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Brecha tectonica da area
de Cabo Frio - R}, intrudida
por dique mafico do Eocreticeo:

evidéncia do tectonismo ruptil
do Pan-Africano?

Tectonic breccia of the Cabo Frio area,
State of Rio de Janeiro, Brazil, intruded
by Early Cretaceous mafic dyke: evidence
of the Pan-African brittle tectonism?

Resumo

Esse trabalho apresenta as descri¢des de campo e observagdes petrograficas de
uma brecha tectonica no embasamento gndissico das 4reas de Cabo Frio e Arraial do
Cabo, R], e seu contato intrusivo com um dique mafico do Eocretdceo. Na proximi-
dade da ilha do Japonés, ocorre um excelente afloramento de contato entre esses lito-
tipos. A zona da brecha tectonica tem 10 a 20 m de largura e tem direcio de N30°E.
Os clastos da brecha sdo angulosos e caracterizados pela textura de auto-brechagio,
sendo similares aos de brecha tectonica. A matriz é firmemente consolidada por hidro-
termalismo e silicificagdo. O dique mafico tem 7 a 10 m de largura e N45°E de direcdo.
Ao longo do contato, observa-se a margem de resfriamento do dique, caracterizada
por basalto de granulometria fina e disjungdes prismaticas. Na Praia das Conchas e
Arraial do Cabo, ocorrem quatro afloramentos de contato, demonstrando a intrusiao
dos diques méficos nas brechas tectdnicas consolidadas. Esses afloramentos compro-
vam que as brechas tectonicas silicificadas s3o mais antigas do que os diques toleiticos
do Eocreticeo. As brechas poderiam ter sido formadas durante a fase hidrotermal e
tal processo estaria associado ao tectonismo ruptil do estigio final da Orogenia Pan-
Africana, sem atividades magmaticas. A existéncia dos clastos constituintes da brecha,
que sao compostos de brecha, sugere que os movimentos de falha e atividades hidro-
termais ocorreram repetidamente.

Palavras-chave: Brecha tectdnica, Dique mafico, Contato intrusivo, Cabo Frio, Arraial
do Cabo, Orogenia Pan-Africana.

Abstract

This paper presents the field descriptions and microscopic observations of a tec-
tonic breccia in the basement gneiss of the Cabo Frio and Arraial do Cabo areas,
State of Rio de Janeiro, Brazil, and its intrusive contact with the Early Cretaceous
mafic dyke. At the sea cliff close to the Ilha do Japonés, there is an excellent contact
outcrop between them. The tectonic breccia zone is 10 to 20m wide and has N30°E
direction. The breccia clasts are angular and characterized by auto-brecciation tex-
ture, and composed of breccia with similar aspect of the host tectonic breccia. The
matrix is firmly consolidated by hydrothermalism and following silicification. The
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mafic dyke is 7 to 10m wide and of N45°E direction. Along the contact, the dyke
chilled margin featured by fine-grained basalt and prismatic joints can be observed.
At the Conchas Beach and Arraial do Cabo city, there are four outcrops demonstrat-
ing the mafic dyke intrusion into the consolidated tectonic breccias. These outcrops
prove that the tectonic breccias are older than the Early Cretaceous tholeiitic dykes.
The fault breccias could have been formed during the brittle-phase tectonism of the
last stage of the Pan-African Orogeny by hydrothermalism without magmatic activi-
ties, namely tectonic hydrothermalism. The existence of the clasts constituent of the
breccia that are composed of breccia suggests that the fault movement and following
bydrothermalism occurred repeatedly.

Keywords: Tectonic breccia, Mafic dyke, Intrusive contact, Cabo Frio, Arraial do
Cabo, Pan-African Orogeny.

1. Introduction

In the State of Rio de Janeiro, Brazil,
there is a large number of silicified tectonic
breccia zones. They are generally sub-verti-
cal and have NE-SW -ward strike ranging
between N30°E and N60°E. Most of them
are narrow, 50cm to Sm wide, but some
of them are more than 200m wide. The
examples are found at Rio de Janeiro city,
Canaai village, Tangud area, Cabo Frio
area, Arraial do Cabo area, Carapebus

rural zone, Macaé area, etc. (e.g. Zimbres
et al., 1989).

