structures described herein suggest a preservational variation 
of C. anguineus. Annulations or lateral marks that differentiate 
C. anguineus from respectively C. annulatus and C. antarticus 
(Buatois et al., 1997) were not observed. 

Nematodes, annelids, cyclostomates and fly larvae had 
been suggested as Cochlichnus tracemaker (Chamberlain, 
1975; Buatois & Mángano, 1993; Głuszek, 1995; Gibert et al., 
2000; Uchman et al., 2009). However, Diptera are not present 
in the fossil record before the Upper Triassic (Mángano et al., 
1996). Grazing, feeding, locomotion, and predation are the 
main ethologic behaviors represented by Cochlichnus (Eagar 
et al., 1985; Dam, 1990; Netto, 1992; Buatois & Mángano, 
1993; Głuszek, 1995; Buatois et al., 1997; Sarkar et al., 2009), 
being recorded in marine, marginal-marine and continental 
subaquatic environments, including lacustrine (e.g. Buatois & 
Mángano, 1993, 1995; Gibert et al., 2000; Netto et al., 2009; 
Uchman et al., 2009), deltaic (Eagar et al., 1985; Melchor et 
al., 2003) and fluvial deposits (see compilation by Buatois 
& Mángano, 2007).  

Ichnogenus Cruziana d`Orbigny, 1842
Cruziana problematica Schindewolf, 1921

(Figure 3D)

1988 Isopodichnus problematicus Netto, p. 40, fig. 15,16.
1992 Isopodichnus problematicus Netto, p. 71, fig. 5C.

Analyzed material. Two specimens in samples ULVG-7806 
and U1573/I006 and specimens observed in the outcrop.
Description. Shallow, narrow bilobed intrastratal structure, 
formed by two parallel to subparallel asymmetric ridges 
separated by a median groove. The ridges are ornamented 
by discrete scratch marks arranged obliquely to the median 
groove. Trail trajectory slightly curved. Width of the complete 
structure varies from 3.75 to 4.21 mm and of the median 
groove is 1 mm in average. Preservation in positive hyporelief.
Discussion. Superficial to relatively deep intrastratal furrow, 
showing two contiguous, parallel ridges that form two 
lobes (in positive hyporelief) ornamented by scratch marks 
arranged in an oblique way are characteristics exclusive of 
the ichnogenus Cruziana (Keighley & Pickerill, 1996). The 
presence of discrete scratch marks and of uniformly shallow, 
narrow lobes is diagnostic of C. problematica (e.g. Keighley 
& Pickerill, 1996; Schlirf et al., 2001; Balistieri et al., 2002; 
Lermen, 2006). 

Cruziana is generally interpreted as produced by the 
locomotion activity (sometimes allied with feeding) of 
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arthropods, chiefly trilobites. The only ichnoespecies not 
attributed to trilobites is C. problematica, which results from 
the displacement of isopod and notostracan crustaceans and, 
possibly, myriapods (e.g. Bromley & Asgaard, 1979; Pollard, 
1985; Keighley & Pickerill, 1996; Schlirf et al., 2001). In Upper 
Paleozoic rocks, C. problematica has been recorded mainly in 
non-marine deposits (Bromley & Asgaard, 1979; Gradzinski 
& Uchman, 1994; Schlirf et al., 2001; Balistieri et al., 2002; 
Lermen, 2006).

Ichnogenus Diplocraterion Torell, 1870
cf. Diplocraterion isp.

(Figures 3A, E)

Analyzed material. Five specimens in samples U-1641, 
U-1663, 1665 and U-1676.
Description. Vertical, cylindrical, linked shafts suggesting 
a U-shaped burrow with spreiten. Shafts show slightly lined 
borders without ornamentation. Burrow fill is lithologycally 
similar to the host rock. Shaft diameters range from 3.50 mm 
to 5.07 mm, and distance between the two shafts of the same 
structure ranges from 2.15 mm to 5.35 mm. Preservation in 
positive hyporelief.
Discussion. The samples containing cf. Diplocraterion 
isp. collected at Cerro Caveiras allow assessing only the 
morphology of the structure visible in horizontal section, 
which made impossible its identification at the ichnospecies 
level. For the same reason, it was not possible to characterize 
the spreiten of the studied specimens as retrusive or protrusive, 
leaving doubt about the activity by which the producer had 
left this record. The lack of visualization of the vertical 
components of the structure confers to these specimens a 
preservation similar to Arthraria (Fillion & Pickerill, 1984). 

In general, Diplocraterion is interpreted as the permanent 
dwelling of suspension or detritus feeders, but also represents 
equilibrium activity of the tracemaker in response to high or 
frequent sedimentation and/or erosion events (e.g. Turner et 
al., 1981; Bromley, 1996; Savrda & Nanson, 2003; Seilacher, 
2007). Although very often recorded in marine deposits, 
Diplocraterion also occurs associated with in brackish-water 
ichnofaunas through all the Phanerozoic, as summarized 
by Buatois et al. (2005), as well as in tide-dominated 
deltaic deposits (e.g. McIlroy, 2004, 2007; Chakraborty & 
Bhattacharya, 2005). Similarly, other studies suggest that the 
producers of Diplocraterion possessed reasonable tolerance to 
stressful environments where the variation of hydrodynamic 
energy, oxygenation and salinity is high (e.g. Ager & Wallace, 
1970; Leszczyński et al., 1996; Goldring et al., 2005). The 
specimens collected at Cerro Caveiras are preserved at the 
base of fine sandstone beds, associated with Bergaueria, 
Planolites, Palaeophycus and Lockeia.

