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Abstract

The Iriri-Xingu domain, located in the central part of the Amazonian craton, consists of extensive occurrences of Paleoproterozoic volcanic
rocks and granites with published ages of ca. 1990 to 1840 Ma, which show a strong crustal contribution for their magmas. Exposures of base-
ment rocks are small and rare. Samples from two areas were dated in this work by U-Pb SHRIMP in zircon. In the northern Maribel area, a
high-grade pelitic paragneiss presented an age of 2160 £ 8 Ma and the leucosome of a migmatitic orthogneiss, probably a diatexite, crystallized
at 2149 + 20 Ma. These Rhyacian ages suggest that it is part of the Bacaja domain, related to the Trans-Amazonian cycle. The Morro Grande
area occurs in the central part of Iriri-Xingu domain, where a high-grade muscovite gneiss with a protolith of 2120-2180 Ma is dated at 1982
17 Ma, and the leucosome of a migmatitic orthogneiss is crystallized at 1979 £ 8 Ma. These are the first records of high-grade metamorphism
at ca. 1980 Ma in the Central Brazil shield and may be related to the generation of this Orosirian felsic magmatism, which is widespread

throughout the nearby Ventuari-Tapajés province.
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INTRODUCTION

The Central Amazonian province of the Amazonian craton
was originally defined by Cordani et al. (1979). Their paper was
the first in which the tectonic evolution of the Amazonian cra-
ton was considered by means of a mobilistic approach and was
characterized as a stable area in relation to the Paleoproterozoic
Maroni-Itacaiunas mobile belt to the northeast. The tectoni-
cally stabilized Archean nucleus of Carajas region is included
in its southeastern part, and its volcanic-sedimentary cover
rocks characterize the cratonic nature of the province. The ini-
tial work of Cordani et al. (1979) was followed and upgraded
by many others, such as Cordani and Teixeira (2007) and
Tassinari and Macambira (1999), from which Figure 1 has
been adapted. Regarding the Central Amazonian province,
Tassinari and Macambira (1999, 2004) distinguished the
Archean Carajas block from Xingu-Iricoumé block, which
includes large outcrops of Paleoproterozoic felsic volcanic rocks
and granites. Based on the Nd isotopic data presented by Sato
and Tassinari (1997), the existence of Archean crustal sources
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for these igneous rocks was proposed, which contrasted with

the juvenile sources of coeval igneous rocks occurring within

the adjacent Ventuari-Tapajds province to the west.

The Iriri-Xingu domain (IXD) comprises large outcrops
of Paleoproterozoic felsic volcanic rocks and granites in the
southern part of Central Amazonian province (Fig. 1). Direct
exposure of dated Archean basement below rocks of the IXD
has not been encountered yet. Currently, the only confirmed
Archean part of the Central Amazonian province is Carajés block
(Cordani et al. 1984, Tassinari and Macambira 1999, 2004).

The regional geology around the IXD is divided into seven
tectonic domains characterized by coherence in terms of litho-
stratigraphy, geochronology, structural trends, and geophysical
features (Vasquez et al. 2008b, Fig. 1):

*  Rio Maria domain (RMD) — exposed Mesoarchean (3050
2850 Ma) terrains at the southeastern corner of the Central
Amazonian province;

* Carajés domain (CJD) - exposed Neoarchean terrains
(2760-2570 Ma) at the southeastern corner of the Central
Amazonian province;

*  Bacajd domain (BJD) — Mesoarchean to Siderian (3000~
2300 Ma) terrains reworked during the Rhyacian orog-
enies of the Transamazonian cycle (2260-2050 Ma), at
the southeastern corner of Maroni-Itacaitinas province;

* Santana do Araguaia domain (SAD) - Neoarchean and
Mesoarchean terrains reworked in Paleoproterozoic time
with local reworking by the Transamazonian cycle;

* IXD - Orosirian volcanic-plutonic igneous rocks of differ-
ent types overlying the basement of Central Amazonian
province, with ages between 1990 and 1840 Ma;
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e Tapajés domain (TJD) — Orosirian volcanic-plutonic
igneous rocks, orthogneisses and supracrustal rocks of
Ventuari-Tapajos province, some with of juvenile character;

* Juruena domain (JRD) — Orosirian to Statherian volca-
nic-plutonic igneous rocks (1820-1770 Ma), which overly
rocks of the IXD and TJD.

The IXD is formed by I- and A-type felsic volcanic rocks
and granites emplaced in two main pulses: 1990-1970 Ma
and 1890-1840 Ma. Based on Nd isotopic data for rocks of the
younger pulse, Sato and Tassinari (1997) identified Archean
crustal sources for these parent magmas, with strongly negative
€, (-5.4t0-12.1) and Mesoarchean to Neoarchean T, model
ages (3.3 to 2.6 Ga). Their measurements contrasted with the
mainly juvenile Nd isotope signature of rocks from the TJD in
the adjacent Paleoproterozoic Ventuari-Tapajos tectonic prov-
ince to the west, which forms at least part of the IXD basement.

