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A B S T R A C T

The Caapucú Suite (CS), the focus of this study, includes Precambrian rocks that form the Alto Caapucú Block,
located at the northern edge of the Rio de La Plata Craton in southern Paraguay. This is an acidic plutonic to
volcanic magmatic suite, hosted in metavolcanic-sedimentary rocks of the Paso Pindó Group, which are in
tectonic contact with the Villa Florida Metamorphic Suite of the Alto Caapucú Block. Based on the field and
petrographic data of the CS, plutonic and volcanic lithotypes of this suite were identified, characterized and
grouped into four petrographic facies: the rapakivi porphyritic syenogranite facies (RPSF), the monzogranite to
alkali-feldspar microgranite facies (MAMF), the rhyolite facies (RF) and the ignimbrite facies (IF). These are
underformed rocks of monzogranitic to syenogranitic composition with very-fine-to-medium grained crystals
and inequigranular-to-porphyritic granophyric textures. The facies show circular-to-ring configurations with a
large difference in relief in the area in which hypabyssal facies are partly surrounded by volcanic facies. The
lithochemical analysis shows a limited compositional variation within this suite, which may be classified as
acidic rocks, according to a silica content ranging from 73.9 to 79.2%. This corresponds to A-type granitoids that
formed from metaluminous-to-slightly peraluminous ferrous magmatism in a post-collisional magmatic arc
environment. The UePb (LA-ICPMS) geochronological data collected from zircon crystals suggest magma
crystallization ages for the RPSF and IF of 563 ± 7.9Ma and 565 ± 11Ma, respectively. Based on these data,
magmatism of the CS likely originated from Paraguari belt generated by agglutination of the Paranapanema and
Rio de La Plata cratons. The CS presumably developed in the post-collisional stage of the Brasiliano/Pan-African
Cycle during the formation of Western Gondwana. Considering the lithostratigraphic and structural framework
of the CS, in addition to the collection of geochronological ages presented here and those previously available,
the tectonic-magmatic correlation between the CS and the post-tectonic igneous events of the Ribeira and/or
Dom Feliciano belts of the Mantiqueira Province is suggested.

1. Introduction

Precambrian rocks located in southern Paraguay termed the Alto
Caapucú Block (Fulfaro and Palmieri, 1986), consists of a Paleopro-
terozoic crustal fragment and intrusions as well as a cover of Neopro-
terozoic metamorphosed supracrustal rocks.

The Paleoproterozoic basement is formed, according to Kanzler
(1987), by the Villa Florida Metamorphic Suite, consisting of gneisses,
amphibolites, quartzites, banded iron formation (BIFs) and phyllites.
Neoproterozoic geological evolution is marked by the sin-colisional
magmatism named Centu Cue Granodiorite, by occurrence of remnants
of a low-grade metamorphic supracrustal sequence, the Paso Pindó
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Group, and by post-tectonic acid magmatism of the Caapucú Suite,
which is the focus of this study (Chaney et al. 1982; Kanzler, 1987;
Cubas et al. 1998; Meinhold et al. 2011).

Granitic magmatism is a key geological process related to the evo-
lution of Brazilian orogens in the South American Platform. Magmatic
batches associated with the evolution of these belts show that the
magma production events that are responsible for building these oro-
gens may be linked to pre-, syn-, late- and post-tectonic stages. These
tectono-magmatic stages thus record different periods of the geody-
namic evolution of Brazilian orogens. The post-collisional magmatism
of the Brazilian Cycle in the mobile belts of the Mantiqueira Province
has ages ranging from 650 to 580Ma and is genetically linked to the
development of large shear zones (Bitencourt and Nardi, 2000).

Considering that the Caapucú Suite is the largest granitic magmatic
volume of the Alto Caapucú Block and that no robust geochronological
data (such as UePb in zircon) or refined petrological data for this unit
are available, this study uses field, petrographic, lithochemical and
UePb geochronological data to contribute to the interpretation of tec-
tonic and petrological evolution of this granitic suite and to define the
age its associated magmatism.

Therefore, the Alto Caapucú Block plays an important role in the
understanding of the geodynamic evolution of Western Gondwana, in
particular the tectonic interactions between the Rio de la Plata and
Paranapanema cratons and the Mantiqueira Province in southeastern
Brazil.

2. Materials and methods

The petrographic analyses initially consisted of macroscopic studies,
based on which samples were selected to prepare thin sections at the
Laboratório de Laminação, of the Faculdade de Geociências (FAGEO),
Federal University of Mato Grosso and were described in the
Laboratório de Pesquisa of the same institution. In this study, 30 thin
sections of all lithologies found in the area were described on the basis
of texture, mineralogical composition and alteration processes, among
other characteristics. Photomicrographs of thin sections were taken at
2.5, 4 and 10x magnification using a ZEISS camera coupled to an
Olympus binocular optical microscope (model BX50). The abbreviations
of Whitney and Evans (2010) were adopted to indicate the primary
minerals in Figs. 4–7. Twelve samples were chosen for lithochemical
analysis based on the petrographic descriptions.

The twelve most representative samples of the CS were selected for
lithochemical analysis. Sample preparation for whole-rock chemical
analyses (crushing, quartering and grinding to the 200-mesh fraction)
took place at the ALS Minerals Laboratory (Goiânia – GO – Brazil). At
this same laboratory, the samples (0.100 g) were digested to a lithium
metaborate/tetraborate flux. The resulting melt is dissolved in 100mL
of 4% nitricacid/2% hydrochloric acid. Loss on ignition (LOI) was
calculated using a prepared sample (1.0 g) which is placed in an oven at
1000 °C for 1 h, cooled and then weighed. The analyses were performed
with an Inductively Coupled Plasma (ICP) technique to analyze major
elements and an Inductively Coupled Plasma-Mass Spectrometry (ICP-
MS) to analyze trace elements, including rare earth elements. The
software GCDkit (version 2.3; Janousek et al., 2006) was used to pro-
cess the data for petrogenetic interpretations. Geochemical data pub-
lished by Cubas et al. (1998) were used for comparison to the data
collected in this study, which were used in the diagrams proposed in
gray fields.

The samples were initially prepared for geochronological analysis
by disaggregation in a disk mill at the Laboratório de Preparação de
Amostras of the Companhia Matrogrossense de Mineração
(METAMAT). The grain concentrations were assessed according to
conventional procedures for heavy minerals, including gravimetric and
magnetic techniques, using the panning method and a Frantz magnetic
separator at the Laboratório Intermediário de Geocronologia of FAGEO.
Subsequently, approximately 100 zircon crystals of each sample were

hand-picked under a binocular microscope.
UePb geochronological analyses by Laser Ablation-Inductively

Coupled Plasma-Mass Spectrometry (LA-ICP-MS) were performed at the
Geochronology Laboratory of the University of Brasília (UnB) and the
procedures used followed the routine of Buhn et al. (2009). The
equipment used for this analyses was the Neptune (Thermo-Finnigan)
high-resolution multi-collector ICP-MS system coupled to an Nd-YAG
(λ=213 nm) Laser Ablation System (New Wave Research, USA). A
mixture of Helium and Argon was used as a carrier gas. The laser fre-
quency was 10 Hz, the energy was approximately 100mJ/cm2 and the
spot size for UePb systematic analyses was approximately 30 μm.
Plotting and regressions were performed using the algorithms and
software Isoplot 3.0 developed by Ludwig (2003). All errors described
in the diagrams, including the ellipsis error and calculated age, are
based on the 2-σ level. Cathodoluminescence (CL) and back-scattered
electron (BSE) microscopy images were taken with a scanning electron
microscope to select the areas of analysis and to interpret the mor-
phology of crystals.

3. Regional context

The Rio de La Plata Craton (RPC) is the oldest and southernmost
Precambrian unit of South America and is considered to be the con-
tinental crust of the autochthonous Paleoproterozoic terrane in
Southwestern Gondwana (Ramos et al., 1988; Rapela et al. 2007). The
Paranapanema Block consists of a sequence of small, amalgamated
cratonic fragments that stabilized during the formation of super-
continent Gondwana (Milani and Ramos, 1998; Padilha et al. 2015).
These are covered by sediments of the Paraná Basin and are surrounded
by Neoproterozoic belts (Cordani et al. 1984).

The Alto Caapucú Block is located between the Paranapanema and
Rio de La Plata cratons, to the south of the Rio Apa Block and to the
west of the mobile belts of the Mantiqueira Province, in southeastern
Brazil (Fig. 1A). The basement rocks of the Alto Caapucú Precambrian
Block, in southern Paraguay, are considered to be the an important
exposure in the north of the RPC (Fulfaro, 1996; Rapela et al. 2007;
Favetto et al. 2015).

Geophysical studies of Mantovani and Brito Neves (2005) indicate
that the Alto Caapucú Block is slightly separated from the Para-
napanema Block because its core is truncated by a marked lineament
with an NW trend. Kanzler (1987) defined a NE-trending shear zone in
the vicinity of Villa Florida, central-southern region of the Alto Caapucú
Block, and considered that the tectonic structures originated in the
Proterozoic, were reactivated during the Brasiliano Cycle and later in
the Mesozoic (Drueker and Gay, 1985, in: Kanzler, 1987).