Ichnogenus Diplopodichnus Braddy, 1947
Diplopodichnus biformis Braddy, 1947

(Figure 3C)

Analyzed material. Two specimens in sample ULVG-7806.

Description. Trackways formed by two continuous, smooth 
and parallel ridges, separated by a median groove, with width 
greater than that of the ridges. The trajectory is rectilinear to 
slightly curved, and no ornamentation is observed. Total width 
of the trackway ranges from 3.10 to 4.21 mm and width of the 
median groove varies between 1.70 mm and 2 mm. Preserved 
in positive hyporelief.
Discussion. Based on the diagnoses proposed by 
Keighley & Pickerill (1996) and Buatois et al. (1998), 
the abovementioned characteristics are diagnostic of the 
ichnogenus Diplopodichnus, where D. biformis is its 
ichnospecies-type.

According to Keighley & Pickerill (1996), Diplopodichnus 
is the intermediate preservation mode of the ichnogenera 
Cruziana (deep furrows) and Diplichnites (epistratal 
trackways). The suggestion that Diplopodichnus and Cruziana 
would result from distinct modes of displacement of the same 
producer is supported at Cerro Caveiras, where these two 
ichnogenera occur associated in beds that also contain wrinkle 
structures, induced by the action of microbial mats in subaquatic 
or moist substrate (Noffke et al., 2001). Microbial mats serve 
as a source of food for detritus feeders and algae grazers and 
also favor the preservation of trackways, shallow furrows and 
undertracks of epigenic organisms (Seilacher, 2008). 

The origin of Diplopodichnus biformis has been largely 
associated with the displacement of  diplopods (e.g. Johnson 
et al., 1994; Keighley & Pickerill, 1996; Balistieri et al., 2002, 
2003; Lermen, 2006) or of myriapod-like aquatic animals (e.g. 
Buatois et al., 1998) in softgrounds. In Paleozoic rocks, D. 
biformis has been widely recorded in deposits suggestive of 
very shallow conditions and probable temporary exposure of 
the substrates associated with lacustrine margins and supratidal 
marginal-marine environments (Aceñolaza & Buatois, 1993; 
Buatois et al., 1998; Nogueira & Netto, 2001a,b; Balistieri et 
al., 2002, 2003; Lermen, 2006; Netto et al., 2009).

Ichnogenus Helminthopsis (Wetzel & Bromley, 1996)
Helminthopsis isp.

(Figures 3B, F)

Analyzed material. Three specimens in samples U-1652 and 
ULVG-7802, and specimens observed in the field.
Description. Horizontal, cylindrical burrows, whose 
trajectory forms irregular meanders. The amplitude of the 
meanders is variable between specimens and along the same 
specimen. The occurrence of U-shaped fragments of meanders 
is common. Branching or overlapping is not observed. Smooth 
borders, without lining. The burrow fill is similar to that of 
the host rock. Preservation in positive epirelief or positive 
hyporelief.
Discussion. Simple, not branched, elongated, cylindrical burrows 
with open irregular meanders characterize the ichnogenus 
Helminthopsis (Wetzel & Bromley, 1996). According to the 
authors, the differentiation of Helminthopsis ichnospecies 
should be based on the geometric pattern of the trace fossil, but 
Han & Pickerill (1995) considered that ornamentation can also 
be a diagnostic criterion. Some specimens observed at Cerro 
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Caveiras fit in the diagnosis of Uchman (1998) for H. abeli, 
due to its horseshoe shape. However, the other specimens 
show meanders of much higher amplitude, and none of the 
forms observed is preserved with sufficient quality for reliable 
identification at the ichnospecies level.

Helminthopsis is a facies-crossing ichnotaxon, interpreted 
as feeding or grazing burrow produced by a vermiform 
endobiont detritus feeder, probably a polychaete (e.g. Dam, 
1990; Hann & Pickerill, 1995; Uchman, 1998). Mángano et al. 
(1996) pointed to insect larvae as producers of Helminthopsis 
in lacustrine Permian deposits from Argentina. This 
ichnogenus has been recorded from Cambrian to Holocene in 
marine (e.g. Dam, 1990; Uchman, 1998; Uchman et al., 2005; 
Sarkar et al., 2009), deltaic (e.g. Bann & Fielding, 2004; Gani 
et al., 2007; Buatois et al., 2008) and non-marine settings 
(e.g. Buatois & Mángano, 1995, 2007; Mángano et al., 1996; 
Buatois et al., 1997; Krapovickas et al., 2009).