Among them, the breccia of Tangud is
considered to be associated with the hydro-
thermal activities related to Early Cenozoic
nepheline syenite magmatism (Ferrari &
Riccomini, 2003). The research documents
for the tectonic breccias are scarce and the
relative age between the tectonic breccia
and the Early Cretaceous mafic dykes based

no outcrop
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2. Basement rocks

The areas of Cabo Frio and Arraial
do Cabo, State of Rio de Janeiro, are
underlain mainly by felsic granitic or-
thogneiss and mafic amphibolitic gneiss.
The gneiss of this region strikes N15°W,
being widely different from the other
areas, N45°E a N55°E, and therefore it
is considered to be a part of the Congo
Craton (Heilbron et al., 2000; Heilbron
& Machado, 2003), regionally called
the Cabo Frio Block. The granitic gneiss
is the main component and called the
Regido dos Lagos Unit. The mafic gneiss

is made up mainly of amphibolite and
intercalated by the granitic gneiss. It is
called the Sao Mateus Unit (Schmitt et
al., 2008a).

Both of the gneisses were submitted
to the Pan-African Orogeny with meta-
morphic age of about 530Ma according
to recent U-Pb zircon spot age (Motoki
& Orihashi, 2009, unpublished data).
The felsic gneiss has original intrusion
age of about 1950Ma (Zimbres et al.,
1990; Schmitt et al., 2008b; Motoki &
Orihashi, 2009, unpublished data). The
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on the field observations was not reported.

The authors have found some contact
outcrops of the mafic dykes intruding into
the tectonic breccias in the Cabo Frio and
Arraial do Cabo areas, State of Rio de
Janeiro (Figure 1). This paper reports the
contact outcrops observations and petro-
graphic descriptions of the tectonic breccia
and considers the origin and formation of
the tectonic breccias.

Figure 1

Local geologic map for the outcrop
situated at about 500m to the SSE of
the Ilha do Japonés, Cabo Frio municipal
district, State of Rio de Janeiro, Brazil, at
the coordinates of at

22°53°09”S, 42°00°00”W, showing
intrusive contact of the mafic dyke

into the silicified tectonic breccia.

contact between both types of gneiss are
relatively sharp and the transition zone
is less than 1m wide.

The geologic relation between the
felsic and mafic gneiss before the Pan-
African metamorphism is unclear. The
mafic gneiss is 100 to 200m thick and
occurs as an intercalation in the granitic
gneiss (Figure 2C). It dips about 30° to
the northeast and the upper block slides
to the northwest (Figure 2B, D). This
unit could be originated from gabbroic
intrusion into the host granite.



Figure 2

Basement rocks of Cabo Frio area,
State of Rio de Janeiro:

A) Contact zone between the
felsic gneiss and the mafic one.

B) Plastic deformation observed
at the contact zone.

C) Mafic gneiss body intercalated
by the host granitic orthogneiss.
D) Tectonically deformed mafic gneiss.
Gn - felsic granitic orthogneiss,
Amp - mafic amphibolitic gneiss.

3. Tectonic breccia of the outcrop close to the llha do Japonés

To the south-southeast of Ilha do
Japonés, Cabo Frio, State of Rio de
Janeiro, at the coordinates 22°53°09”S,
42°00°00”W, there is a coast outcrop ex-
posing a well-defined contact between the
tectonic breccia and the mafic dyke. The
tectonic breccia zone is sub-vertical and 10
to 20 m wide. There is complex branching
of small breccia zones. They are 10 cm to
1 m wide and configured in parallel to the
main breccia zone.

