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The Deméni-Mocidade domain (DMD) comprises a large area of granitoid rocks, located on the border
between the states of Roraima and Amazonas, Brazil, within the inner part of the Ventuari-Tapajés
Province of the Amazonian Craton, where large amounts of granitoid rocks, formed between 2.0-1.8 Ga,
are predominant. This study examines six granite samples collected from the Mocidade and Deméni
mountains, which are related in time to the Uatuma Silicic Large Igneous Province (SLIP), which, in
turn, covers several tectonostratigraphic domains whose evolution is associated with an intracontinental

Keywords:
setting, allowing a common association with |- and A-type granitoid rocks formed within the same U-Pb Geochronology;
1.88 to 1.87 Ga time interval. These rocks are monzogranites and correspond petrographically to Guiana Shield;
holocrystalline anisotropic lithotypes with fine to medium grain sizes. Their textural relationships, EOTQ'maiSUP
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including some lithotypes containing phenocrysts with oscillatory zoning and resorbed rims, indicate
that crystallization occurred at subvolcanic or hypabyssal depths. Moreover, the association between
plutonic and subvolcanic rocks in the same suite shows variations in the crustal development of the
magmatic chambers. The granitoids of the DMD share a common geochemical signature with those
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of the Agua Branca Suite, which occurs within the Uatuméa and Trombetas-Erepecuru domains of the E-mail address: nelson.reis@cprm.gov.br
Guiana Shield, suggesting that their crystallization occurred in similar magmatic chambers. Six U-Pb
zircon ages show that most zircon crystals are concordant and the few ones which are discordant are
well aligned along Discordia straight lines descending to zero. The calculated Concordia ages, covering
the 1884 to 1877 Ma interval, agree within experimental error, indicating a probably similar crystallization
age. Such apparent age values, close to 1900 Ma for the DMD, made it possible for the domain of the
Uatuma SLIP to spread to the West, and the area of the Ventuari-Tapajés Province could extend towards
the Amazonas State of Venezuela. Finally, the coexistence between |- and A-type granitoids in the DMD,
with ages within the range 1.88-1.87 Ga, stimulates a discussion, and there are three possibilities: (1) The
calc-alkaline magmatism can be associated with late (post-collisional) processes related to subduction.
(2) The granitoid rocks are formed in an intracontinental setting under more stable (post-orogenic)
tectonic conditions. (3) The granitoid rocks are predominantly formed by A-type and alkaline magmatism
in intraplate settings.

Rock samples were collected from the Mocidade Mountain
during a field survey conducted by the senior author (initial
NR) and we also used samples from previous projects
(Pinheiro et al. 1981) (initials EC and VC). As a consequence,
a better knowledge was acquired about the geology of a little-
known Amazon area, from petrographic, geochemical and
geochronological studies. The Deméni-Mocidade Domain

1. Introduction

The Ventuari-Tapajés Province is one of the five Proterozoic
tectonic provinces of the Amazonian Craton (Cordani and
Teixeira 2007; Figure 1A). Granitoid and volcanic rocks
formed between 2.0-1.8 Ga predominate and are present in
the Guiana and Central Brazil Shields.
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was considered to be comparable with the Uatuma SLIP
(Figure 1B), which occupies a vast area of the Amazonian
Craton. It is covered by the Phanerozoic sedimentary covers
of the Amazon basin and the Northern Pantanal depression in
Roraima. In the Guiana Shield, it occurs in the south-southeast
quadrant of Roraima and northeast of Amazonas State, in a
varied arrangement of lineaments with NW-SE, NE-SW, and
secondary E-W directions.

The tectonic significance of the Uatuma volcano-plutonism
is still unclear mainly because of its large area, which makes
data integration more difficult. It comprises acid plutonic
rocks with high-K calc-alkaline and also alkaline affiliations,
with ages ranging from 1.88 to 1.87 Ga, which are described
in several other tectonostratigraphic domains of the Guiana
Shield, such as the Anaua and Uatuma Domain (Figure 1C).
According to Klein et al. (2012), it evolved in a post-collisional
to post-orogenic intracontinental setting, allowing a common
association of rocks with A- and I-type rocks with the same
time interval. The spatial relationship of the Uatuma SLIP with
areas with magmatic arcs in the interval from 2.04 to 1.96
Ga is considered to favor the generation of crustal sources
in extensional settings (Fraga et al. 2017), and the volcano-
plutonism related to an intraplate setting is consensus among
many authors (Vasquez et al. 2019 and references therein).
However, ages between 1.89 and 1.88 Ga obtained from
lithotypes with calc-alkaline affinities have been associated
with the generation of magmatic arcs (Santos et al. 2004).

The analytical data obtained in this study are helping
in the development of a new interpretation of the tectonic
arrangement and distribution for the northern part of the
Ventuari-Tapajos tectonic province, in the Guiana Shield.

2. Geology of the Deméni-Mocidade and Uatuma
domains

The Deméni-Mocidade Domain - DMD (Figure 1B, capital
letter E, and Figure 1C) is one region of the Guiana Shield
that is poorly studied because it is difficult to access, owing
to dense forest cover, sharp mountainous relief, and table-top
mountains (tepuy); in addition, access is restricted because
it is almost entirely located in the Yanomami indigenous
land. It includes a bordering area between the Roraima and
Amazonas states that covers the low course of the Jauaperi
and Alalau rivers and the headwaters of the Deméni river in
Amazonas State. In Roraima, it covers the middle course of
the Catriméani River, and the Pacu and Pauxiana tributaries.
High mountainous features are seen in the Mocidade,
Deméni, Corrupira, Araca and Urucuzeiro mountain ranges,
and the latter one is located on the border between Brazil and
Venezuela. To the south, an extensive area with Pleistocene-
Holocene sedimentary cover is formed by mega fans and
dune fields (Rossetti et al. 2016 and references therein).

The DMD comprises a large area of granitoid and
orthogneiss rocks, which were hierarchically classified as a
group, suite, or complex (e.g., Moura, Urariquera, Rio Urubu,
Cauaburi), as a general rule, forming the basement for some
geomorphological features, such as table mountains (tepuys),
e.g., the Araca Table. In the bordering area between Brazil
and Venezuela, in the Imeri-Sao Carlos Domain (Figure 1B),
similar rocks were included in the Sdo Carlos Metamorphic-
Plutonic Association (Wynn et al. 1994), and Rb-Sr whole-rock
and U-Pb ages were obtained by Gaudette and Olszewski

(1985) within the range 1.86-1.76 Ga. Geological integration
with the neighboring domains has not yet been established.

Within the DMD, two main structural linear patterns
interact: a) a system formed by NE-SW shear-zones linked
to a mid-Proterozoic 1.33 -1.30 Ga K’Mudku tectonic episode
(Santos et al. 2006, Cordani et al. 2010), cutting through a
Paleoproterozoic basement formed in two main time intervals
(Rio Urubu Belt, 1.94-1.92 Ga, and Imeri-S&o Carlos Domain,
1.83-1.76 Ga - Figure 1B), and b) a system characterized by
NW-SE shearing zones with 1.52-1.48 Ga (Almeida etal. 2013),
associated with the Uatuma SLIP (1.88-1.87 Ga). Mylonites
and ultramylonites are produced by brittle-ductile events, with
physical conditions typical of the greenschist facies.