Ichnogenus Lockeia James, 1879
Lockeia siliquaria James, 1879

(Figures 3G; 5A-B)

Analyzed material. Twenty-one specimens in samples EO-009, 
U-1665, U-1675, U-1678, U-1683, U-1692, U-1696, U-1705, 
U-1712, U-1715 and U-1728.
Description. Elongated, almond-shaped protuberance with 
smooth borders. The majority of the specimens shows a 
median ridge, evidencing the bilateral symmetry of the 
structure. Fill is lithologycally similar to the host rock. All 
specimens occur isolated.  Average width of the structures is 
3.71 mm, ranging from 2.21 mm to 6.11 mm. Average length 
is 8.97 mm, ranging from 4.89 mm to 15.24 mm. Preservation 
in positive hyporelief.
Discussion. The morphology of the described specimens 
fits perfectly on the diagnosis of the ichnospecies Lockeia 
siliquaria proposed by Schlirf et al. (2001). Otherwise, 
the characteristic ornamentation of L. ornata and the linear 
arrangement of L. cunctator and Ptycoplasma (former L. 
serialis, see Uchman et al., 2011) are absent. In spite of  tiny 
specimens of Lockeia occur associated with conchostracan 
and ostracod (Bromley & Asgaard, 1979; Maples & Suttner, 
1990), the interpretation of these burrows as resulting from 
the temporary resting of bivalve mollusks is recurrent in the 
literature (e.g. Seilacher & Seilacher, 1994; Bromley, 1996; 
Mángano et al., 1998; Ekdale & Bromley, 2001; Seilacher, 
2007). Some of the specimens of L. siliquaria studied by 
Mángano et al. (1998) preserved in association with vertical 
to inclined shafts, suggest stable domiciles instead of resting 
structures. The life position and vertical mobility of the 
producer indicate that they would have been suspension/filter 
feeders able to excavate and inhabit shallow and deep tiers 
within the substrate. 

The aforementioned authors also point out that Lockeia 
siliquaria could represent an escape structure, motivated 
by changes in environmental conditions. Ekdale & 
Bromley (2001) reported the occurrence of L. siliquaria, 

Protovirgularia dichotoma and Lophoctenium isp. composing 
a single biogenic structure (later named as Hillichnus 
lobosensis by Bromley et al., 2003) in Pennsylvanian 
deposits of the U.S.A. and interpreted each ichnotaxon as a 
reflection of a different behavioral pattern (rest, displacement 
and feeding, respectively) of a bivalve. The assemblage 
dominated by L. siliquaria described by Gibert & Ekdale 
(2002, Middle Jurassic, U.S.A.) is composed of structures that 
show extremely shallow penetration within the substrate (in 
the order of millimeters), a characteristic that was attributed 
to substrate dysoxia. 

The specimens collected at Cerro Caveiras are not 
associated with trails, or vertical shafts and are present at the 
base of sandstone layers with thickness of the order of tens 
of centimeters, supporting the idea of resting behavior. The 
records of Lockeia are limited to permanently subaquatic 
environments with different levels of salinity, being more 
common in marine, deltaic and estuarine deposits (e.g. 
Balistieri et al., 2002; Uchman et al., 2004; Buatois et al., 
2005, 2009; Goldring et al., 2005; Coates & MacEachern, 
2007).

Ichnogenus Multina Orłowski, 1968
Multina arcuata isp. nov.

(Figures 4A-C)

1988 Unarites sp. Netto, p. 44-45, figs. 28, 29.
1992 Unarites sp. Netto, p. 73-74, figs. 5I, 5J.

Etymology. From arcuate, bent or curved like a bow.
Diagnosis. Multina with curved tunnels and tight network 
pattern, showing rare true branches and high density of 
overlapping.
Analyzed material. A total of 234 specimens in samples 
U-1575, U-1576 (holotype), U-1643, U-1654, U-1655, 
U-1656 (paratype) and ULVG-7805, and specimens observed 
in the field.
Description. Irregular, curved cylindrical tunnels displayed 
horizontally on the bedding planes, whose trajectory forms 
open meanders. Burrow overlapping and constrictions are 
frequent and true branching, rare. Burrow margins delimited 
but without lining and compacted active burrow fill. Burrows 
are preserved in clusters in muddy beds, composing a tightly 
interlaced pattern of varied density, and occurring isolated in 
sandy beds. Burrow diameter ranges from 0.58 mm to 3.33 
mm. Preservation in positive hyporelief.
Discussion. The analyzed specimens were described by Netto 
(1988, 1992) as Unarites Macsotay (1967). However, in the 
original diagnosis of Unarites and its type-ichnospecies (U. 
suleki), overlapping – a marked characteristic in the specimens 
from Cerro Caveiras – are not observed. U. suleki was assumed 
to be a synonym of Megagrapton submontanum by Uchman 
(1998), while other authors observed similarities between 
Multina magna (type-ichnospecies of the ichnogenus Multina) 
and Megagrapton submontanum (Orłowski & Żilińska, 1996; 
Buatois et al., 2009), but did not put them in synonym. 
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Figure 3. Ichnofauna from the Teresina Formation at Cerro Caveiras. A, Bergaueria isp., cf. Diplocraterion isp. and Planolites montanus (U-
1641). B, Cochlichnus cf. anguineus, Helminthopsis isp. and P. montanus (U-1652). C, Cochlichnus cf. anguineus, Diplopodichnus biformis 
and P. montanus (ULVG-7806). D, Cruziana problematica (U-1573). E, cf. Diplocraterion isp. and P. montanus (U-1663). F, Helminthopsis isp. 
(specimens in outcrop). G, Lockeia siliquaria and P. montanus (U-1683). Abbreviations: Be, Bergaueria; Cp, Cruziana; Co, Cochlichnus; Db, 
Diplopodichnus; Dp, Diplocraterion; He, Helminthopsis; Lo, Lockeia; Pm, Planolites montanus. Scale bars = 10 mm.
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The ichnogenus Multina shows horizontal burrows of 
small size that form irregular networks with passive or active 
fill, allowing the display of appendages and overlapping 
within the same network (Uchman, 2001). Tunnels of Multina 
magna can be straight and form irregular polygons up to 
5 cm wide, crossing each other in successive bifurcations 
(Orłowski & Żilińska, 1996). Multina minima shows tunnels 
of smaller diameter, never more than 5 mm, and a pattern 
of very irregular network, forming elongated undulations 
and overlapping, whose intensity can obliterate the original 
reticular structure (Uchman, 2001). The specimens from Cerro 
Caveiras show more pronounced bending tunnels and a more 
irregular network pattern than M. magna and M. minima. 
Also, the scarcity of true branches and the high density of 
overlapping forming tight clusters are not observed in the 
known ichnospecies.