The tectonic breccia has cataclastic
texture characterized by angular clasts
(Figure 3). This texture is due to brittle
fracturing and is widely different from
that of the mylonite of the Paraiba do Sul
shear zone (e.g. Egydio-Silva & Mainprice,

Figure 3

Tectonic breccia of the Ilha do Japonés,
Cabo Frio, State of Rio de Janeiro:

A) Central zone with strong
hydrothermal effects.

B) Border zone with the

mafic dyke intrusion.

C) Angular clasts of the border zone.
D) Contact zone grading into the host
gneiss. Gn - felsic granitic orthogneiss;
Amp - mafic amphibolitic gneiss;

Tb - tectonic breccia; Dy - mafic dyke.

1999; Riccomini & Assumpgio, 1999;
Al-Mishwat, 2001).

The central part of the breccia shows
highly advanced cataclastic texture. The
field aspects seem to be those of fault
gouge (e.g. Cladouhos, 1999; Zwingmann
& Mancktelow, 2004; Billi, 2005) con-
solidated by silicification. However, on
the saw-cutting surface the rock shows
light colour clasts of 2 to 4cm in size and
dark matrix. The clasts are 50 to 60% in
mode and the texture is classified to be
clast-matrix supported (Figure 4A). The
microscopic observations reveal that the
clasts are not made up simply of gneiss
fragments, but of cataclastic rocks with
gneiss fragments (Figure 4C). That is, the
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clasts themselves are fragments of tectonic
breccia.

The hydrothermal alteration is
quite intense and the matrix is completely
consolidated by percolation of hematite,
carbonates, sericite, and silica. On the
natural rock surface, there are cavities up
to 3 cm in diameter (Figure 3A) showing
case-hardening fabric (Dorn, 2004). This
structure is formed by the mobilization
of Fe, Si, Mn, and Ca of the rock surface
by chemical alteration (McAlister et al.,
2003), and observed frequently on the
surface of sandstone (e.g. Campbell, 1999;
Farmer, 2005; Turkingtona & Paradiseb,
2005), semi-porous pyroclastic rocks
(Motoki et al., 2007a; Sichel, 2008), and
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on mafic and ultramafic rocks (Motoki et
al., 2009a; b). The existence of this fabric
suggests the abundance of disseminated
carbonates.

Most of the tectonic breccia show
moderately developed cataclastic texture.
The clasts are composed mainly of the
above-mentioned cataclastic rock with
little amount of host gneiss (Figure 3B).
Their modal amount is 80 to 90% (Figure
4B), so the texture is classified as clast-
supported. The clasts are highly angular
and 1cm to 3cm in size and the large clasts
tend to be angular (Figure 3C, 4D, 4E).
They show in-situ fragmentation texture
without notable displacement, deforma-
tion and rotation (Figure 4E, arrows),
so-called auto-brecciation texture. The
contact of the breccia with the host rock is

gradual and the low-grade cataclastic rock
grades into the host rock within a distance
of 10cm (Figure 3D). These aspects are
characteristically found in tectonic brec-
cias, such as that of Carapebus (Zimbres
etal., 1989), showing remarkable textural
contrasts with the subvolcanic breccia of
this region, for example of Mendanha
(Motoki et al., 2007b, c; 2008a; Petrakis
etal.,2010), Itatina (Motoki et al., 2008b;
c), and Cabo Frio Island (Motoki & Sichel,
2008; Sichel et al., 2008).

The matrix of the tectonic breccia is
well-consolidated because of strong hydro-
thermalism. However no case hardening
fabrics are observed on the natural rock
surface (Figure 3C). Under the micro-
scope, it is observed that the cataclastic
matrix is filled by iron oxide (Figure 4D),
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Figure 4

Texture of the tectonic breccia close

to the Ilha do Japonés, Cabo Frio,

State of Rio de Janeiro:

A) Strong hydrothermal effects

at the central zone.

B) Cataclastic texture of

at border zone.

C) Photomicrography in parallel

nicols for the clast and matrix

of the sample A.

D) Cataclastic texture with the

matrix filled by iron oxide.

E) Cataclastic texture with the space filled
by iron oxide and carbonate of the sample
B. The arrows on the photomicrography E
indicate auto-brecciation texture.

