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INTRODUCTION

The Parand Basin with an area of appro-
ximately 1,500,000 km2 is limited by parallels of
159 and 34° S and 47° and 58° W meridians. Its
main geotectonic features are: the Canastra
Arch in the northeast; the Ponta Grossa Arch,
the Torres Syncline and the Uruguayan Shield
in the east; the Martim Garcia Arch in the
south; and the Puna, Asuncién and Pampean
Arches in the west (Fig. 1). The basin shows
presently an ovoid shape.

Proliferation of facies descriptions mainly
for the Paleozoic formations, although of great
value for paleoenvironmental reconstruction, has
caused some difficulties to the understanding of
the tectonic evolution of the basin. However, if
one considers only the great sedimentary cycles,
which are separated by regional unconformities, its
tectonic history could be much easier understood.

Stratigraphic sequences, as defined by
Sloss (1963) for North America, represent a va-
luable tool for the interpretation of the tecto-
sedimentary history of intracratonic units and
its correlation with other basins. In this sense,
Fulfaro & Landim (1972) proposed the subdivi-
sion of the Paran4d Basin sedimentary cover into
three stratigraphic sequences: the lowermost De-

vonian, the middle one-Permo-Carboniferous, and
the uppermost Mesozoic.

An analysis of the Parani Basin Permo-
Carboniferous sequence, which includes the gla-
cial, interglacial and post-glacia] sedimentary
deposits of the Tubardo and Passa Dois groups
is presented in this paper (Table 1).

Regional stratigraphic studies of, this unit on
basis of outcrop analysis is complicated by facies
change and intervening episodes of erosion at the
margin of the basin. The scarce subsurface data
(less than 50 wells in an area of 1,500,000
km2) can, nowithstanding, be adequately ana-
lysed trough the trend surface technique. This
technique allows us to work with sequences
thicknesses, since their variations represent an
effective measure for the study of evolution of
structural features.

The tectonic evolution of a region can then
be studied through the preparation of a series
of isopach maps for successive stratigraphic in-
tervals. Since the isopach maps tend to show
considerable influence of local variations, the
smoothening effect of the trend analysis is useful
for depicting large scale local variations and re-
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glonal thickness varlations
rian, 1968).

(Harbaugh & Mer-

GENERAL CHARACTERISTICS
TUBARAO GROUP

The glacial, interglacial and early post-
glacial sedimentary deposits outcropping on the
eastern and southern side of the Parand Basin
are included in the Tubardo Group. Sedimen-
tary rocks correlatable to this sequence in the
northern and western parts of the basin are
known as the Aquidauana Formation. These
rocks rest unconformably on the Parani Group
sediments (Middle to Upper Devonian) and
the crystalline basement of pre-Silurian age. The
upper contact with the Passa Dois Group sedi-
ments is arbitrarily established, since no break
in the sedimentary process is recognized, except
in the basin marginal areas (Landim, 1967, and
Filfaro, 1970). The black shales and interbedded
limestones of the Iratli Formation, nowiths tan-
ding constitute a good guide-horizon for separa-
tion of the two groups (Mendes & Fulfaro, 1966).

Spatial relationships among formations
within the groups are complex and not very
well understood. The stratigraphic relationship
between the Itararé and Aquidauana forma-
tions is a good example of this situation, the
latter being considered, either as older (Northfleet
et al, 1969) or younger than the Itararé (Ful-
faro, 1971).

Landim (1970) suggested, alternatively inter-
fingering relationship between the two forma-
tions in the northeastern part of the State of
Sao Paulo. Unconformable contact of the Aqui-
dauana with the overlying Palermo Formation
(Northfleet et al, 1969) and transitional contact
with the Irati Formation have been described
(Petri & Fulfaro, 1967). Fulfaro & Landim
(1972) on basis of lithological difference between
the Aquidauana outcropping in the western basin
margin (State of Mato Grosso and Republic of
Paraguay) and the same formation in the State
of Golas, suggested that they may actually re-
present two different stratigraphic units.

