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PALEOCLIMATIC EVIDENCE FROM THE BAURU GROUP. CRETACEOQUS OF THE
PARANA BASIN, BRAZIL

KENITIRO SUGUIO AND JOSE HUMBERTO BARCELOS**

ABSTRACT Numerous papers have been published on the Bauru Group, which represents the
most important Cretaceous continental deposits in Brazil. Nevertheless, paleoclimatic evidence was
rarely discussed.

This work deals with the calcrete deposits, atapulgite clay mineral, rudaceous deposits, immaturity
of sediments and geochemical properties as evidence of warm and dry (semi-arid) paleoclimate
during the greatest part of the Bauru Group sedimentation. On the other hand, its fossiliferous content
must be considered as an argument in support of intervals of warm and humid paleoclimate.

RESUMO O Grupo Bauru, que representa os depdsitos creticeos mais importantes do interior do
Brasil, tem sido tratado em numerosos trabalhos. As evidéncias paleoclimaticas, contudo, tém sido
raramente discutidas.

Este trabalho trata dos depositos de calcrete, dos argilominerais do grupo de atapulgita, dos depdsitos
ruddceos, da imaturidade dos sedimentos e das propriedades geoquimicas sob o enfoque de suas con-
tribuicdes para as inferéncias paleoclimaticas. Paleoclimas quentes e secos (semi-dridos) prevaleceram
durante o tempo de deposicio do Grupo Bauru. Por outro lado, o contetido fossilifero constitui

argumento em suporte de intervalos de paleoclimas ainda quentes, mas mais imidos.

INTRODUCTION  The name “Bauru” was introduced
in Brazilian geologic literature by Gonzaga de Campos
(1905), who described the “Grés de Bauru”, taken from
a homonymous city of the State of Sdo Paulo. According
to the latest geologic map of Brazil published by Departa-
mento Nacional da Produgdo Mineral (1982) at a scale
1:2,500,000, the Bauru Group occupies an area of more
than 350,000 km? through the western plateau of the
states of Sdo Paulo, Minas Gerais (Tridngulo Mineiro area),
Goids, Mato Grosso, Mato Grosso do Sul and Parand.
Beyond the State of Mato Grosso do Sul the Bauru Group
extends to northeastern Paraguay (Fig. 1).

After the first notice on fossil reptiles and mollusks
from Sdo José do Rio Preto, State of Sdo Paulo, by Von
Thering (1911), research on its paleontological aspects
has increased very rapidly. Bauru Group fossiliferous
content, mostly formed by reptiles, has been considered
by Pacheco (1913), Oliveira Roxo (1936 and 1937) and
Staeche (1944) and more recently by Arid ef al. (1962),
Arid and Vizotto (1963, 1965 and 1966). The most
important papers on vertebrate paleontology of the Bauru
Group have been published by Price (1945, 1950a, 1950b,
1953 and 1955). Algal remains described by Petri (1955)
were attributed to a species of Characeae. The most recent
and detailed contribution on fossil mollusks has been done
by Mezzalira (1959 and 1974).

Several sedimentological studies on Bauru Group have
been performed besides paleontological research. Following
the pioneer study by Freitas (1955), Arid and co-workers
made sedimentological researches in the Sdo José do Rio
Pecto area (1967, 1971, 1972, 1973). These studies have
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been extended outside State of Sdo Paulo by Suguio (1973)
who, also for the first time, recorded the occurrence of
calcretes in the Bauru Group, which has great paleoclimatic
significance.

Many authors tried to establish the stratigraphic subdi-
vision of these sediments which represent the most
important Cretaceous continental deposits in the Brazilian
territory. However, presently the most accepted litho-
stratigraphic subdivision was established only in 1980
(Fig. 2).

