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EARLY ONSET OF MODERN-STYLE SHELL BEDS IN THE PERMIAN SEQUENCES
OF THE PARANÁ BASIN: IMPLICATIONS FOR THE PHANEROZOIC TREND IN

BIOCLASTIC ACCUMULATIONS

MARCELLO GUIMARÃES SIMÕES 1, MICHAL KOWALEWSKI 2, FERNANDA DE FREITAS TORELLO 1,
RENATO PIRANI GHILARDI 3 AND LUIZ HENRIQUE CRUZ DE MELLO 3

ABSTRACT     The internal characteristics and stratigraphic distribution of Permian shell beds from the sedimentary sequences of the Paraná
basin were analyzed quantitatively. Taphonomic, sedimentologic, and stratigraphic data from 23 geological sections and 32 outcrops were
amassed for the total of 32 fossil concentrations found in the stratigraphic sequence of the Passa Dois Group (Intervals 1-4 of Rohn’s litho-
biostratigraphic framework). The biostratinomic analysis of bioclastic concentrations (including clast composition, geometry, thickness/
traceability, close-packing, internal complexity, and taphonomic signatures) reveals that the shell beds group into two distinct “biostratinomic
styles” or “shellbed modes” of Kidwell’s classification: Archaic and Modern. Archaic shell beds (29.4%) are thin (>3 cm), two-dimensional,
internally simple concentrations (distal tempestites), with disperse, high-organic nacreous aragonitic shells of anomalodesmatan bivalves.
Modern shell beds (70.6%) are thick (30-50 cm), fully three-dimensional, internally complex, amalgamated concentrations (bioclastic sandstones
or coquinas interpreted as proximal tempestites) with a mixture of densely-packed, crossed calcitic (?) shells of veneroid bivalves, and shells
of anomalodesmatan bivalves. Archaic shell beds dominate (100%, n=8) the distal lithofacies of Passa Dois Group (Serra Alta Formation;
Interval 1), whereas Modern shell beds are abundant in the more proximal lithofacies (Teresina/Corumbataí Formations) of Intervals 2 (81.25%,
n=13), 3 (100%, n=1), and 4 (88.9%, n=8). The increase in shellbed thickness and internal complexity in Intervals 2 - 4 (the latest Late Permian)
appears to be tied to lithologic changes (changes in tempestite proximity), suggesting that the trend is controlled primarily by physical factors.
A biologic control is also suggested, however, because the thick coquinas of Modern Type are invariably composed of low organic (crossed),
veneroid shells of Pinzonella illusa and Pinzonella neotropica. The high proportion of infaunal bivalves (anomalodesmatans, veneroids)
indicates that the Permian benthic association was ecologically post-Paleozoic rather than Paleozoic. The shell beds from the Paraná basin
suggest that the transition from the Archaic to Modern type of shell beds and the shift from Paleozoic to more modern ecology may have both
started already in the late Paleozoic.
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INTRODUCTION     Shell beds, densely packed concentrations of
bioskeletal remains, are a conspicuous feature of the Phanerozoic
stratigraphic record and an important (often unique) source of
paleobiological information. Recent studies have demonstrated that the
internal complexity and thickness of shell beds have changed notably
throughout the Phanerozoic (Kidwell 1990, Kidwell & Brenchley
1994, 1996, Li & Droser 1997). The comparison of the Ordovician-
Silurian, Jurassic and Neogene shell beds indicated a significant
increase in their internal complexity and thickness toward the
Cenozoic (Kidwell 1990, Kidwell & Brenchley 1994, 1996). Similarly,
Li & Droser (1997) observed that the rapid increase in thickness of
Cambrian fossil concentrations was tied not only to lithologic changes
but also to the appearance of new clades of trilobites. Most likely, the
increase in the thickness and complexity of shell beds reflects the long-
term increase in (1) the macrofauna diversity, (2) the average body size
of benthos, (3) the depth and intensity of infaunalization, (4) the
durability of biomineralized skeletons, and (5) the occupation of high-
energy habitats (Kidwell 1990, Kidwell & Brenchley 1996). The last
two factors (4 & 5) may have played the most important role (Kidwell
& Brenchley 1996). Regardless of the relative importance of the
various factors, the characteristics of the marine bioclastic
accumulations are, at least partly, a function of ecology and diversity
of the marine benthos. The secular changes in those characteristics are
likely to have been associated with secular changes in the nature of
marine benthic ecosystems.

