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ABSTRACT

The Iricoumé Group correspond to the most expressive Paleoproterozoic volcanism in the Guyana Shield, Amazo-
nian craton. The volcanics are coeval with Mapuera granitoids, and belong to the Uatuma magmatism. They have
U-Pb ages around 1880 Ma, and geochemical signatures of A-type magmas. Iricoumé volcanics consist of porphyritic
trachyte to rhyolite, associated to crystal-rich ignimbrites and co-ignimbritic fall tuffs and surges. The amount and
morphology of phenocrysts can be useful to distinguish lava (flow and dome) from hypabyssal units. The morphology
of ignimbrite crystals allows the distinction between effusive units and ignimbrite, when pyroclasts are obliterated.
Co-ignimbritic tuffs are massive, and some show stratifications that suggest deposition by current traction flow.
Zircon and apatite saturation temperatures vary from 799°C to 980°C, are in agreement with most temperatures of
A-type melts and can be interpreted as minimum liquidus temperature. The viscosities estimation for rhyolitic and
trachytic compositions yield values close to experimentally determined melts, and show a typical exponential decay
with water addition. The emplacement of Iricoumé volcanics and part of Mapuera granitoids was controlled by
ring-faults in an intracratonic environment. A genesis related to the caldera complex setting can be assumed for the
Iricoumé-Mapuera volcano-plutonic association in the Pitinga Mining District.

Key words: Amazonian Craton, caldera complex, ignimbrite, Iricoumé volcanism, surge deposits, Uatuma magmatism.

INTRODUCTION

About 1.1 million km? of the Amazonian Craton (Guy-
ana and Guaporé Shields) is covered by the Uatuma
Supergroup. This magmatic province consists of a
predominantly felsic volcano-plutonic association, with
ages around 1.88 Ga and geochemical signatures of A-
type magmas (Dall’Agnol et al. 1987, 1994, 1999a,
Tassinari and Macambira 1999, Tassinari et al. 2000,
Santos et al. 2000, 2004).

Correspondence to: Ronaldo Pierosan
E-mail: ronaldo.pierosan@ufrgs.br

Volcanic rocks of the Iricoumé Group are wide-
spread over the Guyana Shield. They were firstly iden-
tified in the XIX century when Derby (1877) described
along the Uatuma River an amorphous feldspathic rock
with quartz grains, which the author classified as felsite
or eurite (Araujo et al. 1976). Since then, several au-
thors (Albuquerque 1922, Oliveira and Leonardos 1940,
Oliveira et al. 1975, Basei 1977, Melo etal. 1978, Veiga
Jr. et al. 1979, Costi et al. 1984, Schobbenhaus et al.
1994, Faria et al. 2000, Tassinari and Macambira 1999,
Santos et al. 2000, Costi et al. 2000, Valerio et al. 2009,
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Ferron et al. 2010) mapped and studied the geochem-
ical and geochronological aspects of these volcanic se-
quences, and pointed out to their relation with granitic
bodies of similar characteristics and to the Uatuma
Magmatism.

In the Pitinga Mining District, Iricoumé volcanics
outcrop dominantly as felsic rocks that were intruded
by the mineralized (Sn-Nb-Ta-F ores) granitic bodies
of the Madeira Suite (~1.83 Ga). Since the primary
cassiterite mineralization was discovered in the begin-
ning of the 80s, the geologist concern has been concen-
trated mainly on the mineralized bodies. The regional
geological mapping published by Veiga Jr. et al. (1979)
defined most of the geological units in the Pitinga
Mining District and vicinities. First U-Pb and Pb-Pb
geochronology of Iricoumé Group in the area was pre-
sented by Schobbenhaus et al. (1994) and Costi et al.
(2000), yielding ages of 1.96 Ga and 1.88 Ga, respec-
tively. Costi et al. (2000) suggested that the relation of
Iricoumé volcanics with the mineralized granites (Ma-
deira Suite) should be abandoned. Ferron et al. (2007,
2010) have presented detailed geochemical and geo-
chronological studies concerning the Iricoumé Group
genesis and its relation with the coeval subvolcanic
bodies of the Mapuera Suite. They concluded that the
Iricoumé Group has A-type magma signatures and ages
varying from 1.88 Ga to 1.90 Ga. A genetic relation of
Iricoumé volcanics with Mapuera granitoids was estab-
lished. Detailed studies concerning the genesis of the
Iricoumé lithofacies and its volcanic processes, have not
been fully explored.

In this manuscript we provide detailed infor-
mation on lithofacies and stratigraphy of the Iricoumé
volcanics in Pitinga area. By using the whole rock geo-
chemical data, we also calculated physical parameters,
such as zircon and apatite saturation temperatures and
viscosities. Although the results are rather qualitative,
some important conclusions on ancient volcanic pro-
cesses and environment and their relation to the Pitinga
Mining District geology, will be discussed.

LOCAL GEOLOGY

The geology of Pitinga Mining District is composed
dominantly by unmetamorphosed magmatic and sedi-
mentary assemblages emplaced and deposited on a
granitic-metamorphic basement (Fig. 1). This basement
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consists of gneisses of amphibolite to granulite facies,
associated with migmatites and granitoids, which are
grouped in the Guianense Complex (~2.10 Ga), and
calc-alkaline granitoids of Agua Branca Suite (1.96-
1.89 Ga).