Almeida and Hasui (1984) and Cordani et al. (2001) considered that
the NE-trending structures can be prolongations of those existing in
Precambrian rocks of the Mantiqueira Province in southeastern Brazil
(Fig. 1B). From geochronological data, Cordani et al. (2001) correlated
the shear megazone close to Villa Florida to the Jacutinga megazone,
which marks the limit of the Ribeira Belt with the Guaxupé Massif. The
Maniqueira Province is a 3000 km long orogen that extends in NE-SW
direction along the Atlantic coast of South America and is resulted from
the Brasiliano/Pan-Africano convergence of cratonic blocks, leading to
the amalgamation of the West Gondwana supercontinent.

The first contributions to the geological understanding of the rocks
of southern Paraguay was a study by Harrington (1950), followed by
studies of Eckel (1959), Putzer (1962) and Wiens (1984), who described
and mapped the main Precambrian exposures. Kanzler (1987) used
petrographic characteristics and outcrop exposures to establish the
stratigraphic partitioning of the area.

According to Presser (1992), the Alto Caapucú Block can be con-
sidered a small Archean/Proterozoic cratonic block or microplate that
constitutes a structural high characterized by an association of high-to
medium-grade metamorphic rocks (gneisses, amphibolites, quartzites)
and granitoids, besides volcanosedimentary rocks (Kanzler, 1987).
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Cubas et al. (1998) presented the following stratigraphic subdivi-
sion for the rocks of this region: the Rio Tebicuary Complex, the Centu-
Cue Granodiorite, the Passo Pindó Group and the Caapucú Suite. The
first unit is composed of medium to high grade metamorphic rocks of
the Villa Florida Metamorphic Suite. The Centu-Cue Granodiorite is
associated with the basement and shows incipient foliation. The Passo
Pindó Group is a metavolcanic-sedimentary unit that is discordant with
the rocks of Rio Tebicuary Complex. The Caapucú Suite, the target of
this study, intrudes all others (Fig. 2). The main data for these units are
presented in Table 1.

The Villa Florida Metamorphic Suite, also named Complexo Rio
Tebicuary by Wiens (1984), corresponds to rocks metamorphosed to the
amphibolite to granulite facies, with evidence of partial anatexis, re-
corded in the granulites with segregation bands. The N70E-trending
lineament pattern was described by Cubas et al. (1998) in these rocks,
who also report closed and isoclinal folds with axes mainly trending NE-
SW. Lohse (1990) performed the first geochronological analyses and
obtained UePb ages in zircon between 2240 ± 20Ma and
2040 ± 30Ma.

Cubas et al. (1998) described the Centu-Cue Granodiorite as a
coarse-grained, porphyritic to inequigranular batholith. The light-to
dark-gray foliation follows the strike of the basement fault zone, in-
dicating the syn-tectonic relationship of the granitic intrusion. KeAr
and AreAr data for these rocks suggest a tectono-thermal event be-
tween 535 ± 30Ma (Comte and Hasui, 1971) and 555 ± 9Ma (Cubas
et al. 1998).

According to Ruiz et al. (2018) an extensive neoproterozoic re-
working is evidenced by superimposed tectonic structures, meta-
morphism and the KeAr and AreAr ages in Paso Pindó Group and

Centu-Cue Suite. Ruiz et al. (2018) suggest the existence of Paraguari
mobile belt, with N70-80E trend orogenic, composed by supracrustal
rocks of Paso Pindó Group and a volumous granitic magmatisms of
suítes Centu-Cue (0.62 Ga) and Caapucú (0.55Ma), respectively.

The Caapucú Suite (CS) consists of an association of acidic plutonic
and volcanic rocks and includes hypabyssal granites that are inter-
spersed with tuffs and ignimbrites and are intruded by felsic dikes
(Meinhold et al. 2011). The rocks occur as isotropic intrusions and the
igneous outcrop at locations that are 120–180 km from the capital,
Asunción.

Using data from Kanzler (1987), Cubas et al. (1998) identified four
CS lithotypes based on crystal size, which they named according to the
main sites of their occurrence: Barrerito, Casualidad, Charará and Fa-
nego. In this study, a facies subdivision was chosen using a petrographic
classification and following the criteria suggested by Ulbrich et al.
(2001) and McPhie et al. (1993).

Cubas et al. (1998) suggested that the typological and textural dif-
ferences found in these rocks result from distinct magmatic batches and
crustal emplacement levels of this igneous event. These authors classify
the magmatism as calc-alkaline, I-type series of a metaluminous-to-
peraluminous character linked to a post-collisional continental arc en-
vironment.

Cordani et al. (2001) argue that the genesis of the rocks of Alto
Caapucú block may be tectonically related to two regional events that
affected the South American Platform: the Trans-Amazonian Cycle,
which generated the rocks of the Rio Tebicuary Complex, and the
Brazilian Cycle, which caused CS magmatism. The existing geochro-
nological data for this suite are presented in Table 2.

The mobile belts from central-southern region of the Mantiqueira

Fig. 1. A) geotectonic context of the southern region of the South American Platform and location of the region of study. Dotted lines indicate inferred boundaries of
the main Precambrian crustal units. TBL=Trans Brazilian Lineament (modified from Rapela et al. 2007); B) geological context illustrating the NE tectonic trend and
the units along the southern and central part of Mantiqueira Province (modified from Meira et al. 2015). AM – Amazonia Craton; ANG – Angola Block; CO - Congo
Craton; KA – Kalahari Craton; LA - Luis Alves Craton; PP: Paranapanema Craton; RA – Rio Apa Block; RDP: Rio de La Plata Craton; SF: São Francisco Craton; SL – São
Luis Craton; WA –West África Craton.
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Province present their last phase of structuring intense post-collisional
magmatic intrusions between 610 and 550Ma in its last evolutionary
phase (Meira et al. 2015; Phillipp et al., 2016). Some authors describe
igneous suites very similar to those of CS as magmatic systems asso-
ciated to remnant Braziliano mobile belt, such as those occurring in
Mantiqueira Province, within Ribeira and Dom Feliciano belts systems
(Table 3).

4. Results

4.1. Field and petrographic aspects

The rocks of the Caapucú Suite occur over an area of approximately
4000 km2, from the city of Quindii to Villa Florida. They are mostly
flooring outcrop rocks and isolated blocks with flat surfaces or can
occur as small, aligned hills. They also occur in the margins of the
Yparacaí Graben, near the cities of Paraguari and San Bernardino. The
geological map of the area, originally reported by Cubas et al. (1998),
was partly modified in this study.

Detailed study of the samples at macroscopic and microscopic scales
enabled the differentiation of four facies variations based on differences
in color, particle size, mineralogical composition and texture: the ra-
pakivi porphyritic syenogranite facies (RPSF), the monzogranite to al-
kali-feldspar microgranite facies (MAMF), the rhyolite facies (RF) and
the ignimbrite facies (IF; Table 4).

Fig. 2. Geologic Precambrian map of Alto Caapucú Block (Paula, 2018).

Table 1
Geological and geochronological summary data of Precambrian rocks in southern Paraguay.

Stratigraphic Unit Reference Method Age (Ma) Lithology

Caapucú Suite Cordani et al. (2001) RbeSr 560 ± 35 associations of acidic intrusive and extrusive rocks
Paso Pindó Group Chaney et al. (1982) – – metasediments (argillites, metasiltstones, metasandstones and metaconglomerates)
Centu-Cue Granodiorite Cordani et al. (2001) UePb 622 ± 15 white-to-gray granodiorite with a porphyritic texture
Villa Florida Metamorphic Suite Cordani et al. (2001) UePb 2023 ± 12 acidic, para- and ortho-gneisses, ferrous quartzite, marble and serpentinite

Table 2
Geochronological data available for the CS.

Authors Method Age (Ma)

Comte and Hasui (1971) KeAr 468 ± 25
Bitschene and Lippolt (1986) AreAr 544 ± 11
Cubas et al. (1998) RbeSr 531 ± 5
Cordani et al. (2001) RbeSr 560 ± 35
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Cartographic data from Cubas et al. (1998) show that the different
facies of the CS have, into a two-dimensional view, circular and/or ring
shapes (Fig. 3). The rocks do not show deformation, as the main tec-
tonic stress, possibly originated in Phanerozoic, is essentially brittle.

The main relief difference in the area occurs because effusive vol-
canic rocks (rhyolite facies - RF) are found in regions of small hills and
surrounded by plateaus in which intrusive facies outcrop (RPSF and
MAMF). Criteria indicating the chronological relationship between fa-
cies could not be identified in the field. It was not possible to define the
SC contact relations between the country rocks because there are no
outcrops for this. Part of the area is covered by Phanerozoic sediments
and there is no detailed cartography.

4.1.1. Rapakivi porphyritic syenogranite facies (RPSF)
The RPSF of the CS consists of rocks that mainly outcrop as small

blocks and isolated boul with flattened surfaces. They are porphyritic
leucocratic rocks, ranging from pink to grayish-pink (Fig. 4A and B),
with a syenogranitic composition. They typically contain alkali feldspar
phenocrysts covered by plagioclase, defining a rapakivi texture.