The sedimentary rocks of the Araca Table, in the Corrupira
mountain range (Figure 1 C), are considered to cover a
basement dated by Santos (2003) at 1798 Ma. This author,
measuring detrital zircon grains, indicated ages associated
with the Uatuma SLIP and with the Rio Urubu Belt, as well as
older Paleoproterozoic ages of 2.04-2.01 Ga, which could be
related to the Trairdo and Anaua regions (Figure 1B).

The Uatuma Domain (UD — after Reis et al. 2006) is
located in the south-southeast portion of Roraima State and
the northeast part of Amazonas State (Figure 1B, capital
letter A and C, and Figure 1C). In this region, the effusive and
pyroclastic rocks were first included in the Iricoumé Group and
associated with granitoids of the Mapuera Suite, belonging to
the Uatuma Supergroup (Costietal. 1984). Inthis area, Oliveira
et al. (1996) identified calc-alkaline granitoids, correlated
them with the Agua Branca Suite, and attributed a magmatic
arc environment to them. Macambira et al. (2002) found an
age of 1.89 Ga (Table 1) for the volcanic group of the Jatapu
River hydroelectric plant. These authors maintained the name
“Iricoumé” for these rocks, but observed its association with
the Agua Branca granitoids, interpreted as formed in a post-
collisional setting (Almeida and Macambira 2007).

The calc-alkaline volcanic-plutonic of this sector of
Roraima was nominated “Jatapu” (Fraga and Reis 2002,
Reis et al. 2004), as it was believed to be distinct from the
one located in the northern portion of the State. In this work,
the volcanic component is designated as “Rio Jatapu Group”.
Santos et al. (2011) detected a charnockitic magmatism with
1.87 Ga and integrated it into the Uatuma event (Table 1). The
volcano-plutonism extends to the south of Guyana (Figure 1B,
capital letter B), where it is linked to the Kuyuwini Group, which
comprises volcanic rocks associated with granitoid plutons,
such as Kamoa, Amuku, Maopytian, Onoro and Yukanopito
(Berrangé 1977).

On the border between Roraima and Amazonas (Figure
1B, capital letter C), along the BR-174 highway, which
connects Manaus to Boa Vista, U-Pb SHRIMP ages ranging
from 1.88 t01.87 Ga were determined for metagranitoids
and orthogneisses (Santos et al. 2002), which were later
included in the Jauaperi Complex (Reis et al. 2006). In the
area of the Pitinga mine and surroundings, similar ages
were determined for the Iricoumé-Mapuera volcano-plutonic
association, showing alkaline and A-type affinities (Costi et
al. 2009, Ferron et al. 2010, Marques et al. 2014), while Pb-
Pb evaporation ages of 1.89 Ga were related to I-type calc-
alkaline granitoids, associated with the Agua Branca Suite
(Almeida and Macambira 2007, Valério et al. 2012).

In the northwest of the Para State (Figure 1B, capital
letter D), Barreto et al. (2013) described ignimbrite with Pb-
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FIGURE 1. Amazonian Craton and their geochronological provinces (Cordani and Teixeira 2007): AC — Amazénia Central (>2.6 Ga); M| — Maroni-
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Pb evaporation ages of 1.88 Ga, and associated them with
the Iricoumé Group. Moreover, Leal et al. (2018), for the same
region, determined U-Pb zircon ages for granitoids of the
Mapuera and Agua Branca suites (Table 1).

3. Geophysical framework of the study area

The geological framework of the area of the Deméni,
Araca and Catrimani rivers was evaluated in recent years
using geophysical-geological interpretation maps (Oliveira
2018, Rocha et al. 2018, Chiarini et al. 2018) integrated with a
few results from regional remote surveys.

Figure 2 (Correa 2019) shows the magnetic and gravimetric
signatures for the area of geophysical surveys done for the
Deméni-Mocidade and Uatum& Domains in the Roraima-
Amazonas boundary region. The magnetic anomaly data were
filtered to the 15 km upward continuation in order to enhance
the crustal influence and reduce the importance of anomalies
from shallow sources.

A low to intermediate magnetic signature is indicated with
green and blue colours (Figure 2A) for the Deméni-Mocidade
Domain, where the NE-SW trending lineaments were related
by Almeida et al. (2013) to the younger tectonic events of 1.33-
1.30 Ga age. The NE-SW tectonic trend is also predominant
in the Uatuma Domain; however, it is interrupted by a large
areal strip, with a magnetic high feature showing a roughly
N-S trend, occupying the region along the Branco River.
In addition, NW-SE trending lineaments associated with
magnetic highs, where the rocks yielded ages in the 1.52-1.48
Ga interval (Almeida et al. 2013), are also important within
the Deméni-Mocidade Domain. They control the sedimentary
plateau of the Araca Table, and their NW-SE trends seems to
be derived from a dextral cinematics.

The gravity pattern (Figure 2B), at its eastern and
western sides, indicates intermediate values in green and
orange colours. However, it shows NE-SW and N-S trending
gravimetric highs (red colours) cutting through the previous
features.



64 Reis et al. - JGSB 2021, 4 (1), 61 - 76

4. Analytical methods
4.1. U-Pb zircon geochronology

Six rock samples from Deméni and Mocidade Mountains
were dated by U-Pb geochronology (Figure 1C) at the
Geochronology Research Center (CPGeo) of the University of
Sao Paulo (USP) using a SHRIMP-Ile/MC instrument. Details
of analytical procedures, including calibration methods, were
presented by Williams (1998) and Sato et al. (2014). Initially,
zircon grains from samples were separated using standard
procedures, such as heavy-liquid separation and a Frantz
magnetic separator.

Selected zircons, together with some fragments of the
Temora-2 reference zircon (417 Ma; Black et al. 2003), were
mounted into epoxy resin discs with a diameter of 2.54 cm, and
polished with diamond compound (1 — 7 ym) to expose grain
cores. The mount was covered with a gold layer for zircon
imaging and dating. Cathodoluminescence (CL) images of
mounted and polished grains were obtained by means of a FEI
Quanta 250 Scanning Electron Microscope (SEM) and XMAX
CL detector (Oxford Instruments). For details of the analytical
procedures, see Sato et al. (2014). Zircon CL images were
used to interpret the internal structure of crystals and to
select the best areas for isotopic analysis. In the analytical
procedures, U concentration and 206Pb/238U ratio were
calibrated using Sri Lanka SL13 (U = 238 ppm, Williams 1998)
and Temora-2 zircon standard, respectively.

Individual ages were determined on the basis of five
successive scans of the mass spectrum, and the average
ages reported in the study were weighted mean 2°"Pb/2°¢Pb
ages with confidence limits of 95%. The correction for
common Pb was made using the measured 2°*Pb value, and
the typical error for the 2°6Pb/?%8U ratios is less than 2 percent.
The data, presented at 1 sigma level, were reduced using the
SQUID software. Moreover, the Concordia diagrams and the
probability density plots were prepared by means of Isoplot /
Excel (Ludwig 2009a, b).