Sediments of the Itararé Formation were
deposited under glacial and interglacial con-
ditions which ruled the Parand Basin during
the Upper Carboniferous and Lower Permian.
Analysis of sedimentary structures and rock
distribution indicate that continental type of
glaciation, very similar to the one prevailing
in the northern hemisphere during the Pleisto-
cene is an adequate model for the study of the
glacial deposits of the Parand Basin. Recogni-
tion of number of glacial phases is doubtfull.
(1972), 44,
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Frakes and Crowell (1969) admited 10 distinet
ice advances.

The glacial sediments deposited in subsiding
basins (Landim, 1970) were very often subjected
to reworking during retreat of the ice-wedges.
Consequently, only a few sedimentary deposits may
represent noralnic material, the larger part being
constituted by outwash sediments. Contacts of
the Tubardo Group +with the pre-Silurian base-
ment in the State of S&o Paulo is generally
marked by a well defined surface of erosion
with lowermost sediments being constituted by
breccias and conglomerates including clasts of
local basement deposited in channel-like de-
pressions. A high tectonic margin instability
can thus be admited, which resulted in a inten-
se process of reworking of previous sedimenta-
ry deposits at the basin margins. Petri & Ful-
faro (1967) showed that most part of Devonian
sediments in southern S&o Paulo were removed
by erosion after an uplift caused by faulting. The
reworked material was deposited in channels
excavated in the basement rocks.

At least in these areas initiation of depo-
sition of the Itararé sediments occurred in small
basins formed mainly by faulting, which could
represent the initial phases of formation of the
Parand intracratonic basin. Althought striated
basement rocks are know from several places
developed on crystalline and Devonian rocks,
glacial deposits have not been recognized in the
basal Itararé,

Marine layers may occur associated with
mixtites specially toward the eastern margin of
this basin, The meager fossil assemblages of
these beds vary in the different outcrops. Thin
coal beds, probably related to interglacial or
interstadial phases also occur intercalated within
the sequence. An autoctonnous limnic origin is
generally accepted for these beds, an interpretation
not entirely consistent with the available geolo-
gical evidences. Both the marine layers and coal
beds are restricted to the eastern margin of the
Parand Basin.

Post-glacial conditions probably started ear-
lier in the southern Paran4 Basin, while glacial
conditions were still prevailing in the north.
Basin-wide tectonic changes during the depo-
sitional cycles can be detected from the glacial
and post-glacial thickness analysis. The greater
thickness of the glacial sequence is located at
the «paulista-goiano-matogrossense» sub-basin
(Fualfaro, 1970), which shows higher rate of sub-
sidence in relation to the southern part of Para-
n4d Basin which behaved as a more positive tec-
tonic area,
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Fig. 1. Major tectonic features of Parana Basin. 1. Canastra Arch; 2. Ponta Grossa Arch;

3. Uruguayan-Sul-riograndense Shield; 4. Martin Garcia Arch; 5. Eastern Pampean Arch; 6.

Asuncién Arch; 7. Western Pampean Arch; 8. Puna Arch; 9. Brazilian Shield; 10. Andean
Geosyncline (adapted from Northfleet et al., 1969).

An. Acad. brasil. Ciénc.,, (1972), 44, (Suplemento),.



190

Sediments of the Rio Bonito Formation are
usually interpreted as representing the iniciation
of deposition of the post-glacial phase. They seem
though to interfinger with sediments of the
Itararé Formation at some places. The Rio Bo-
nito Is composed mainly by quartz and arkosic
sandstones. Some coal beds occur a little above
the uppermost mixtite horizon. Lower and upper
contacts of the Rio Bonito Formation are al-
ways very difficult to establish, either in out-
crops or in subsurface. By convention, the
lowermost sandstone bed above the uppermost
mixtite of the Itararé and the uppermost sands-
tone bed under greenish shales at the top of
formation are used to define the formation
lower and upper boundaries (Northfleet et al.,
1969) .