Although the recent studies reveal important trends in post-mortem
shell accumulations, the data for some critical intervals are still
lacking. In particular, the late Paleozoic is poorly studied. This study
focuses on the Permian siliciclastic sequences of the Paraná basin,
Brazil. This sequence is a particularly attractive target for studying the
secular trends and causative factors underlying the Phanerozoic history
of shell beds. First, the studied interval corresponds to the critical tem-
poral gap in our knowledge of the fossil record of shell beds. Second,
the shell beds are all dominated by bivalve mollusks (i.e., one key
biostratinomic variable [type of bioclasts] is kept constant). Third, the
studied units coincide with the time interval when two groups of
specialized infaunal bivalves (Anomalodesmata and Veneroida)
diversified rapidly in the region (Simões et al. 1998); although
belonging to the same ecological guild, the two groups differ in shell
mineralogy and microstructure. Finally, taphonomic studies (Simões &
Kowalewski 1998) suggest that the origin and composition of these

fossil concentrations may have been tied to both physical and
biological parameters. The shell beds of the Paraná basin are ideal to
study the late Paleozoic history of bioclastic accumulations.

GEOLOGICAL SETTING AND FIELD AREA     The studied
lithostratigraphic units belong to the Passa Dois Group deposited in
the Paraná basin during the Late Paleozoic (Rohn 1994). The units are
the upper part of a major transgressive-regressive cycle (about 70 Ma)
defined by regionally traceable unconformities (Fig. 1). Shell beds are
very sparse in the transgressive part the cycle. Most likely, this is due
to the dominance of anoxic facies in deeper parts of the basin coupled
with the subsequent (Cenozoic) erosion of the more oxygenated,
proximal facies along the basin margins (Simões et al. 1998). The
regressive portion of the cycle (Fig. 1) consists of the upper (Late
Permian) units of the Passa Dois Group (Serra Alta, Teresina/
Corumbataí and Rio do Rasto formations). During the late
transgressive and regressive phase, increasingly stable tectonic settings
and widespread epeiric conditions (Simões et al. 1998, Riccomini
1995) characterized the basin. The bivalve-dominated shell beds are
much more common and widespread in this part of the cycle.

Figure 1 - Chronolithostratigraphic chart for the Paraná basin (after Zalán
et al. 1991). Abbreviation of the formation names are as follows: S. Alta =
Serra Alta; Corumb. = Corumbataí; Teres. = Teresina; R. do Rasto = Rio do
Rasto.
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Figure 2 - Schematic map of the São Paulo State area showing the geographic
position of the studied localities.

Stratigraphy and environmental setting of the Passa
Dois Group     The Passa Dois Group (sensu Rohn 1994) represents
a coarsening-upward sequence and includes the Irati, Serra Alta,
Teresina/Corumbataí, and Rio do Rasto formations (Fig. 1). The Irati
Formation records the maximum flooding in the Late Paleozoic of the
Paraná basin (Fig. 1) with its black shales representing a basin-wide
euxinic episode. The shales are contemporaneous with shallow-marine,
carbonate-platform deposits formed, at least partly, under hypersaline
conditions (Santos Neto & Cerqueira 1993, Hachiro 1996). This phase
was unfavorable for the development of benthic communities (Simões
et al. 1998). During the subsequent (Teresina/Corumbataí) phase, the
marginal shallow water settings may have been predominately
hypersaline (Rohn 1994, Matos 1995), but punctuated by storm events
(Rohn 1994, Simões et al. 1996, 1998). Additionally, non-marine
ostracodes (Sohn & Rocha-Campos 1990) of the Corumbataí
Formation suggest a notable fluvial influence, which must have
lowered intermittently the salinity along the northern margin of the
Paraná basin and may have resulted in strong salinity variations in the
near shore environments. The low diversity levels in the bivalve
associations make the Permian ecosystems of the Paraná basin
somewhat analogous to the modern Baltic Sea (Simões & Kowalewski
1998).