Volcanics of the Iricoumé Group are expressive in
the area and consist dominantly of porphyritic andesite
to rhyolite, associated to ignimbrite and acid tuffs (Fer-
ron et al. 2007). Quartz syenites to alkali-feldspar gran-
ites of the Mapuera Suite have been interpreted as co-
magmatic with Iricoumé volcanics (Veiga Jr. etal. 1979,
Ferron et al. 2007, 2010). Both units have similar ages
(1.90 to 1.88 Ga) and a geochemical affinity compat-
ible with A-type magma (Costi et al. 2000, Ferron et
al. 2010). Therefore, they have been included in the
Uatumd Magmatism (Melo et al. 1978, Veiga Jr. et
al. 1979, Costi et al. 2000, Ferron et al. 2007, 2010).
The Iricoumé-Mapuera volcano-plutonic activity is fol-
lowed by the intracratonic deposition of quartz sand-
stones, arkoses, conglomerates and pyroclastic rocks of
the Urupi Formation (Veiga Jr. etal. 1979). Ignimbrites
and acid tuffs that occur interbedded with the Urupi
sediments have been recognized as the final stages of
the Iricoumé volcanic activity (Ferron et al. 2007).

The mineralized granitoids of Madeira Suite were
emplaced at around 1.83 Ga ago in an entirely an-
orogenic setting, and represent an outstanding Sn and
Nb-Ta ore producers (Horbe et al. 1991, Lenharo 1998,
Costi et al. 2000, Lenharo et al. 2003). Mafic to inter-
mediate tholeiitic rocks of the Quarenta Ilhas Forma-
tion have ~1.78 Ga and consist of subvolcanic bodies
emplaced throughout pre-existing ring structures (Veiga
Jr. etal. 1979, Santos et al. 2002).

MATERIALS AND METHODS

Field work was based on previous geological and ex-
ploration mapping and point maps available from Mi-
neragdo Taboca S.A. — Paranapanema Group. The areas
containing the main volcanic structures and key out-
crops were selected for this study. More than 150 sam-
ples were collected of which 47 were selected for
petrography and geochemical studies. Three thin sec-
tions of the typical volcanic lithotypes (1 rhyolitic lava,
1 hypabyssal rhyolite and 1 rhyolitic ignimbrite) were
selected for phenocrysts characterization and quanti-
fication. Petrographic features as rock fragments
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Fig. 1 — Location (a) and geological map (b) of Pitinga Mining District. (modified from (a) Hartmann and

Delgado 2001 and (b) Ferron et al. 2007).
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absence and few secondary minerals were the main
criteria for rhyolite samples selection. The ignimbrite
sample was chosen from a key outcrop in the area, with
a good exposure of a crystal-rich ignimbrite, avoiding
rock fragments.

The whole rock chemical analyses were carried out
by Activation Laboratories Ltd (Actlabs). The major
elements were analyzed through the ICP-OES proce-
dure, and Zr through ICP-MS. Fluorine was analyzed
by ISE. The major elements and fluorine are expressed
as wt.% and Zr as ppm. Zircon and apatite saturation
temperatures were calculated in a dataset of twenty-
two samples (eight trachytes and fourteen rhyolites).
For these calculations, was used the zircon and apatite
saturation methods (Watson 1979, Watson and Harri-
son 1983, Hanchar and Watson 2003) was run through
GCDkit software (Janousek et al. 2006). Four samples
of effusive rocks (two trachytes and two rhyolites) with
low secondary minerals content and low loss of mo-
bile elements were selected for the estimation of melt
viscosity.

Viscosity data were calculated using the whole
rock analysis through the empirical non-Arrhenian
Newtonian model for multicomponent silicate melts
of Giordano et al. (2008). The calculation is based on
major elements, fluorine and H,O contents, and was
run through an Excell® spreadsheet available on:
http://www.eos.ubc.ca/~krussell/ VISCOSITY/grd Viscosity.html. For this
calculation, we assume that the bulk rock composition
approximates to the original melt composition. The pur-
pose of this calculation is to achieve approximated vis-
cosity using estimated liquidus temperature, and com-
pare with those measured from melt compositions (Goto
et al. 2005, Giordano et al. 2006, 2008).

FIELD AND PETROGRAPHIC CHARACTERISTICS
OF THE IRICOUME GROUP

The volcanic rocks of the Iricoumé Group cover an
area of around 4,500 km? in the Pitinga Mining Dis-
trict. They outcrop mainly as metric to decametric boul-
ders and bedrocks along creeks and rivers margins, both
without significant lateral continuity. Therefore, petro-
graphic features as phenocryst content, shape and ori-
entation and groundmass characteristics, become impor-
tant parameters for distinguishing the volcanic lithofa-
cies in the area.
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Lava (flow and dome) and hypabyssal rocks are
dominant among all volcanic units, while ignimbrites are
dominant over the other pyroclastic rocks. The amount,
shape and size of phenocrysts become the main feature
for distinguishing between lava and hypabyssal units.
Most of the ignimbrite occurrences do not show typi-
cal characteristics of volcanic rocks originated by hot
pyroclastic flows, as lithic and/or vitric fragments, and
of those originated by welding processes. Thus, low
contents of fragmented phenocrysts consist the main fea-
ture for distinguishing lava and hypabyssal units from
ignimbrites lacking diagnostic welding features.