PALEOCLIMATIC EVIDENCE Generalities In spite
of numerous papers published about Bauru Group, very
few deal with the paleoclimatic conditions during its
sedimentation. Some of the authors, who dealed briefly
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Figure 2 — Lithostratigraphy of the Bauru Group subdivided
into Caiud, Santo Anastdcio, Adamantina, Uberaba and Ma-
rilia Formations and their areal distribution (Pontal do Pa-
ranapanema = area around the confluence of the Paranapa-
nema in the Parand river; Tridngulo Mineiro = westernmost
extremity of the State of Minas Gerais)

on this problem, have mentioned that the paleoclimate
in the source-area and/or in the sedimentary environment
would have been warm and humid (tropical to subtropical)
intercalated by dry seasons (Arid, 1967, p. 118, 1977 p. 9
and Mezzalira, 1980, p. 7), repeating the original idea of
Freitas (1955 p. 176).

After the recognition of several mineralogical and petro-
logical characteristics of these sediments with very
important paleoclimatic implications in 1973, Suguio and
co-workers have published several papers (1975, 1978,
1980 and 1983) with a different interpretation.

The probable stratigraphic distribution of the fossils and
their paleoclimatic significance are here considered.

Calcrete deposits The carbonate deposits found more
conspicuously in the Marilia Formation (Almeida & Barbo-
sa, 1953), mostly in the Ponte Alta facies (Barbosa et al
1970 and Barcelos ef al. 1981) here named Ponte Alta Mem-
ber, are known since long time but they have been recogniz-
ed as calcrete by Suguio (1973). Presently the calcrete
deposits are formed in warm and semi-arid areas (Goudie
1973), so the Bauru calcrete deposits may also indicate
the same paleoclimatic conditions.

According to Netterberg's (1967) calcrete classification,
the following types are present in the Bauru Group: calcified
soil, nodular calcrete, honeycomb calcrete and hardplan
calcrete. The calcified soil and the nodular one are not
exclusive of the Ponte Alta and Echapord Members (Su-
guio & Barcelos 1983) of the Marilia Formation (Fig. 3),
being frequently found in other formations of the Bauru
Group. They occur also in some levels of the Adamantina.
and Santo Anasticio Formation. Recently, the authorms-
verified an occurrence of about 1 m - thick honeycomb-
type calcretes banks showed up at a navigation channel
under excavation near Pereira Barreto, State of Sdo Paulo,
in sediments of the Santo Anasticio Formation.

With exclusion of the Echapord and Ponte Alta Mem-
bers, where calcrete occurs from bottom to top with a
total thickness of more than 200 m in the Marilia plateau,

Figure 3 — Stratigraphic subdivision proposed for the
Adamantina and Marilia Formations

State of Sdo Paulo (Suguio & Barcelos 1983), in other
formations it is restrict to some levels keeping up a corre-
spondence with dry (semi-arid) climate periods. For want
of a key-bed, it is very hard to establish its stratigraphic
position.

Clay minerals of the Attapulgite Group  The Bauru
Group sedimentary rocks are characterized by the following
clay minerals: attapulgite, illite, kaolinite, chlorite, mont-
morilionite and eventually sepiolite and vermiculite (Suguio,
1973). Attapulgite and illite are the most abundant.

According to Millot (1964), attapulige cannot be
explained through a detrital heritage, that is, it must be
authigenic thus indicating the environmental conditions
under which it has been formed. These silicates could be
originated within alkaline water lakes with few detrital
sedimentation, assisted by the presence of carbonates
and common silicification phenomenon.

Ramalhal (1968) made a detailed study of the attapul-
gite deposits of ‘“Mancha de Vale Alvaro” (Portugal)
mentioned by Carvalho (1967), and concluded that they
were formed under sub-desertic conditions.

Rudaceous deposits In the hardpan type calcrete of
the Ponte Alta Member, as well as in the Serra da Galga
Member, both belonging to the Marilia Formation (Suguio
1973 and Barcelos et al. 1981), and in the basal portions
of Caiud and Santo Anastdcio Formations (Sobreiro Neto
et al 1981), there are some conglomerates. These con-
glomerates change in their textural, structural and compo-
sitional characteristics according to their stratigraphic
and geographic position, but they are always torrential
deposits of pebbles and cobbles previously reworked by
the stream currents. While the conglomeratic hardpan
type calcrete of the Ponte Alta Member represents a CaCO;-
-cemented detrital pavement, the basal polymictic con-
glomerates of the Santo Anasticio and Caiud formations
or the cross-bedded rudaceous sediments of the Serra da
Galga Member have been deposited as alluvial fans They
are fanglomerates and in such a case they indicate wamm
and dry climate during their sedimentation as allowa
fan deposits.