Based on such considerations, it becomes important to
examine all areas in which confirmed basement of the IXD is
exposed. A previous geological survey in the 1970s (SUDAM,
Geomitec 1972) mapped only small outcrops of metamorphic
rocks in the western part of the IXD (Morro Grande area),
and Vasquez et al. (2008b) mapped another in the northeast-
ern part (Maribel area). These two localities are indicated in
Figure 2. In this paper, we present zircon U-Pb ages and dis-
cuss their bearing on tectonic evolution of the IXD and of the

entire Amazonian craton.

GEOLOGY OF THE IRIRI-XINGU DOMAIN

Orthogneisses, migmatites, and foliated granitoids were
mapped in the southeastern part of the study region (Fig. 2).
Their protolith was formed around 2830 Ma (Tab. 1), prob-
ably by juvenile accretion of calc-alkaline magmas related to

Figure 1. Sketch map of geochronological provinces from the Amazonian craton based on Tassinari and Macambira (2004), with location of

the tectonic domains of Vasquez et al. (2008b).
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Figure 2. Geological map of the Iriri-Xingu domain with previous geochronological data and location of the study areas and dated samples
(modified after Vasquez et al. 2008b). Detailed geological maps of (A) Maribel and (B) Morro Grande areas.
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an island arc (Alves et al. 2010). These basement rocks were
related to the SAD (Alves et al. 2010), but their high-grade
metamorphism was not dated to test for reworking during the
Rhyacian Trans-Amazonian cycle. Therefore, these high-grade
metamorphic rocks might be part of the IXD.

Felsic volcanic and pyroclastic rocks are dominant in
the IXD (Fig. 2), but zircon ages have shown an association
with different volcanic-plutonic events (Tab. 1). In the orig-
inal proposal (SUDAM, Geomitec 1972), they were named
Iriri Formation, but Silva et al. (1974) revised, changed
it to Iriri Group, and individualized some andesites and
dacites as the Sobreiro Formation. These felsic rocks have
been related to the Uatuma magmatism (Macambira and
Vale 1997, Teixeira et al. 2002), which represents the main
Paleoproterozoic volcanic-plutonic event of the Amazonian
craton at ca. 1880 Ma (Dall’Agnol et al. 1994). Zircon ages
between 1888 and 1879 Ma (Tab. 1) were obtained on
volcanic lavas and pyroclastic rocks, as well as microgran-
ites related to the eastern part of the domain (Santa Rosa
Formation), which confirm such correlation. However, the
volcanic rocks from the northern and western parts of the
IXD (Fig. 2) are composed of dacites, rhyolites, and felsic
ignimbrites extruded between 1990 and 1986 Ma (Tab.

Table 1. Summary of geochronological data of the Iriri-Xingu domain.

1). In the southern part of the domain, Alves ef al. (2010)
mapped high-K calc-alkaline quartz latitic to rhyolitic lavas
and ignimbrites of 1987 Ma (Jarind Formation). They show
that volcanism of this age is also widespread in the IXD. The
youngest dated felsic rock is a dacite at 1840 Ma (Tab. 1)
associated with pyroclastic and volcanogenic sedimentary
rocks in the southeastern part of the domain.

Fernandes et al. (2011) identified A-type geochemistry
for the rhyolitic rocks of the Santa Rosa Formation and I-type
high-K calc-alkaline geochemistry for the andesitic rocks of
Sobreiro Formation. Based on trace elements and Nd iso-
tope data, they proposed that the Sobreiro Formation magma
was formed by mixing mantle-derived and anatectic melts of
Archean age, but A-type magmas of Santa Rosa Formation
were a result from anatexis of different Archean crust sources
(3.0t02.5 Ga).

Vasquez et al. (2008b) mapped several plutons of I- and
A-type granites in the western and northern parts of the IXD
(Fig. 2). Semblano et al. (2016) obtained zircon ages of 1992
and 1986 Ma for two I-type granites, and an age of 1889 Ma for
an A-type granite (Tab. 1). Alves et al. (2010) mapped high-K
calc-alkaline granites of the Vila Rica Suite (dated at 1976 and
1968 Ma) in the southeastern part of the domain. Moreover,