Ht - iron oxide; Cc - carbonates.

carbonates (Figure 4E), and sericite. The
macroscopic colour of the iron oxide sug-
gests that the mineral is hematite. Percola-
tion of chalcedony is not very expressive.
The alkaline feldspar and plagioclase are
partially altered into sericite. Some crystals
of plagioclase show dislocation along the
cataclastic fractures. It is considered that
the consolidation of the matrix is due to
hydrothermal percolation by iron oxide
and carbonates rather than of chalcedony.

The fault breccia cuts either the
felsic gneiss or the mafic one. The total
displacement is not clear. However some
branches of the tectonic breccia show par-
tial displacement with vertical components
of about 1m (Figure 5SA, B). They show
normal fault sense on the outcrops.

The clasts of this tectonic breccia

Figure 5

Fault displacement observed at

the outcrop close to the Ilha do Japonés:
A) Apparent displacement of 1.5m with
tectonic breccia intercalation of 40cm
to Tm in width.

B) Apparent displacement of 80 cm
almost without tectonic breccia
intercalation.

C) Captured block.

D) Hydrothermal consolidation
extending to the non-cataclastic

host gneiss. Tb - tectonic breccia;

Gn - granitic orthogneiss;

Amp - mafic gneiss; Dy - mafic dyke.



sometimes show different orientations,
suggesting right-lateral displacement
(Figure 5C). The displacement sense is ac-
cording to the last stage of the Pan-African
Orogeny of this region (Campos Neto,
2000). A gneiss block without cataclastic
structure of 2.5m in size is found in the

central part of the breccia zone. This block
would be constituent of the wall rock
body and probably was captured into the
tectonic breccia.

Hydrothermalism is intense and
affects not only the tectonic breccia but
also the non-cataclastic host gneiss. The

4. Mafic dyke close to the llha do Japonés

The mafic dyke exposed at the
above-mentioned outcrop is sub-vertical
and 7m to 10m wide. It is characterised
by horizontal columnar joint of 1m in
diameter (Figure 6A). This dyke has
strike of N45°E (Figure 1), varying up
to N20°E, and dip of 70 to 80° to the
northwest. There are two branches par-
allel to the main dyke, 20cm and 50cm
wide respectively. They demonstrate clear
intrusive contact into the host tectonic
breccia (Figure 3B). The branches are of
en-echelon layout of left-handed strike-
slip sense (Figure 6B). The cooling joints
oblique to the dyke indicate left-lateral
displacement during the magma cooling.
Such structure is common in the dykes of
this region, pointing out that the intrusion
occurred by hydraulic shear fracturing

Figure 6

Early Cretaceous mafic dyke of

the outcrop of the Ilha do Japonés:
A) General view showing horizontal
columnar joints.

B) Linkage of en-echelon dykes
intruding into the border zone

of the tectonic breccia.

C) Intrusion contact into

the tectonic breccia.

D) Dyke chilled margin with
prismatic joints. Gn - felsic granitic
orthogneiss; Tb - tectonic breccia;
Dy - mafic dyke.

Figure 7

Photomicrography in parallel

nicol for the mafic dyke close

to the Ilha do Japonés, Cabo Frio:
A) Gabbro of the central part.

B) Basalt of the contact zone.

Their sampling positions are indicated
on the Figure 6D. Pl - plagioclase;

Cpx - clinopyroxene, augite;

Mt - magnetite; Cl - clorite.

(Motoki et al., 2009b). This dyke is cor-
related to the Early Cretaceous tholeiitic
magmatism of the Parana Flood Basalt
(Peate et al., 1992).

The central zone of the dyke has
main columnar joints of 50cm to 1m in
diameter with secondary short parallel
joints with an interval of 10cm to 20cm.
The rock is gross-grained (Figure 6C)
and the minerals are easily identified by
naked-eye. Microscopic observations
show idiomorphic plagioclase crystals of
1.2 x 0.2mm frameworks with interstitial
spaces filled by xenomorphic augite of
0.6 x 0.4mm in size and small magnetite
crystals of 0.5 x 0.3mm, demonstrating
ophitic texture (Figure 7A). This rock is
classified as gabbro.

