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Abstract

The Parana River hydrographical basin, the second largest in South America, has in its upper reach an anomalous
geomorphological structure, in relation to the general NNE-WSW channel direction. This anomaly occurs south
adjacent to the Rio do Peixe river mouth, where the Parana River makes a U turn controlled by an unique antithetic
fault block dipping W. This alteration occurs against the general pattern of the synthetic fault blocks dipping E of'its
left margin. This anomalous pattern is in accordance to the presence of a NW-SE shear megazone ruled by the
Guapiara lineament. Geomorphological data and location of some clay deposits within this region indicate a
previous and more ancient channel for this river according with the general NNE-WSW direction of the Trés
Lagoas Crustal Suture Zone. This new U pattern was formed only after the occurrence of a neotectonic
reactivation at the crossing point among the Guapiara Lineament and the Trés Lagoas Suture Zone. It is here
assumed that the lineament mode N350° appears as the most probable hydraulic tensor of this region and represents
the distensional direction. The lineament swarming N315° and N40°, as well as those grouped together in mode
N115°, may favor transcurrent dextral movements for the NW quadrant and sinistral for the other two directions
with transtensive and transpressive deformation. Both are dependent on the local geometry of fracture plains and
local stress fields. The most ancient geochronological data obtained until now for seismic liquefaction structure
samples from the Rio do Peixe valley, suggest a date of 34 ka BP, indicating that this tectonic regime was still
active at this time.
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Resumo

Abaciado rio Parana tem em seu trecho superior uma estrutura geomorfoloégica andmala orientada na dire¢do geral
do canal NNE-WSW. Essa anomalia, que ocorre ao sul da foz do rio do Peixe, impde ao rio Parana uma trajetoria
em “U” controlada por uma unica falha atitética que mergulha para W. Essa alteragdo ocorre contra o padrdo geral
do sistema de blocos de falhas sintéticas que mergulham para E. A anomalia concorda com a presenca de o
lineamento de Guapiara, uma megazona de cizalhamento de dire¢do NW-SE. Dados geomorfoldgicos e a posi¢ao
de depositos argilosos nessa area indicam um paleocanal do rio Parand na diregdo NNE-WSW, de acordo com a
zona de sutura crustal de Trés Lagoas. O novo padrio “U” foi formado apenas ap6s a ocorréncia de uma reativagao
neotectonica no cruzamento do lineamento de Guapiara e a zona de sutura crustal de Trés Lagoas. Assume-se que o
lineamento N350° aparece como o mais provavel tensor hidraulico dessa regido e representa diregdes distensivas.
O enxame de lineamentos N315° e N40°, bem como os de diregdo N115°, podem ter favorecido movimentos
transcorrentes dextrogiros para o quadrante NW e sinistrogiros para as outras duas dire¢des, com deformagdes
transtensivas e transpressivas. Ambos sdo dependentes da geometria dos planos de fratura e do campo de esforcos
locais. A idade mais antiga obtida até o momento para amostras provindas de estruturas de liquefag@o do vale do
rio do Peixe é de 34 ka BP, indicando que esse regime tectonico estava ainda ativo a esse tempo.

Palavras chaves: Pareddo das Araras, Alto curso do Rio Parana, Neotectonica, Morfologia fluvial.
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1-Introduction

The Parana river hydrographical basin, the
second largest drainage net area of South America,
occurs in five different countries and occupies an
area of 8,6 millions of square kilometers (including
the Paraguay river). Of that total 45.6% lies in Brazil,
29.7% in Argentina, 13.2% in Paraguay, 6.6% in
Boliviaand 4.8% in Uruguay. The Parana river main

drainage channel, formed by the confluence
(Brazil, latitude 200S) of Paranaiba and Grande
rivers (Fig. 1), runs roughfly south as far the Rio
de la Plata Estuary (Argentina, latitude 340S).
From its divide in the Brazilian Highlands to the
mouth near the Juncal Island in the Rio de la Plata
Estuary, the Parana river attains 3,965 km in
length (Orfeo & Stevaux, 2002). In the Brazilian
territory, the Parana river has 813 km in length.
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Figure 1- Geographical location of the upper Parana river.

The upper Parana river, herein considered,
encompasses the section between the Guaira city
and the confluence of the Paranaiba and Grande
rivers (Nakasu, 1998), figure 1. In the this study area
here described, the Parana river marks the border of
the Sao Paulo and Mato Grosso do Sul States at
approximately 21°30'S and 52°00'WGr, a
geographical point in a location named Araras
Escarpment (“Paredao das Araras”). Presently, this
section of the river is partially drowned by the
artificial lake of the Porto Primavera hydroelectrical
dam.

2. Geological and Geomorphological Setting

The area drained by the upper Parana river
valley in the studied location is mainly constituted
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by Lower Cretaceous sandstones of the Rio
Parana Formation of the Caiua Group and locally
by the basaltic rocks of the Serra Geral Formation.
These basaltic floods reach a minimum thickness
of 1,700 meters in this area and have an age of
132.4 +/- 1 m.y. (Renne et al.,1995). All of this
volcanic extrusion is considered to have occurred
within a one million years interval, ranging from
the Upper Jurassic to the Lower Cretaceous.