The Palermo Formation, the uppermost
unit of the Tubardio Group is composed mainly
by silty-sandstones and sandy-silststones, often
lenticular. They are followed up by clayey-silts-
tones which mark the initiation of a cycle of
sedimentation under reducing conditions which
predominate in the deeper parts of the basin or
in closed lagoons. Black shales and associated
limestones of this cycle (Irati Formation) are
taken as the base of the Passa Dois Group.

PASSA DOIS GROUP

No regional unconformity seems to sepa-
rate the Tubardo Group from the overlying Passa
Dois Group. This sequence begins with the above
mentioned gray, silty sediments known as the
Serra Alta and Irati formations (Table 1).

Erosional surface seem to separate the two
groups. These erosional episodes followed uplifts
caused by excess of sedimentation in the central
parts of the basin. The group formations re-
present heteropic facies of a great sedimentary
complex (Fig. 2). Difficulties in understanding
these facies relationships has led to previous rigid
stratigraphic classifications. Regionally the sedi-
ments present an increase in grain size from W
to E, from the Asuncién Arch where sandstones
predominate toward a postulated deltaic complex
represented by black shales, siltstones and limes-
tones benches in the eastern margin (Harrington,
1950; Landim, 1971).

Limestones of the Irati Formation, basal
unit of the Passa Dois Group vary from dolo-
mitic to true dolomites, alternating with black
shales in a cyclic pattern. The formation be-
longs to a larger siltic sedimentary cycle (Serra
Alta) in which the black shales represent the
sedimentary response to reducing conditions
(Mendes et al., 1966). The limestones, predomi-
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nantly clastic in origin (Mendes, 1967; Landim,
1970), some showing cross-stratification and other
associated sedimentary structures, should repre-
sent limestones benches at the margin of lagoons
and the limestone-shale alternation may indi-
cate areas of environment oscilations. To the
northern and western margins the shale facies
is substituted by siltstones to fine sandstones.
The greatest thickness of the Serra Alta siltstones
is located in Santa Catarina State diminishing
towards the northeastern part of Sdo Paulo State.
These siltstones, often massive, may bear calcife-
rous concretions sometimes fossiliferous. Pyrobi-
tuminous horizons are not uncommon along the
silty sequence,

The Estrada Nova Formation (Table 1)
comprises three lithossomes: Serra Alta, Tere-
zina e Serrinha (Mendes & Fulfaro, 1966).
The Terezina lithossome is constituted by an
alternation of siltstones, shales, fine sandstones
and oodlitic limestone layers. Coquina beds are
scattered in the section. In the northern part of
the basin siltstones and fine sandstones predo-
minate representing environments of deposition
closer to flood plains (Fig. 2). A grain size in-
crease from east to west is also present within
this group (Fulfaro & Landim, 1971). The Serri-
nha lithossome, comprising fine to medium sands-
tone benches (1-1.5 m thick) separated by
alternating layers of clay and silt with horizon-
tal stratification represents the natural link
between the Terezina and Rio do Rasto environ-
ments of deposition. The greatest thicknesses
of this lithossome occur in Parand and Santa
Catarina. In the northern basin area these
three lithossomes are poorly characterized and
not well defined.

The Rio do Rasto Formation, uppermost
unit of the Passa Dois Group represents flood
plain deposits which are a reflex of the final pro-
cess of basin filling (Fig. 2). Equivalent depo-
sits at the basin margins were probably removed
after the basin peripherical uplift with preserva-
tion of sediments only in the basin central area.
The Rio do Rasto Formation is constituted by
fine to medium grained sandstone lenses in
rhythmic alternation with clay and silt laminae.
‘Some of these sadnstone lenses show cross-stra-
tification.