The dyke is in sharp contact with

Akihisa Mitoki et al.

mechanical contrast between the hydro-
thermally consolidated host gneiss and the
gneiss without hydrothermal consolidation
formed the parallel fractures system along
the border zone that are perpendicular to
the contact between the hydrothermal and
the non-hydrothermal zone (Figure 5D).

felsic gneiss, mafic gneiss, and the tec-
tonic breccia. In all cases, well-defined
chilled margin is observed. The interval
of cooling joints is wide in the central
part and close at the border (Figure 6A).
On the contact zone, prismatic joints are
observed (Figure 6C, D). Microscopic
observations show that this rock is of
porphyritic texture with plagioclase phe-
nocrysts of 1 x 0.4mm, and augite phe-
nocrysts of 0.4 x 0.3 mm. The plagioclase
phenocrysts are altered into sericite. The
groundmass is of fine-grained microcrys-
talline interstitial texture with plagioclase
of 0.2mm x 0.05mm, small grains of
augite and magnetite (Figure 7B). This
rock is classified as basalt.

Such gradual grain-size variation
within the dyke is common in the Early
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Cetaceous mafic dyke in this region (Mo-
toki & Sichel, 2006). In spite of the quite
strong hydrothermal effects in the host

5. Other contact outcrops

The outcrops of the tectonic breccia,
especially of silicified ones, are abundant
in the State of Rio de Janeiro (Ferrari &
Riccomini, 2003; Trotta, 2004), but the
contact outcrops with mafic dyke are
scarce. Recently the authors found another
four contact outcrops in the areas of Cabo
Frio and Arraial de Cabo, State of Rio de
Janeiro (e.g. Motoki et al., 2008d; 2009b).

One of these contact outcrops is
exposed on the island between Conchas
Beach and Per6 Beach in Cabo Frio
(§22°51.85°, W41°58.36°). The breccia
zone is 40cm to 60cm wide and strikes

is commonly found. The breccia zone is
2m wide and grades into the host gneiss.
The mafic dyke is free from hydrothermal
alteration.

At the Pontal da Atalaia penin-
sula of Arraial do Cabo (522°58.78S,
W42°01.67’), a dyke of 3m in width cuts

cataclastic gneiss, the hydrothermalism
of mafic dyke is small, only deuteric one.
The above-mentioned observations show

N20°E to N30°E. The clasts are angular,
Scm to 10cm in size. Auto-brecciation
texture is commonly observed. The matrix
is strongly consolidated. This breccia is
cut obliquely by a mafic dyke of 30cm in
width of NE-SW. The hydrothermal zone
also extends out of the breccia into the
host rock along the fractures (Figure 8A,
arrows). In spite of the intense hydrother-
mal consolidation of the tectonic breccia,
no hydrothermalism of the mafic dykes is
observed.

The same island exposes another
contact outcrop (522°51.95°, W41°58.70°).

a tectonic breccia of 1m in width (Figure
8C). At the border of the breccia there
are intensely brecciated layers with the
matrix of hematite, muscovite, and calcite,
which are 2em to 3cm thick. The clasts
are angular of up to lcm in size (Figure
8D). Microscopic observations show that
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clear evidences of dyke chilled margin,
affirming that the mafic dyke is intrusive
into the tectonic breccia.

The tectonic breccia zones are 20 to S0cm
wide and the strike is almost E-W. The
clasts are angular and 3 to Scm in size. The
matrix is well consolidated. The breccia
zones are intruded by a mafic dyke of NE-
SW direction (Figure 8B). The mafic dyke
of this outcrop also has no hydrothermal
alteration.