Immaturity of the sediments The high oumber of
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textural classes (9 to 11) and the low sorting index (90%
ze wery poody sorted) of the sediments analyzed by
Segwio (1973), as well as, the mixture of a great variety
of stable and unstable heavy and light minerals (Coimbra
1976), allowed us to recognize the great textural and
compositional immaturity of the Bauru Group sediments.

Moreover, the relative scarcity of hydrodynamic sedi-
mentary structures, mostly in the Echapord Member of
the Marilia Formation suggests a sedimentation mechanism
characterized by mass movements, which are more
commonly observed in semi-arid areas submitted to a low
pluviosity and torrential regime.

Geochemical properties The MnO content, very low
in the Bauru Group carbonates (0.02-0.04%) could have
some paleoclimatic implications, since Ronov & Ermishki-
na (1959, in Wolf ef al. 1967) found lower content (less
than 0.04%) in dry climate limestones, meanwhile that
from humid climate present higher content.

According to Migdsov (1960, in Wolf ez al. 1967), the
ti0,/Al,0; ratio also would have paleoclimatic signific-
ance. In the Bauru Group carbonates this ratio varied
between 0.07 to 0.14, indicating also a dry climate.

The isotopic ratio 5C** (PDB) exhibited range between
—2% to —10.00% indicating an unquestionable fresh-
water origin. Nevertheless §0'® (PDB) ratio, which has
shown values around —2.00% in calcretes from Africa,
ranged between —5.00% and —7.00% in the Bauru Group
carbonates, indicating an evaporation not so high. This
contradictory situation could be explained by some kind of
oxygen isotope fractionation after their formation.

Fossiliferous content In contrast to the -calcrete
deposits, fanglomerates, clay mineralogy, textural and
compositional immaturity, which are evidence of warm
and dry paleoclimate periods, the fossiliferous content
must be considered as an argument in support of warm
and humid paleoclimate.

Mezzalira (1980) made a list of the known fossils of
the Bauru Group:

Flora

Algae — Charales — Praechara barbosai (Petri) Mezzalira
Gymnospermae — Coniferales — Dadoxylon sp. (7).

Fauna

Crustacea — Ostracoda — Candona sp. and/or Cypris (?)
Conthostraca — “Estheria” indet.

Conchostraca — Paleolimnadiopsis suarezi
Mezzalira;

Mollusca — Bivalve — Unioidea — Anodontites pricei
Mezzalira;

Anodontites paulistanensis Mezzalira (?),
Apodontites freitasi Mezzalira, Monocon-
dylaea cominatoi Mezzalira, Florenceia pei-
mopolensis Mezzalira, Sancticarolis tolentinoi
Mezzalira, Diplodon arrudai Mezzalira (?),
ft@mbeia priscus (Thering) Mezzalira;

Mollusca — Gastropoda — Basommatophora — Physa aridi

Mezzalira;

Mollusca — Gastropoda — Mesogastropoda — Viviparus
souzai Mezzalira;

Mollusca — Gastropoda — Caenogastropoda — Hydrobia
prudentinensis Mezzalira;

Mollusca — Gastropoda indet.

Pisces — Actinopterigii — Holostei — Lepidotus sp.

Pisces — Lepisosteus sp.

Reptilia — Chelonia — Pleurodira — Podocnemis brasiliensis
Staeche, Podocnemis harrissi Pacheco, Roxo-

chelys wanderleyi Price and Podocnemis
elegans Suarez;

Crocodilia — Mesosuchia — Notosuchidae —
Brasileosaurus pachecoi von Huene, Sphage-
saurus huenei Price;

Crocodilia — Mesosuchia — Goniopholidae —
Machimosaurus (?), Goniopholis sp., Gonio-
pholis paulistanus Roxo, Itasuchus sp. and
Itasuchus jesuinoi Price;

Crocodilia — Sebecosuchia — Baurusuchus
pachecoi Price, Peirosaurus torminni Price,

Archosauria — Saurischia — Theropoda —
Carnosaurus (teeth), Megalosaurus sp. (7),
Thecodontosaurus sp. and Ceratosaurus sp.