4.2. Lithogeochemistry

Whole-rock chemical analyses were performed at the
SGS Geosol Laboratories Ltda., Vespasiano, MG, Brazil. After
cleaning, samples were crushed and sieved to grain sizes < 120#.

To measure major element oxides, a glass bead was
produced by Li-tetraborate fusion and analyzed by XRF.
In the case of trace elements, Li-metaborate flux was used
for sample digestion, and concentrations were determined
by ICP-OES/ICP-MS. Rare earth elements were quantified
using multi-acid digestion of samples and measured by ICP-
OES/ICP-MS. LOI (loss on ignition) was obtained by sample
calcination at 405°1000°C. The results of the geochemical
analyses and the diagrams prepared for this paper were
generated using IGPET 05 software.

5. Results
5.1. Petrography
Nine samples from the Deméni and Mocidade mountains

were observed under a conventional optical microscope,
and they were classified as monzogranites, with subordinate

mylonitic rocks or rocks with garnet. Table 2 and Figure 3
show the modal composition and classification, respectively.

The rocks contain biotite as the main mafic mineral and,
occasionally, clinopyroxene, in addition to Fe-Ti oxides.
Allanite is the most common accessory mineral, followed by
apatite, monazite, epidote s.s., and zircon. In the most altered
rocks, sericite, epidote and carbonate replace phenocrysts
of plagioclase and K-feldspar, and primary biotite is replaced
with chlorite. Secondary biotite flakes are formed from
clinopyroxene (EC-5 sample), as well as within K-feldspar
fractures, especially in mylonitic rocks.

NR-02, NR-05, NR-06 (two thin-sections), NR-08, NR-09D,
EC-95 and VC-037 samples correspond petrographically to
holocrystalline anisotropic lithotypes with fine to medium grain
sizes. Their texture is hiatal (Figures 4A and B), characterized
by euhedral to subhedral phenocrysts of plagioclase and
K-feldspar ranging from 3 to 5 mm, commonly with oscillatory
zoning and rims with albite overgrowth, immersed in a fine
matrix composed of K-feldspar, quartz, plagioclase and
subordinate biotite. Plagioclase phenocrysts, with or without
oscillatory zoning, usually show resorption/reprecipitation
rims, indicating complex crystallization processes during
magma rise. Crystal twinning is rare. Perthitic phenocrysts
with albite exsolution lamellae are common, as well as
micrographic or granophyric texture in crystalline rims.

In the matrix, crystals of intergranular anhedral microcline
hosting quartz crystals are common. The above-mentioned
textural relationships are usually associated with rocks
crystallized in subvolcanic or hypabyssal depths.

In the NR-08 thin section (Figure 4C), both glomerophiric
and hiatal porphyritic textures are characterized by euhedral
to subhedral garnet xenocrysts and subordinate euhedral to
anhedral allanite grains. The anomalous extinction of some
garnet grains suggests a strong contribution of the calcium or
aluminum component (spessartine or grossular).

The NR-09D thin section shows coarse to medium
grain size and inequigranular porphyritic hypidiomorphic to
equigranular texture, which are less representative of the
collection described above. The textural relationships of the
rocks indicate a crystallization in a plutonic environment. NR-
09D and EC-97 samples correspond to deformed rocks and,
in general, show hypidiomorphic porphyritic (EC-97) or hiatal
(NR-09D) textures, which were affected by the development
of mylonitic foliations (Figure 4D). The NR-09D sample, in
particular, shows shear band, where the inequigranular hiatal
porphyritic texture was obliterated by the development of a
low-temperature mylonitic foliation, marked by the oriented
recrystallization of biotite, K-feldspar, quartz, and plagioclase,
followed by cataclasis. In general, cataclasites show
porphyroclasts with pressure shadow, formed by feldspar or,
less commonly, allanite.

Comparatively, samples of the Deméni-Mocidade Domain
show similarities with the biotite granite facies described for
the Agua Branca Suite (Almeida and Macambira 2007), which
comprises, in its type-area, monzogranites, granodiorites and,
more rarely, syenogranites with enclaves of biotite-hornblende
tonalites.

5.2. Geochemistry

The geochemical results for the rocks of the Deméni-
Mocidade Domain covered by this study are shown in
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TABLE 1. Summary of geochronological data for the Uatuma SLIP in the Guiana Shield. Methods: E: 2Pb/2°Pb evaporation;
S: U/Pb SHRIMP; L: U/Pb LA-ICP-MS. bt — biotite; hb — hornblende; kf - alkali feldspar.

Stratigraphic Units Rock Type Age (Ma) ‘ Method ‘ References
SE RORAIMA
Agua Branca Suite quartz-monzodiorite 1895+ 3 E Almeida (2006)
Agua Branca Suite (Caroebe) | biotite granodiorite 1891+ 2 E Almeida (2006)
Agua Branca Suite (Caroebe) | granitoid 1898 + 2 E Almeida (2006)
Agua Branca Suite hb-bt monzogranite 1901+ 5 E Almeida (2006)
Agua Branca Suite (Ig. Azul) | granitoid 1891+ 6 E Almeida (2006)
Agua Branca Suite (Ig. Azul) | granitoid 1889 + 2 E Almeida (2006)
Rio Jatapu Group andesite 1893 £ 5 E Almeida (2006)
Santa Maria Enderbite enderbite 1891 +1 E Almeida (2006)
Murauat Granite granite 187115 E Almeida (2006)
Rio Jatapu Group dacite 1893 £ 2 E Macambira et al. (2002)
Agua Branca Suite biotite granite 1882.6 £ 9 S This study (NR-02)
Agua Branca Suite biotite granite 1878 + 12 S This study (NR-05)
Agua Branca Suite biotite granite 1884.4 £ 8 S This study (NR-05)
Agua Branca Suite biotite granodiorite 1878.5+ 6,9 S This study (VC-37)
Agua Branca Suite biotite granodiorite 1880.5+7 S This study (EC-95)
Agua Branca Suite biotite granite 1877.7+4,9 S This study (EC-97)
Mapuera Suite (meta)granite 1868 + 8 S Santos et al. (2002)
Mapuera Suite (meta)granite 1867 + 15 S Santos et al. (2002)
Mapuera Suite granitoid 1879+ 3 S Santos et al. (2002)
Mapuera Suite granitoid 1880 + 3 S Santos et al. (2002)
NE AMAZONAS
Iricoumé Group rhyolite 1882 + 2 E Ferron et al. (2010)
Iricoumé Group rhyolite 1885+ 8 E Ferron et al. (2010)
Iricoumé Group rhyolite 1881+ 2 E Ferron et al. (2010)
Iricoumé Group rhyolite 1886 + 6 E Ferron et al. (2010)
Iricoumé Group andesite 1892 £ 2 E Ferron et al. (2010)
Iricoumé Group ignimbrite 1890 + 2 E Ferron et al. (2010)
Iricoumé Group andesite 1897 + 2 E Ferron et al. (2010)
Mapuera Suite biotite monzogranite 1888 £ 3 E Ferron et al. (2010)
Mapuera Suite biotite monzogranite 1885+ 3 E Ferron et al. (2010)
Mapuera Suite sienogranite 1882+ 3 E Ferron et al. (2010)
Mapuera Suite biotite granite 1882+ 4 E Ferron et al. (2010)
Mapuera Suite bt-kf granite 1885 + 4 E Ferron et al. (2010)
Mapuera Suite sienogranite 1882 + 2 E Ferron et al. (2010)
Mapuera Suite biotite sienogranite 1875+ 4 E Ferron et al. (2010)
Mapuera Suite biotite granite 1889 £ 2 E Valério (2006)
Iricoumé Group rhyolite 1883 £ 4 E Valério (2006)
Iricoumé Group ignimbrite 1896 + 7 E Valério (2006)
Iricoumé Group riodacite 1896 £ 7 S Santos et al. (2002)
Iricoumé Group rhyolite 1888 £ 3 E Costi et al. (2000)
Mapuera Suite granite 1861 + 20 S Lenharo (1998)
Mapuera Suite granite 1864 + 13 S Lenharo (1998)
Mapuera Suite granite 1865 + 15 S Santos (2003)
Mapuera Suite granite 1871+ 5 Almeida (2006)
Mapuera Suite hastingsite granite 1871+ 5 S Santos et al. (2002)
Jaburu Charnockite charnockite 1873+ 6 S Santos et al. (2001)
Mapuera Suite granitoid 1876 £ 4 S Santos et al. (2002)
Agua Branca Suite biotite granite 1890 + 2 E Valério (2006)
Agua Branca Suite biotite granite 1895 + 6 E Valério (2006)
Agua Branca Suite bt-hb granite 1893 £ 3 E Valério (2006)
Iricoumé Group rhyolite 1869 + 12 E Lenharo (1998)
Iricoumé Group rhyolite 1882 + 11 L Marques et al. (2014)
NW PARA
Iricoumé Group ignimbrite 1888 + 2.5 E Barreto et al. (2013)
Iricoumé Group ignimbrite 1889 + 2 E Barreto et al. (2013)
Agua Branca Suite granitoid 1887.5+4.8 L Leal et al. (2018)
Mapuera Suite granitoid 1881 + 8.1 L Leal et al. (2018)
Agua Branca Suite monzogranite 1886 + 4,8 L Viana et al. (2016)
Mapuera Suite bt-kf granite 1870 + 14 L Viana et al. (2016)
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AMAZONAS