Multina is interpreted as a burrow produced by vermiform 
organisms for the purpose of feeding (Buatois et al., 2009). 
The specimens from Cerro Caveiras are preferentially 
preserved as clusters in muddy patches deposited in the 
concavities between the ripple crests. This particular mode 
of preservation suggests that the tight pattern of the tunnel 
network is a response of the concentration of grazing activity 
in muddy zones, where food might be more abundant.

Multina has been described as post-depositional structures 
in fine to very fine sandy marine turbiditic deposits, with 
occurrence from the Middle Cambrian up to the Eocene 
(Uchman, 2001; Rodriguez-Tovar et al., 2010). At Cerro 
Caveiras, all the specimens of Multina occur in the same beds 
bearing Oldhamia isp. and Phymatoderma burkei.

Ichnogenus Oldhamia Forbes, 1849
Oldhamia isp.

(Figure 4E)

1988 ?Oldhamia flabellata Netto, p. 41, figs. 17, 18.
1992 Flabellichnus nowatzkii Netto, p. 70, fig. 5B.

Analyzed material. One specimen in sample ULVG-8315.
Description. Discontinuous, horizontal, flattened, straight 
to slightly curved probes that diverge from a common point 
culminating in a single fan-shaped structure. Fifteen tunnels 
are identified, with borders lacking lining. Overlappings and 
branches are not observed. Spacing between the burrows has 
variable size and the diameter of the probes ranges from 0.88 
mm to 2.33 mm. Preserved as positive hyporelief.
Discussion. This specimen was originally identified as 
?Oldhamia flabellata by Netto (1988). This assignment was 
later reviewed by Netto (1992), who re-named it Flabellichnus 
nowatzkii, considering that the tunnels were more straight 
and the angles formed by the fan-like structure were smaller 
than those generally observed in Oldhamia specimens. The 
preferential record of Oldhamia in Lower to Middle Cambrian 
rocks also played a role in this redefinition.

The ichnogeneric name Flabellichnus (type-ichnospecies 
F. lewinnskii, Lower Jurassic of Poland) had been previously 
erected by Karaszewski (1971) to characterize inflorescence-

shaped imprints, consisting of several spindle-shaped ‘petals’ 
that rapidly narrow and taper. Flabellichnus was classified by 
Häntzschel (1975) as an unrecognizable “genus”, due to the 
lacking of sufficient data for an interpretation. Pieńkowski 
(2008) reviewed the original material, concluding that it 
would form an incomplete dinosaur footprint and considered 
the ichnogenus Flabellichnus as invalid, based on standard 
ichnotaxonomic criteria suggested by Bertling et al. (2006). 

Oldhamia shows horizontal and narrow probes, diverging 
from a common point and results in structures whose 
morphology varies between flabellate, radial or dendrite 
shapes, produced by vermiform organisms prospecting under 
biomats in search of food (e.g. Lindholm & Casey, 1990; 
Hofmann et al., 1994; Buatois & Mángano, 2003; Seilacher 
et al., 2005; Seilacher, 2007). While most occurrences of 
Oldhamia are associated with Cambrian deposits, changes 
of the behavior program developed by its producers have 
emerged throughout the Paleozoic, probably in response 
to changes in feeding strategy, as noted in Ordovician, 
Carboniferous and Permian records (Seilacher, 2003, 2007; 
Seilacher et al., 2005; MacNaughton, 2007). 

The general morphology of the Oldhamia specimen found 
in Cerro Caveiras shares some diagnostic characters with O. 
antiqua and O. flabellata. However, the fan-like structure 
does not show neither the typical palm leaf arrangement and 
the firework morphology that are common in O. antiqua, 
or the tendency to hug the previous probes, common in O. 
flabellata (Seilacher et al., 2005). Fanning probes organized 
in a less regular mode characterize O. fimbriata, the youngest 
ichnospecies, recorded in Lower Carboniferous to Permian 
rocks (Seilacher, 2007). The more rectilinear probes and the 
narrowness of the fan-like structure observed in the Cerro 
Caveiras specimen resemble the O. fimbriata morphology, 
but the lack of detailed characterization in the literature does 
not allow a safe assignation to this ichnospecies. 