PHENOCRYST CONTENTS AND CHARACTERISTICS

From a study focusing the phenocryst fragments fea-
tures of rhyolitic lava and ignimbrites from Taupo
Volcanic Zone (New Zealand) and Yali, Nisyros and
Milos volcanism (Greece), Allen and McPhie (2003)
pointed out to the importance of criteria to discrimi-
nate lava from pyroclastic facies, especially in ancient,
deformed, altered and/or poorly exposed volcanic suc-
cessions. The authors defined that the abundance and
shape of phenocrysts, as well as the amount of frag-
mented phenocrysts among the total content of crys-
tals, are important parameters to discriminate lava from
pyroclastic facies. Based on these principles, three rep-
resentative thin sections of Iricoumé volcanics were
photographed and digitalized: one sample of rhyolite
from a lava dome, one hypabyssal rhyolite and one
rhyolitic crystal-rich ignimbrite from the middle portion
of a pyroclastic flow unit. Phenocrysts and crystal abun-
dances were calculated based on the area occupied by
grains and groundmass.

Phenocrysts in rhyolitic lava are medium (1-5 mm)
to fine (<1 mm) grained, and comprise ~10 modal%
of the rock. Feldspar phenocrysts are originally euhe-
dral to subhedral. Alkali feldspar is characterized as
nearly equant prismatic crystals, while plagioclase is
Mesoperthite
lamellae with almost equal proportions between ortho-

dominantly tabular of prismatic shape.

clase and albite components occur frequently within al-
kali feldspar, whereas the plagioclase has polysynthetic
twinning and weak compositional zoning. Glomeropor-
phyritic aggregates consisting of fine to medium grained
feldspar phenocrysts of subhedral to euhedral form can
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be observed locally and may represent rock fragments.
Feldspar fragments are common and consist mainly
of broken euhedral phenocrysts of medium size, with
straight to irregular margins. Triangular and smaller
fragments from strongly fractured phenocrysts can be
found scattered throughout the thin section. Quartz phe-
nocrysts are usually euhedral, medium grained, with re-
absorption features. When fragmented, they show small
splinter forms with sharp and curved margins.

Crystal abundances in rhyolitic ignimbrite stand at
around 30 modal% and are medium to fine grained.
Feldspars are similar to those described for the rhyolitic
lava. However, fragments predominate over euhedral or
subhedral shapes. Small anhedral fragments, frequently
detached from strongly fractured phenocrysts, are more
abundant than slightly broken subhedral phenocrysts.
Similarly, conjugate fragments dislocated and separated
only by a thin portion of groundmass, forming a jigsaw-
fit arrangement, are very common in Iricoumé rhyolitic
ignimbrites. Quartz crystals are medium to fine grained
and show intense reabsorption features.

Phenocrysts in the hypabyssal rhyolite reach up to
40 modal% and consist of medium to coarse (>5.0 mm)
grains with less fine grains. Phenocrysts are anhedral
to subhedral feldspars and quartz grains, usually with
intense reabsorption features. Glomeroporphyritic ag-
gregates of subhedral and medium size grains are com-
monly observed and can be interpreted as rock frag-
ments. Subhedral phenocryst fragments with few
straight and broken margins are common. Smaller grains
tend to be subhedral with rounded shapes.

The investigation of phenocrysts abundances and
characteristics, in samples of the Iricoumé volcanism in
the Pitinga Mining District area supports the recogni-
tion of distinct features among rhyolitic lava, hypabyssal
rhyolite and rhyolitic ignimbrite. Rhyolitic ignimbrite
and rhyolitic lava contain originally medium pheno-
crysts, which are predominantly euhedral to subhedral.
While common broken margins are dominant in rhy-
olitic lava, strongly fragmented and euhedral edges pre-
vail in rhyolitic ignimbrite. The amount of crystals in
the ignimbrite is three-fold higher than in the rhyolitic
lava. This feature is indicative of physical fractionation
from a probable elutriation process. This enrichment
is considerably higher in ignimbrites with coarse lithic

fragments observed in the base of a pyroclastic flow
unit. Reabsorption features in quartz grains are observed
with similar intensity and frequency in rhyolitic lava and
ignimbrite. Quartz phenocrysts in hypabyssal rhyolite,
on the other hand, tend to be anhedral to subhedral,
medium- to coarse-grained, with abundant and intense
reabsorption features. Fragments, however, are less fre-
quent than in rhyolitic lava and show straight broken
margins.

EFFUSIVE UNITS (LAVA FLOW AND DOME, AND
HYPABYSSAL ROCKS)

Porphyritic rhyolite and trachyte have phenocrysts
modal contents varying from 8% to 40%. Lava flow
and dome usually host a low content of phenocrysts
(around 10%), mostly euhedral with common reabsorp-
tion features and few fragmented terminations. Hypa-
byssal rocks host higher phenocryst contents (>10% to
40%) of which showing subhedral to euhedral shapes,
frequent and intense reabsorption features, and common
fragmented terminations.

The phenocrysts in effusive rhyolites (lava and hy-
pabyssal) consist mainly of alkali-feldspar and quartz
with less frequent plagioclase. Trachytes differ petro-
graphically from rhyolites by the lack of quartz phe-
nocrysts, consisting of rare and small quartz pheno-
crysts. Hornblende occurs rarely in a few trachyte and
rhyolite samples, and show pale-brown to bluish-green
pleochroism with subhedral to euhedral shape (Fig. 2a).
Green biotite and Fe-Ti oxides are common as sub-
hedral grains within the groundmass. Apatite is the
main accessory mineral in trachyte, and show euhedral
to subhedral shapes and dimensions from 0.15 to
0.6 mm. Zircon is frequent in rhyolite, showing a com-
positional zoning usually observed in magmatic crys-
tals, euhedral to subhedral forms and 0.1 to 0.5 mm.
Titanite and some allanite are present subordinately in
the whole compositional trend.