FIGURE 2. A — Anomalous magnetic field pattern (nT) from Correa (2019); B — Bouguer anomaly pattern (mGal) on the Digital Terrain Model — DTM.

Table 3. In the diagrams of Figure 5, they have a chemical
behavior similar to that of the Agua Branca Suite (Almeida and
Macambira 2007).

The K,O contents of lithotypes are in the range 4.60-5.73%
and define high-K calc-alkaline granitoids in the limit with
the shoshonitic field (Figure 5A). The Na,0+K,0-CaO index
values (modified alkali-calcic index diagram — MALI, Frost
et al. 2001) show a well-defined calc-alkaline composition
of these rocks (Figure 5B) in which the A/CNK (aluminum

saturation index = 0,71 -1,11) and A/NK (=1,18-2,20) ratios
point to a metaluminous to slightly peraluminous character
(Figure 5C). The molar proportions of the rocks of the Agua
Branca Suite define a more expanded range, indicating a
slightly more peraluminous signature in some lithotypes.

The granitoids of the Deméni-Mocidade Domain,
compared to the average composition of the rocks of the Agua
Branca Suite, show a higher degree of oxidation, defined by
the geochemical values of the Fe number (Fe# or Fe,O,t /
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TABLE 2. Modal composition, nomenclature and textural aspects of the rock types analyzed in this study. A.M. altered minerals: sericite, epidote,
chlorite, carbonate and biotite.

Sample EC-95 VC-37 NR-02 ‘ NR-05 ‘ NR-06L1 ‘ NR-06L2 ‘ NR-09D ‘ NR-09 EC-97 NR-08
Location Deméni Mocidade Deméni Mocidade
Rock Monzogranite Mylonitic Monzogranite Garnet-bealrlng
Monzogranite
Mylonitic and cataclastic,

Texture Inequigranular porphyritic to hiatal porphyritic subordinately with reIi_c eu- | Hiatal and .
hedral to subhedral, hiatal, |glomerophyric
and porphyroclastic

Modal Composition

Kfs 28 30 32 30 30 35 40 37 35 35

Pl 45 43 39 45 43 40 37 34 37 25

Qtz 19 20 24 18 20 20 20 20 18 18

Bt 5 7 5 7 7 5 3 7 10 1

Cpx 2 - - - - - - - - -

Fe-Ti oxide - - - - 1 <1 <1 <1 <1 <1

Aln 1 <1 - - 0 <1 <1 2 <1 1

Ep <1 <1 <1 - 1 - - <1 <1 3

Grt - - - - - - - - - 17

Ttn <1 <1 - <1 1 <1 - <1 <1 <1

Ap <1 <1 <1 <1 1 - <1 <1 <1 <1

Mnz <1 <1 <1 <1 1 <1 <1 <1 <1 <1

Zmn <1 <1 <1 <1 1 <1 <1 <1 <1 <1

A.M.1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Qtz
|
/

FIGURE 3. Modal QAP diagram (Streckeisen 1976) for the Deméni (red circles) and Mocidade (empty circles) granitoids. The
grayish area corresponds to monzogranites. Qtz - quartz, Kfs - alkali feldspar, PI - plagioclase.



68 Reis et al. - JGSB 2021, 4 (1), 61 - 76

(Fe,O,t + MgO). In the Fe# versus SiO, diagram (Figure 5D),
the mentioned lithotypes are discriminated by the highest Fe#
values, showing that the Agua Branca rocks are predominantly
magnesian, while the Deméni-Mocidade granitoids are
predominantly ferroan, but with a composition close to the limit
of the magnesian field.

Analytical results for the granitoids show enrichment in Zr
(=142-382 ppm), Y (= 19-43 ppm) and light rare earth elements
— LREE (e.g., Ce = 83-142 ppm) comparable to that of the
Agua Branca Suite. Multi-element geochemical patterns are
characterized by large ion lithophile element - LILE enrichment
(Ba, Rb, Cs, K), high field strength element - HFSE (Th and U)
and REE (especially, the light ones) that highlight and define
pronounced negative anomalies of Ti (TiO, = 0.34-1.01%) and
Nb (= 13.6-22.3 ppm) (Figure 5E).

A common signature is also shown in the REE diagrams
normalized to C1 chondrite (Sun and McDonough 1989).
The granitoids have a linear to poorly depleted pattern of
heavy rare earth elements — HREE with [Gd]/[Yb]n ratios
=~ 1.22-2.29 and are enriched 15 to 40 times the chondritic
values. The enrichment in LREE is marked by values of
[La]ln varying from 100 to 300 times the chondritic values,
and the relative depletion in HREE is marked by [La]/[Yb]n
=~ 8.46-28.78 and [Gd]/[Yb]n = 1.22-2.29. The ETR patterns

also point to negative Eu anomalies (Eu/Eu * = 0.61-0.79
(Figure 5F).