Oldhamia occurs, almost exclusively, in deep-sea deposits, 
where the slow sedimentation allows the formation of 
microbial mats (Seilacher, 2003, 2007; Seilacher et al., 2005; 
MacNaughton, 2007). At Cerro Caveiras outcrop, the sample 
identified as Oldhamia isp. was collected in the same fine to 
medium sandstone bed in which Phymatoderma burkei and 
Multina arcuata isp. nov., both suggestive of a deeper marine 
environment, also occur.

Ichnogenus Palaeophycus Hall, 1847
Palaeophycus tubularis Hall, 1847

(Figure 5B)

Analyzed material. Twenty-two specimens in samples 
U-1640, U-1641, U-1665, U-1676, U-1679, U-1682, U-1684, 
U-1689, U-1690, U-1693, U-1695, U-1715 and U-1728 and 
specimens observed in the field.
Description. Straight to slightly curved cylindrical to 
subcylindrical burrows, parallel or slightly inclined to bedding. 
True branching not observed, only intersections. Burrow 
margin with discrete lining and without ornamentation. 
Burrow fill composed of sediment identical to that of the 
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Figure 4. Ichnofauna from the Teresina Formation at Cerro Caveiras. A-C, Multina arcuata isp. nov.: A, general view of the holotype (U-1576); 
B, detailed view of the holotype; C, detailed view of the paratype (U-1656). D, Phymatoderma burkei (ULVG-8314). E, Oldhamia  isp. (ULVG-
8315). Scale bars = 10 mm.

host rock. Burrow diameter varying within the same sample, 
being 4.55 mm in average. Preservation in positive hyporelief.
Discussion. The presence of lining and passive fill are the main 
characteristics that differentiate the ichnogenera Palaeophycus 
and Planolites (Pemberton & Frey, 1982; Keighley & Pickerill, 
1995), while the pattern of ornamentation of the burrow wall 
is the diagnostic criterion for Palaeophycus ichnospecific 
assignation. The type-ichnospecies P. tubularis as well as 
P. heberti lack wall ornamentation, the latter exhibiting a 

consistently thicker lining than P. tubularis (Frey & Howard, 
1985), not observed in the specimens from Cerro Caveiras.

Palaeophycus is interpreted as a temporary or permanent 
dwelling structure of a suspension feeder or predator, which is 
passively filled by the sediment transported by the currents or 
collapse after abandonement of the structure. This ichnogenus was 
recorded from the Precambrian up to the Holocene, being common in 
both marine and freshwater environments (e.g. Buatois & Mángano, 
1993, 2002; Gradzinski & Uchman, 1994; Scott et al., 2009). 
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Palaeophycus striatus Hall, 1852
(Figure 5F)

Analyzed material. Three specimens, in samples U-1641, 
U-1664 and U-1712.
Description. Subcylindrical to flattened burrows of slightly 
curved trajectory, whose extremities plunge into the substrate. 
Burrow margins lined and ornamented by longitudinal parallel 
grooves, whose degree of preservation varies among the 
specimens. Burrow fill is composed of sediment identical to 
that of the surrounding matrix. Average burrow diameter is 4.79 
mm, with a minimum diameter of 1.71 mm and a maximum 
diameter of 6.28 mm. Preservation in positive hyporelief.
Discussion. Palaeophycus striatus differs from the other 
ichnospecies of Palaeophycus by its ornamentation formed 
by parallel and continuous grooves (Pemberton & Frey, 
1982). According to Maples & Suttner (1990), preservation 
of the grooves of P. striatus depends on the composition 
and softness of the substrate, being better preserved in fine-
grained sediments. However, Buatois et al. (1997) emphasize 
that the presence of grooves on the borders of P. striatus 
suggests a relatively firmness of the substrate, perhaps in a 
stage of transition between softground and firmground. From 
this point of view, Melchor et al. (2003) concluded that the 
presence of P. striatus in sandstones of distributary channels 
of a lacustrine delta, in Argentina, suggests colonization of 
partially dehydrated substrate. Although non-exclusive, the 
recording of P. striatus in non-marine deposits is recurrent, 
especially in a fluvial or lacustrine context (e.g. Keighley & 
Pickerill, 1997, 2003; Melchor et al., 2003; Goldring et al., 
2005; Buatois & Mángano, 2007).

Icnogenus Phymatoderma Brongniart, 1849
Phymatoderma burkei Miller, 1991

(Figure 4D)

Analyzed material. Two specimens in sample ULVG-8314.
Description. Burrow system consisting of horizontal, 
occasionally discontinuous, straight to slightly curved tunnels, 
with cylindrical section. The tunnels are parallel to the bedding, 
protruding branches of first, and less frequently, second order, 
generating dendrite-shaped structures. The two sides of each 
axis are always asymmetrical. Overlapping is not observed 
and the angles of branching are variable but not exceeding 
45°. Tunnel bundles are formed in specimens with the lowest 
branching angles. Burrow fill is darker than the host rock and 
presents few small pellets, oriented parallel to the axis of each 
tunnel. Burrow margins have no lining and tunnel diameters 
are around 1 mm. Preservation in positive hyporelief.
Discussion. In spite of Seilacher (2007) highlighted that 
Phymatoderma differs from Chondrites mainly by the 
poor definition of burrow contours, Fu (1991) reviewed 
the fucoids ichnotaxonomy, pointing out that the icnogenus 
Phymatoderma characterizes a burrow system composed 
of pustule-like-structures, whose numerous tunnels are 
filled with transverse arranged pellets, showing a  more 
irregular and denser branching than Chondrites. Miller & 