: : i Age formation TDM
Lithostratigraphic Method Ref. e Nd (t) Ref.
unit (Ma) (Ga)
N- and W-part
A-type granites 188942 Pb-PbEzr Semblano et al. (2016) 2.87 -8.76 Sato and Tassinari (1997)
Semblano et al. (2016) 2.55 -5.35 Sato and Tassinari (1997)
I-type granites 1992+3/1986+4 Pb-PbEzr Semblano etal. (2016) 2.43/2.60 -2,82/-5.29 Semblano et al. (2016)
Iriri Formation 1990+4/1988+2 Pb-PbEzr Semblanoetal (2016) 2.57/2.61/3.13 -4.17/-5.38 /-9.95 Semblano et al. (2016)
E-part
Velho Guilherme 1862 +3/1866 * L
Suite 3/1867+4 Pb-PbEzr  Teixeira et al. (2002)
Serra Queimada 1882+ 12 Pb-PbEzr  Dinho et al. (2006)
Granite
Sobreiro 1865+ Pb-PbEzr  Teixeiraet al. (2002) 3.11 -10.1 Teixeira ef al. (2002)
Formation
18806 Pb-Pb E zr Pinho et al. (2006) 2.49t02.89 -4.56 t0-9.61 Fernandes et al. (2011)
Santa Rosa 1884%2,1879+2 DbPbEgr Joianiand Femandes 2.56t03.12 -5.80t0-1139  Fernandes et al. (2011)
Formation (2010)
1888+3/1887 + .
2/188143/1881 42 Pb-PbE zr Pinho et al. (2006)
S-and SE-part
Confresa Dacite 18408 U-PbTzr Alves et al. (2010) 2.47 -4.06 Alves et al. (2010)
};;?ti) ourado 1876+ 11 UPbTzr  Barrosetal (2011)  2.62/2.61/3.10  -3.10/-10.7/-7.81 Barros et al. (2011)
1878 £4,1864+S Pb-PbEzr Alves et al. (2010) 2.7 -7.09 Alves et al. (2010)
1884t 4 U-PbTzr Barros et al. (2006)
Vila Rica Suite 1976 £9 U-Pb T zr Padilha (2007) 2.66 -5.96 Padilha (2007)
1968 £2 Pb-Pb E zr Alves et al. (2010) 2.74 -7.3 Alves et al. (2010)
Jarina Formation 1987+ 14 U-PbLzr Alves et al. (2010) 2.55/2.57 -4.59/-5.40 Alves et al. (2010)
Santana do
Aragauaia 2828121 U-Pb T zr Alves et al. (2010) 2.89/2.84 1.09/1.83 Alves et al. (2010)
Complex

E: Pb-evaporation; S: SHRIMP; T: ID-TIMS; L: LA-ICP-MS; zr: zircon.
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Macambira and Vale (1997) obtained a Rb-Sr isochron age
0f 1921 + 69 Ma for one I-type granite of Sio Felix do Xingu
area and suggested that such plutonic event also occurred in
the eastern part of the IXD, which is dominantly composed
by A-type granites of 1882 to 1862 Ma (Tab. 1).

Sm-Nd isotopic data (Tab. 1) show that Archean mate-
rial was the main source of magma for the Orosirian igne-
ous rocks. However, a weak negative € (-2.8) and Siderian
T,,,model age (2.4 Ga) of one I-type granite of the western
part of the domain suggests mixing of Archean crustal with
Paleoproterozoic juvenile material (Semblano et al. 2016).
This juvenile source is stronger in the continuation of the
Central Amazonian province in the Guiana shield, as shown in
theg ,-3.0t02.9and T, 2.39 to 1.95 Ga of igneous rocks of
1.99-1.98 Ga and 1.89-1.88 Ga (Barreto et al. 2014, Leal et al.
2018). Based on Nd isotope data and absence of Archean her-
itage, Barreto et al. (2014) have supported a discussion on the
occurrence of the Central Amazonian province in this shield
and the east limit of Ventuari-Tapajos province.

Most of the Paleoproterozoic sedimentary basins of the IXD
are younger than the Orosirian volcanic rocks (Fig. 2). Only
in the southwestern part, there is an older sedimentary basin
(Castelo dos Sonhos Formation) formed between 2050 and
2011 Ma (Klein et al. 2016). Metasandstones and meta-con-
glomerates of this basin represent alluvial fans and braided
fluvial sediments, which underwent open folding, local duc-
tile deformation, and low-grade metamorphism. Vasquez et al.
(2008b) considered this basin as part of the IXD, but Klein
et al. (2016) relate it to a continental rift system in the early
stages of Tapaj6s domain.

Post-volcanism sedimentary basins (Triunfo and
Cubencranquém formations) are composed of quartz-rich
sandstones, lithic and arkosic sandstones, red mudstones and
polymict conglomerates with volcanic and pyroclastic rocks
boulders (Macambira and Vale 1997, Alves et al. 2010). The dis-
tal fallout pyroclastic material is represented by local ash-tuffs,
and chertlayers are considered as chemical sediments related to

volcanic processes coeval with epiclastic sedimentation.