5.3. U-Pb zircon geochronology

U-Pb SHRIMP dating was performed for zircons from six
granitoids of the Mocidade (NR-02, NR-05 and NR-06) and
Deméni Mountain (VC-37, EC-95and EC-97), and theirlocation
is shown in Figure 1C. These are the UTM coordinates of the
six samples analyzed in this study: NR-02 (623049/176616);
NR-05 (621502/177714); NR-06 (621354/176979); VC-
37 (500288/160376); EC-95 (506795/161845) and EC-97
(519179/169049). The geochronological results of the U-Pb
zircon dates are shown in Table 4. CL-images and Concordia
diagrams are shown in Figures 6 and 7, respectively.

5.3.1. Sample descriptions and corresponding
U-Pb zircon ages

NR-02 Sample - Zircon grains of this sample are non-
equidimensional, with length ranging from 100 to 250um. The
grains are commonly euhedral, elongated to short prismatic,
showing well-defined oscillatory concentric and sector zoning.
Occasionally, rims with structures of magmatic resorption

FIGURE 4. Photomicrographs. A — Inequigranular hiatal porphyritic texture. Details of the subhedral plagioclase phenocryst with oscillatory
zoning (sample EC-95, crossed polarizers, 2X magnification); B — Details of EC-95 sample, with phenocrysts in an inequigranular hiatal
porphyritic texture, with zoned plagioclase in the center of the photomicrograph and perthitic K-feldspar on the bottom left corner. Both
crystals show slightly irregular rims, suggesting resorption processes (crossed polarizers, 4X magnification); C — Glomerophiric texture formed
mainly by garnet xenocrysts. The texture coexists with the hiatal porphyritic texture (NR-08 sample, parallel polarizers, 2X magnification); D —
Inequigranular hiatal relic texture affected by the development of low-temperature mylonite. In the center of the photomicrograph, porphyroclast
of zoned plagioclase (NR-09 sample, crossed polarizers, 2X magnification).
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TABLE 3. Whole-rock analyses of the six Deméni-Mocidade samples.
*D.L.— detection limit

EC-95 |EC-97 |VC-37 |NR-02 |NR-05 |NR-06
5i0, 660 | 653 | 683 | 708 | 679 | 681
Tio, 052 | 101 | 048 | 034 | 041 | 042
ALO, 164 | 147 | 159 | 146 | 160 | 16.0
Fe,0, 348 | 56 | 300 | 252 | 322 | 34f
MnO 006 | 01 | 005 | 006 | 008 | 01

_ | mgo 086 | 114 | 073 | 054 | 066 | 074

X | ca0 329 | 300 | 255 | 182 | 197 | 242

% [Nao 36 | 298 | 37 | 369 | 411 | 378

8 k0 474 | 536 | 49 | 514 | 495 | 48

X PO, 0129 | 0403 | 016 | 0081 | 0.117 | 0421
Ba0 015 | 018 | 013 | o014 | 047 | o1
cr,0, 001 | 001 | <0.01" | <0.01° | <0.01" | <0.01°
Nb,0, | <0.05° | <0.05" | <0.05" | <0.05* | <0.05" | <0.05°
V.0, <001 | <0.01" | <0.01° | <0.01° | <0.01" | <0.01°
Lol 016 | 032 | 052 | 054 | 081 | 059
Total Sum | 99.42 | 1001 | 100.38 | 100.27 | 1005 | 100.58
Ni 7 6 7 5 6 5
Cr 001 | 001 | 001 | 001 | 001 | o001
Rb 1597 | 160.9 | 179 | 146.9 | 1741 | 1877

~[cs 51 | 303 | 32 | 596 | 23 | 162

E Ba 174 | 1500 | 1298 | 639 | 1136 | 1422

= lsr 4931 | 4156 | 4287 | 2504 | 447 | 5077

§ [Ga 184 | 203 | 189 | 124 | 148 | 194

§m 094 | 098 | 099 | 09 | 08 | 1.2

W b 136 | 223 | 157 | 142 | 135 | 153

S [ 668 | 956 | 772 | 447 | 443 | 1.2

F (zr 230.2 | 3818 | 27146 | 1416 | 2149 | 2735
Y 2189 | 3291 | 43.06 | 18.68 | 27.04 | 2069
Th 164 | 7 118 | 174 | 124 | 205
U 483 | 239 | 299 | 422 | 338 | 527
La 476 | 643 | 46 | 431 | 586 | 312
Ce 942 | 1421 | 919 | 83 | 1141 | 868
Pr 1009 | 1512 | 1079 | 8.81 | 135 | 847
Nd 368 | 59 | 406 | 314 | 414 | 312
sm 63 | 102 | 74 | 52 | 17 | 58

RE 142 | 252 | 153 | 099 | 128 | 1.23

E [ad 53 | 913 | 667 | 439 | 527 | 448

2 072 | 129 | 1 067 | 074 | 066

i | oy 404 | 66 | 608 | 351 | 437 | 412
Ho 081 | 125 | 145 | 072 | 09 | 081
Er 229 | 363 | 396 | 217 | 276 | 246
m 035 | 048 | 056 | 032 | 042 | 038
Yo 26 | 33 | 39 | 23 | 26 | 24
Lu 039 | 048 | 059 | 035 | 036 | 037
EwEw' | 075 | 079 | 066 | 063 | 061 | 075

indicate that some crystals were reworked by a late magmatic
process (grains 4.1 and 5.1, Figure 6). The analyses yielded
concentrations of U = 172-412 ppm, Th = 112-1259 ppm and
Th/U ratios = 0.66-1.40. Isotopic analysis yielded 2°"Pb / 2°6Pb
apparent ages ranging from 1903 to 1856 Ma. In the assembly
of selected grains, one single older concordant zircon (that
yielded an age of 1903 Ma stands out. This analyzed grain
is consistent with antecrysts described by Miller et al. (2007).

A group of eight analyses with degrees of discordance
ranging from -2 to 19% defined a Pb-loss line that intercepts
the Concordia curve at 1882.6 + 9.0 (+11) Ma and finishes
at the origin. In other model, six concordant analyses yielded

a Concordia age of 18841 + 4.5 Ma (autocrysts of Miller
et al. 2007). The overlap in the errors of these two models
shows that this latter result is the best approximation to the
crystallization age.

NR-05 Sample - This sample is formed mostly by short-
prismatic grains. Mineral inclusions are rare in selected
zircons. The grains range from 100-200pum and exhibit well-
defined concentric zoning. In the outer rim of the grains, a thin
overgrowth with sign of magmatic resorption is occasionally
observed (grains 1.1 and 6.1, Figure 6). Spot measurements for
the domains showed concentrations of U = 136-1275 ppm and
Th =98 - 1081 ppm. Despite the broad range of values, Th/U
ratios = 0.42-1.26 suggest that mixed domains were analyzed
in zircons. Zircon grains yielded 2"Pb/ 2°°Pb apparent ages
between 1893 and 1830 Ma, with wide overlap within error and
degrees of discordance ranging from -1 to 5%. Considering
the lower intercept at the origin, 2°7Pb/?*U and 2°®Pb/2%¢U
isotopic ratios (8 analyses) form a coarse distribution along a
Pb-loss line that intercepts the Concordia curve at 1878 + 12
(£13) Ma. In a second model, four analyses with degrees of
discordance between -1 and 2% yielded a Concordia age of
1874 + 6.9 Ma. The overlap within the error observed between
the models, combined with the lack of concordant analyses,
allowed us to interpret the result of the latter model as the rock
crystallization age.