TREND SURFACE ANALYSIS

Previous application of this technique to
the study of the Parand Basin stratigraphic units
(Landim, 1970b, and Fulfaro & Landim, 1972),
showed results which agree well with the areal
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lithologic distribution of the several units ana-
lized. Because of inadequate surface information
quantitative methods are an imperative in the
analysis of the depositional mechanism and tec-
tonic evolution.

In order to depict basin changes during gla-
cial and post-glacial cycles, each sequence was
treated separately. As stated previously, the Ita-
raré and Aquidauana formations are thought to
represent the glacial and interglacial cycle and the
Rio Bonito and Palermo formations plus the
Passa Dois Group, comprise the post-glacial phase.

For the glacial and interglacial cycle, the
goodness of fit is obtained with the third degree
surface, with a strenght of 81.51% (Fig. 3).

As observed in the third degree surface map
sediment thickness diminishes toward south across
a main east to west oriented center of subsi-
dence, with greater thickness to the west. Thi-
ckness diminishes to the north of the more subsi-
ding axis. Trend surface analysis of thickness
data of the Itararé Formation only shows also
a progressive increase in thickness toward the
northeast part of the basin indicating a great
subsidence area (Fulfaro & Landim, 1972).

The obtained trend surface map is in agre-
ement with observed thickness and cyclic litho-
facies distribution within the basin. Coarser
sediments showing features which indicate rapid
subsidence are found in the postulated marginal
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parts of the basin coinciding with most sub-
siding areas interpreted from the map (Landim,
1970 b). This east-west structural axis, already
indicated for the Tubario Group may be related
with a structural trend which influenced the
deposition of the Parand Group, as shown in the
cublc trend surface map of the Furnas Forma-
tion (Fulfaro & Landim, 1972). This partially
supports the hypothesis that the beginning of
the glacial cycle followed the reactivation of
ancient structural lines of the basin with the
formation of several isolated areas of deposition.

The trend surface residuals map (Fig. 4)
shows more positive areas to the north, nor-
theast, southeast and southwest. In the residual
areas of less subsidence, reworked sediments
indicate periodic tectonic oscilations and in the
residuals areas of greater subsidence, a great
sediment thickness showing sometimes features
indicative of rapid subsidence is present. Coar-
ser clastics occurring in between those two
areas of different tectonic behaviour indicate
the presence of regional highs. To the sou-
theastern and southwestern margins, the Uru-
guayan Shield and the Martim Garcia Arch are
suggested. Towards the east the most positive
structural feature had its center in the Apuca-
rana region (PR) roughly coinciding with the
present structural trend of the Ponta Grossa Arch.
To the northeast presence of the Canastra Arch

PAULO M, B. LANDIM and V.
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is suggested. Between these two structural
directions, a tectonically more negative area
with a SE-NW axis coincides in its disposition
with a region where greatest thicknesses of se-
diments are preserved. The large tectonic po-
sitive areas are thought to indicate a multipli-
city of local tectonic highs which could be de-
picted if a larger amount of data was available.

For the post-glacial cycle comprising sedi-
ments of the Rio Bonito and Palermo formations
and the Passa Dois Group, the goodness of fit
was obtained by the fourth degree surface (Fig.
5), with a strenght of 85.409;. The lines show
a basin with a tendency to a linear shape with
thickness of the strata increasing towards the
more tectonic positive margin. Results obtained
by Fulfaro & Landim (1972) for the several
stratigraphic units treated separately show that
the map in the Fig. 5 represents the sum of the
individual features. Formations with greatest
thicknesses are responsible for the general trend.

The basin shape represented in Fig. 5 is in
agreement with the sediment distribution du-
ring the post-glacial cycle of deposition, mainly
for the uppermost formations, with coarser se-
diments to the west and finer to the east. The
tectonic high observed at the northeast corner
of the map may explain the facies difference
between the north and south areas of the Pa-
rand Basin for this stratigraphic interval. This
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facies change was already mentioned by Fulfaro
(1970) who suggested a possible subdivision ot
the Parand Basin in at least two sub-basins. A
predominantly north-south axis is indicated for
the basin for this stage.