The rocks of this facies show an inequigranular to porphyritic tex-
ture with a xenomorphic matrix and a fine particle size. They essen-
tially consist of quartz, perthitic to mesoperthitic alkali feldspars, pla-
gioclase, biotite, aggregates of amphibole and alkali pyroxene (Fig. 4C).
Zircon, apatite, titanite and opaque minerals are the accessory phases,
whereas epidote/clinozoisite, sericite, clay minerals and chlorite are
post-magmatic minerals.

The phenocrysts of these rocks have a particle size ranging from 1 to
4mm, and they are represented by quartz, alkali feldspar and, more
rarely, plagioclase. Optically, quartz crystals have a subhedral shape
with particle size ranging from 0.3mm to 3mm. They are commonly
found forming a granophyric texture with the perthitic orthoclase
(Fig. 4D), with vermicular, cuneiform or lobed habits, mainly arranged
on the edges of the feldspar.

Alkali feldspar crystals range from 0.1 to 4mm and have a dusty
appearance generated by clay formation/sericitization processes. The
orthoclase crystals have subhedral shapes, may be covered by plagio-
clase and show perthitic to mesoperthitic intergrowths in which the
sodic phase is arranged in threads, films and grains. The less abundant
microcline ranges from 0.2 to 0.8 mm and is euhedral with tartan
twinning.

Plagioclase (0.2–1mm) occurs as tabular to anhedral crystals that
are both aggregated and isolated and is classified, using the method by
Michel Levy, as albite. Sporadically, plagioclase may involve alkali
feldspar crystals forming a rapakivi texture (Fig. 4E). Plagioclase is
usually zoned and clearly shows the effects of a saussuritization process
(Fig. 4F).

Mafic minerals are arranged in aggregates formed by pyroxene,
amphibole and biotite and opaque minerals (Fig. 4F).

Pyroxene, identified as of the aegirine-augite series, ranges from 0.1
to 0.3mm and shows green-to-bluish-green pleochroism. Pyroxenes are
sometimes zoned and partly replaced by fibrous amphibole, showing
apatite and zircon inclusions (Fig. 4F). Furthermore, they may have a
symplectitic texture.

Amphibole, identified as riebeckite, occurs as aggregates of sub-
hedral crystals with sizes ranging from 0.1 to 0.6 mm, zoned from dark
green in the core to brown in the edges, partly replaced by biotite. Some
crystals show inclusions of tiny quartz grains.

Biotite (0.3–0.9mm) is platy and anhedral with no preferential or-
ientation, with a strong light-to-dark-brown pleochroism. Biotites
crystals are often associated with amphibole (riebeckite) as its altera-
tion product. Opaque minerals are usually anhedral and with sizes
ranging from 0.1 to 0.3 mm.

4.1.2. Monzogranite to alkali-feldspar microgranite facies (MAMF)
MAMF is represented by subvolcanic rocks with equi-to-in-

equigranular, xenomorphic-to-porphyritic, pink-to-pink-orangish

Table 3
Magmatism associated with the post-collisional period of the Brazilian/Pan-African cycle in the Ribeira and Dom Feliciano mobile belts.

Name of Magmatism/
Mobile belt

Reference Age (Ma) and Geochronologic
method

Characteristics

Pico do Parapagio
Batholith/Ribeira

Meira et al. (2014) 579 ± 4Ma (UePb) granitic magmatism that includes metalunious batholits, peraluminous
plutons and A-type granites. Syenogranites with inequigranular and
hypdiomorphic textures.

Ubatuba Suite/Ribeira Macluf and Schorscher (2001)
Gasparini and Mantovani (1979)

∼565Ma 551 ± 5Ma
(RbeSr)

within-plate A-type leucogranites, with perthitic feldspar and equigranular to
porphyritic textures.

Serra dos Órgãos
Batholith/Ribeira

Tupinambá (1999) 559 ± 4Ma (UePb) megasheet of granodioritic to granitic orthogneiss emplaced during the syn-
to late-collisional orogenic phase.

Suruí Granite/Ribeira Valeriano et al. (2011) 511 ± 6.9Ma (UePb) elliptical puton of syenogranite porphyritic with K-feldspar as megacrysts.
Pink-colored with fine-grained matrix.

Ilhabela Batholith/Ribeira Barreto (2016) ∼570 ± Ma porphyritic granitoids with post-collisional A-type signature.
Dom Feliciano Suite/Dom

Feliciano
Fragoso Cesar (1991) 550 ± 6 (RbeSr) monzo- to syenogranites: pink-grayish porphyritic biotite-granites and

coarse, reddish, equigranular, hololeucocratic granites.
Chasqueiro Granite/Dom

Feliciano
Philipp et al. (2002a) 575 ± 8 (PbePb) monzo- to syenogranite, leucocratic of light-gray color and porphyritic

texture with K-feldspar megacrysts in an equigranular matrix.
Ana Dias Rhyolite/Dom

Feliciano
Oliveira (2015) 581.9 ± 2 (UePb) porphyritic rhyolite and ignimbrites associated with granitic suites with fine

particle size and affinity with the alkaline series.

Table 4
Mineralogical and textural synthesis of the CS facies.

Facies Primary mineralogy Accessory mineralogy and mineral alteration Textures

Rapakivi porphyritic syenogranite facies
(RPSF)

quartz, alkali feldspars, plagioclase, biotite
and alkali amphibole and pyroxene

zircon, apatite, titanite, opaque minerals,
epidote, sericite, clay minerals and chlorite

porphyritic, perthitic, graphic and
rapakivi

Monzogranite to alkali-feldspar
microgranite facies (MAMF)

quartz, alkali feldspars, plagioclase, biotite,
hornblende

zircon, apatite, opaque minerals, muscovite,
epidote, sericite and chlorite

porphyritic, perthitic and graphic

Rhyolite facies (RF) quartz, alkali feldspar, plagioclase and
biotite

zircon, opaque minerals, titanite, apatite,
epidote clay minerals, and chlorite

porphyritic and glomeroporphyritic

Ignimbrite facies (IF) quartz, alkali feldspar, plagioclase and
biotite

apatite, zircon, opaque minerals, chlorite, clay
minerals and chlorite

eutaxitic and micropoikilitic
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textures (Fig. 5A, C and 5E), which outcrop as blocks, boulders and slab
rocks in flattened regions. The percentage of mafic mineral is lower
than 5%, providing them a hololeucocratic character. The composition
is mostly quartz and feldspar associated with a finer grained ground-
mass, which enables the differentiation from the previous facies. A clear
variation in particle size among these lithotypes, ranging from very fine
to medium, is highlighted.

This facies essentially consists of quartz crystals, alkali feldspars,

plagioclase, rare biotite and minor hornblende. Zircon, apatite and
opaque minerals represent the accessory paragenesis. Muscovite, ser-
icite, chlorite, clay minerals and epidote are products of post-magmatic
alteration.

When the rocks have porphyritic textures, the matrix has a quartz-
feldspar composition with very fine- (Fig. 5B) -to-fine (Fig. 5D) particle
sizes. Phenocrysts range from 1 to 3mm and consist of quartz and alkali
feldspar. Rocks with fine particle size and equigranular texture

Fig. 3. Geological map of the Caapucú Suite with location of geochronological UePb and geochemical samples (modified from Cubas et al. 1998).
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sporadically occur, and higher quantities of plagioclase (29%) classify
them as monzogranites (Fig. 5F).

Quartz has a subhedral habit or a vermicular shape, forming gran-
ophyric intergrowth. Quartz is found in the matrix and as phenocrysts,
which range from 0.5 to 3mm, showing bight and corrosion gulfs. In
isolated points of the matrix, quartz may show aggregates of very fine
particles.

Alkali feldspar usually occurs as grains ranging from subhedral to
anhedral and is represented by the orthoclase with Carlsbad twinning
(Fig. 5D). When in phenocrysts, alkali feldspar has a particle size ran-
ging from 0.1 to 2mm, is anhedral and show stringers and drops per-
thites to mesoperthites (Fig. 5B), granophyric intergrowth and dusty
aspect due to the effects of argilization and sericitization.

Plagioclase crystals range from subhedral to anhedral, with sizes
ranging from 0.4 to 2mm and show albite- and pericline-type poly-
synthetic twinning (Fig. 5F). Plagioclase is argilized or saussuritized
and shows normal zonation, evidenced by cores that are more altered
than edges.

Biotite has a particle size ranging from 0.2 to 0.9mm and occurs at a
percentage lower than 5%. Biotite shows a micaceous habit and light-
to-dark-brown pleochroism without preferential orientation.
Amphibole that has partly been altered to platy biotite sporadically
occurs.

Muscovite is a secondary phase and occurs as very-fine-to-fine
plates, which commonly include opaque minerals. Sericite occurs as a
set of minute crystals arranged in bands.

Epidote (allanite) forms very fine euhedral grains, which can be

found in longitudinal sections that correspond to well-developed
prisms.

4.1.3. Rhyolite facies (RF)
RF includes gray leucocratic rocks (Fig. 6A) with porphyritic tex-

tures in an aphanitic matrix, which mainly occur as blocks and boulders
near roads. RF is intersected by dykes that are slightly thicker than 1 cm
(Fig. 6B) and composed by very fine syenogranitic rock related to the
monzogranite to alkali-feldspar microgranite facies (MAMF).