NR-06 Sample - Zircons from the sample are generally
prismatic euhedral to subhedral crystals, with sizes ranging
from 150 to 250um. In CL images (Figure 6), the grains
show well-defined concentric zoning, although domains with
poorly defined sector zoning were found in some crystals
(for example, NR-06, grain 1.1). Resorption structures in
external rims are common in some grains (grain 1.1). More
rarely, mineral inclusions and core xenocrysts were found
in some grains (NR-06, grains 6.1 and 7.1). At moderate
concentrations of U (= 224-499 ppm) and Th (= 156-308), spot
analyses showed Th/U ratios ranging between = 0.63-0.93.
With degrees of discordance ranging from -3 to -2%, zircon
dating yielded 2"Pb/?°*Pb apparent ages between = 1857 and
1899 Ma. The grain (6.1) from sample NR-06 (Figure 6) yielded
a concordant 27Pb/2°°Pb apparent age of 1899 Ma (possible
antecrystal). Eight isotopic analyses of selected zircons plot
along a lead-loss line and indicated the upper intercept age of
1884.4 + 8.6 (+ 10) Ma (Figure 7).

Four analyses with -2 and 2 % discordance yielded
a Concordia age of 1883.9 + 4.8 Ma, interpreted as the
crystallization age of this rock and, again, the oldest zircon
points to an apparent age of 1.889 + 10 Ma.

EC-95 Sample - CL images of zircons showed
predominantly subhedral crystals with grain size ranging from
80 to 150 uym. Several grains are apparently zircon fragments
that were formed during resorption over a long period of
magmatic activity (grains 6.1, 9.1 and 12.1, Figure 6). These
processes also formed rounded grains with domains showing
discontinuous concentric oscillatory zoning. SHRIMP spot
analyses yielded low U (= 127-354 ppm) and Th (= 74-248)
contents, resulting in Th/U ratios ranging from = 0.6 to 1.0.
The apparent age reflects a degree of discordance ranging
between -8 and 26%. 2°"Pb/?°Pb apparent ages range
between 1855 and 1903 Ma, reflecting the variation in U and
Pb contents in the magmatic system or the presence of mixed
domains in the grains. Isotopic ratios of 13 zircons plot along a
well-defined lead-loss line that intercepts the Concordia curve
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FIGURE 5. A) K,0O vs. SiO, discriminant diagram (Peccerillo and Taylor 1976) with high-K calc-alkaline pattern for the Agua Branca Suite and
Deméni-Mocidade granitoids; B) Modified alkali-calcic index diagram (MALI) vs. SiO, (Frost et al. 2001); C) Alumina saturation diagram (Maniar
and Piccoli 1989) for classification of granitic rocks using Shand’s Index (after Shand 1943). See limits for metaluminous, peraluminous and
peralkaline fields. Al/Na+K and Al/Na+Ca+K are respectively molar ratios of Al,O,/Na,0+K,0 and Al,0,/Na,0+K,0+CaO; D) Fe# vs. SiO,
discriminant diagram for ferroan and magnesian types (Frost et al. 2001). Fe# means Fe,O,t/(Fe,O,t + MgO) ratio; E) N-MORB-normalized
(Sun and McDonough 1989) multi-element diagram; F) C1 chondrite—normalized rare-earth elements (REE) diagrams with normalization
values from Sun and McDonough (1989). Whole-rock data of the Agua Branca Suite (empty triangles) were published by Almeida (2006). Red

triangles, this paper.

at 1880.5 + 7.0 (* 9.1) Ma (Figure 7). This result is the best
approximation of the crystallization age of this rock.

EC-97 Sample — Sizes of zircons selected from the samples
range from 80 to 200um. Many grains are elongate to short
prismatic, not rarely with bipyramidal termination. Main internal
structures, such as concentric zoning and mineral inclusions,
are shown in detail in CL images, where they are highlighted
by the distinct and contrasting brightness of each domain
(grains 5.1, 6.1 and 7.1, Figure 6). Spot analyses yielded low-U

(101-322 ppm) and Th (63-327) contents, resulting in Th/U
ratios = 0.55-1.35. Dating of selected zircons, with degrees
of discordance ranging between -7 and 10% and 2’Pb/?°6Pb
apparent ages ranging from 1875 to 1901 Ma, indicate
possible variation in U-Pb isotopic ratios during magmatic
crystallization. Very importantly, the analysis of EC-97
(antecrystal spot 2.1) sample yielded a concordant 2°’Pb/2°¢Pb
age of 1901 Ma. Twelve isotopic analyses (autocrystals) plot
on a relatively well-defined lead-loss line and yielded an upper
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TABLE 4. U-Pb-SHRIMP Il analytical data for zircons from the Deméni-Mocidade granitoids.

