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ABSTRACT

A newly exposed section of Itarare rock s is
described fr om road-cuts on the Mococa-Casa Bran
ca hi ghway. Sao P au lo State. These rocks are
g"ne ra lly coarser and more proximally located to
the sou rce area than are thos e of so u th er n Siio
Paulo. Di ami ctites are th inner and les s numerous
indic ating th at the ef fec ts of glacia t ion were less
ex te ns ive in the north than in the sou th . Sedi
m entary structures ind ica te that paleocurrents
fl owed predomin ently t owa rd th e nor thw est.

INTRODUCTION

This paper describes the northernmost
known section of the Itarare Subgroup expo
sed on the Mococa-Casa Branca road, nor
thern Sao Paulo State and relates the section
to the better known occurrences farther south.
A second purpose of the paper is to recons
truct the paleogeography from regional facies
variations and paleocurrent trends deduced
from sedimentary structures. As used here,
Itarare Subgroup refers to the glacial and
interglacial sequence of the Tubarao Group,
as in the scheme of facies relationships pre
sented by Rocha-Campos (1967) .

DESCRIPTION

The occurrences are described from the
base upward, and from the eastern margin
toward the center of the basin. Refecence is
made throughout the description to the kilo
meter marks of the new Mococa-Sao Paulo
road (Fig. 1). The rocks are located between
the towns of Mococa and Casa Branca.
Sections described herein are seen in deep
road-cuts along the road and therefore cor-

respond to the more resistant units of the
section. The unexposed parts of the section
occur along stretches of lower g round and
are probably constituted of poorly cemented
sandstone and mudstone.

The base of the Itarare ca n be seen in
road-cuts at km 295 1,6 . w he re about 50 em
of deeply weathered pebble conglomerate
rests in sharp contact on gray g ne issic granite
(fi g . 2 ). Approximately 85'/,0 of cla st s in
the conglom era t e consist of gneissic granite ,
probably locally derived. Brown sandstone
cla s t s of unknown source al so occur. Striated
and faceted clasts were not observed. and
most pebbles are subangular to sub-rounded.
The a re na ceous matrix of the conglom erat e
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grades upward into a more poorly sorted
diamictite (Flint and others, 1960 ), which is
dark reddish brown in color and about 1.5 m
thick. Locally, this diamictite overlaps the
conglomerate to lie directly on granite ; in
places the diamictite itself pinches out aga
inst the basement rocks, and the overlying
sequence of reddish brown sandstone and
siltstone abuts against the floor of the basin.
About 7 m of this sandy un it are exposed in
the cut and it also seems to underlie most of
the low country between Km 295 lh and Km
284.

At Km 283.8 about 3.5 m of reddish
brown fine-grained sandstone correlated with
this sandy unit is overlain by approximately
4 m of reddish brown diamictite, the base of
which is made up of about 20% thin siltstone
beds. These beds, up to about 5 em thick,
contain soft sediment folds with axes trending
roughly E-W. Asymetryof the folds suggests
movement from north to south. Thinning of
the diamictite in the road-cut suggests that
it may be pod-shaped but the unit is tenta
tively correlated with a similar diamictite,
3 m thick, exposed in the road-cuts at Km
282.5. At the latter locality diamictite occurs
at the base of the exposed section and is
overlain by discontinuous pods and lenses of
fine-grained sandstone and pebble conglome
rate up to 70 em thick. Next higher in the
section is another diamictite with a maximum
thickness of 4.5 m. This one differs from
most lower ones in displaying fairly well
developed stratification.

Extensive erosion must have occurred
after deposition of this diamictite because
the overlying sandstone and conglomerate is
preserved in channels cut into it. However,
the arenaceous unit is not extensively deve
loped; it is , in turn, truncated irregularly by
the overlying strata in a manner suggesting
erosion. These strata constitute a distinctive
sequence of reddish brown mudstone and thin
diamictite units, which in places replaces
more than 3 m of the sandstone. Maximum
observed thickness is 6 m. There are two
diamictites in this sequence, and they are
both lenticular, having a maximum thickness
of about 2.50 m and thickening northward.
Clasts were not observed in the well-sorted
mudstone unit.

Part of the sandstone and the full
thickness of the mudstone sequence above it
is also seen in road-cuts at Km 278.8. The

lithologic correspondence between the two
sections is good and although diamictite is
lacking at 278.8, pebbly shale is developed
there. Overlying the silty mudstone unit at
278.8 is a reddish brown diamictite at least
5 m thick. At the contact, load casts and
convolutions of diamictite extend into the
underlying mudstone and shale indicating
that the mud was soft, plastic, and perhaps
under water at the time the diamictite was
deposited.