The groundmass is mostly quartz-feldspathic in
composition, and in rhyolitic lava is fine phaneritic to
aphanitic and originally vitric as well. The fine phaner-
itic matrix from lava flow and dome shows locally a
micropoikilitic texture that, allied to spherulitic inter-
growing within the aphanitic groundmass, suggests de-
vitrification processes. In the hypabyssal rhyolite, the
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fine phaneritic groundmass shows a common anhedral
intergranular quartz (Fig. 2b) and locally granophyric
intergrowing, which may indicate the crystallization of
a quartz-feldspathic residual melt under relatively lower
cooling rates. Vertical orientation of phenocrysts is ob-
served locally in hypabyssal rhyolites and suggests ver-
tical magmatic flow in feeder dike.

Flow foliation is frequently observed in rhyolitic
and trachytic lava flow and dome. It varies from moder-
ate, with microlites orientation mainly around the phe-
nocrysts corners, to well-developed, forming flow lay-
ering. Flow layering (Dadd 1992) occurs locally in a
rhyolite dome in the northern portion of the area (see
Fig. 5), and consists of a structure with planar to stretched
and folded layers (Fig. 2¢) and predominantly subverti-
cal orientation. This fabric is characterized by the in-
terbedding of thin layers with different crystallization
degrees, since primary vitric to fine phaneritic (Fig. 2d).
The rotation of unbroken phenocrysts could have been
promoted by shear stress as the laminar viscous flow
evolved (Fig. 2e). Elongated vesicles along the lay-
ering were only seldom observed (Fig. 2f), suggesting
at least local volatile oversaturation. Chlorite, epidote
and part of opaque minerals are possibly related to late-
magmatic fluids and metassomatism. These fluids con-
centrate mainly in the midst of fine phaneritic layers and
vesicles. In the flow-layered rhyolite, despite the lack of
micropoikilitic texture and spherulite, the layering struc-
ture may have been enhanced by devitrification. Flow
bands, folds and elongated vesicles can be a diagnostic
feature of silicic lava flows (Henry et al. 1990). The
restrict clast size variation, low content of fragmented
phenocrysts and lithic, that are common features of
ignimbrites, are also suggestive of an effusive origin.

PYROCLASTIC ROCKS
Ignimbrites

Ignimbrites have trachytic to rhyolitic compositions.
Based on the clast size classification (Le Maitre 2002),
the ignimbrites can be named as lapilli tuff. Lapilli size
components are dominantly composed of crystals and
subordinate lithic fragments, which rarely reach block
size. The matrix consists of fine ash to dust size crystal
and vitric fragments.

An Acad Bras Cienc (2011) 83 (3)

The main lithofacies is characterized by a high
amount of juvenile crystal fragment with less vitric
fragments. The matrix is fine ash grained. Lithic cog-
nate and accidental fragments occur only locally. Lapilli
grained crystals (phenoclasts) are dominantly alkali-
feldspars and subordinate quartz and plagioclase. They
show abundant fragmented shapes and less euhedral
terminations, possibly as a result of explosive eruption
and turbulent flow. Intense reabsorption features sug-
gest deposition under still high temperature. Pheno-
clasts content reach 35 modal%, which is considerably
higher than the amount of phenocrysts content in the
lava flow and dome (~10%). Denser fragments enrich-
ment points towards physical fractionation and sorting
processes associated with the eruption and transporta-
tion (elutriation processes), as suggested by Cas and
Wright (1987). Such features are suggestive of the de-
position of a pyroclastic flow with high particle concen-
trations, and the ignimbrites would represent a portion
of the internal layer of a pyroclastic flow unit (Sparks
and Walker 1973, Cas and Wright 1987).

The outcrop shown in Figure 2g-n could be inter-
preted as an intermediate layer of an idealized pyro-
clastic flow unit, which consists of ignimbrites with
reverse grading of low density vitric fragments and
normal grading of denser lithic fragments. Crystal frag-
ments tend to concentrate slightly more in the lower
part than in the upper part. The lowest and upper lay-
ers of an idealized pyroclastic flow unit, base surge and
ash cloud surge, were not observed in this outcrop.

The originally vitric fragments consist mainly of
lens-shaped massive fiamme to thin and stretched
fiamme that, in higher amounts, form an eutaxitic texture.
In an outcrop scale, the welding feature is recognized as
horizontal to subhorizontal bedding structure (Fig. 2h).
Stretched fiamme are usually found moulded against the
sharp corners of crystals (Fig. 2i). This is indicative of
welding compactation processes, especially when allied
to perlitic cracks and spherulitic intergrowing in glassy
matrix and/or vitric fragments (Gifkins et al. 2005).
Deformed vesicles (Fig. 2j) can also indicate compacta-
tion processes.

Different intensities of devitrification processes
are characterized by perlitic cracks (Fig. 2k), spher-
ulitic to axiolitic intergrowing in fiamme (Fig. 21), and
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Fig. 2 — Petrographic features of coherent units and ignimbrites. a) subhedral hornblende rounded by thin layer of leucoxene in effusive trachyte;
b) micropoikilitic texture and acicular quartz in hypabyssal rhyolite; c) flow foliation in hand-specimen of effusive rhyolite; d) interbedding
of fine phaneritic to vitric layers of the foliated rhyolite; e) euhedral phenocryst rotated by flow; f) elongated vesicle along the flow foliation;
g) idealized section of a pyroclastic flow unit; h) top of intermediate showing subhorizontal eutaxitic structure; i) eutaxitic texture in thin section of
an ignimbrite; j) compacted vesicle filled with quartz, opaque minerals and chlorite; k) perlitic cracks in an originally glassy matrix; 1) devitrification
features: spherulitic intergrowing at the centre of the fiamme and axiolitic intergrowing at the edge; m) hand specimen of a ignimbrite with cognate

lithic clasts; n) Y- U-shaped and bubble-wall shards within a cognate lithic clast (center-left portion).
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micropoikilitic textures in a glassy matrix. Lithic frag-
ments consist mainly of cognate rocks such as fine tuffs,
which are composed by crystals and Y- and U-shaped
shards fragments (Fig. 2m, n).