Study area     This study was conducted at the eastern margin of the
Paraná basin: the São Paulo State area (Fig. 2). The three areas
(southwestern, central, and northeastern) of the São Paulo State (Fig.
2) are particularly rich in outcrops with well-exposed, bivalve-
dominated shell beds of the Serra Alta and Teresina/Corumbataí
formations. The localities that provided the bulk of the field data are
shown on Figure 2. The Passa Dois Group deposits of the São Paulo
State area can be divided into 4 distinct intervals that represent minor
(higher-order) transgressive-regressive cycles (Fig. 3) contained within
the generally regressive trend (Rohn 1994). Interval 1 (Serra Alta
Formation and the base of the Corumbataí Formation) represents the

transgression terminated with the deposition of Interval 2 (Rohn
1994). A new sea level rise is recorded by Interval 3, whereas most of
the deposits of Interval 4 accumulated under generally regressive
conditions. Intervals 2 - 4 all belong to the Teresina/Corumbataí
formations.

Figure 3 - Chronolithostratigraphic chart for the Passa Dois Group (modified from Rohn 1994). Explanation: triangles: Archaic shell beds; Circles: Modern
shell beds. Black symbols indicate the field data; white symbols mark shell beds categorized using literature data. The numbers associated with symbols indicate
the number of fossil concentration at a given site. Shell beds with uncertain stratigraphic position are marked as “?”.
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Shell-Bed
Characteristics

Biostratinomic
Style

Taphonomic
Features

Sedimentologic
Features

Stratigraphic
Features

Examples

Bivalve-dominated accumulation, shells often disarticulated. Signs
of abrasion and bioerosion frequently absent. Articulated shells can
be present. Intense fragmentation and disarticulation always
associated with coquina-like concentrations. Bioclasts consist of a
mixture of shallow, semi-infaunal, and deep burrowing bivalves.
Veneroids shells can be volumetrically dominant.

Bivalve-dominated concentration. Most shells are
disarticulated but closed and butterflied specimens
occasionally are present. Fragmentation is uncommon. Shells
are often concordant with the bedding plane.

Usually disperse, forming millimeter-scale accumulations.
Rarely loosely packed.

Simple internal fabric, some beds locally traceable at outcrop
scale.

Concentrations from SP-280 (km 160 and 161), SP-127 (km
10,5 and 11)

Usually loosely to densely packed. Admixtures of siliciclastic
intraclasts can be present especially in lag concentrations.
Discontinuous grading common.

Multicentimeter-scale lenticular beds with very complex internal
fabrics. Some laterally persistents outcrop scale (up to 120m).

Ferraz Shell-Bed; Camaquã Shell-Bed; Tambaú Shell-Bed;
concentrations from SP-280 (km 164), 6th Street; SP-328, Santa
Rita do Passa Quatro.

Archaic Shell-BedModern Shell-Bed

Proximal Tempestite                                       Distal Tempestite

Terezina/Corumbataí Formation                                               Serra Alta Formation

NWB

SWB

MATERIAL AND METHODS     We have described shell beds
following the approach of Kidwell (1990), Kidwell & Brenchley
(1994, 1996) and Li & Droser (1997). Although literature information
also have been used, the overwhelming majority of data came from
original field observations (94%, n=32). Twenty-three geological
sections and thirty-two outcrops were examined. Additionally, we have
examined the material housed in two different scientific collections
(Univ. of São Paulo State and Univ. of São Paulo). The data collected
for this analysis were collected from the same set of strata, for which
their current biostratigraphic scheme was developed (Rohn 1994). The
studied units include Intervals 1-4 discussed above.