The trend surface residuals map (Fig. 6)
shows two main positive tectonic areas to the
north and south of the basin, with two small
ones between them. Residual areas of less sub-
sidence explain the facies difference already
mentioned between the northern and southern
area of deposition within the cycle. Several re-
gional highs seem to have been active during
this interval, as the Campo Grande, Trés La-
goas arches and the north flank of Ponta
Grossa Arch. To the south, the Uruguayan
Shield was still the most positive tectonic fea-
ture. Two small tectonic highs suggested in Fig.
6 need further study of the associated litho-
facies, for a better understanding. E to W tren-
ding subsiding zones are still present.

CONCLUSIONS

From the facies distribution analysis and
the interpretation of the trend surface maps
some conclusions about the development of the
Permo-Carboniferous glacial and post-glacial
cycles can de drawn.

In a general way, initial tendency for a
greater subsidence were always present in the
southern part of the basin. Great hiatus to the
north and erosional vacuities to the south is
shown in a basin time-lenght diagram. The
Uruguayan Shield (Fig. 1) seems to have been
permanently under erosion Even after the initial
southern subsidence it seems that this area was
uplifted and reworking of the previous sediments
was the rule.

Facies and geometry of certain deposits at
the base of the Tubario Group seem to indicate
that the deposition started in small basins of
tectonic origin filled up by sediment derived
mainly by reworking of the Devonian rocks.
Sediment transportation seems to have been
very short. No glacial deposit is known at this
level.

This time coincided probably with the initial
formation of the Parand structural basin. Pre-
sently, very little information is available about
other faulting periods during Itararé and Aqui-
dauana deposition. Howewer, the great number
of intraformational breccias, local diastems and
great changes in the environments of deposi-
tion indicate that other faulting periods occur-
red and unconformities must be expected.
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Analysis of residual values of the Itararé
and Agquidauana Formations thickness data
indicate a complex and variable depositional
surface, a picture that is supported by the
lithologic record of these stratigraphic units.
Study of individual stratigraphic intervals
within the glacial cycle indicate begginning of
basin axig shifting at the end of the Itararé
Formation deposition (Fulfaro & Landim, 1972).
The post-glacial sequence shows a more positive
tectonic character which should be expected fol-
lowing the passage from one cycle to another.

A multiplicity of source areas can be admi-
ted for the glacial cycle of deposition. The basin
western margin probably coincided with the
Asuncién Arch and the eastern margins, was
formed by a gentle arch of the crystalline ba-
sement. This depressed area formed during the
glacial phases would facilitate the ingression of
the sea in the eastern and southeastern part of
the basin during inter-glacial times. The num-
ber of the marine layers increase steadly sou-
thward towards the Falkland Island. The exis-
tance of a great number of isolated basins co-
vered by an ice cap during the glacia] epochs,
with their own depositional mechanisms during
the fluvial and lacustrine phases of the inter-
glacials is suggested by the residual values map.

Sedimentation of the Rio Bonito and Paler-
mo formations shows a close relationship with
the Passa Dois Group (Fulfaro & Landim, 1972).
Lateral facies variation within the group is evi-
dent; at some horizons clastic dikes and mud-
cracks are common, the latter occurring in se-
quences up to 90 meters of thickness (Salamuni,
1963). The two sedimentary structures show the
variety of depositional environments, constant
subsidence in shallow water and strong slopes
along which the sandstones lenses were squeezed
and introduced in the rhythmic layers. Sedi-
mentation generally fine at this stratigraphic level
does not leed to any other kind of explanation
for the above mentioned structures.