At the peninsula situated to the east
of Prainha (522°57.16’, W42°00.66’), Ar-
raial do Cabo, a mafic dyke of 4m in width
intrudes into well-consolidated tectonic
breccia. The clasts are angular and 1 to
3cm in size. The auto-brecciation texture

Figure 8

Outcrops showing the mafic dyke
intruding into the tectonic breccia:

A) At the island between the Conchas
Beach and the Per6 Beach, Cabo Frio
(522°51.85’, W41°58.36’).

B) Another outcrop at the same island
(522°51.95’, W41°58.70").

C) At the Pontal da Atalaia

peninsula, Arraial do Cabo
(522°58.78’S, W42°01.67’).

D) Tectonic breccia with angular clasts
and hematite, muscovite, and calcite-rich
matrix of the same outcrop.

Gn - felsic granitic orthogneiss;

Tb - tectonic breccia; Dy - mafic dyke;
Ht - hematite, muscovite, and
calcite-rich matrix.

Figure 9

Photomicrography of the tectonic breccia
at the Pontal da Atalaia peninsula, Arraial
do Cabo (522°58.78’S, W42°01.67’),
belonging to the outcrop shown

on Figure 8D. Note that the clasts
themselves are fragments of tectonic
breccia. Q - quartz; Af - alkaline
feldspar; Pl - plagioclase; Mus -
muscovite; Cc - carbonate.

there are many clasts of 1 to 2mm in size
made up of breccia with similar aspects
of the host breccia, composed of crystal
fragments cemented by hydrothermal
carbonates (Figure 9).

These outcrops also confirm that the
tectonic breccia is intruded by the Early



Cretaceous mafic dyke. The relative age
(Figure 3B, 8B, 8C, 8D) and right-lateral

Figure 10

Comparative diagram representing

the relative age of mafic dikes

and tectonic breccias based on

contact observations of fieldworks

as presented by previous interpretations
(e.g. Ferrari, 2001; Ferrari & Riccomini,
2003; Trotta, 2004) and the

present article.

6. Discussion

The previous paper presented the
conclusion that the silicified tectonic brec-
cias of the State of Rio de Janeiro were
formed by the hydrothermal event of the
last stage of Early Cenozoic felsic alkaline
magmatism at about 40Ma, in which a
supposed regional heating event would
have taken place all over the state of Rio
de Janeiro (e.g. Ferrari, 2001; Ferrari &
Riccomini, 2003; Trotta, 2004; Figure
10A). These authors pointed out that the

Figure 11

Comparative distribution map
of the silicified tectonic breccia
(Ferrari & Riccomini, 2003) and
felsic alkaline intrusive bodies
(Silva et al., 2000)

in the State of Rio de Janeiro.

displacement (Figure 5C) suggest that the
tectonic breccias are originated from the

A. Previous ideas

40Ma*
| tectonic breccia |

4 60Ma

nepheline syenite intrusion

T 135Ma 1

mafic dyke

530Ma
Pan-African gneiss
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brittle deformation phase of the latest stage
of the Pan-African Orogeny (Figure 10).

B. Present article

60Ma
nepheline syenite intrusion

—
M

| tectonic breccia |

] T 530Ma

Pan-African gneiss

135Ma

<— relative age confirmed by fieldwork

40Ma*: supposed age

silicified tectonic breccias occur in the
localities close to the alkaline intrusive
bodies.

However, the tectonic breccias take
place at the sites either close to or far from
the felsic alkaline intrusions (Figure 11).
The largest tectonic breccia of this region
is present at Carapebus, which is situated
almost 100 km to the north-northeast of
the closest alkaline body, Morro de Sao
Jodo. In fact, there is no notable relation-

ITT: Itatiaia

MRD: Morro Redondo
TIN: Tingua

MDN: Mendanha

ITN: Itaina

TNG: Tangua

SRN: Soarinho

RBN: Rio Bonito
MSJ: Morro de Sio Jodo
CFB: Cabo Frio Island

530Ma, 135Ma, 60Ma: measured age

ship in spatial distribution between the
tectonic breccias and the felsic alkaline
intrusions. In addition, the preferred
direction of the tectonic breccia is about
NS50°E to N60°E, which is according to
the strike of the gneiss and shear zones
the Ribeira metamorphic belt, which were
formed during the Pan-African Orogeny,
and not, to the lineament direction of
the felsic alkaline intrusive rock bodies,
N8O°W.