Thirty-two bivalve-dominated concentrations where examined in
the field for their composition, geometry, thickness/traceability,
closepacking, and internal complexity (Kidwell & Holland 1991).
Following the initial analysis in the field, large blocks were collected
(~0.05m3 each) and transported to the Laboratory of Paleontology of
Botucatu, State of São Paulo. Subsequently, the concentrations were
cleaned and prepared using water, acetic acid, and mechanical tools
(for more details see Simões & Kowalewski 1998).

The systematic classification of Simões et al. (1997) and Mello
(1999) was used to identify bivalve species, and their mode of life was
inferred on the basis of their functional morphology (Ghilardi 1999).
The examined fossil concentrations were categorized by their physical
dimension, taxonomic composition, and taphonomic signatures and
classified into two biostratinomic styles: “Archaic” and “Modern”
(sensu Kidwell 1990). The distribution of the shell beds was then
interpreted in the context of the regional chronolithostratigraphic
framework of the Passa Dois Group (sensu Rohn 1994). This regional
scheme allows for reliable intrabasinal correlation of the analyzed
strata, which is sufficient for the objectives of this study (the
correlation of the units to the global international standard is
approximate and will not be discussed here).

RESULTS     Fossil accumulations showing “Archaic” and “Modern”
biostratinomic styles are both present in the Passa Dois Group (Serra
Alta, Teresina/Corumbataí formations) (Table 1). Archaic shell beds
(29.5%) are thin (<3 cm), two-dimensional, internally simple
concentrations (distal tempestites), with disperse, high-organic
nacreous aragonitic shells of anomalodesmatan bivalves. Most of the
shells are disarticulated with low degrees of abrasion and
fragmentation. Bioclasts are typically concordant with the bedding
plane. In contrast, Modern shell beds (70.5%) are thick (30-50 cm),
fully three-dimensional, internally complex, amalgamated
concentrations with a mixture of densely packed, crossed calcitic (?)
shells of veneroid, and high-organic nacreous aragonitic shells of
anomalodesmatans (proximal tempestites). Specific examples of such
multi-event concentrations are described in detail elsewhere (Simões
& Kowalewski 1998, Simões et al. 1996, Torello 1991). The fauna
contained within the Modern shell beds tends to be more diversified
than that found in the Archaic beds. The Modern beds include up to at
least 8 bivalve species dominated by infaunal taxa including
Pinzonella illusa Reed, 1932, Pinzonella neotropica (Reed), 1928 or

Terraiopsis aequilateralis (Mendes), 1952. The most distinct feature of
the Modern beds is their internal complexity, indicating multi-event
genesis and extensive time-averaging. For example, the Ferraz Shell
Bed (Simões & Kowalewski 1998) consists of four distinct sub-units
that include a lag concentration, a partly reworked storm deposit, a
rapidly deposited sandstone unit, and a winnowed shell-rich horizon
buried by a storm-induced obruption deposit. The Tambaú Shell Bed
(Torello 1999) offers other example of an amalgamated coquina
capped by a horizon of semi-infaunal byssate bivalves (Naiadopsis
lamellosus Mendes 1952) preserved in life position.

The vertical and horizontal distribution of the examined
concentrations is strikingly non-random (Tab. 1, Fig. 3). The Archaic
beds are common (100%, n=8) in the lower part of the studied
sequence (Interval 1 sensu Rohn 1994), but only few occurrences of
the Archaic type are known from Intervals 2-4 (Tab. 1). In the latter
units, shell beds are dominated overwhelmingly by the Modern-style
concentrations: Interval 2 (81.25%, n=13), Interval 3 (100%, n=1), and
Interval 4 (88.9%, n=8).