Co-ignimbritic tuffs

Massive and stratified tuffs are well sorted, and fine-
grained deposits occur associated to ignimbrites. Tuffs
are composed by crystal and lithic fragments, in which
crystals widely predominate over lithic fragments. Vit-
ric fragments are not observed. However, they can have
been obliterated by weathering. Massive tuffs consist of
thick and homogeneous beds, lacking grain size grada-
tion. They mainly consist of angular quartz and feldspar
fragments, with irregular borders that could indicate
a juvenile origin. Lithic components consist of angular
fragments of tuffaceous cognate rocks. An origin related
to fallout tuff deposit could be suggested for the mas-
sive tuffs.

The components of stratified deposits are the same
as those from massive tuffs. In turn, the bedsets vary
from 20 to 50 cm thick, with planar, wavy and cross-
bedded stratifications. Bedforms are internally well
sorted and predominantly massive, without vertical
grading. Figure 3 shows a representative outcrop of at
least six successive well-stratified deposits (Fig. 3a, b).
All bedsets have massive internal layers showing only
local organization (Fig. 3c, d). Bedset 1 consists of a
~50 cm thick layer with very regular planar stratifica-
tion, with thicknesses of around 3.0 cm. Bedset 2 lies
conformably on bedset 1 (Fig. 3e), and its planar strat-
ification is characterized by a thickness increase toward
the inner portion of the layer. Bedset 3 depicts long
wavelength cross stratification, consisting of a low an-
gle stratification at the base and grading up to ~30° dip
at the top. There, it makes an erosional boundary with
the upper bedset (Fig. 3f). The fourth bedset consists
of a ~25cm thick layer with wavy-planar stratification.
Cognate lithic fragments are sparsely disposed along a
well-defined level close to the top of the bedset 4, with
size varying from <1 to 4cm (Fig. 3g). Soft deforma-
tion and layering rupture, just below the lithics (Fig. 3h)
suggest that lithics fragments were ejected as ballistic
fragments. Bedsets 5 and 6 are characterized by wavy-
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planar stratification varying laterally to short wavelength
cross stratification (Fig. 31).

Most features described in the stratified deposits
of the Iricoumé Group in the Pitinga Mining District,
such as grain size, sorting and bedforms, are usually ob-
served in modern pyroclastic surge deposits (Sparks and
Walker 1973, Fisher 1979, Allen 1982, Cas and Wright
1987). The increased thickness of planar lamination, as
observed in bedset 2, can be related to higher particle
concentrations and faster deposition rates. Thinner
planar lamination, as well as cross-stratification, would
reflect lower particle concentrations (Cas and Wright
1987). Other variations, such as wavy-planar lamina-
tion grading to cross-stratification (bedsets 5 and 6) and
changes of repose angle of cross-stratification (bedset
3), could be related to a more complex flow regime,
involving different deposition rates, temperature and
moisture contents (Allen 1982, Cas and Wright 1987,
Allen and Cas 1998).

Genetic relations between stratified deposits with
their supposed source vents or parental pyroclastic flow
units could not be established in the Pitinga region.
Some characteristics of the stratified deposits in this
area, such as the change in the layer thickness and the
deposition of successive surge layers, are usually ob-
served in other base surge deposits. On the other hand,
well-sorted ash grained deposits are typical features of
ash-cloud surge. Therefore, based on the spatial relation
between stratified deposits and ignimbrites that under-
went physical fractionation in the studied area, one could
suggest an origin related to elutriation processes.

PHYSICAL PARAMETERS

The use of physical parameters based on chemical com-
position, such as liquidus temperatures and viscosity,
is herein applied with the purpose of testing how the
current composition of Iricoumé volcanics approximate
to an original melt. Geochemical data of the Iricoumé
volcanics in the Pitinga Mining District (Ferron et al.
2010) have indicated little chemical changes due to
metassomatism, weathering and recrystallization pro-
cesses. In this study, major elements, Zr and F of rep-
resentative samples were used for liquidus temperature
and viscosity estimation.
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bedset 1

Fig. 3 —Field and petrographic characteristics of the surge deposits of the Iricoumé Group: a) outcrop A13 —see Figure 5 for location; b) Sketch of
outcrop A13 showing the six bedsets; ¢) microscopic feature showing the dominant massiveness of co-ignimbritic deposits; d) internal organization
of the surge deposits; e) plane parallel stratification in weathered and fresh surface close to the boundary between sets 1 and 2; f) erosional boundary

between bedsets 3 and 4; g) level of lithic fragment close to the top of the bedset 4; h) tuffaceous cognate lithic fragment with dropping feature in

thin section; i) low-angle truncation between bedsets 4 and 5.
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ZIRCON AND APATITE SATURATION TEMPERATURES