The regionally post-basaltic sedimentary
cover is associated to the genesis and evolution of
two different basins, named Caiud and Bauru.
Within the studied area the sediments deposits of
the Caiud basin predominate. The Caiud Group
(same name as the homonimous basin) is
composed by three units named, from bottom to
the top, as Goio-Eré, Rio Parana and Santo
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Anastacio formations (Fernandes & Coimbra, 1994).
The latter was considered to be a geosoil developed
over the two previous units and marked by a strong
lateritic pedogenetic process (Fulfaro et al, 1999a).
The age group, according to this author, is considered
Lower Cretaceous (Aptian/Albian) in age. Sediments
of the Bauru group, Upper Cretaceous in age (Dias
Brito et al.,1998; Gobbo Rodrigues Et Al., 1998; And
Simone & Mezzalira, 1997) do not occur in the
studied area.

In this studied area, the Parana river
posseses an anomalous geomorphological structure
characterized by a sudden U turn (Fig. 2) of its
course, approximately at 21°30'S and 52°00'WGr, at
the limit of the S8o Paulo and Mato Grosso do Sul
states. The Sdo Paulo state margin is constituted by
scarps in a sinthetic block faulted system on aeolian
sandstones of the Rio Parana Formation (Caiua
Group). By contrast, the Mato Grosso do Sul margin
is represented by a large flood plain, with the
exception of the Araras Escarpment, where the
Parana River suddenly shifts from a generally NNE-
WSW course to an U turn adjacent to the Rio do Peixe
mouth.

Nakasu (1998) described three main
geomorphological features in the area shown in
Figure 2. They are represented by a flood plain and, in
an altimetric classification, by a lower, intermediate
and upper terraces. The lower terrace (240 to 265
meters) is still subject to exceptional floods having a
depositional architecture of ancient channels, bars
and natural levees, representing a transition to the
present flood plain environment. It is predominant in
the Mato Grosso do Sul State margin. The
intermediate terrace (265 to 280 meters) has a farther
location in relation to the present river channel and
represents ancient channels not exposed to the
present flood regime.

The lower and the intermediate are the most
representative terraces in the vicinity of the Rio do
Peixe river mouth in the Sao Paulo state margin, as
shown on Figure 2. The upper terrace (290 to 310
meters), the most ancient terrace level, occurs mainly
in localized points in the Mato Grosso do Sul State.
One of such points is the Araras Escarpment

3. Evolution And Neotectonics Features Of The
Upper Parana River

The Parana river genesis is associated to the
denudation of the South American Surface at the end
of the Miocene resulting in the formation of the
Parana/Paraguay drainage net (Stevaux, 1996). The
South American Surface, as defined by King (1956),
was carved during the Paleogene. In the central-
western region of the Sdo Paulo State its remains
characterize watersheds higher than the present
system of valleys and associated plains. This pattern
is represented by E-W flowing rivers such as the
Grande, Tieté, Peixe and Paranapanema (Landim et
al., 1974). This present study suggests that these E-W

117

flowing rivers have a strong structural control of
WNW-ESSE and E-W lineaments. Most of the
gravel deposits covering the upper terraces are
appointed as a result of this evolutionary stage
(Jabur, 1992; Stevaux, 1993; Souza Filho, 1993;
And Santos, 1997).

The Rio do Peixe river (Fig.S 1,2,3A,3B
and 4) has its stream course controlled by the
Guapiara Lineament. Etchebehere (2000), studying
the Rio do Peixe valley terraces, concluded that
these deposits were formed in a braided fluvial
environment with a minimum age of 34 ka BP, until
the limit of the Pleistocene/Holocene. The terrace
development was conditioned by tectonic base
levels created by a general dextral transcurrent
movement, as shown by E-W lineaments probably
related to the South American plate rotation to the
west, during the Paleogene. The tectonic regional
pattern that had be in action during the Late
Quaternary, shows a high frequency of E-W, NW-
SE (290-320°), N-S (350-10°) and ENE-WSW (50-
70°) lineaments. The N-S (350°) lincaments
predominate in this region and can be interpreted as
an index of hydraulic tension.

The influence of neotectonics processes in
the hydraulics of the Rio do Peixe basin is
corroborated by the seismic history of this region,
named the Presidente Prudente Seismogenic Zone
by Mioto (1993), and also by the liquefactions
structures described by Etchebehere (2000), which
indicate a seismic scenario with magnitude higher
than 5.5 points in the Richter scale. It is worth
mentioning that the city of Presidente Epitacio (Fig.
2), experienced a natural seismic event in 1922,
causing great alarm within its then small
population. Previously Suarez (1973) mentioned
that the Parana river thalweg shows evidence of
recent changes, specifically between the cities
Panorama and Presidente Epitacio (Fig. 2) without
stating the source for them. It is exactly at this point
of the Parana River that occurs the Araras
Escarpment.