206
flz(r:e Ratios cof:m err Age (Ma) S ppm
21pp/=sy [ err % |2Pb/2eU [err % | Corr | “Pb/Pb |err % | % Corr |®Pb/=U [16 [ 2Pb/*Pb [10 |% |U [Th |ThU
EC-95
11 | 55752 | 25 | 0.3523 | 2.3 [0.937| 0148 | 0.8 | 047 [0.937] 1945 | 39 1876 | 16 -4 [209 [141 [0.70
21 | 50374 | 2.4 | 03161 | 2.3 |0.983| 01156 | 0.4 | 0.04 |0.983] 1770 | 36 1889 |8 7 [219 [189 [0.89
34 | 52272 | 2.4 | 03254 | 2.3 |0.960| 01165 | 0.7 | 0.14 |0.960| 1816 | 37 1903 |12 5127 |74 [0.60
41 | 55730 | 2.5 | 03543 | 23 |0952| 0141 | 0.7 | 0.38 |0.952| 1955 | 39 1865 |14 -5 (170|122 [0.74
51 | 28457 | 57 | 01819 | 2.4 |0415| 04133 | 49 | 435 |0415] 1077 | 23 1856 |93 72 [276 185 |0.69
6.1 | 56.643 | 2.4 | 03571 | 2.3 |0.975| 04150 | 0.5 | 0.16 |0.975| 1968 | 40 1881 | 10 -4 (170 (11707
74 | 41022 | 43 | 02592 | 2.3 [0.546| 04147 | 3.3 | 2.97 |0.546| 1485 | 31 1877 |64 | 26 |354 [ 186 |0.54
8.1 | 48.046 | 2.5 | 03041 | 2.3 |0.914[ 01146 | 1.0 | 069 |0914] 1712 | 35 1874 |19 9 [334 [248 |0.77
91 | 55508 | 2.5 | 0.3513 | 2.3 |0.952| 01146 | 0.7 | 0.25 |0.952| 1941 | 39 1873 | 14 -3 [136 |90 [0.69
101 | 46328 | 3.0 | 02962 | 2.4 |0777| 0134 | 1.8 | 1.28 |0.777| 1672 | 35 1855 |34 11120 |78 [0.67
111 | 49.630 | 24 | 03119 | 24 |0979] 041154 | 0.5 | 0.07 |0.979] 1750 | 36 1886 |9 8 [216 |210 [1.00
121 | 53429 | 3.0 | 03366 | 2.3 |0793| 0151 | 1.8 | 0.61 |0.793| 1870 | 38 1882 |32 1128 [84 |0.68
134 | 57.697 | 24 | 03677 | 23 |0962| 01138 | 0.6 | 0.27 |0.962| 2019 | 40 1861 | 12 -8 [139 [103 [0.77
141 | 53720 | 2.5 | 0.3400 | 2.3 |0.949| 0.1146 | 0.7 | 045 |0.949| 1887 | 38 1874 |14 -1 (166 | 153 |0.95
EC-97
11 | 55767 | 2.4 | 03521 | 2.3 [0.982] 0.1149 | 0.5 [ 0.02 [0.982] 1945 | 39 1878 |8 -3 132 |79 [0.62
21 | 54753 | 2.4 | 03412 | 2.3 [0.961[ 01164 | 0.7 | 011 |0961] 1893 | 38 1901 [ 12 0118 [75 [0.66
31 | 57.838 | 2.5 | 0.3663 | 2.4 |0.956| 01145 | 0.7 | 017 |0.956| 2012 | 41 1872 |13 -7 [101 63 [0.65
41 | 47439 | 24 | 03016 | 23 [0973] 01141 | 0.6 | 0.04 |0973] 1699 | 35 1865 |10 10 [171 |93 [0.56
51 | 51239 | 2.5 | 0.3245 | 2.5 |0.984| 01145 | 0.4 | 0.07 |0.984] 1812 | 39 1872 |8 3 251 [327 [1.35
6.1 | 54229 | 2.4 | 03438 | 2.3 |0.990| 01144 | 0.3 | 0.03 |0.990| 1905 | 39 1871 |6 -2 295 [ 142 [0.50
71 | 56.810 | 2.4 | 0.3582 | 2.4 |0.979| 0150 | 05 | 0.24 |0.979| 1974 | 40 1880 |9 -5 (322|334 [1.07
8.1 | 48.017 | 2.4 | 03029 | 24 |0970| 04150 | 0.6 | 0.08 |0.970| 1706 | 35 1880 | 11 10 [122 |68 |0.58
91 | 50481 | 2.4 | 03185 | 2.3 |0.984| 04150 | 0.4 | 0.01 |0.984] 1782 | 36 1879 |8 51223 [132 [0.61
101 | 50562 | 2.4 | 03198 | 2.3 |0.980 0.1147 | 0.5 | 0.08 |0.980| 1789 | 36 1875 |8 5 1208 [221 [1.40
11 | 54557 | 2.4 | 03442 | 23 [0.982] 01149 | 04 | 004 |0982] 1907 | 38 1879 |8 11151 |84 057
121 | 53398 | 2.4 | 03332 | 23 | 0976 0162 | 0.5 | 017 |0.976| 1854 | 38 1899 |9 2 (194 [104 [0.55
VC-37
11 ] 144991 | 2.9 [ 06983 | 2.4 [0825] 04509 | 1.5 | 0.38 [0.825] 3414 | 62 2353 |28 | -31 [149 [36 |0.25
21 | 53392 | 2.4 | 03415 | 2.3 |0.955| 04134 | 0.7 | 033 |0.955| 1894 | 38 1854 |13 2 (145 |79 [0.56
34 | 49.997 | 2.6 | 03175 | 2.5 |0.961| 01142 | 0.7 | 0.24 |0.961| 1777 | 39 1868 |13 5 171 140 [0.84
41 | 52572 | 24 | 03282 | 23 0979 01162 | 0.5 | 0.08 [0.979| 1830 | 37 1898 |9 4 1209 [161 [0.79
51 | 62.554 | 3.2 | 04010 | 2.3 |0.731| 04132 | 24 | 110 |0731| 2174 | 43 1850 |40 | -15 [251 |196 |0.81
61 | 55878 | 2.5 | 03511 | 2.3 |0.940[ 01154 | 0.8 | 052 |0.940] 1940 | 39 1887 | 15 -3 (185 |12 |0.62
71 | 59462 | 2.4 | 03751 | 2.3 |0.980| 0150 | 0.5 | 021 |0.980| 2053 | 41 1879 |9 -8 268 |242 |0.94
81 | 55950 | 2.4 | 03567 | 2.3 |0.965| 01138 | 0.6 | 0.32 |0.965| 1966 | 39 1861 | 11 -5 185 | 163 |0.91
94 | 52574 | 2.5 | 03323 | 24 |0.942[ 01148 | 0.8 | 055 |0.942] 1849 | 38 1876 | 15 1273 [188 |0.71
101 | 52758 | 2.5 | 03328 | 2.3 |0.931| 0.150 | 0.9 | 0.54 |0.931| 1852 | 38 1880 |16 2 (153 [120 [0.81
11 | 51984 | 2.3 | 03271 | 2.3 |0.984[ 01153 | 0.4 | 019 [0.984| 1824 | 37 1884 |8 3376 | 406 |1.11
124 | 50702 | 2.5 | 0.3207 | 2.3 |0.930| 0.147 | 0.9 | 0.55 |0.930| 1793 | 36 1875 | 16 5632 | 774 |1.27
NR-02
11 | 53.633 | 1.3 | 03362 | 1.2 [0.863] 01157 | 07 | 0.42 |0.863] 1868 | 19 1891 [ 12 1]205 [208 [1.05
21 | 43525 | 2.5 | 02736 | 1.8 |0.729| 01154 | 1.7 | 2.75 |0729] 1559 | 25 1886 |31 19 [255 156 |0.63
31 | 54210 | 1.3 | 03441 | 11 |0.877| 01143 | 0.6 | -0.05 | 0.877| 1906 | 18 1868 | 11 -2 289 [296 |1.06
41 | 53968 | 1.3 | 03388 | 11 |0.885| 01155 | 0.6 | 0.26 |0.885| 1881 | 18 1888 | 11 0 [255 [174 |0.71
51 | 53476 | 1.4 | 0.3380 | 1.2 |0.832| 01148 | 0.8 | 0.31 |0.832] 1877 | 19 1876 | 14 0 (172 [119 [0.72
61 | 53172 | 1.5 | 03397 | 1.2 |0.804| 01135 | 0.9 | 026 |0.804| 1885 | 19 1856 |16 -2 [175 [112 | 0.66
74 | 51309 | 1.3 | 0.3237 | 1.1 |0.814| 01149 | 08 | 074 |0.814| 1808 | 17 1879 | 14 4 412|559 [1.40
81 | 55036 | 1.3 | 03426 | 11 |0.889| 01165 | 0.6 | 0.17 |0.889| 1899 | 19 1903 [ 11 0 [217 [172 [0.82
NR-05
11 | 52392 | 22 | 03309 | 1.3 [0578| 01148 | 1.8 | 0.90 [0.578| 1843 | 20 1877 [32 2 [220 [269 [1.26
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intercept age of 1877.7 + 4.9 (£7.6) Ma. Four out of these 12
analysis, with a higher agreement percentage, produced a
model that yielded a concordant crystallization age of 1881.7
+ 4.8 Ma (Figure 7).