Aalto (1998) also mentioned other diagnostic morphologies 
of Phymatoderma, like the subhorizontal orientation of the 
overall system and the overlapping tunnels. The specimens 
collected in Cerro Caveiras have visible pellets only in some 
parts of the galeries, as described in the specimens studied 
by Miller & Vokes (1998) and Uchman (1999). Although a 
pelleted fill is a diagnostic characteristic of Phymatoderma, 
pellets are highly subject to preservational variations and its 
observation can be obliterated (Uchman, 1999). Based on the 
general morphology of the complete structure, Miller (2011) 
divided the five known ichnospecies of Phymatoderma in 
three different morphological groups: palmate (P. penicillum 
and P. alcicorne), digitate (P. melvillensis and P. granulata) 
and intermediate (P. burkei). The specimens analyzed herein 
can be included in the intermediate morphological group. 
Also, the branching pattern of the structure forms feather-like 
structures that are different in angle and curvature at each side 
of the median axis. These characteristics allow including the 
specimens analyzed in P. burkei.

Phymatoderma is considered a burrow system produced 
by deposit-feeders or sediment-feeders (Fu, 1991; Uchman, 
1999; Seilacher, 2007). Phymatoderma is restricted to 
deposits that reflect deep glaciomarine and deep marine 
settings, being always produced at the best well-oxygenated 
substrate levels (Fu, 1991; Miller & Vokes, 1998; Uchman, 
1999; Leszczyński, 2004; Uchman & Gaździcki, 2010; 
Miller, 2011). At Cerro Caveiras outcrop, P. burkei occur at 
the soles of fine to medium-grained sandstone beds bearing 
also Multina arcuata and Oldhamia isp. 

Ichnogenus Planolites Nicholson, 1873
Planolites montanus Richter, 1937

(Figures 3A-D, F; 5A-B, F)

Analyzed material. A total of 173 specimens from samples 
U-1640, U-1641, U-1652, U-1653, U-1656, U-1658, U-1659, 
U-1662 to U-1676, U-1678, U-1683 to U-1690, U-1692, U-1693, 
U-1695 to U-1698, U-1700 to U-1703, U-1707 to U-1712, 
U-1714 to U-1719, U-1721, U-1723 to U-1728, ULVG-7803 
and ULVG-7806 and specimens observed in the field.
Description. Horizontal or slightly inclined, rectilinear to 
slightly curved burrows of flattened to cylindrical section. 
No branching is observed and overlapping is rare. Burrow 
with smooth margins, without lining. Burrow fill differs from 
the host rock by having coarser grains and, apparently, being 
devoided of organic matter. Average burrow diameter 3.2 mm, 
the smallest measuring 1.18 mm and the biggest 7.41 mm. 
Preservation in positive hyporelief.
Discussion. This is the most abundant ichnospecies within 
the ichnofauna of the study area. Morphologic variations 
between the specimens are identifiable, such as differences 
in the amplitude of burrow curvature (when present) and 
in the diameter of the sections. Pemberton & Frey (1982) 
define size, curvature and annulations as taxonomic keys to 
differentiate Planolites ichnospecies. Although the size and 
curvature of the burrow are generally secondary criteria in the 
description of trace fossils, most of the Planolites specimens 
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found in Cerro Caveiras show a markedly sinuous morphology 
and burrow diameter never exceeding 5 mm, two major 
characteristics of P. montanus (Pemberton & Frey, 1982). 

Planolites is a facies-crossing structure interpreted as 
temporary feeding burrows, produced by a non-selective, 
endobiont detritus feeder (e.g. Häntzschel, 1975; Pemberton & 
Frey, 1982; Frey & Howard, 1985; Keighley & Pickerill, 1995; 
Uchman, 1995). Arthropods are also considered as possible 
producers of Planolites in non-marine environments (Buatois 
& Mángano, 1993). This ichnogenus has been recorded in 
deposits of the Precambrian to Pleistocene age, produced in 
almost all sedimentary settings (e.g. Frey et al., 1990; Netto, 
1992; Buatois & Mángano, 1993; Buatois et al., 2002, 2005; 
Uchman et al., 2005; Carmona et al., 2009; Scott et al., 2009).

Planolites beverleyensis Billings, 1862
(Figures 4A; 5C)

Analyzed material. Ten specimens in samples U-1576, 
U-1653, U-1657, U-1677, U-1678, U-1692, U-1703, 1718, 
U-1726 and U-1727.
Description. Horizontal, straight to slightly curved burrows, 
slightly flattened. Branching or overlapping are not observed. 
Burrow margins are smooth and without lining. Burrow fill is 
different in color and granulometry from that which composes 
the surrounding matrix. Average burrow diameter is 11.3 mm. 
Preservation in positive hyporelief.
Discussion. The usually wider burrow diameter, up to 8 mm, 
and the preferentially straight or slightly curved pattern are the 
main characteristics of Planolites beverleyensis (Pemberton 
& Frey, 1982). Absence of annulations and grooves in the 
analyzed specimens excludes the possibility to include them 
in P. annularius and P. terranovae, respectively (Buatois & 
Mángano, 1993). 