No stratigraphic break has been detected
between the glacial and post-glacial cycles of
deposition, except in the basin marginal areas.
These unconformites were probably simulta-
neous to load increase in the basin center. Ho-
wever, local tectonic highs inside the basin can
be supposed from the observation of small
clastic wedges at the base of the post-glacial
beds, as near the Ometto sugarmill in the road
from Iracemédpolis to Limeira (SP). This type
of depositional environment strongly suggests
an unstable tectonic bottom for the basin, asso-
ciated to oscilation mechanism which caused up
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and downr- movements of fault blocks, not un-
common in intracratonic basin. Such mecha-
nism could also explain the ‘absence of regional
unconformities between the cycles, in spite of
the great number of diastems.

The Serra Alta facies was the sedimentary
response to reducing conditions which probably
vigorated in the most deep parts of the basin.
However, not all the Serra Alta sediments
were deposited in such kind of environment. In
the eastern margin of the basin the siltstones
resembles more lagoonal type of deposits,
where reducing conditions were also present, In
these areas the siltstone, limestone and black
shale sequence has a thickness of 25 meters,
opposed to 100 meters in the most central area.

The Terezina facies representing the sedi-
mentary record of ancient lakes and associated
flood plains, is a shallow water sedimentary
deposit showing a variety of sedimentary struc-
tures. At some places, as in Taguai and Poran-
gaba (southern Sdo Paulo State) the calcare-
nites of this facies, with cross-stratification,
suggest beach deposits,

For the post-glacial interval, the trend
surface map seems to indicate that a classical
structural shape seems to have commanded de-
position in the Parand Basin, with a pro-
gressive basin confinement until its final filling
by the Rio do Rasto sediments. Analysis of the
post-glacial lithofacies distribution suggests an
assymetrical basin with coarser sediments to the
west and finer to the east, a pattern which is
also supported by analysis of individual strati-
graphic units (Fulfaro & Landim, 1972).

In synthesis, analysis of the two sedimen-
tary cycles indicates a more complex structural
pattern of the basin with great subsidence in
the north during the glacial and interglacial

phases, passing gradually to a more classical,
slightly assymetrical basin model during the
post-glacial times.

As pointed out by Fualfaro & Landim,

(1972), marine counterparts of the Parand Ba-
sin intracratonic sediments could have existed
to the east and southeast of the present eastern
margin, thus explaining the distribution of the
Late Paleozoic marine facies. The marine se-
dimentary record was subsequently destroyed
by erosion associated to uplifts or basin mar-
ginal faulting. Preserved Late Paleozoic strata
below younger cover could possibly occur on the
Brazilian continental shelf as indicated by
Baccar (1970) and Miranda (1970).
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ABSTRACT

Sedimentary rocks of the Parani Basin can
be subdivided into three sequences, as defined by
Sloss (1963) in North America of which, the
glacial, interglacial and post-glacial rocks of the
Tubardo and Passa Dois groups, of Permo-Car-
boniferous age represent the middle one.

Trend-surface analysis of: 1) glacial and in-
terglacial strata (Itararé and Aquidauana forma-
tions), and 2) post-glacial beds (Rio Bonito and
Palermo formations and Passa Dols Group) thi-
ckness data evidenced that:

a) for the glacial and interglacial cycle the
goodness of fit is obtained with the «cubic» sur-
face, with a «strength» of 81.519. Thickness de-
crease from N to S. The residual map shows
four tectonic positive areas and a multiplicity
of source areas can be admited during deposition
of the sediments;

b) for the post-glacial cycle the goodness
of fit is obtained with the «quartic» surface, with
a «strenght» of 85.409%. Thickness shows a circular
pattern of distribution in the most subsiding part
and the residual map shows positive areas in
northern, central and southern parts of the basin

Comparison of the results indicates two dis-
tinct structural patterns during evolution of the
basin, starting with a very complex one which
characterized the glacial cycle, progressing towards
a more simple structural model during post-glacial
sedimentation.
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