DISCUSSION AND CONCLUSIONS     Factors controlling
the distribution and genesis of the shell beds     The
striking distribution trend of the Archaic and Modern shell beds (Fig.
4) may reflect the physical changes due to the regressive trend and/or
ecological changes related to the geologically rapid diversification of
infaunal bivalves.

Several authors suggested (e.g., Sousa et al. 1991, Rohn 1994) that
the predominantly massive, clay-rich siltstones and silty shales, where
Archaic concentrations are common, were deposited in distal offshore
settings, occasionally disrupted by storm events. These settings were
conducive to the formation of thin, single-event shell concentrations
(distal tempestites). The subsequent regressive trend of Intervals 2-4,
not only resulted in the spread of proximal facies toward the
depocenter, but also changed the nature of taphonomic processes.
Thus, the upward increase in the frequency of Modern shell beds
parallels the basin’s evolution and points to the possible association
between the shell bed styles and lithological changes. The importance
of physical factors is further supported by the brief reappearance of
Archaic-type shell beds near the top of the Teresina Formation
(possibly Interval 4) in the Rio Grande do Sul State (Klein & Simões
1998). One such shell bed described in detail by Klein & Simões
(1998), a regionally-unique, bivalve-dominated concentration, occurs
in offshore deposits that are similar to the distal lithofacies of earlier
transgressive phases and that, most likely, record the last high-order
transgressive cycle in the Passa Dois Group (Klein 1997). The role of
external physical factors is reinforced further by the fact that some
distal units of the São Paulo State area can be cross-correlated with the
coeval, shallow-water deposits (Sousa et al. 1991, Rohn 1994)
characterized by the widespread occurrence of the Modern-type beds.
In summary, the upward replacement of the Archaic by the Modern
beds may primarily reflect the regressive shift from the distal to the
proximal lithologies and taphofacies.

Figure 4 - Environmental trends in fossil concentrations along the generalized onshore-offshore gradient, based on data from the Permian of Paraná basin.
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Several lines of evidence suggest that biological factors also played
a notable role in controlling the distribution of shell beds. The Modern
shell beds vary notably in thickness and taxonomic composition
(particularly Intervals 2 - 4; Tab. 1). This is not surprising given that
thick (30-50 cm) composite shell concentrations are a complex product
of multiple episodes of rapid burial, reworking, and winnowing.
However, despite that variation, the Modern beds are strikingly
uniform in that their bioclasts are invariably dominated by thick and
robust shells of infaunal bivalves; including veneroids (Pinzonella,
Terraiopsis, Terraia) and megadesmids (Plesiocyprinella,
Holdhausiella). Also, all of the thicker coquinas of Modern Type are
invariably composed of the low organic (crossed), veneroid shells of
Pinzonella illusa and P. neotropica. Moreover, although the
megadesmids are the most diversified group of bivalves in the Permian
sequence of Paraná basin, their aragonitic shells never form densely
packed concentrations of Modern type. These data suggest some
biologic control (e.g., bivalve shell microstructure, see also Kidwell &
Brenchley 1994, 1996) in the origin of the shell concentrations.
Indeed, the opposite taxonomic pattern is shown by the thin,
millimeter-scale Archaic concentrations typically dominated by
bivalves other than veneroids (Ghilardi 1999).

Long-term trends in bioclastic concentrations     The
Modern-type shell beds are usually found in the late Mesozoic and
Cenozoic fossil record, while the Archaic-type concentrations

dominate the Paleozoic strata (Kidwell 1990, Kidwell & Brenchley
1994, 1996). The overwhelming dominance of Modern shell beds in
the Permian sequences of the Paraná basin is thus noteworthy. This
early onset of Modern-style beds reflects a unique interplay of physical
and biological trends. The regional radiation of infaunal bivalves made
the Permian macrobenthos of the Paraná basin analogous to the post-
Paleozoic rather than Paleozoic ecosystems and provided the critical
source of durable bioclasts needed for the formation of Modern-type
shell concentrations. This regional ecological “revolution” took place
in the unique paleogeographic setting of a huge and shallow epeiric
sea, where major shifts in the extent of proximal/distal settings
controlled the basin-wide taphonomic gradients and determined
whether simple or multiple bioclastic concentrations were produced by
storms that punctuated monotonous non-bioclastic deposition.