Average diameter of the specimens from Cerro Caveiras 
is equivalent to that reported in the literature for specimens of 
this ichnospecies (Pemberton & Frey, 1982; Frey & Howard, 
1985; Buatois & Mángano, 1993). They reflect feeding 
activity and were produced in the same settings as Planolites 
montanus, as both are preserved in the same beds.

Ichnogenus Teichichnus Seilacher, 1955
Teichichnus isp.

(Figure 5E)

Analyzed material. Two specimens in samples U-1712 and 
ULVG-7804 and specimens observed in the field.
Description. Horizontal, concave tile-shaped, unbranched, 
flattened burrows forming vertical spreite. Burrow margins 
showing a discrete sinuosity along the burrow and tiles 
apparently are separated each other by a muddy film. Burrow 
fill similar to the host rock and burrow course slightly curved. 
Average burrow diameter is 9 mm. Preservation in positive 
hyporelief.
Discussion. The lack of clear diagnostic features difficult the 
assignation of the specimens found in Cerro Caveiras to any 
of the known Teichichnus ichnospecies. The specimens are 

observed preferentially in bedding view, therefore most of the 
details of the spreiten morphology are not visible. However, 
the presence of a muddy film preserved between the tiles that 
compose the burrow spreiten suggests that the producer had 
been a soft-body organism. 

Besides crustaceans, vermiform organisms, especially 
annelids, have been pointed out as possible producers 
of Teichichnus (e.g. Seilacher, 1964; Dam, 1990; Bland 
& Goldring, 1995). Although usually recorded in fully 
oxygenated substrates, Teichichnus also occurs in substrates 
with evidence of stressful conditions, such as variations in 
energy and salinity fluctuations (e.g. Savrda & Nanson, 2003; 
Gingras et al., 2007). In this case, specimens are generally 
smaller and with diminutive and flattened spreiten than those 
produced in non-stressed environments (Buatois et al., 2005; 
Pemberton et al., 2001). Teichichnus was identified in rocks 
whose maximum granulometry does not surpass that of 
medium sand and whose age varies from the Lower Cambrian 
to the Recent (e.g. Häntzschel, 1975; Stanton & Dodd, 1984; 
Crimes et al., 1992; Corner & Fjalstadt, 1993). At the studied 
area, the specimens of Teichichnus isp. occur in heterolithic 
fine-grained sandstone and mudstone beds intercalated with 
fine- to medium-grained sandstone showing wavy bedding, 
swaley ripple and hummocky cross-stratification.

Ichnogenus Thalassinoides Ehrenberg, 1944
Thalassinoides isp.

(Figure 5A)

Analyzed material. One specimen in sample EO-009.
Description. Horizontally oriented, cylindrical burrow, 
showing Y-shaped branches. The tunnels are straight, with lined 
margins, and devoided of ornamentation. Burrow fill is passive 
and similar to the host rock and diameter ranging from 5.21 mm 
to 8.25 mm throughout the specimen, reaching its highest value 
at the bifurcation zones. Preservation in positive hyporelief.
Discussion. The morphologic characteristics of the 
studied specimen suggest a pattern usually associated with 
Thalassinoides suevicus (Rieth, 1932), especially with regard 
to the horizontal orientation, the width of the burrow at 
the point of Y-shaped bifurcation, and the smooth borders, 
suggesting lineation (e.g. Frey & Howard, 1985; Kim et al., 
2002). However, only a single specimen was collected from 
the Cerro Caveiras, whose preservation limits the observation 
of all diagnostic features of T. suevicus, as well as of the other 
ichnospecies of Thalassinoides discussed in the literature 
(Ekdale, 1992; Myrow, 1995; Rodríguez-Tovar et al., 2008). 

Crustaceans, especially decapods, have been indicated 
as the principal producers of Thalassinoides, in order to 
construct a shelter and a place to gather food (e.g. Pemberton 
et al., 1984; Ekdale, 1992; Myrow, 1995; Buatois et al., 
2002; Rodríguez-Tovar & Uchman, 2006). Records of 
Thalassinoides are common from the Cambrian to the 
Holocene, despite the scarcity of crustacean body fossils 
of Paleozoic age. This aspect led some authors to attribute 
Paleozoic Thalassinoides to some soft-body animals (Myrow, 
1995; Bromley, 1996; Ekdale & Bromley, 2003; Carmona 
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Figure 5. Ichnofauna from the Teresina Formation at Cerro Caveiras. A, Thalassinoides isp., Lockeia siliquaria and Planolites montanus (E-009). B, 
Palaeophycus tubularis, P. montanus, L. siliquaria, and indeterminate grazing trails (U1665). C, Planolites beverleyensis (U-1692). D, indeterminate 
molluscan trail (U-1651). E, Teichichnus isp. (ULVG-7804). F, Palaephycus striatus and Planolites montanus (U-1664). Abbreviations: Lo, Lockeia; 
Pm, Planolites montanus; Pt, Palaeophycus tubularis; Ps, P. striatus; Th, Thalassinoides isp. Scale bars = 10 mm.

et al., 2004). The occurrence of Thalassinoides, although 
typical of marine environments, is common in marginal 
marine settings, since the trace makers support variations in 
bathymetry, salinity and, consistency of the substrate, which 
can vary from softground to firmground (Ekdale, 1992; Kim 
et al., 2002; Pemberton et al., 2004; Buatois et al., 2005; 
Gingras et al., 2007).