The top of this diamictite is not exposed
at Km 278.8 but the unit is presumed to
underlie at least a portion of the roadway
between 278.8 and the next younger exposures
at Km 278. There is SOme indication in small
roadside exposures that sandstone also makes
up part of the unseen section. At Km 278
the oldest rocks seen are fine grained, reddish
brown, poorly cross-bedded .sandst one and
rare siltstone about 3 m thick. These are
overlain by brick red diamictite with a
maximum thickness of 4 m. Diamictite shows
some stratification in alignment of granules
and larger clasts. Striae are rare but faceted
clasts are common in this unit. Load casts
of overlying fine grained sandstone extend
downward into the diamictite as far as 12 m .
The complicated structure of the sandstone
indicates that the underlying diamictite was
highly plastic and probably under water at
the time that the sandstone was laid down.

The sandstone exposed at the top of the
section at Km 278 is the highest part of the
Itarare Subgroup to be seen on the Mococa
Casa Branca road. Other exposures seen on
secondary roads in the region indicate that
the Itarare passes normally upward into
strata of the upper Tubarao Group. Regional
thinning of the Itarare to the north is here
attributed to progressive butting out of the
oldest units against irregularitites on the
crystalline floor. Toward north of Mococa,
in the State of Minas Gerais, the Botucatu
and Serra Geral Formation lie directly on
Precambrian rocks, with no Itarare interve
ning.

Granulometric analyses were run of
sandstone and diamictite bodies of the Mo
coca-Casa Branca section and compared with
size analyses of samples from sections farther
south. In order to compare with the sand
stone bodies, only the matrix of the diami
ctites was analysed. The selving was run
with 14 q, interval, and the pipette with times
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equivalent to measure 1 cp interval. The
cumulative curves were drawn on probability
paper and the parameters were calculated
using the equations of Folk and Ward (1957).
Table I shows the values for mean size
(Mz cp), inclusive graphic standard deviation
(00 cp), and inclusive graphic skewness
(Sk cp), of the Mococa-Casa Branca samples
and for those of other areas of the eastern
border of the Parana Basin. Table 1 shows
that the samples analysed had a fairly low
content of clay. The maximum amount of
clay in diamictite is less than 10%, and only
2 samples contained more than 7%. The
water-laid deposits contain more sizeable
amounts of clay.

The samples from the Mococa-Casa
Branca section contain a rather uniform suite
of heavy minerals. They are similar to sam
ples analysed from other areas (Rocha Cam
pos 1967). The following list places them
in order of relative abundance: opaque mi
nerals, tourmaline, garnet, zircon, staurolite,
kyanite, and rutile. In some samples the
content of garnet was considerably greater
than in most.

STRATIGRAPRY

The Tubarao Group in the State of Sao
Paulo (Barbosa and Almeida 1949; Barbosa

and Gomes 1958; Rocha Campos, 1967) has
been studied from surface exposures and a
few long boreholes through the section. The
general distribution of rock units within the
Tubarao are known but these have not been
verified by detailed stratigraphic work or by
geologic mapping. Until this is done, it is
perhaps best to keep regional correlations
tentative.

Strata of the Itarare are weU exposed
on the Sorocaba-Itapetininga road (Frakes
and Figueiredo, 1967), and they are also well
developed in the rio Tiete area, where 6
diamictites have been recognized: SaIto
Tillite of the Itu Formation; tillite of the
Elias Fausto Formation, intercalated with
fluvio-glacial rocks on the Anhanguera Road;
the Raffard and Mombuca Tillites of the
Gramadinho Formation; the Jurumirim Tillite
of the upper part of the Tiete Formation;
and the Pitanga Tillite from the base of the
Tupi Member of the Itapetininga Formation.
It is not yet possible to make valid lithologic
correlations of these dominantly continental
rocks from rio Tiete to either the Soroca
ba-Itapetininga of the Mococa-Casa Bran
ca areas. Figure 2, however, shows the
geologic sections exposed at the two localities,
and we will make an attempt to point out
the similarities and differences between them.

Sample Rock type M<» 00<1) sk,j> sand silt clay

MO-1 diamictite 4.3 2.1 0.07 41.0 52.5 6.5
MO-2 siltstone 0.2 73.0 26.8

MO-3 diamictite 4.6 2.0 0.13 37.0 55.0 8.0

MO-4 diamictite 2.8 1.6 0.45 81.0 14.5 4.5

MO-5 sandstone 3.8 1.3 0.58 64.5 32.0 3.5

MO-6 mudstone 5.9 1.8 83.0 15.2

MO-7 sandstone 3.1 1.2 0.62 80.5 16.0 3.5
MO-lO sandstone 2.4 1.7 0.57 82.0 15.5 2.5
SP-1 sandstone 3.8 0.8 0.53 64.0 34.9 1.1
SP-2 siltstone 5.1 1.0 0.58 5.0 89.1 4.9