,a‘.\e'\(

km 0
.0()8 J \
& S )

Carapebus breccia
~

@ felsic alkaline intrusion
— silicified tectonic breccia
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Some of the alkaline intrusive bodies
are accompanied by breccias with hydro-
thermal evidences, such as Itatiaia (Brotsu
et al., 1997), Mendanha (Motoki et al.,
2007a; b), Itatina (Motoki et al., 2008b;
¢), Tangua (Valencga, 1980; Motoki et al.,
2010), and Cabo Frio Island (Sichel et al.,
2008; Motoki et al., 2008d). However,
according to the field descriptions and
petrographic observations, they are not
tectonic breccia but vent-filling subvol-
canic pyroclastic rocks (e.g. Motoki &
Sichel, 2006; Motoki et al., 2007c).

Zimbres et al. (1989) proposed
a unique model for the origin of the
Carapebus breccia. This silicified tectonic
breccia is supposed to have been formed
during the brittle deformation phase in
the last stage of the Pan-African Orog-
eny. The direction of the tectonic breccia
zone, N40°E, is favourable to this idea.
They considered that the hydrothermal

silicification is of tectonic origin, without
participation of magmatism. The geo-
thermal gradient of continental regions is
generally 25° to 30%/km. In this condition,
the localities deeper than 7km are hotter
than 200°C and any H,O present there
is in hydrothermal condition. While the
hydrothermal fluid stays in this depth,
no hydrothermal activities take place in
shallower places.

When earthquake and consequent
fault movement take place, an abrupt
stress change occurs, causing hydrother-
mal liquid movement. As soon as the
hydrothermal flow crosses the fault zone,
a part of the hydrothermal fluid rises up
along the fault. During the ascension, the
hydrothermal liquid cools down and the
tectonic breccia is submitted to hydro-
thermalism (Figure 12). The fault zone is
consolidated and transforms from weak
zone into firm zone. According to the
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Figure 12

Process for the silicification and
hydrothermalism of the Carapebus
tectonic breccia during earthquake
in the geologic time, proposed

by Zimbres et al. (1989).

progress of this process, the aftershocks
reduce either in frequency or in intensity.
When the fault zone is completely frozen,
the aftershocks beco me null.

The fault breccia is consolidated by
hydrothermal activities. So, not all the
spans of the fault are weak zone but some
of them work as firm zones. Therefore, the
crust stress accumulates at the firm zones.
When the stress increases to the limit of
the rock resistance, the frozen fault brec-
cia breaks down and a new earthquake
occurs. The new fault movement crushes
the entire fault zone and newly formed
breccia is consolidated again by the tec-
tonic hydrothermalism and consequent
silicification. The repeated earthquakes
result and the consequent stick-slip fault
displacements result the multiple cycles
of brecciation, hydrothermalism, and
silicification of the fault breccia. This
phenomenon would occur at a depth a

Figure 13

Fluorite veins present in strongly
hydrothermalysed phonolite of

the Tangud intrusive complex,

State of Rio de Janeiro:

A) Vein with more than 3 cm in width.
B), C), D) Veins narrower than 5 mm.
The samples are obtained form the
quarry situated at 22°43.59’ 42°44.75.
Fl - fluorite vein,

Ph - hydrothermal phonolite.



little shallower than 7km.

This idea is supported by the clasts
made up of breccia fragments with similar
aspects of the host tectonic breccia, the
textures of recrystallisation, and resorp-
tion of quartz, which are observed in the
Carapebus breccia. As mentioned before,
the fault breccias of the Cabo Frio and Ar-
raial do Cabo area also have similar brec-
cia clasts. The above-mentioned model
provides an additional explanation for the
stick-slip movements (e.g. Byerlee & Brace,
1968; Byerlee, 1970; Byerlee & Summers,
1975; Byerlee et al., 1978) of faults which
are present in continental regions.