Zircon and apatite saturation method (Watson 1979,
Watson and Harrison 1983, Hanchar and Watson 2003)
can be applied as a geotermometer for metaluminous
acid melts, with H,O>2% and M parameter values
[M = (Na+K+2xCa)/(AlxSi)] between 0.9 and 1.7
(Hanchar and Watson 2003). The estimated saturation
temperatures of zircon (T,) and apatite (T,,) in felsic
volcanic rocks of the Iricoumé Group in the Pitinga
Mining District have values from 799°C to 980°C.
Temperatures tend to decrease from trachyte to rhyo-
lite, and apatite saturation temperatures tend to be
higher even in rhyolites. Zircon saturation temperatures
in rhyolites decrease from ~880°C to ~800°C toward
the most differentiated rocks. Similarly, apatite satu-
ration temperatures in trachytes decrease from ~980°C
to 920°C with the differentiation. Petrographic features
indicate that zircon and apatite crystallized as early
minerals in Iricoumé rhyolites and trachytes, respec-
tively. Zircon and apatite saturation temperatures may
approximate to the rhyolite and trachyte minimum
liquidus temperatures. Therefore, it is assumed that
liquidus temperatures for Iricoumé rhyolite melts are
within the range 800-880°C, while trachyte melts are
between 910°C and 980°C.

The calculated temperatures for rhyolite are in
agreement with those presented by Ferron et al. (2010)
for acidic rocks of the Iricoumé Group in the Pitinga
area, A-type Jamon Granite and associated rocks in Ca-
rajas Metallogenic Province (between 818°C and 851°C
— Dall’Agnol et al. 1999b), A-type rocks of the Lach-
lan Fold Belt, Australia (between 779°C and 873°C —
King etal. 1997), and A-type granites and rhyolites from
Grampians region, Western Lachlan Fold Belt (771°C-
887°C — Hergt et al. 2007), all using the zircon satura-
tion method. Furthermore, these estimations are also in
agreement with experimentally determined temperatures
for A-type melt (>830°C — Clemens et al. 1986; 770°C-
850°C—Dall’Agnol etal. 1999b). A temperature as high
as 950°C was achieved experimentally by Patifio Douce
(1997) for generation of A-type melts.

VISCOSITY ESTIMATION

The Giordano et al. (2008) method is calibrated to
measure viscosities of silicate melt with composition
varying from basanite to rhyolite at atmospheric pres-
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sures and temperatures from 535°C to 1705°C. The vis-
cosity estimation for rhyolite and trachyte melts through
(2008) model takes into account the
previously calculated liquidus temperatures. Dry and
hydrous conditions (0.0-6.0 wt%) have been tested
within the range determined by experimental works on
A-type magmas (Clemens et al. 1986, Dall’Agnol et al.
19990, Holtz et al. 2001, Klimm et al. 2003).

The calculated viscosity for Iricoumé rhyolites and

Giordano et al.

trachytes on dry conditions vary from 10%2® Pa s for the
less differentiated trachyte (sample A66a) at 970°C to
10°2% Pa s for the most acid rhyolite (sample A62a)
at 877°C. Water addition up to 6.0 wt% decreases the
viscosity around five orders of magnitude for rhyolites
and around four orders of magnitude for trachytes. The
input of water is more effective on dry melts, pointing
toward an exponential decay of viscosity as water in-
creases. Water addition is also more effective on acid
compositions, reducing from dry to 1.0 wt. % of H,O
around one order of magnitude more in the sample A62a
than in the A66a (Fig. 4).

12
114 X rhyolite (Si0;=76.20wt% / T=877°C) sample AB2a
10 + rhyolite (Si0;=72.03wt% / T=844°C) sample AG1a
] x O trachyte (Si0,=68.15wt% / T=920°C) sample A76a
—
» 94 + © trachyte (Si0,=66.46wt% / T=970°C) sample AG6a
c s
el =]
: ? 9 x .
+
3 64 ©° . x
2 5] * X
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Fig. 4 — Viscosity estimation for Iricoumé samples as a function of

water content. Solid lines represent best fit curves.

The slightly peraluminous rhyolite has yielded
similar viscosity values to those obtained by Giordano
et al. (2008) for rhyolitic melts with similar composi-
tion, within the same temperature range and under dry
conditions. At 3.0 wt. % of water, the Iricoumé rhyolite
(sample A62a) has yielded viscosity values around one
order of magnitude lower than those of Giordano et al.
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(2008). The viscosity values shown by one metalumi-
nous trachyte (sample A76a) is 0.5 order of magnitude
lower than those obtained by Giordano et al. (2006) for
a trachytic tephra of the Campanian Ignimbrite, at the
same temperature. Goto et al. (2005) presented viscos-
ity data for dry rhyolite melts, with similar composition
and temperature, around 0.5 order of magnitude higher
than those calculated for the Iricoumé rhyolite (sample
A62a).

Viscosity values of the Paleoproterozoic volcanic
rocks of the Iricoumé Group were calculated from the
whole rock analysis and assuming a similarity between
the current whole rock and the original melt composi-
tion. The high crystal content in Iricoumé volcanics
(up to 40%) would imply in a magma (melt+crystals)
with higher viscosities. For this calculation, the evalua-
tion of the composition of the melt among crystals would
be essential. Moreover, the non-Newtonian strain-rate
dependence of viscosity in highly crystalline volcanic
rocks (Webb and Dingwell 1990, Lavallée et al. 2007
and references therein) should be considered. There-
fore, the estimations in this work must be considered
with caution, and interpreted as an approximation of
the viscosity of a melt.