Indeterminate molluscan trail
(Figure 5D)

1988 Helminthopsis tenuis Netto, p. 40.
1992 Helminthopsis tenuis Netto, p. 71.

Analyzed material. One specimen in sample U-1651.
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Description. Trilobed structure composed of a subcylindrical 
to flattened ridge, which is divided longitudinally by a 
delicate median groove and two shallow, parallel sulci, 
locally discontinuous. The trace fossil trajectory is slightly 
to markedly undulating. The ridge fill is compacted and 
lithologycally similar to the host rock. The three lobes are 
devoid of ornamentation. Width of the sulci varies from 1.3 
mm to 2.4 mm, and the diameter of the ridge is 3.8 mm. 
Preservation in positive hyporelief.
Discussion. This specimen was originally described and 
classified by Netto (1992) as Helminthopsis tenuis. However, 
its trilobed morphology is evident, a feature absent in 
Helminthopsis. Moreover, Helminthopsis is interpreted as a 
feeding or grazing burrow (Hann & Pickerill, 1995; Wetzel 
& Bromley, 1996; Uchman, 1998). The presence of a ridge 
filled by sand from the layer overlying the sample layer in 
the specimen from Cerro Caveiras, and the existence of sulci 
parallel to the ridges resulting from the lateral displacement 
of the sediment during the locomotion of the animal, suggest 
a trail rather than a burrow. 

Trilobed structures with flattened ridges have been 
associated with molluscan locomotion trails. However, the 
existence of a single specimen and the lacking of detailed 
morphological features did not permit a safe assignation to 
any defined ichnotaxa.

FINAL CONSIDERATIONS 

The ichnofauna of the Teresina Formation preserved at 
Cerro Caveiras is dominated by shallow and simple burrows, 
horizontally oriented, and produced at the interface between 
the sandy and muddy beds. Feeding burrows are the dominant 
structures, followed by resting, dwelling and locomotion 
structures, and small indeterminate grazing trails (Figure 5B). 
Bifurcated burrows or structures with spreite, which suggest 
a more complex behavioral pattern, are rare. Burrow sizes are 
compatible with the average sizes recorded in the descriptions 
of the ichnotaxa that served as the comparative basis of this 
study (see references in the discussion of each ichnotaxa). 
Abundance and diversity of bioturbation are low, being 
Planolites montanus the dominant ichnotaxon, exhibiting a 
uniform distribution throughout the succession.

The composition of the ichnofauna and the associated 
sedimentary facies indicate colonization in a subaquatic 
environment, with the majority of the ichnogenera recorded 
in shallow marine settings (e.g. Häntzschel, 1975; Pemberton 
& Frey, 1982; Schlirf et al., 2001; Sarkar et al., 2009). 
Simple horizontal burrows are considered temporary feeding 
structures of detritus feeders (e.g. Pemberton & Frey, 1982; 
Frey & Howard, 1985; Keighley & Pickerill, 1995), indicating 
that nutrients were concentrated into the substrate. Absence of 
structures with reinforced walls suggests a substrate with a soft 
consistency but relatively stable sediments (softground) and 
the scarcity of spreite burrows reinforces the hypothesis of a 
moderate to low hydrodynamic energy, below the wave base 
(e.g. Frey et al., 1990; Pemberton et al., 1992; Bromley, 1996; 
Buatois et al., 2002). A particular suite composed of Multina 

arcuata isp. nov., Phymatoderma burkei, and Oldhamia isp. 
and preserved at the soles of the sandstone beds that compose 
the sandstone with trough cross-stratification facies suggests 
also deposition in deeper marine settings.

As noted by Netto (1988, 1992), the general characteristics 
of the ichnoassemblage of the Teresina Formation at Cerro 
Caveiras refer to the Cruziana ichnofacies. However, the 
significantly low ichnodiversity (if compared to typical 
occurrences of the archetypal Cruziana ichnofacies), the low 
index of bioturbation and the dominance of simple feeding 
structures suggest a benthic fauna stressed by fluctuations in 
salinity (e.g. Beynon et al., 1988; Pemberton & Whightman, 
1992; Bann & Fielding, 2004; Buatois et al., 2005, 2007; 
MacEachern et al., 2007; Carmona et al., 2009). The virtual 
absence of vertical burrows and the common occurrence of 
monospecific colonization of Planolites, a common suite 
in non-marine environments, suggest that such fluctuation 
would be extreme, leading to the establishment of freshwater 
conditions and to the maintenance of these conditions by 
long periods (e.g. Bann & Fielding, 2004; Melchor, 2004; 
MacEachern et al., 2005; Rossetti & Netto, 2006; Gani et al., 
2007; Buatois et al., 2008; Carmona et al., 2009). 

Further studies focusing the integrated analysis of the 
ichnofauna and the sedimentology of the Teresina Formation 
at Cerro Caveiras will allow interpret better these ichnological 
signatures, favoring a better understanding of the paleoecology 
and paleoenvironments represented by these deposits.
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