Optically, RF typically has a porphyritic texture, sometimes glo-
meroporphyritic, and a very fine quartz-feldspathic matrix that consists
of quartz, alkali feldspar, plagioclase and biotite, whereas zircon,
opaque minerals, titanite and apatite represent accessory paragenesis,
and clay minerals, epidote and chlorite occur as post-magmatic pro-
ducts. Anhedral lithoclasts (less than 5%) formed by quartz, alkali
feldspar, plagioclase, biotite, titanite, opaque minerals, apatite and
epidote are more than 0.1mm in size (Fig. 6C). The lithoclasts are
cognate of the rhyolitic rocks, representing portions of the same
magma.

Quartz occurs as a mesostatic component or as anhedral phenocrysts
up to 2mm, showing intense magmatic corrosion and bight. Quartz is
also found in recrystallized phase.

Feldspar phenocrysts range from 1 to 2.5 mm and are commonly
sericitized, argilized or saussuritized producing secondary paragenesis
formed by sericite, clay minerals, carbonate and minerals of the epidote
group. Alkali feldspar is represented by orthoclase with Carlsbad
twinning (Fig. 6D) and with evidence of exsolution as a stringers and

Fig. 4. Characteristics of the RPSF of the CS: A) and
B) pink and grayish-pink hand samples, respectively,
both with rapakivi texture; C) photomicrograph
showing inequigranular, xenomorphic texture
formed by perthitic alkali feldspar, plagioclase,
quartz and aggregates of amphibole and opaque
rocks, and microgranular biotite; D) detailed photo-
micrograph showing perthite in the middle of a
granophyric texture, with grains of zoned plagioclase
and epidote from saussuritization; E) photo-
micrograph showing a rapakivi texture; F) photo-
micrograph of saussuritized plagioclase crystals and
of pyroxene altered to fibrous amphibole, apatite and
titanite. Images C to F were taken under crossed
polarizers. Pr: Perthite. (For interpretation of the
references to color in this figure legend, the reader is
referred to the Web version of this article.)
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Fig. 5. Characteristics of the MAMF of the CS: A), C)
and E) hand samples of pink-to-pink-orange por-
phyritic rocks of different particle sizes; B) photo-
micrographs showing phenocrysts of argilized per-
thitic feldspar and quartz in a very fine quartz-
feldspathic matrix; D) photomicrographs showing a
porphyritic texture formed by orthoclase phenocrysts
with Carlsbad twinning in a fine matrix; F) photo-
micrograph showing xenomorphic equigranular tex-
ture formed by perthitic alkali feldspars, quartz and
rare plagioclase. Images B, D, and F were taken
under crossed polarizers. (For interpretation of the
references to color in this figure legend, the reader is
referred to the Web version of this article.)

Fig. 6. Characteristics of the RF of the CS: A) hand
sample showing a porphyritic texture with alkali
feldspar phenocrysts, quartz and mafic aggregate in a
very fine, gray matrix; B) hand sample showing
contact between the RF and the syenogranitic dyke
of the MAMF; C) photomicrograph showing a litho-
clast consisting of quartz, alkali feldspar, plagioclase,
biotite, epidote, titanite, opaque minerals and apa-
tite; D) photomicrograph showing an alkali feldspar
phenocryst with Carlsbad twinning in a very fine
felsitic matrix. Images C and D were taken under
crossed polarizers.
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drops perthites textures.
Biotite occurs at a percentage lower than 5% in small plates, with

light-to-dark-brown pleochroism, and can be partly-to-totally chlor-
itized.

Opaque minerals range from 0.1 to 0.3 mm and may occur in the
matrix or as inclusions in phenocrysts and in lithoclasts. They have
euhedral shapes and commonly show a rim of reaction to titanite and
symplectite-to-poikilitic texture.

4.1.4. Ignimbrite facies (IF)
The acid pyroclastic rocks of the CS occur in the northern and

southern regions of the study area and were genetically classified as
ignimbrites with a rhyolitic composition. They feature a massive
structure and colors ranging from reddish brown to gray (Fig. 7A and
B). Furthermore, they contain feldspar and quartz phenocrysts in an
aphanitic matrix.

Optically, the IF includes crystal-rich, gray, fine-to-very-fine rocks
with felsitic mesostasis and some lithic fragments. Occasionally, the
matrix is devitrified, showing an initial stage of nucleation and mineral
neoformation due to thermodynamic instability of the glassy portions.
Micropoikilitic texture is developed as a product of devitrification and
consists of an irregular mosaic intergrowth of anhedral quartz and
feldspar crystals (Fig. 7C and F).

Crystalloclasts exhibit angular, fractured and corroded features
(Fig. 7C) with sizes ranging from 0.4 to 4mm, predominantly consisting
of quartz and alkali feldspar with subordinate amount of plagioclase
(Fig. 7D). The accessory mineralogy is represented by biotite, apatite,

zircon and opaque minerals, whereas chlorite and clay minerals cor-
respond to the alteration minerals.

The lithic fragments have rounded and elongated shapes with cen-
timeter-scale dimensions (Fig. 7B). Under the microscope, these frag-
ments from 5mm in size can represent two types of genesis: cognate
terms of rocks of similar composition, characterizing portions of the
same magma, and non-cognate terms, corresponding to accidental lithic
clasts. The lithoclasts can represent the beginning of the volcanic phase,
with the opening of the volcanic conduit.

The welding process promotes the development and alignment of
the fiammes in a planar foliation due to the parallel arrangement of
flattened fragments, termed a eutaxitic texture (Fig. 7E). Fiammes
usually surround crystalloclasts glassy lenses with flame-like shapes.

Quartz occurs as subhedral grains, usually fractured and with sizes
ranging from 0.4 to 4mm. Quartz is a very common phase and shows
bight and corrosion gulf structures.

Alkali feldspars are usually argilized with particle sizes ranging
from 0.8 to 3mm and round, subhedral-to-anhedral shapes. They in-
clude orthoclase with Carlsbad twinning and microcline, to a lesser
extent, with tartan twinning. Orthoclase crystals show a perthitic tex-
ture in stringers and in drops (Fig. 7F) and corrosion gulfs.

Plagioclase is rarer and has a tabular shape and euhedral habit with
sizes ranging from 0.4 to 1mm, showing polysynthetic twinning and
incipient saussuritization.

Opaque minerals have subhedral-to-anhedral habit consisting of
very fine grains; they are very commonly surrounded by microgranular
chlorite.

Fig. 7. Petrographic characteristics of the IF of the
CS: A) reddish-brown hand sample showing an
aphanitic matrix; B) gray hand sample with rounded
and elongated black lithic fragments with cen-
timeter-scale dimensions. The matrix shows an
aphanitic texture; C) photomicrograph showing an-
gular, fractured and corroded crystalloclasts in the
middle of a devitrified matrix with an micropikilitic
texture; D) photomicrograph showing plagioclase
crystalloclasts, alkali feldspar and quartz in the
middle of a matrix with very fine, gray particles; E)
photomicrograph showing the alignment of fiammes
in planar foliation; F) photomicrograph with the
detail of a rounded perthitic alkali feldspar crystal-
loclast in a matrix with an micropikilitic texture.
Images C to F were taken under crossed polarizers.
(For interpretation of the references to color in this
figure legend, the reader is referred to the Web ver-
sion of this article.)

A.F. Granja Dorilêo Leite et al. Journal of South American Earth Sciences 88 (2018) 621–641

629



Biotite shows particle sizes ranging from 0.3 to 0.5mm in anhedral
plates and is commonly associated with opaque minerals. Biotite is also
found in lithic fragments as aggregates with quartz, feldspars, epidote,
chlorite and clay minerals.

4.2. CS lithochemistry

Chemical analysis of the CS rocks show narrow compositional var-
iation. These rocks are classified as acidic, with silica content ranging
from 73.9 to 79.2%. Data for major and trace elements are presented in
Table 5. The findings were plotted in diagrams commonly used in the
literature in which the data for the CS rocks published by Cubas et al.
(1998) are also plotted in gray fields.

The CS volcanic rocks are geochemically classified as rhyolite and
alkali rhyolite, and the plutonic rocks as granite to alkali granite, ac-
cording to the R1-R2 diagram proposed by La Roche et al. (1980), il-
lustrated in Fig. 8A and B, respectively. The normative composition
shown in the Ab-An-Or diagram by O'Connor (1965; Fig. 8C) shows a
granitic composition for the plutonic samples.

The FeOtot/(FeOtot + MgO) versus SiO2 diagram proposed by Frost
et al. (2001; Fig. 9A), as well as the A/CNK versus A/NK diagrams
proposed by Maniar and Picolli (1989; Fig. 9B), based on Shand indices,
suggest that the CS rocks originated from a ferrous and metaluminous-
to-slightly peraluminous signature. In the first diagram (Fig. 9A), there

is a boundary separating the two fields because suites with A-type
characteristics are distinctly more iron enriched than the Cordilleran-
type granitoids (Frost and Frost, 1997). The CS samples plot in the
ferroan field and can be named A-type granitoids (Frost et al. 2001).