Concluding remarks     The patterns documented here
demonstrate that the origin, type and distribution of shell bed
concentrations (Archaic vs. Modern mode) can be tied to specific
biologic and geologic factors (see also Li & Droser 1997). As
importantly, our data suggest that the transition from the Archaic to
Modern type of shell beds and the shift from the Paleozoic to the more
modern ecology may have both started already in the late Paleozoic.
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96/9708-9, 96/101008-6 and CNPq 301023/94-8. To two anonymous
referees of RBG for critical review of the manuscript.

Table 1 - Permian shell concentrations in the Paraná basin.

Stratigraphic
Interval

Number of
Occurrences

Shell Bed
Locality

Shell Bed
Type

Composition Geometry Thickness /
Traceability

Close-
packing

Internal
Complexity

Taphonomic Features

Serra Alta Fm.,
Interval 1

2 SP-280, km 160-
161, Porangaba

Archaic megadesmids Stringer ? mm (<3cm), locally
traceable

Disperse Simple fabric Articulated shells common, disarticulated shells intact
and concordant with the bedding-plane

Corumbataí Fm.,
Interval 1

3 SP-127, km 10,5-
11, Rio Claro

Archaic megadesmids Stringer ? mm (<3cm), locally
traceable

Disperse Simple fabric Articulated shells common, disarticulated shells intact
and concordant with the bedding-plane

Corumbataí Fm.,
Interval 1

1 Ipeúna-
Charqueada,

Rio Claro

Archaic megadesmids ? mm (<3cm), locally
traceable

Disperse Simple fabric Articulated shells common, disarticulated shells intact
and concordant with the bedding-plane

Corumbataí Fm.,
Interval 1

1 SP-310,
Cordeirópolis

Archaic megadesmids ? mm (<3cm), locally
traceable

Disperse Simple fabric Articulated shells common, disarticulated shells intact
and concordant with the bedding-plane

Corumbataí Fm.,
Interval 1

1 Anhembi Archaic Megadesmids ? ? Disperse Simple fabric Articulated shells common, disarticulated shells intact
and concordant with the bedding-plane

Teresina Fm.,
Interval 2

1 SP-280, km 164 Modern megadesmids
, veneroids

Lens cm (>32cm),
laterally traceable

Loose to
dense

Complex
(amalgamated)

High disarticulation and fragmentation, poor sorting

Corumbataí Fm.,
Interval 2

1 Angatuba Modern megadesmids
, veneroids

Lens cm (5-20cm),
laterally traceable

Dense Complex High disarticulation and fragmentation, poor sorting,
intact shells rare

Corumbataí Fm.,
Interval 2

1 Ferraz, Rio Claro Modern megadesmids
, veneroids

Lens cm (30-50cm),
laterally traceable

Loose to
dense

Complex
(amalgamated)

Disarticulated shells dominate, intact shells common

Corumbataí Fm.,
Interval 2

1 Jacutinga, Rio
Claro

Modern veneroids Lens cm (30-50cm),
laterally traceable

Loose to
dense

Complex Disarticulated shells dominate, intact shells common

Corumbataí Fm.,
Interval 2

1 Sobrado Road,
Rio Claro

Modern veneroids Lens cm (30-50cm),
laterally traceable

Loose to
dense

Complex Disarticulated shells dominate, intact shells common

Corumbataí Fm.,
Interval 2

3 6th street, Rio
Claro

Modern veneroids Lens cm (30-50cm),
laterally traceable

Loose to
dense

Complex Disarticulated shells dominate, intact shells common

Corumbataí Fm.,
Interval 2

1 6th street, Rio
Claro

Modern veneroids Lens cm (4-6cm),
laterally traceable

Dense Complex High disarticulation and fragmentation, poor sorting

Corumbataí Fm.,
Interval 2

1 Carnevalle Farm,
Rio Claro

Modern veneroids Lens cm (30-50cm),
laterally traceable

Loose to
dense

Complex
(amalgamated)