VC-37 Sample - The sample is formed by short prismatic
zircon crystals, with subhedral to anhedral habit, and grain
sizes ranging from 80 to 120 ym. Rounded grains are also
present. In CL images, grains show concentric oscillatory
zoning, and rarely small mineral inclusions, characterized by
low contrast of shades of gray to black (grains 3.1 and 11.1,
figure 6). In general, Th/U ratios range from 0.56 to 1.27,
with concentrations of U = 145-632 and Th = 79-774. Eleven
analyses, with 27Pb/2°¢Pb apparent ages ranging from 1898 to
1850 Ma and degrees of discordance ranging from -15 to 5%,
plot on a Pb-loss line that intercepts the Concordia at 1878.5
+ 6.9 (x9.0) Ma (Figure 7), which was interpreted as the best
approximation of the crystallization age of the rock.

6. Discussion

The granitoids of the Agua Branca Suite and those of
the Deméni and Mocidade mountains share a common
geochemical signature, which suggests a crystallization from
primary magmas from chambers with identical character. In the
petrographic study, a hiatal porphyritic texture was identified

FIGURE 6. CL images of selected zircon grains for SHRIMP dating.

in some lithotypes containing phenocrysts with oscillatory
zoning and resorbed rims, indicating that the crystallization
occurred in a subvolcanic setting, under complex conditions.

The rocks are calc-alkaline, metaluminous and slightly
peraluminous, and record clear Ti and Nb negative anomalies,
suggesting formation from magmas derived from metamafic
crustal sources (Castro et al. 2010), or from a metasomatized
sub-lithospheric mantle (Aranovich et al. 2014, Castro 2019).
In both cases, the magmatic processes may have produced
residual material containing Fe-Ti-Nb-(Ta) oxides. The Eu/
Eu* negative anomalies may have been formed by means of
plagioclase fractioning during magma cooling within the crust
or by the formation of residues containing plagioclase. LILE,
LREE, U and Th enrichment is consistent for slightly oxidized
I-type granites, formed from magmas which assimilated
crustal elements during their ascension into the lithosphere.
This hypothesis seems to be consistent with the presence of
garnet in one of the study rocks.

The U-Pb SHRIMP ages obtained in zircon crystals of the
granitic rocks are within the range 1882 and 1877 Ma, which
probably corresponds to the main period of crystallization of
the crustal segment Deméni-Mocidade, with a duration of about
5 Ma. Concordant 2"Pb/?°Pb apparent ages ranging from
1903 to 1899 Ma suggest slightly older magmatism than the
one bracketed by the intercept ages, and it may be interpreted
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as the formation of the first magmatic products. Pb/Pb zircon
evaporation ages of 1.90 Ga were found for the Agua Branca
Suite, in the southeast of Roraima (Almeida 2006).

The T,,,model ages of the Agua Branca Suite in the southern
part of the Guiana Shield are predominantly Siderian and
Rhyacian, and negative eNd values suggest a derivation from
either crustal or juvenile sources (Almeida 2006). Nd Archean
model ages were not encountered (Vasquez and Rosa-Costa
2008, Barreto et al. 2013, Leal et al. 2018). However, Semblano
et al. (2016), working with similar calc-alkaline granites of the
Iriri-Xingu Domain of the Central Brazil Shield, indicated that
some Archean crustal material may have been mixed with
juvenile Paleoproterozoic material. Likewise, the Siderian Nd
model ages found by Almeida (2006) may also be a result of
mixing sources of Archean and Paleoproterozoic ages.

Shallow magmatic processes - in which volcanic and
plutonic rocks are found closely associated - have been
envisaged. Pearce et al. (1984), by means of geochemical
studies, suggested that A-type alkalic granites are linked to
anorogenic/intraplate environments, while Sylvester (1989),
Bonin (1990) and others argued that alkali granites may also
be formed during post-orogenic pulses. They could follow a
subduction period, as the end-product of a magmatic cycle
dominated by a calc-alkalic series.

The calc-alkalic granitic types which occur within the
Uatuma SLIP are considered by several authors to be formed
as magmatic arcs within orogenic environments (Santos
2003, Tassinari and Macambira 2004, Cordani and Teixeira
2007, Valério et al. 2012 and references therein) and shall be
distinguished from anorogenic types associated to intraplate
episodes. However, several other authors (Almeida 2006,
Vasquez and Rosa-Costa 2008, Klein et al. 2012, Fraga et al.
2017, Roverato et al. 2019) argued that calc-alkaline magmatism
may be generated in processes not associated with subduction,
but linked with intracontinental environments, with more stable
tectonic conditions, where A-type granites can also be formed.

Therefore, different interpretations for the tectonic
environment of the extremely large Uatuma SLIP were
presented and remain under debate. For example, Almeida
(2006) argues for a process of magmatic underplating, with
different types of sources, such as crustal fusion of ancient
material, or juvenile mantle addition.

The Araca Table, in the Corrupira mountain range,
can express geodynamic processes generated in an
intracontinental rift environment subsequent to that of the
post-orogenic Uatuma SLIP. According to Larizzatti and
Giovannini (1994), the Araca Table includes sedimentary
rocks with different degrees of deformation with mylonitic
textures developed in restricted shear zones which, in turn,
are linked to some deformational episodes. In this way, the
Araca sedimentary set may not be entirely metamorphic, as
conceived by Luzardo (2002).

Detrital zircon grains from the Araca Table indicated
source ages associated with the Uatuma SLIP and to the Rio
Urubu Belt, thus generating some doubt about the age of the
basement, whose 1.79 Ga age is possibly situated more to the
west and outside of the main area of the sedimentary cover.

7. Final remarks

The DMD considered in this study, in the central part of the
Guiana Shield, makes up the northern portion of the Ventuari-

Tapajos tectonic province. The association between plutonic
and subvolcanic rocks in the same suite shows variations in
the crustal development of several magmatic chambers and
conduits, matching similar geological situations found in the
Uatuma SLIP in many other different places. Although in a
small number, the six samples of the granitoids analyzed
in this study could offer petrographic, geochemical, and
geochronological characters that enabled such correlation.

The coexistence between |- and A-type granitoids, with
ages within the range 1.88-1.87 Ga, stimulates the following
discussion: a) if the calc-alkaline magmatism is associated
with late (post-collisional) processes related to subduction; b)
if they were formed in an intracontinental setting under more
stable (post-orogenic to intraplate) tectonic crustal conditions
and, c) if they were predominantly formed in intraplate settings
by A-type and alkaline magmatism.
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