The tectonic breccias of the State of
Rio de Janeiro have a wide variation in
rock body size, clast form, clast-matrix
ratio, texture, hydrothermal type, and
silicification grade. The Carapebus breccia
zone is long and wide and its silicification

7. Conclusion

The study of contact outcrops be-
tween the tectonic breccia and the early
Cretaceous mafic dyke of the Cabo Frio
and Arraial do Cabo areas, State of Rio
de Janeiro, Brazil, lead to the following
conclusions:

1. On the outcrop close to Ilha
do Japonés, the tectonic breccia is 10m
to 20m wide and strikes to N30°E. The
clasts are angular and auto-brecciation
texture is common. The matrix is firmly
consolidated by hydrothermalism evi-
denced by the dissemination of hematite,
muscovite, and calcite. The silicification
by chalcedony is not very expressive. The

8. Acknowledgement

A part of the instruments for the
fieldworks and the resources for the office
work were supported by FAPER] (Funda-

¢do de Amparo a Pesquisa do Estado do

9. Referéncias bibliograficas

grade is quite strong. The Canaa breccia
(about $22°37°, W43°17’) is smaller in size
but the silicification grade is very high.
TheTlha do Japonés breccia is much small-
er and hydrothermalism is much more
expressive in hematite, muscovite, and
calcite dissemination than silicification.
The breccia zones at Arraial do Cabo are
small, from 0.5 to 2 m wide and hematite,
muscovite, and calcite are relevant.

Considering this variety, it is pos-
sible to exist more than one origin for the
silicified tectonic breccia. For example, the
hydrothermalism of the tectonic breccias
of the Cabo Frio and Arraial do Cabo
took place before the mafic dyke intrusion
and they are originated probably from
the brittle deformation phase of the last
stage of the Pan-African Orogeny of the
Cambrian to the Ordovician.

On the other hand, the breccia of

clasts are angular with auto-brecciation
texture and composed of breccia frag-
ments similar to the host tectonic breccia.

2. The mafic dyke is 7m to 10m
wide, strikes to N45°E and is correlated
to the Early Cretaceous tholeiitic magma-
tism. Along the contact with the tectonic
breccia, there is well-defined chilled mar-
gin characterised by basalt and prismatic
joints. No notable hydrothermalism is
observed in the mafic dyke.

3. At the Conchas Beach, Cabo
Frio, and the Pontal da Atalaia, Arraial
do Cabo, there are four additional con-
tact outcrops that demonstrate the same

Rio de Janeiro, Carlos Chagas Filho) ac-
cording to project E26/110.279/2008 and
E26/110.928/2008. MSc. Samuel Martins
da Silva of the Federal Fluminense Uni-

Akihisa Mitoki et al.

Tangua is characterised by the clast made
up of the host phonolite of very strong
hydrothermal alteration (Figure 13). The
original texture of the host phonolite is no
longer preserved. No clasts are made up
entirely of hydrothermalysed phonolite.
No clasts composed of breccia, such as
that of Figure 9, are recognised. This
observation indicates that the brecciation
took place only once and not repeatedly.
All of the fractures are filled completely
by fluorite suggesting that the fractures
were formed by flour-rich fluid injection
and consequent expansion of the veins.
Therefore, this breccia could be related
to the heating event by the intrusion of
felsic alkaline magma at the Early Ceno-
zoic, about 66.8Ma (Motoki et al., 2010),
and different from the above-mentioned
tectonic breccias either in the origin and/
or the formation age.
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breccias are also formed by breccia of
aspects similar to the host tectonic breccia.

4. Unlike previous opinions, the
mafic dyke is intrusive into the tectonic
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the breccias are originated from the brittle
deformation phase during the last stage of
the Pan-African Orogeny.

5. The clasts composed of the
breccia suggest that the fault movement,
tectonic breccia formation, and hydro-
thermalism consolidation of the fault zone
occurred repeatedly.
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