The discussion of climate versus tectonic
influence in the evolution of the Parana drainage
net occupies the literature for a long time.
According to some authors active tectonism never
occurred in this area. The reason for that is based on
a great misunderstanding of the preponderant
action of the current climatic conditions on the
nature of the sedimentary deposits but never on the
appearance of rivers and their drainage nets. In the
present day, with the development of neotectonic
studies, we are now able to correlate climate and
tectonics to all riverine evolutionary stages
peacefully.

4.The Araras Escarpment
The U turn of the Parana river shown in

figure 2 demonstrates the importance of
neotectonic movements in the origin of this
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anomalous structure. Its ancient stream course with a
straight NNE-WSW direction along the Trés Lagoas
Crustal Suture Zone course, near the Rio do Peixe
mouth (Fig. 3 A), is responsable for great depositon
of special clays observed at the the Campinal district
of Presidente Epitacio. Following an episode of
Late Quaternary reactivation along the NW-SE

Guapiara Lineament, at its the crossing point with
the Trés Lagoas Suture Zone (Fig. 2), this region
of normal synthetic fault blocks developed an
antythetic faults. This process resulted in the
Araras Escarpment and caused disarray in the Rio
do Peixe mouth area, where this suddenly
dammed river developed a new flood plain
containing ponds (Fig. 3B and 4).

21°008

S S /

21°808

RELATIONSHIP OF THE LINEAMENTS WITH

E-W (Y) DIRECTION.

THE SINTHETICS (R), ANTITHETICS LINEAMENTS
(R): AND TRACTIONS (1), RELACTIONED WITH
THE TRANSCURRENT DEXTRAL BINARY OF

—1-21°308

LANDSAT 2 (AUG. 02, 1975), ATSS, CHANNEL 7 IMAGE
S GUAPIARA LINEAMENT
/ 7 TRES LAGOAS SUTURE ZONE
/27 CIY OF PRESIDENTE EPITACIO
/~ PARANA RIVER - SP AND MS BORDER
—— PARANA RIVER AFFLUENTS
° g 10
| SCALE

180 200km

Figure 2- Fotolineaments interpreted from
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Figura 3a- Parand river paleodrainage before the stablishement of the araras escarpment.
Figura 3b- Present day Parana river drainage after the stablishement of the Araras Escarpment, at the ancient rio do
peixe mouth several ponds appear.

INOT TO A SCALE

Figure4-HypotheticalmodelforthegenesisoftheAraraescarpmentasanantithetic faultblockintheMSstateduetoa
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As described by Etchebehere et al., in this
volume, neotectonics activities in the Western Séo
Paulo State have been observed by several authors
(Magalhdes Et Al. 1996; Nakasau 1988; Magalhaes
1999; Stein 1999; Etchebehere et al. 1999;
Etchebehere & Saad 1999, 2002). Kinematics
studies in specific or regional areas and
paleoseismics approaches have also been
conducted. The kinematics data available in the
geologic literature about the Western Sao Paulo
State (Hasui 1990, IPT 1992; Magalhies et al. op.
cit.; Riccomini 1997; Hasui et al. 1999; Magalhaes
op. cit.) point out to the action of dextral slip
transcurrent fault movement in a large EW
lineament swarms. This would reflect in a pattern of
interior tectonic movements, possibly connected to
a westward displacement of the South American
tectonic plate. In areas between two lineament
swarms, as it is the case of the Rio do Peixe valley,
the ellipsoid stress had its maximum axis oriented
to a NW-SE direction, thus influencing the
appearance of transpressive and transtensional
structures. The latter, by its turn, ended up
controlling both the fluvial dynamics as well as the
formation and preservation - or destruction - of
alluvial deposits. Meanwhile, data obtained from
the Brasilia, Rio del Plata, and Fortaleza GPS
(Global Positioning System) monitoring stations
allowed the positioning of tectonic plaques with
millimetric precision for latitude, longitude and
altitude changes. These data show a persistent
NNW drift of the South American plate, with a rate
of about 2 cm/year (Heflin and others, 2003, apud
Caltech). Based on systematic studies of lineaments
taken from satellite images, Corsi et al. (2003)
determined the major lineament swarms drawing
the attention to the modes N280°, N315° N350°,
N15° N40°, and N80°. Putting this geometric
picture together with the information given by the
GPS system, we believe that the N350 lincament
mode is the most probable hydraulic tensor for the
Planalto Ocidental Paulista, because it represents
the distensional direction. The N315° and N40°
lineaments, as well as those grouped together in
mode N115° may favor transcurrent movements:
dextral for the NW quadrant and sinistral for the
other two directions with transtensive and
transpressive deformations, that are dependent on
the local geometry of the fracture plains and local
stress fields. This Late Quaternary tectonics event
is here considered responsible for the Araras
escarpment formation. However, the exact dating of
the beginning of its current stress can not yet be
exactly determined.

The hypothesis of a combined action of
climatic and neotectonic factors in the Parana River
was already mentioned by Iriondo (1988), Stevaux
(1993) And Souza Filho (1993), based on small
faults in gravel deposits and on the Parana channel
assimetry and its sedimentary wedge. The
sedimentary deposits in the Parana valley present a
strong assimetry, ranging from 5 to 6 meters in
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thickness in the flood plain to 10 to 15 meters in
the main channel (Stevaux etal. 1997).
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