VOLCANIC ENVIRONMENT

The image of Figure 5 shows the topography of the
Pitinga Mining District expressed in the geological
map (Fig. 1) and more fifty kilometres to the east,
representing the main area of the Iricoumé occurrence.
According to the topography, the area could be divided
into two main domains: western and central-eastern.
The western domain is flat to slightly rugged, has ele-
vations in the range 60-100 m above the sea level (a.s.l.),
and consists mostly of basement metamorphic rocks
(Guianense Complex). The drainage system frames
highly eroded terrains and depicts a fine texture, sub-
parallel dendritic pattern, indicating stream directions
coming from the boundary with the central-eastern do-
main toward the west and southwest. The central-eastern
domain shows a more complex topographic configura-
tion that reflects its geological heterogeneity. It is mainly
rugged, with elevation levels from 80 m to 320 m a.s.l.
Several drainage patterns broadly indicate a stream di-
rection from west and north, towards the central area,
and then southwards.

Areas occupied by Iricoumé volcanics are com-
paratively lower (mostly 100-200 m a.s.l.) and depict an
extremely rugged relief with a drainage system of fine
to medium dendritic pattern. In the northern portion, two
semicircular features of high lands usually over 200 m
and up to 320 m a.s.l. stand out. A medium to coarse
dendritic drainage pattern forms another rugged relief
bordering annular drainages. Mostly effusive rhyolites
crops out in this area. Annular drainage patterns are
widespread throughout the volcanic terrain. However,
their relation with the volcanic processes could not al-
ways be directly accessed. Granitic batholiths consist of
comparatively high-lands (over 200 m a.s.1.) with coarse
dendritic, partially radial, drainage patterns. They may
be locally limited by annular drainages (eastern portion
of Simao Granite).

The southern portion, composed by the conglom-
erate-sandstone assemblage of the Urupi Formation, is
characterized by flat high-lands at around 250 m a.s.L
There, straight drainage lines and borders step down
around 150 m a.s.l. with incise narrow valleys. The
sedimentary sequence rests over Iricoumé volcanics and
dips significantly when close to the ring dike of basic
rocks of the Quarenta Ilhas Formation. The elliptical
topographic feature formed by the ring dikes consists
of a regional structure of around 20 x 60 km, originally
named as the Pitinga Brachysyncline (Mandetta et al.
1974, Veiga Jr. et al. 1979).

The so-called Pitinga Brachysyncline consists of
an elliptical depression with annular drainage pattern
at the dike margins, surrounded by higher lands where
sedimentary strata dip toward the inner portion of the
structure, and lower lands (100-120 m a.s.l.). The inner
rugged relief is composed by sedimentary and volcanic
rocks. The origin of the Pitinga Brachysyncline was
originally interpreted as a tectonic structure formed
by regional folding of sedimentary and volcanic beds
(Mandetta et al. 1974, Veiga Jr. et al. 1979). In turn,
Montalvido (1975), Araujo et al. (1976) and Dall’ Agnol
et al. (1999a) suggested that the Pitinga Brachysyn-
cline formation would be related to caldera collapse
processes, though a straight relation between volcanic
rocks and the Pitinga Bachysyncline cannot be directly
accessed through surface features. However, Ferron et
al. (2007) studied in detail the co-magmatic volcanics
and granitoids (from the Iricoumé Group and Mapuera
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Suite, respectively) arrangement, and conclude that it
widely outlines the Pitinga Bachysyncline. A caldera
complex system related to the Iricoumé volcanics and
Mapuera granitoids in the Pitinga Mining District was
then proposed.

Despite the lack of evidences on emplacement pro-
cesses of the volcanic and subvolcanic units, mainly due
to their limited exposure, some discussion concerning
the origin of the Iricoumé-Mapuera volcano-plutonic
association can still be made. The present exposure of
Paleoproterozoic volcanics in the Pitinga Mining Dis-
trict area indicates that the Iricoumé Group consists of
a predominantly felsic volcanism (trachyte to rhyolite)
mostly composed by effusive and hypabyssal rocks as-
sociated to expressive ignimbritic deposits. The ign-
imbrites characteristics — such as abundant juvenile and
cognate fragments, enriched in denser components — in-
dicate deposition under high temperatures. The pres-
ence of co-ignimbritic deposits suggests phreatomag-
matic eruptions and/or lava dome collapse for the for-
mation of the pyroclastic deposits. Large explosive erup-
tions are usually related to large silicic calderas (Newhall
and Dzurisin 1988, in Gudmundsson 2008).

Two recognizable semicircular structures occur at
the northern portion of the area, extending around 5x
35 km and 5x25 km (Fig. 5) and mostly consisting of
rhyolite with subvertical flow foliation (Fig. 2c-¢). The
current geomorphology of these structures seems to have
kept part of the lava dome original morphology. Their
distribution suggests an overlapping of two structures.
The emplacement of successive lava domes in the area
could be associated to ring faults. Ring faults seem to
have also controlled, at least partially, the emplacement
of two subvolcanic granitic bodies (Simao and Pedreira
Granites — Fig. 5) that have been identified as coeval
with the Iricoumé volcanism (Costi et al. 2000, Fer-
ron et al. 2007, 2010). Ring faults are usually generated
from silicic caldera collapse processes or subsidence
stages, and indicate shallow magma chamber (Lipman
1997, Cole et al. 2005, Acocella 2007, Gudmundsson
2008). Silicic lava domes and subvolcanic granitic
bodies emplaced throughout regional ring faults fre-
quently occur at caldera resurgence stages. Moreover,
solidified plutons and batholiths emplaced within a few
kilometres depth from regional volcanic surface are
commonly exposed in deeply eroded ash-flow calderas.