The CS analytical data, when plotted in the Harker (1909) diagrams,
which show major elements as a function of silica content (Fig. 10),
indicate negative correlations between this index and Al2O3, CaO and
Na2O, suggesting mainly plagioclase fractionation. TiO2, FeOt, MgO,
K2O and P2O5 show dispersion patterns, which may indicate crustal
contamination or later modifications that may have resulted from hy-
drothermal processes, for example. In two samples of the IF, occur a
relative enrichment in CaO, FeOt and MgO contents that possibly is
associated with the presence of lithic fragments with greater amount of
chlorite and clay minerals, described in petrography. These same
samples are K2O depleted which suggests a relative decrease of por-
phyroclastic of alkali feldspar.

The distribution of trace elements in the Harker (1909) diagrams
indicates a positive correlation between the differentiation index (si-
lica) and Rb, whose content ranges from 120 to 280 ppm, indicating the
enrichment in alkali feldspar of the most evolved rocks. Sr and Ba are
negatively correlated with SiO2, suggesting feldspar fractionation and a
high magma differentiation rate (Vavra, 1994). The IF comprises sev-
eral amount of lithic fragments and crystalloclasts and the analytical
data are influenced by them. Thus, some samples of this facies present

Table 5
Results of CS chemical analysis.

Elements RPSF MAMF RF IF

AG04 AG10 AG05 AG08 AG12 AG13 AG02 AG06 AG07 AG14 AG15-1 AG15-2

SiO2 78,2 74,9 77,3 78,5 78,1 75,8 73,9 75,9 76,2 79,2 75,5 76,1
Al2O3 12,75 13,2 11,6 11,75 11,65 12,45 12,75 11,85 11,65 10,7 12,5 12,6
Fe2O3 1,93 2,28 1,94 2,51 1,35 2,06 1,93 1,95 2,13 2,67 3,13 3,32
MnO 0,03 0,07 0,03 0,03 0,02 0,05 0,03 0,05 0,04 0,03 0,07 0,06
MgO 0,08 0,27 0,01 0,12 0,02 0,21 0,29 0,19 0,29 0,14 0,18 0,28
CaO 0,37 0,94 0,35 0,34 0,2 0,65 0,9 0,63 0,77 0,18 1,45 1,31
Na2O 3,15 3,68 3,14 3,22 3,27 3,48 3,93 3,18 3,13 2,16 3,71 3,57
K2O 5,2 4,71 4,73 4,85 4,68 4,7 4,42 4,69 4,72 5,11 3,34 3,59
TiO2 0,18 0,21 0,07 0,17 0,09 0,23 0,26 0,18 0,12 0,2 0,22 0,24
P2O5 < 0,01 0,05 < 0,01 0,33 < 0,01 0,04 0,03 0,02 0,01 <0,01 0,03 0,03
LOI 0,25 0,38 0,38 0,32 0,41 0,41 0,31 0,43 0,8 0,65 0,47 0,6
Total 101,66 100,78 99,59 101,89 99,81 100,19 98,93 99,18 99,94 101,08 100,67 101,78
Ba 503 702 290 368 69,6 832 1555 803 532 139,5 430 0,05
Co 1 3 1 1 2 2 1 2 2 <1 1 2
Cs 4,55 4,96 0,94 3,6 5,85 2,76 1,78 2,27 1,51 0,65 6,13 3,29
Ga 20,3 19,2 19,5 19,1 19,7 22,6 17,9 21,2 20 29,4 22,6 22,8
Hf 6,6 4,5 6,5 5,1 4,1 6,4 7,4 5,2 4,2 24,3 7,4 7,2
Nb 18 10,1 20,1 15,9 17,8 13,4 16 17,3 13 49 13,4 13,4
Rb 224 162 188 195 267 151 135,5 155 159,5 132,5 146,5 161
Sr 49,7 106,5 41,2 53,3 22 100,5 98,7 79,7 48,9 69,4 123,5 130,5
Ta 1,5 0,8 1,3 1,4 1,8 1 1,1 1,4 1,2 2,8 1,2 1,3
Th 24,7 24,4 20,3 27,1 34,1 20,1 18,15 16,55 18,05 18,1 12,8 14,15
U 4,34 3,99 1,58 5,06 3,73 3,56 3,67 2,79 3,07 2,54 4,09 4,27
W 6 6 5 2 4 2 15 2 3 1 3 6
Zr 217 148 165 152 95 225 269 175 121 1080 304 272
Y 37,8 21 31,5 35,4 27,1 29,4 35,1 33,8 34,7 110 47,4 48,1
La 52,7 33,5 6,7 43,7 10,6 48,7 73,2 56,2 52 120 35,2 36,1
Ce 86,7 63,9 61,2 82 34,8 102,5 136 109,5 97,2 238 73,9 74,7
Pr 10,85 6,6 1,87 8,88 2,74 10,75 14,85 11,6 10,5 27,6 8,61 8,94
Nd 36,9 22,6 7,5 29,4 9,1 40 52,3 39,8 35,7 102 34,5 36,3
Tm 0,72 0,38 0,68 0,53 0,51 0,45 0,56 0,53 0,57 1,59 0,74 0,68
Sm 6,53 4,03 2,06 6,01 2,45 6,73 8,63 6,85 5,93 19,25 7,2 7,72
Eu 0,78 0,68 0,31 0,46 0,18 1,18 1,3 0,91 0,52 0,33 1,38 1,52
Gd 5,64 3,35 3,39 4,95 2,69 5,44 7,04 5,79 5,13 19,05 7,55 7,74
Tb 0,98 0,56 0,62 0,85 0,54 0,86 1,06 0,95 0,93 3,09 1,29 1,34
Dy 5,94 3,19 4,27 4,58 3,57 4,98 5,59 5,57 5,33 18,45 7,25 7,62
Ho 1,34 0,66 1,11 1,13 0,83 1,02 1,2 1,11 1,12 3,8 1,69 1,62
Er 4,2 2,08 3,94 3,31 2,99 3,05 3,59 3,53 3,64 10,85 4,92 4,89
Yb 4,91 2,49 4,92 3,96 3,71 3,22 3,58 3,49 3,96 10,95 5,05 4,95
Lu 0,81 0,41 0,74 0,65 0,65 0,54 0,53 0,55 0,61 1,55 0,73 0,74
Eu/Eu* 0,39 0,55 0,36 0,25 0,21 0,58 0,50 0,43 0,28 0,05 0,57 0,60
(La/Yb)N 7,18 9,00 0,91 7,38 1,91 10,11 13,67 10,77 8,78 7,33 4,66 4,88
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Fig. 8. Distribution of data of representing CS rocks in the following diagrams: (A) R1-R2 proposed by La Roche et al. (1980) for volcanic samples; (B) R1-R2
proposed by La Roche et al. (1980) for plutonic samples and (C) Ab-An-Or normative molecular composition, according to the parameters by O'Connor (1965). Gray
fields: CS geochemical data published by Cubas et al. (1998).

Fig. 9. Distribution of data of representing CS rocks in the following diagrams: (A) FeOtot/(FeOtot + MgO) versus SiO2 diagram, proposed by Frost et al. (2001), and
(B) A/CNK versus A/NK diagram by Maniar and Picolli (1989). Gray fields: CS geochemical data published by Cubas et al. (1998).
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enrichment of Ce, Y and Sr that could be related to a greater amount of
modal epidote, apatite and phenocrysts of plagioclase, respectively.
Moreover, the high Zr contents in one sample indicate abundance of
zircon in this rock (Fig. 11).

The CS rare earth elements (REE) data, normalized using the
chondritic values of Nakamura (1974; Fig. 12), mostly show a fractio-
nation pattern of heavy REE relative to light REE. The (La/Yb)n ratios
ranged from 0.91 to 13.67 in MAMF and RF rocks, respectively,

whereas the heavy REE showed a subhorizontal pattern generating a
configuration similar to the shape of a seagull's wing (Fig. 12), which
characterizes an alkaline series. The higher REE contents in the IF
sample (Fig. 12A) results from the proportional enrichment of these
elements in relation to the gain or loss of more mobile ones in post-
crystallization processes, such as hydrothermalism and/or metasoma-
tism (Liaghat and MacLean, 1995). The MAMF samples (Fig. 12B)
presents two light REE patterns, one with higher and one with lower

Fig. 10. Harker (1909) diagram with the distribution of data of major elements expressed in oxides of CS rocks. Gray fields: CS geochemical data published by Cubas
et al. (1998).
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values. The decrease of light REE content observed in two samples may
be due to the fractionation of allanite. According to Rollinson (1993),
the allanite and monazite removal causes a decrease of these elements.
The negative anomalies of Eu observed in all facies indicate the high
grade of magma differentiation. The samples mostly show moderate
negative Eu/Eu* anomalies with mean ratios of approximately 0.39,
with wider ranges (from 0.05 to 0.60) in IF specimens (Fig. 12A), which
have higher REEtotal contents. MAMF samples show little heavy REE
fractionation, negative Eu anomalies (Eu/Eu* ratio between 0.21 and
0.58) and one sample with a positive Ce anomaly (Fig. 12B), whereas
the RPSF and RF samples showed moderate negative Eu anomalies (Eu/
Eu* from 0.39 to 0.55; Fig. 12C and D).