SP-3 siltstone 5.3 1.0 0.51 0.6 94.4 5.0

SP-4 diamictite 4.1 1.7 0.14 50.0 44.0 6.0

SP-5 diamictite 3.7 1.6 0.39 59.0 39.0 2.0

SP-6 diamictite 3.3 1.6 0.46 66.0 31.0 3.0

SP-7 diamictite 3.6 2.6 0.13 42.0 51.0 7.0

SP-8 diamictite 4.4 1.9 0.36 45.0 48.5 G.O
SP-9 diamictite 4.8 1.7 0.44 32.0 60.0 8.0

TABLE 1. Mean size (M<j», standard deviation (00<»), skewness (sk<j», and percentage
in sand, silt, and clay size classes of samples from Mococa-Casa Branca section
(MO) and from southern Sao Paulo State (SP).
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Hopefully, these relationships will be of value
in interpreting environments of deposition
and paleogeography.

The Mococa-Casa Branca section differs
from the Sorocaba-Itapetininga section in
several significant aspects. First, the finer
grained strata which are well developed at
Sorocaba-Itapetininga are very poorly deve
loped at Mococa-Casa Branca, except for the
sequence at Km 282 112 . Smilarly scarce are
sequences of interbedded shale and siltstone,
and perhaps most significantly, pelodite.
This unique rock type was not observed in
the Mococa-Casa Branca section. Instead,
sandstone and conglomerate bodies are much
better developed in the northern section;
sandstone here seems to constitute a very
large parte of the Itarare. Second, dia
mictite bodies are considerably thinner than

they are in the southern localities. In the
Mococa area, diamictites average perhaps 2 m
thick and range in thickness from a few em
up to about 10 m, but in the south thicknesses
of more than 10 m are common and the
average is about 8-10 m. There are possibly

.sl igh tly fewer diamictites in the north but
this is determined with difficulty because of
long covered intervals in both sections
Third, the presence of marine intercalations
such as the Capivari Formation has not yet
been demonstrated for the Itarare rocks of
the Mococa region. These variations are also
observed in a series of wells through the Ita
rare, logs of which were kindly made ava
ilable by Petrobras (Petr6leo Brasileiro S. A.)

Fourth, and perhaps most important, the
Itarare rocks of the Mococa region do not
appear to be cyclic in nature, as they may
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be farther south in Sao P aulo State (Le inz,
1937; Frakes and Figueiredo, 1967 ) . There
is a general a lt ern a ti on of sandstone and
diamictite in the Mococa section which mi ght
be interpreted as a series of cycles, but this
requires more data than are currently at
hand. Perhaps erosion, as indicated in figu
re 2, has been so extensive in the Mococa
section that la rge portions of cy cles have
been removed.

These facts lead to the con clu sion that
the Itarare ro ck s are gen erall y coa r ser gra 
iined in the Moco ca r egion, but that diamictite
is less abundant. It may also be provisionall y
stated that there is a lack of marine strata
in the Mococa section, although this conslu
sion is based on negative evidence and the
refore highly subject to change.

PALEOGEOGRAPHY

A few interpretations may be made of
the regional paleogeographic conditions, based
on regional variation in facies of the Itarare
and on directional sedimentary structures.

The characteristics of Itarare rocks in
the Mococa section suggest that the strata
were laid down near the source area and
probably largely by running water in the
terrestrial en vironment. The a bunda nce of
fin e grained material in sections located far
ther t o the southwest permits the in terpreta
t ion that the basin deepened in that direction.

Th e presence of marine intercalations in sou
thern Sao Paulo State and localities farther
southwest supports this conclusion.

A total of 21 directional sedimentary
structures were measured in the Mococa
section. They included ripple marks, cross
bedding, sense of movement of slump stru
ctures, and t rends of channels . Added, these
data yield a vector m ean of sediment trans
port to ward 3320 wi th a vec tor magnitude of
56.3 % , indicating that pal eocurrents flowed
predominantly toward the northwest in the
Moco ca area.

A second point t o be consider ed he re is
the possible effect of Late Paleozoic glacia
tion. The diamict it es appear to be less well
developed in this northern a r ea than else
where in the Parana Basin , in that they are
both thin and les s numerous . Perhaps, the
depositing ice was less ex te ns ive in the north.
Pebbly sh ale , probably formed by raf t ing of
coarse material by flo ating ice into an area
of normal subaqueous deposition, is almost
entirely absent in th e Mococa area although
it is very common in the southern portions
of the basin This suggests that Late Paleo
zoic glaciation was a major transportive force
in the southern portions of the basin but
that it was less important in the latitude of
Moco ca. In the north it appears that sedi
mentation took place under condit ions re sem
bling fluvial and marginal marine environ
ments.
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