Disarticulated shells dominate, intact shells common

Corumbataí Fm.,
Interval 2

1 Göss Farm, Rio
Claro

Modern veneroids Lens cm (30-50cm),
laterally traceable

Loose to
dense

Complex Disarticulated shells dominate, intact shells common

Corumbataí Fm.,
Interval 2

1 Santa Elisa Farm,
Rio Claro

Modern veneroids Lens cm (30-50cm),
laterally traceable

Loose to
dense

Complex Disarticulated shells dominate, intact shells common

Corumbataí Fm.,
Interval 2

1 Santa Rita do
Passa Quatro

Modern veneroids Lens cm (30-50cm),
laterally traceable

Loose to
dense

Complex Disarticulated shells dominate, intact shells common

Corumbataí Fm.,
Interval 2

1 Cachoeira de
Emas-Tambaú

Archaic megadesmid,
veneroids

Pavement cm (50cm), laterally
traceable ?

Disperse
to loose

Simple fabric Disarticulated shells dominate, closed and butterflied
shells common

Corumbataí Fm.,
Interval 2

1 Cachoeira de
Emas-Tambaú

Archaic megadesmid,
veneroids

Pavement mm, not laterally
traceable

Disperse Simple fabric Disarticulated shells dominate, closed and butterflied
shells common

Corumbataí Fm.,
Interval 2

1 Cerâmica
Maristella, Leme

Archaic megadesmid,
veneroids

Pavement mm, not laterally
traceable

Disperse Simple fabric Disarticulated shells dominate, closed and butterflied
shells common

Teresina Fm.,
Interval 2 or 3

1 SP-280, km 165 Modern megadesmid,
veneroids

Lens  mm to cm (1-5cm),
laterally traceable

Loose to
dense

Complex Disarticulated shells dominate, closed and butterflied
shells common

Corumbataí Fm.,
Interval 4

2 Santo Urbano,
Rio Claro

Modern veneroids Lens cm (20cm), laterally
traceable

Dense Complex
(amalgamated)

High disarticulation and fragmentation

Corumbataí Fm.,
Interval 4

1 Camaquã, Rio
Claro

Modern veneroids Lens cm (20cm), laterally
traceable

Dense Complex High disarticulation and fragmentation

Corumbataí Fm.,
Interval 4

1 S. J. Capão
Redondo Farm,

Tambaú

Modern megadesmids
, veneroids

Lens cm (>10cm),
laterally traceable

Dense Complex High disarticulation and fragmentation, with semi-
infaunal bivalves preserved in life position at the top

Corumbataí Fm.,
Interval 4

1 São Roque Farm,
Tambaú

Modern veneroids Lens cm (~10cm),
laterally traceable

Loose to
dense

Complex Disarticulated shells dominate, intact shells common

Corumbataí Fm.,
Interval 4

2 Padre Donizete
Road, Tambaú

Modern veneroids Lens cm (40cm), laterally
traceable

Dense Complex
(amalgamated)

High disarticulation and fragmentation

Corumbataí Fm.,
Interval 4

1 Anhembi Modern veneroids Lens cm (20cm), laterally
traceable

Dense Complex
(amalgamated)

High disarticulation and fragmentation

Corumbataí Fm.,
Interval 4

1 Tambaú-Sta Cruz
das Palmeiras

Archaic veneroids Pavement cm (<1cm), laterally
traceable

Loose Simple fabric Disarticulated shells dominate, intact shells common
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