The distribution diagrams of CS trace elements and K2O, normalized
using the granite values of the Ocean Ridge (Pearce et al. 1984) are
shown according to the relative distribution of each facies (Fig. 13A–D).
The samples show a selective enrichment of light-ion lithophile ele-
ments (LILEs) relative to the high-field strength elements (HFSEs),
showing a model similar to those of volcanic arc granitoids. A sub-
horizontal pattern is noted for Hf, Zr, Y and Yb, similar to that of high-K
calc-alkaline granitoids of the Andean magmatic arc. Negative Nb and
Ta anomalies in all facies suggest crustal contamination (Rollinson,
1993). Kelemen et al. (1993) indicate that Nb negative anomalies are

related to upper mantle melting in settings related to magmatic arc
development. Ce shows little fractionation in relation to adjacent ele-
ments, suggesting a possible proximity to hydrothermal sources (Munhá
and Kerrich, 1980). Except for the RF, Ba negative anomalies found in
the other facies suggest feldspar fractionation. This lack of Ba anomaly
can be explained by the scarcity of plagioclase, apatite and/or biotite in
RF.

Discriminating diagrams, proposed by Whalen et al. (1987), which
use the 10.000*Ga/Al versus Zr and FeOt/MgO ratios and
Zr + Nb + Ce + Y versus FeOt/MgO diagrams, are shown in Fig. 14.
The values of the 1000*Ga/Al ratio are always higher than 2.6, and the
Zr + Nb + Ce + Y, higher than 350, characterize the study rocks as A-
type granitoids.

In the NbeYeCe diagram proposed by Eby (1992; Fig. 15A), the
points representing CS samples coincide with the A2 domain of A-type
granites, with high values of the Y/Nb ratio, which suggests magmatism
from a crustal source. Eby (1992, 2006) suggests an origin related to the
differentiation of tholeiitic basalts with varying degrees of crustal in-
teraction, by partial melting of crustal sources previously submitted to a
melting episode. The A2 group includes granitoids found in several
tectonic environments, such as the typical rapakivi granites, which are
A-type granitoids derived from alkaline magmas positioned in post-

Fig. 11. Harker (1909) diagram with the distribution of data of trace elements (in ppm) of the CS rocks. Gray fields: CS geochemical data published by Cubas et al.
(1998).
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tectonic, or even anorogenic, environments, according to the definition
by Loiselle and Wones (1979). In the discriminating plots of tectonic
environments proposed by Harris et al. (1986; Fig. 15B) and by Pearce
et al. (1984) and then modified by Pearce (1996; Fig. 15C), the samples
are plotted in the fields delimited for Phanerozoic granitoids of volcanic
and post-collisional arc environments, respectively.

4.3. Geochronology UePb (in zircon)

Extrusive and intrusive members of two of the four facies identified
that best represent the Caapucú Suite were selected for geochronolo-
gical analysis using the UePb-zircon method. The rapakivi porphyritic
syenogranite facies (AG04) and ignimbrite facies (AG06) are located in
the southern and northern regions of the study area, respectively
(Fig. 3).

Sample AG04 is pink and fine-to-medium grained with a syeno-
granitic composition and porphyritic texture. The zircon crystals of this
sample are colorless to brownish yellow, with sizes usually ranging
from 150 to 250 μm, although crystals smaller than 100 μm and larger
crystals, ranging from 300 to 400 μm, also occur. The most abundant
are euhedral and show prismatic habits, with well-defined pyramids.

Sample AG06 is reddish-brown and has a felsitic composition, with
fine-to-very-fine grained and rich in feldspar and quartz crystals. The
zircon grains range from colorless to dark-to-light yellow and, some-
times, tinted, commonly euhedral with the prismatic habit. The most
abundant percentage shows sizes ranging from 50 to 180 μm, and they
rarely occur in sizes ranging from 200 to 300 μm. Crystals smaller than
50 μm are also observed.

Images were acquired using scanning electron microscopy (SEM),
cathodoluminescence (CL) and back-scattered electron microscopy
(BSE). The 11 crystals analyzed in these images are long prisms with

well-developed terminations, which is commonly found in the grains of
most magmatic rocks (Vavra et al. 1996). Their sizes range from 80 to
300 μm, and they show relatively regular light and dark zoning bands
representing different contents of uranium. They show 2/1 and 3/1
length versus width ratio (Fig. 16), with an elongated morphology in the
x-axis relative to the y-axis, following the morphology indicated by
Pupin (1980) for zircons of igneous rocks. The crystal in Fig. 16F is an
exception.

The crystals generally exhibit low contrast between individual
growth zones and growth sectors, interpreted as the portions of con-
tinuous magmatic development of the zircon crystals (Vavra et al.
1996). However, grains A, C and D show a significant contrast in their
expansions due to a large, uniform, central zone succeeded by thin
zoned bands at the edges. Low-to-medium luminescence rates are ob-
served in the cores of crystals C, G and H.

According to Vavra (1994), zircon crystals grow as pyramids due to
crystallization during a period with a constant and high cooling rate.
These authors suggest that the morphology in very steep pyramids of
the crystals is characteristic of granitoids derived from alkaline mag-
matism.

Corfu et al. (2003) explain that the zoning of the zircon crystals
results from crystal growth interruption and reabsorption of the original
zoning, succeeded by new depositions. This phenomenon develops due
to the kinematics of large-scale magma mixing, which causes periods of
Zr sub-saturation in the liquid.

According to Xiang et al. (2011), the U and Th levels of the zircon of
magmatic origin change with the increase in temperature, increasing
the Th content relative to the U content in the magma. Therefore, the
high Th/U ratios are likely related to the degree of liquid disequilibrium
during zircon crystallization. The geochronological data are presented
in Table 6.

Fig. 12. Patterns data of CS rare earth elements, normalized using the chondritic values of Nakamura (1974).
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In sample AG04, 32 crystals were analyzed, of which 21 resulted in
an upper intercept age of 563.7 ± 7.9Ma with a 1.13 Mean Square of
Weighted Deviates (MSWD; Fig. 17A), considered as the age of crys-
tallization of the rock. Of these, 6 crystals yielded a concordant age of
543 ± 7.3Ma, with 1.4 MSWD (Fig. 17B).

In sample AG06, 25 crystals were analyzed, of which 23 generated
an upper intercept age of 565 ± 11Ma, with 1.15 MSWD (Fig. 17C),
interpreted as the age of crystallization. Of these crystals, 5 yielded a
concordant age of 553.1 ± 5.4Ma, with 1.5 MSWD (Fig. 17D).

5. Discussions

CS is composed of an association of acid plutonic and volcanic
(effusive and explosive) rocks of monzogranitic to syenogranitic com-
position and very-fine-to-medium grained with a porphyritic and

inequigranular texture. The occurrence of perthitic alkali feldspars and
sodic plagioclase (albite to oligoclase) as isolated phase characterizes
the study rocks as subsolvus granites.

Ignimbrites are pyroclastic deposits originated under high tem-
perature conditions and from flow of pumices, independent of grain
size, degree of welding or volume of the deposit (Sparks et al. 1973).
The presence of crystalloclasts in IF indicates an origin from liquids
with high crystallization rate, and the intense fragmentation identified
suggests impact along the magmatic conduit or turbulent surface
transport (McPhie et al. 1993). In general, lithic fragments derived from
pre-existing rocks are absent or sparse in lava flows and syn-volcanic
intrusions (McPhie et al. 1993).

Glass subjected to prolonged heat, pressure and solutions would be
granophyric, consisting of fine, equigranular quartz and feldspar, which
are products of devitrification (Lofgren, 1971b), as the micropoikilitic

Fig. 13. Distribution of data of CS trace elements and K2O, normalized using the granite values of the Ocean Ridge Granites (Pearce et al. 1984).

Fig. 14. Distribution of data of representing CS in the Whalen et al. (1987) diagrams for granitoid classification. Gray fields: CS geochemical data published by Cubas
et al. (1998).
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texture. This texture occurs mainly in rocks of silicic composition
(McPhie et al. 1993) and may result from initial cooling of glass
(Anderson, 1969). According to McPhie et al. (1993), rates of devi-
trification are very slow below 300 °C under dry conditions, or presence
of pure water.

The bight and corrosion gulfs commonly identified in phenocrysts of
plutonic facies must have occurred during magma ascent and overflow.
According to McPhie et al. (1993), SiO2 solubility increases with de-
creasing pressure, as phenocrysts that are initially in equilibrium with
the liquid are now partially reabsorbed.

The constant presence of the granophyric texture may indicate
shallow level of emplacement for the intrusive rocks in this suite be-
cause the texture is generated by fast and simultaneous crystallization
of quartz and alkali feldspar in a magmatic liquid (Smith, 1974).
Whalen et al. (1987) indicated that a granophyric texture is common
among epizonal granitic bodies, particularly among those associated
with volcanic rocks. This texture is commonly found in alkaline gran-
ites, such those occurring in intracontinental rift environments (Whalen
et al. 1987).

According to Bonin (1998), the genesis of granitic complexes at low
depths is usually associated with A-type granitic liquid rises, which are
favored by the density contrast between the magma and the host rocks
as well as by differentiation processes. Gill (2014) suggested that ring-
shaped intrusions may indicate subsidence of much larger crustal

blocks, which are a key channel for the rise of acidic magma in the
upper crust.