Archosauria — Saurischia — Sauropoda
_ (teeth), Titanosaurus cf. T. australis Lydde-

ker and Antarctosaurus brasiliensis Ard &

Vizotto;

Eggs and other indet. dinosaur remains.

In spite of numerous paleontological research, unfortu-
nately there is not as yet a biostratigraphicat zonation of
the Bauru Group. However, according to the author’s
descriptions the most important fossiliferous occurrences
must be related to the Adamantina Formation. The Marilia
and Uberaba formations are partially fossiliferous. Consid-
ering the lithology characterized by very frequent hydro-
dynamic primary structures and the fossiliferous content,
Adamantina Formation represents a geological interval
of the Bauru Group with the most important incidence
of more humid periods.

On the other hand, oogonia of fossil charales Algae is
associated with carbonate beds and it seéms to be indicative
of a dry climate.

CONCLUSIONS Some of the dry paleoclimatic evi-
dences here discussed could be attributed to synsedimentary
tectonism. Among them there are the rudaceous deposits
and the immaturity of the sediments, which could be
indicative of a rapid deposition associated with a quick
subsidence. However, the calcrete deposits, the attapulgite
group clay minerals and the geochemical properties could
be explained only by a warm and dry paleoclimate during
the greatest part of the Bauru Group sedimentation.




During the sedimentation of Caiud, Santo Anastdcio
and Mariflia formations, the prevailing paleoclimate was
warm and dry (semi-arid). On the other side, it could be
assumed that the Adamantina Formation has been de-
posited under warmer and more humid paleoclimate inter-
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calated by semi-arid periods (Fig. 3). However, the estab-
lishment of the frequence and the chronology of these
climatic fluctuations is impossible at the actual knowledge
step.
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NOTICIARIO

CURSO DE EXTENSAO UNIVERSITARIA

O Centro de Pesquisas Geocronoldgicas do Instituto
de Geociéncias da Universidade de S@o Paulo promoverd um
curso de extensdo universitdria sobre geocronologia, envol-
vendo aspectos tedricos e priticos. O curso é parte das
comemoragdes do cinqientendrio da Universidade de Sdo
Paulo.

O curso se destina a atender pesquisadores e outros in-
teressados de universidades e empresas brasileiras, ¢ versa-
ré sobre a interpretacdo dos diferentes métodos geocrono-
l6gicos de uso corrente, para escalas de reconhecimento e
de precisdo. Serfo abordados aspectos da pratica e princi-
pios de utilizagdo dos métodos K /Ar, Ar/Ar, Rb/Sr, U/Pb,
Pb/Pb e Sm/Nd, com fomecimento de amplo material

bibliogréfico, além do acesso as facilidades laboratoriais
do CPGeo-USP.

A programagdo estd prevista para 0 periodo de 25 de
setembro até 14 de outubro de 1984, incluindo no final
uma excursio de campo, com coleta de material para
andlise. O corpo docente serd constituido de especialis-
tas nacionais e estrangeiros, especialmente convidados.

E pretensio da comissdo de organizagdo a obtengdo
de ajuda de custo para as despesas de passagem ¢ hospe-
dagem, principalmente de participantes brasileiros, de
outros estados.

Maiores informagBes junto a Secretaria de CPGeo-USP,
Caixa Postal 20899,01498 S. Paulo — SP.

RESUMOQS DE TESES

Teses e dissertagoes, salvo raras excegdes (v.g. INPE),
sio considerados documentos inéditos, de “‘edicdo do au-
tor”. Em vista disso, os interessados em obter copias de-
vem solicitd-las no enderego assinalado em cada resumo

ou obter autorizagdo expressa do autor, para que a SBG
possa fornecer as copias por intermédio do SECOB — Ser-
vigo de Comunicago Bibliografica.