These granitic bodies could then be interpreted as sub-
caldera magma chambers, which were brought to the
volcanic crustal level due to tectonic uplift and erosion
(Lipman 1997, Cole et al. 2005). Rhyolite caldera com-
plexes generated by overlapping of calderas events
have been recognized in the well-documented Taupo
Volcanic Zone, New Zealand (Wilson et al. 1995, Cole
etal. 2005, Spinks et al. 2005). Lipman (1997) and Cole
et al. (2005) pointed out that the overlapping of subsi-
dence events would result in a caldera system of complex
structure and geometry rather than in a single caldera.

Paleoproterozoic sedimentary covers (Urupi For-
mation) and marginal faults, which were replenished by
basic-intermediate intrusions (Quarenta Ilhas Forma-
tion), are the main handicap to access the genesis of the
so-called Pitinga Brachysyncline and its relation with
the Iricoumé volcanism. Anyhow, the area served as a
preferential depositional locus for the Urupi sedimenta-
tion, and the marginal faults were deep enough to serve
as preferential conduits for the basic-intermediate in-
trusion, 100 Ma younger than the Iricoumé volcanism.
If interpreted as related to Iricoumé volcanism, the el-
liptical shape and large dimension of the Pitinga Bra-
chysyncline would suggest the presence of a shallow
silicic magma chamber developed within an extensional
tectonic regime.

CONCLUSIONS

Geological information of the Paleoproterozoic Iricou-
mé volcanism, in the Pitinga Mining District reveals
heterogeneous and complex configuration of the vol-
canic products. Detailed investigation on key outcrops
supports the interpretation of the volcanic processes
presented here. This is in accordance with other exam-
ples of ancient volcanic successions in the southernmost
Brazil, such as the alkaline magmatism of Taquarem-
b6 Plateau (Wildner et al. 1999) and Ramada Plateau
(Matos et al. 2002, Sommer et al. 2003, 2005).
Effusive units (lava and hypabyssal) have particu-
lar features, especially concerning morphology and rel-
ative abundances of phenocrysts and groundmass char-
acteristics, which differentiate them from ignimbrites in
which diagnostic features, such as fiamme and welding
foliation, may not be observed. Perlitic cracks in glassy
matrix and crystal and lithic fragments have been exclu-
sively observed in the ignimbrites. Massive and partic-
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ularly stratified co-ignimbritic tuffs characteristics sug-
gest an origin related to primary pyroclastic deposits.
However, a relation with ressedimented volcaniclastic
deposits is not discarded. The investigation of pheno-
crysts abundances and characteristics yields important
information for the distinction among lava flow and
dome, hypabyssal and ignimbrite units. Temperature
and viscosity determination is close to experimentally
measured values, suggesting that the bulk composition
of Iricoumé volcanics comes up with expectations for
the original melt composition.

The distribution of rhyolite dome along ring faults,
the common presence of welded crystal-rich ignimbrites
and co-ignimbritic tuffs, allied with subvolcanic units,
such as hypabyssal rocks and shallow granitic intrusions,
suggest a caldera complex system for the studied area.
Structures originated during the caldera complex devel-
opment seem to have controlled not only the emplace-
ment of coeval volcanic and subvolcanic units, but also
the emplacement of younger basic to intermediate intru-
sions. The current drainage system seems to have been
strongly influenced by the imprints of the caldera setting.
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RESUMO

O Grupo Iricoumé corresponde ao mais expressivo vulcanis-
mo Paleoproterozoico do Escudo das Guianas, craton Ama-
zOnico. As rochas vulcanicas sdo coexistentes com os grani-
toides Mapuera, e pertencem ao magmatismo Uatuma. Pos-

suem idades U-Pb em torno 1888 Ma, e assinaturas geoquimi-
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cas de magmas tipo-A. As vulcanicas do Iricoumé consistem
de traquitos a riolitos porfiriticos, associados a ignimbritos ri-
cos em cristal e tufos co-ignimbriticos de queda e surge. A
quantidade e a morfologia dos fenocristais podem ser utiliza-
das para distinguir lava (fluxo e domo) de unidades hipabissais.
A morfologia dos cristais em ignimbritos permite a distingdo
entre unidades efusivas e ignimbritos, quando os piroclastos
estdo obliterados. Tufos co-ignimbriticos sdo macigos e al-
guns exibem estratificagdes que sugerem deposi¢do por cor-
rentes de tracdo. Temperaturas de cristalizagdo de zircdo e
apatita variam de 799°C a 980°C, sdo compativeis com tem-
peraturas de liquidos tipo-A e podem ser interpretadas como
temperatura liquidus minima. Estimativas de viscosidade para
composig¢des rioliticas e traquiticas fornecem valores proxi-
mos a de liquidos determinadas experimentalmente e ilustram
curvas tipicas de decaimento exponencial, com a adi¢do de
agua. O posicionamento das vulcanicas Iricoumé e de parte
dos granitéides Mapuera foi controlado por falhas anelares em
ambiente intracratonico. Uma génese relacionada a ambiente
de complexo de caldeiras pode ser assumida para a associacdo
vulcano-pluténica Iricoumé-Mapuera no Distrito Mineiro de

Pitinga.

Palavras-chave: Craton Amazonico, complexo de caldeira,
ignimbrito, vulcanismo Iricoumé, depositos de surge, magma-

tismo Uatuma.
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