Geochemically, the rocks are represented by acid terms, the vol-
canic facies ranging from rhyolite to alkali rhyolite and the plutonic
facies from granite to alkali granite. Whalen et al. (1996) suggested that
volcano-plutonic associations with a geochemical affinity that is com-
patible with A-type magmas are commonly found. Vavra (1994) affirm
that Nb, Zr and Y depletion may indicate the alkaline origin of the rock.
Sr and Ba are negatively correlated with the SiO2 index, suggesting
feldspar fractionation and a high rate of magma differentiation (Vavra,
1994), as the negative anomalies of Eu.

Rapakivi granites commonly occurs forming ring complexes and
coexist with biotite, peraluminous granites and alkaline granites
(Wernick, 2004). According to Ramo and Haapala (1995), the term
rapakivi granites is used for anorogenic or post-tectonic A-type granites
with rapakivi textures. Also according to these authors, the origin of
rapakivi granites may be related to melting by dehydration of the
biotite and/or amphibole of crustal protoliths and to fractionation of
mantle magmas. Bonin (2007) affirm that A-type complexes are mostly
emplaced within stable and cooling areas of thickening lithosphere.
Therefore, the CS was likely derived from a large-scale mantle rise,
allowing for partial melting of the crust.

UePb geochronological data reveal a crystallization age of the CS-
forming magma of 563 ± 7.9Ma and 565 ± 11Ma for the RPSF

Fig. 15. Distribution of data of representing the CS rocks in the following diagrams: (A) YeNbeCe (Eby, 1992); (B) HfeRb/30-3Ta (Harris et al.1986) and (C)
Y + Nb versus Rb proposed by Pearce et al. (1984) and Pearce (1996). Gray fields: CS geochemical data published by Cubas et al. (1998).
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(AG04) and IF (AG06) samples, respectively. Therefore, these ages
correlate with the period that followed The Braziliano orogenesis. The
association of the rocks is confirmed by the similarity of their geo-
chemical behavior and UePb ages, indicating that both originated
during the same volcano-plutonic event. It should be noted that the
ages obtained in this study corroborate with the RbeSr results reported
by Cordani et al. (2001), with an initial 87Sr/86Sr ratio of 560 ± 35Ma.

Meira et al. (2015) indicated that the mobile belts of the Manti-
queira Province in Brazil originated from an intracontinental orogeny
driven by the propagation of the collision between the Paranapanema
and São Francisco cratons at approximately 650–600Ma, followed by
extensional tectonism and voluminous post-orogenic granitic magma-
tism at 600-560Ma. Thus, the findings above suggest that the CS
magmatism developed in the final stage of formation of the Paraguari
mobile belt, generated by the cratonic collision between Paranapanema
and Rio de La Plata cratons (Ruiz et al. 2018). Therefore, it is possible
that the mobile belts of the Mantiqueira Province and the Paraguari
mobile belt were generated during the same orogenetic event (Fig. 18).

Therefore, the middle Ediacaran to early Cambrian throughout West
Gondwana is characterized by widespread extension recorded by rift-
related basins, epicontinental sea deposits and voluminous post-

orogenic magmatism (Pimentel et al., 1996; Janasi et al., 2009; Meira
et al. 2014, 2015). Almeida et al. (2010, 2012) proposed a tectonic
model, which was described as a more than 1500 km-long continuous
regional system along the southern and central part of the Mantiqueira
Province.

A-type granitoids in post-collisional environments are associated
with large regional faults (Sylvester, 1989). According to gravimetric
studies conducted by Dragone et al. (2017), geological evidence
marking suture zones of the Paranapanema Craton includes the pre-
sence of Neoproterozoic granites bordering the mobile belts, for ex-
ample, in the Caapucú Suite (Cubas et al. 1998), and granites of the
Dom Feliciano Suite (Philipp and Machado, 2005).

6. Conclusions

CS represent an acid and isotropic igneous exposition in the Alto
Caapucú Block. The detailed petrographic study of the samples allowed
the CS classification in facies. Four facies were distinguished based on
differences in color, particle size, mineralogical composition and tex-
tures. All the facies present leucocratic character. The plutonic facies
(RPSF and MAMF) show monzogranitic to syenogranitic composition

Fig. 16. Representative images of zircon crystals of samples AG04 (A to F) and AG06 (G to K). Crystals A, B, C, G, H and I are shown in CL images and crystals D, E, F,
J and K are shown in BSE images. The white circles indicate the positions of spots, approximately 30 μm in diameter, produced by laser ablation.

A.F. Granja Dorilêo Leite et al. Journal of South American Earth Sciences 88 (2018) 621–641

637



Ta
bl
e
6

Re
su
lts

of
th
e
U
e
Pb

(L
A
-IC

PM
S)

an
al
ys
is
of

zi
rc
on

of
sa
m
pl
es

A
G
04

an
d
A
G
06

.

Sa
m
pl
e

Cr
is
ta
l

ʄ2
06

%
Th

/U
20

6 P
b/

20
4 P
b

20
7 P
b/

20
6 P
b

1
ó
(%

)
20

7 P
b/

23
5 U

1
ó
(%

)
20

6 P
b/

23
8 U

1
ó
(%

)
A
pp
ar
en
t
A
ge
s
(M

a)
Rh

o
%

U
e
Pb

(D
is
c)

20
7 P
b/

20
6 P
b

2
ó

20
7 P
b/

23
5 U

2
ó

20
6 P
b/

23
8 U

2
ó

A
G
04

(c
on
co
rd
an
t)

03
7-
ZR

25
0,
00

09
0,
49

6
30

23
2

0,
05

87
6

1,
39

0,
71

5
2,
10

0,
08

82
1,
53

55
8

60
54

8
18

54
5

16
0,
73

2.
38

03
3-
ZR

21
0,
00

11
0,
65

8
14

47
69

0,
05

91
9

1,
24

0,
72

2
1,
94

0,
08

85
1,
44

57
4

54
55

2
16

54
7

15
0,
74

4.
79

01
8-
ZR

11
0,
00

09
0,
54

0
43

10
9

0,
05

87
9

1,
87

0,
70

6
2,
86

0,
08

71
2,
13

55
9

81
54

2
24

53
8

22
0,
74

3.
81

01
7-
ZR

10
0,
00

09
0,
41

0
35

16
7

0,
05

83
8

1,
87

0,
70

7
2,
77

0,
08

78
2,
01

54
4

81
54

3
23

54
3

21
0,
73

0.
27

01
0-
ZR

06
0,
00

09
0,
55

3
33

11
2

0,
05

94
3

1,
74

0,
71

6
2,
5

0,
08

73
1,
76

58
3

75
54

8
21

54
0

18
0,
70

7.
39

00
4-
ZR

01
0,
00

05
0,
71

7
27

52
6

0,
05

79
2

1,
82

0,
69

2
2,
83

0,
08

66
2,
13

52
7

79
53

4
23

53
6

22
0,
75

−
1.
66

A
G
04

(d
is
co
rd
an
t)

03
5-
ZR

23
0.
01

50
0.
61

4
47

94
19

0.
05

85
7

0.
65

0.
77

6
1.
19

0.
09

61
0.
93

55
1

28
58

3
11

59
2

11
0.
78

−
7.
31

03
4-
ZR

22
0.
01

32
0.
46

2
34

94
13

0.
05

85
3

0.
73

0.
76

8
1.
36

0.
09

52
1.
09

55
0

32
57

9
12

58
6

12
0.
80

−
6.
68

02
9-
ZR

19
0.
00

87
0.
53

9
40

17
54

0.
05

82
8

0.
83

0.
77

4
1.
35

0.
09

63
1.
00

54
0

36
58

2
12

59
3

11
0.
74

−
9.
69

02
6-
ZR

16
0.
01

55
0.
72

7
64

09
23

0.
05

81
1

0.
51

0.
77

6
1.
09

0.
09

68
0.
89

53
4

22
58

3
10

59
6

10
0.
82

−
11

.5
8

02
5-
ZR

15
0.
01

22
0.
45

8
85

06
0.
05

94
8

0.
76

0.
79

6
1.
23

0.
09

71
0.
89

58
5

33
59

5
11

59
7

10
0.
73

−
2.
14

01
3-
ZR

07
0.
01

25
0.
31

9
18

81
8

0.
05

88
9

0.
82

0.
77

3
1.
39

0.
09

52
1.
06

56
3

35
58

2
12

58
6

12
0.
76

−
4.
15

01
4-
ZR

08
0.
02

94
1.
02

0
11

34
82

2
0.
05

78
2

0.
69

0.
76

3
1.
24

0.
09

56
0.
96

52
3

30
57

6
11

58
9

11
0.
78

−
12

.5
7

02
8-
ZR

18
0.
01

18
0.
45

5
69

75
0.
06

02
2

0.
80

0.
79

1
1.
33

0.
09

53
1.
00

61
2

34
59

2
12

58
7

11
0.
75

4.
08

00
6-
ZR

02
0.
00

10
0.
58

6
44

24
3

0.
05

86
1

1.
30

0.
75

4
2.
04

0.
09

32
1.
53

55
3

56
57

0
18

57
5

17
0.
75

−
3.
97

04
2-
ZR

30
0.
00

06
0.
53

0
26

24
0

0.
05

83
6

2.
69

0.
74

4
3.
68

0.
09

24
2.
47

54
3

11
6

56
5

32
57

0
27

0.
67

−
4.
93

00
7-
ZR

3
0.
00

17
0.
43

0
52

12
6

0.
05

92
3

1.
03

0.
73

5
1.
63

0.
09

00
1.
21

57
6

44
56

0
14

55
6

13
0.
74

3.
49

00
5-
ZR

02
0.
00

05
0.
63

9
22

93
2

0.
05

89
3

2.
60

0.
67

6
3.
85

0.
08

32
2.
81

56
5

11
1

52
5

31
51

5
28

0.
73

8.
73

03
8-
ZR

26
0.
00

17
0.
55

6
75

35
4

0.
05

87
7

0.
98

0.
72

3
1.
54

0.
08

92
1.
13

55
9

42
55

2
13

55
1

12
0.
73

1.
42

02
0-
ZR

13
0.
00

19
0.
56

6
35

91
6

0.
05

97
4

0.
95

0.
70

9
1.
43

0.
08

60
1.
00

59
4

41
54

4
12

53
2

10
0.
70

10
.4
7

03
0-
ZR

20
0.
00

13
0.
53

7
60

13
1

0.
06

00
3

1.
64

0.
72

3
2.
29

0.
08

74
0.
93

60
5

70
55

3
19

54
0

16
0,
68

10
,6
7

A
G
06

(c
on
co
rd
an
t)

00
6-
ZR

04
0,
00

07
0,
64

4
18

51
0

0,
05

93
3

0,
81

0,
72

9
1,
38

0,
08

91
1,
06

57
9

35
55

6
12

55
0

11
0,
76

99
,0

01
3-
ZR

09
0,
00

09
0,
42

9
70

06
2

0,
05

85
4

0,
89

0,
72

7
1,
50

0,
09

01
1,
14

55
0

39
55

5
13

55
6

12
0,
76

10
0,
2

02
0-
ZR

16
0,
00

06
12

22
18

01
0

0,
05

90
7

1,
09

0,
72

5
1,
62

0,
08

90
1,
14

57
0

47
55

3
14

54
9

12
0,
70

99
,3

02
7-
ZR

21
0,
00

07
0,
49

0
24

44
6

0,
05

88
1

0,
87

0,
72

8
1,
49

0,
08

97
1,
15

56
0

38
55

5
13

55
4

12
0,
77

99
,8

03
0-
ZR

24
0,
00

06
0,
83

1
26

32
3

0,
05

89
3

1,
35

0,
72

7
2,
02

0,
08

95
1,
46

56
4

58
55

5
17

55
3

15
0,
72

99
,6

A
G
06

(d
is
co
rd
an
t)

03
8-
ZR

30
0.
00

03
0.
55

8
13

86
0

0.
05

84
8

1.
13

0.
73

3
1.
84

0.
09

09
1.
41

54
8

49
55

8
16

56
1

15
0.
76

−
2.
42

03
9-
ZR

31
0.
00

05
0.
72

6
15

10
1

0.
05

91
7

1.
13

0.
73

6
1.
83

0.
09

03
1.
39

57
3

49
56

0
16

55
7

15
0.
76

2.
81

01
4-
ZR

10
0.
00

04
0.
58

4
21

17
3

0.
05

87
1

1.
29

0.
69

7
1.
82

0.
08

61
1.
23

55
6

56
53

7
15

53
3

13
0.
68

4.
26

03
6-
ZR

28
0.
00

07
0.
41

1
22

61
7

0.
05

98
6

1.
01

0.
75

9
1.
70

0.
09

19
1.
32

59
9

44
57

3
15

56
7

14
0.
77

5.
29

02
6-
ZR

20
0.
00

04
0.
45

9
17

58
1

0.
05

92
7

1.
01

0.
72

1
1.
68

0.
08

82
1.
28

57
7

44
55

1
14

54
5

13
0.
77

5.
56

02
3-
ZR

17
0.
00

04
0.
55

5
14

28
1

0.
05

94
0

1.
20

0.
72

2
1.
75

0.
08

81
1.
22

58
2

52
55

2
15

54
4

13
0.
70

6.
42

00
5-
ZR

03
0.
00

05
0.
54

2
69

28
3

0.
05

95
7

1.
74

0.
71

9
2.
12

0.
08

75
1.
15

58
8

75
55

0
18

54
1

12
0.
54

8.
01

03
7-
ZR

29
0.
00

02
0.
72

6
86

22
0.
05

94
3

1.
46

0.
70

7
2.
04

0.
08

63
1.
37

58
3

63
54

3
17

53
4

14
0.
67

8.
44

00
4-
ZR

02
0.
00

04
0.
83

0
14

55
7

0.
05

98
6

1.
14

0.
72

4
1.
74

0.
08

77
1.
26

59
8

49
55

3
15

54
2

13
0.
73

9.
48

01
8-
ZR

14
0.
00

05
0.
66

9
11

81
9

0.
05

99
7

1.
23

0.
72

0
1.
68

0.
08

71
1.
09

60
2

53
55

1
14

53
8

11
0.
65

10
.6
7

01
0-
ZR

08
0.
00

04
0.
40

8
15

23
7

0.
06

03
0

1.
30

0.
73

5
1.
75

0.
08

84
1.
11

61
4

56
56

0
15

54
6

12
0.
64

11
.1
1

02
8-
ZR

22
0.
00

03
0.
47

1
12

76
4

0.
06

00
4

1.
66

0.
71

4
2.
30

0.
08

63
1.
54

60
5

71
54

7
19

53
4

16
0.
67

11
.8
2

04
0-
ZR

32
0.
00

03
0.
45

6
12

99
4

0.
06

07
3

1.
75

0.
75

2
2.
30

0.
08

98
1.
45

63
0

75
56

9
20

55
4

15
0.
63

11
.9
8

00
7-
ZR

05
0.
00

05
0.
47

6
11

33
5

0.
06

09
4

1.
15

0.
75

8
1.
59

0.
09

02
1.
03

63
7

49
57

3
14

55
7

11
0.
65

12
.6
4

03
5-
ZR

27
0.
00

02
0.
40

6
51

58
0.
06

04
2

1.
88

0.
71

9
2.
61

0.
08

63
1.
78

61
9

80
55

0
22

53
4

18
0.
68

13
.7
4

00
8-
ZR

06
0.
00

03
0.
60

6
13

46
8

0.
06

08
8

1.
14

0.
73

9
1.
69

0.
08

80
1.
18

63
5

49
56

2
15

54
4

12
0.
70

14
.3
8

03
3-
ZR

25
0.
00

03
0.
58

4
88

44
0.
06

05
7

1.
36

0.
71

8
2.
28

0.
08

60
1.
78

62
4

58
55

0
19

53
2

18
0.
78

14
.7
8

02
5-
ZR

19
0.
00

03
0.
80

4
10

49
6

0.
06

15
6

1.
45

0.
75

9
2.
14

0.
08

94
1.
52

65
9

62
57

3
19

55
2

16
0.
71

16
.2
2

A.F. Granja Dorilêo Leite et al. Journal of South American Earth Sciences 88 (2018) 621–641

638



with the occurrence of porphyritic, perthitic and granophyric textures.
The volcanic facies are subdivided in effusive (RF) and explosive (IF)
and show a quartzo-feldspatic aphanitic matrix and porphyritic texture.
RF presents a porphyritic texture and lithoclasts (less than 5%), which
are cognate of the rhyolitic rocks. IF displays fractured crystalloclasts
and lithic fragments. Occasionally the matrix shows the micropoikilitic
texture, as product of devitrification. Fiammes are common in the
planar foliation, displaying eutaxitic texture.

CS represents a volcanic-plutonic magmatic association in which
compositional variation originated at different stages of emplace-
ment and crystallization in the crust. Based on lithochemical data,
the magmatism responsible for the formation of CS yields a ferrous
signature and metaluminous to slightly peraluminous character,
generating A-type granitoids in a post-collisional arc environment.
The REE patterns of the facies are similar to those observed in A-type
magmatism related with post-collisional settings. The Nb and Ta
negative anomalies in trace elements, as well as the LREE enrichment

in spidergrams, indicate a subduction modified mantle source.
Moreover, the Ba anomaly suggest feldspar fractionation and the
enrichment in Rb and Ce of these rocks suggest crustal participation
in the sources.

The geochemical trends associated with 563 ± 7.9Ma and
565 ± 11Ma ages suggest that the genesis of CS be directly related to
Meira et al.‘s (2015) model, which in a 600-560Ma period the study
area underwent decompression associated with orogenic collapse. A
tectonic-magmatic correlation of CS with post-tectonic igneous episodes
of the Ribeira and/or Dom Feliciano belts of the Mantiqueira Province
is also suggested.

Based on the above discussion, the CS was likely formed by post-
collisional magmatism resulting from convergence and collision be-
tween the Paranapanema and Rio de la Plata cratons, related to the
final stage of the evolution of Paraguari Belt, at Brazilian/Pan-African
Cycle in the South American Platform, during the assembly of Western
Gondwana.

Fig. 17. (A) UePb diagram with the upper intercept age for sample AG04; (B) UePb concordia age diagram of sample AG04; (C) UePb diagram with the upper
intercept age for sample AG06; and (D) UePb concordia age diagram of sample AG06.
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