GEOCHRONOLOGY

Sampling locations and analytical methods

Two areas were selected to study the basement rocks of
the IXD: Maribel in the northeast, close to the border with
the Bacaja Domain, and Morro Grande in the west (Fig. 2).
Two types of samples from each area were selected for geo-
chronological work. A pelitic paragneiss and a migmatitic
orthogneiss from Maribel and a muscovite gneiss and a migma-
titic orthogneiss from Morro Grande.

For each sample, U-Pb SHRIMP determinations on sin-
gle zircon crystals were carried out, employing the sensitive
high-resolution ion microprobe (SHRIMP II) at Universidade
de Sao Paulo (USP). The selected zircon grains were mounted in
epoxy resin together with standard fragments, and the mounts
were covered by a thin layer of gold (6-8 ym) to assure uniform
electrical conductivity. Scanning electron microscopy (SEM)
was applied to produce cathodoluminescence (CL) images
before the SHRIMP work, in order to select the best zircon
domains for the analyses. The high-resolution CL images of

Figure 3. Geological maps of (A) Maribel and (B) Morro Grande areas. Subtitles of geological units and structures are in Figure 2.
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zircon crystals were undertaken in the SEM laboratory of the
branch office of CPRM Belém (LAMIN-BE).

Details of the SHRIMP analytical procedures, including cali-
bration methods, were presented by Williams (1998),and the work
at the Sdo Paulo laboratory was described by Sato et al. (2014).
Uranium abundance and U/Pb ratios were calibrated against the
76266 (903 ppm, Stern and Ameling 2003) and Temora 2 (416.78
Ma, Black et al. 2004) standards, respectively; and the individual ages

were determined from five successive scans of the mass spectrum.

Age values in tables and figures are given with 2s preci-
sion, and the average ages reported in the text are weighted
mean *’Pb/2*Pb ages with 95% confidence limits. Correction
for common Pb was made based on the measured **Pb,
and the typical error component for the **Pb/**U ratios
was less than 2%. Data were reduced by using SQUID soft-
ware (Ludwig 2009a), and the Concordia diagrams and
cumulative Gaussian plots were prepared using Isoplot/
Ex (Ludwig 2009b).

Figure 4. Basement rocks of Maribel area: JB-70A pelitic paragneiss sample: (A and B): plane polarized light; (C) crossed polarized light; (A)
Granolepidoblastic texture with quartz (Qtz), K-feldspar (Kfs), porphyroblasts of garnet (Grt) and biotite (Bt); (B) Sillimanite (Sil) fibrous crystal
and biotite; (C) Cordierite (cd) and biotite. JB-73 migmatitic orthogneiss sample: (D) Schlieren (Sch) and banding; (E and F) crossed polarized
light; (E) Porphyroclast of K-feldspar (Kfs), recrystallized quartz (Qtz) grain in a granoblastic matrix and relicts of zoned plagioclase (P1); (F) Core-
and-mantle (mortar) texture in porphyroclasts of quartz (Qtz) and K-feldspar (Kfs) with mechanically crushed and sub-grain mantles.
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Sample descriptions and
respective U-Pb zircon ages

In the Maribel area, the high-K calc-alkaline volcanic rocks
of ca. 1990 Ma cover an area of supracrustal rocks, pelitic parag-
neisses, as well as migmatitic orthogneiss (Fig. 3A). The small
body (< 2 km?) of Morro Grande, located in the western part
of the IXD (Fig. 2), includes a migmatitic orthogneiss and a
muscovite gneiss. It is surrounded by felsic volcanic rocks and
granitoids of ca. 1990 Ma (Fig. 3B).

Pelitic paragneiss JB-70A

This pelitic paragneiss from Maribel exhibits banding with
granolepidoblastic texture and comprises garnet porphyro-
blasts (Fig. 4A), flakes of red biotite (high-Ti), sillimanite
(Fig. 4B) and cordierite (Fig. 4C). This paragneiss was formed

in high-grade conditions that correspond to upper amphib-
olite facies, according to mineral assemblages (Pattison et al.
2003, Bucher and Grapes 2011).

One population of zircon grains provided near concordant
207Pb/2%Pb ages of about 2500 Ma and 2335 Ma (Fig. SA).
They most probably represent ages of the paragneiss sedi-
mentary protoliths. A selected population of discordant zir-
con grains yielded an upper intercept of a Discordia straight
line at 2160 £ 8 Ma (Fig. SA). The alignment along the same
Discordia straight line towards a zero lower intercept indi-
cates important and relatively recent Pb loss. The older zircon
grains show igneous oscillatory zoning, but the younger ones
demonstrate patchy and convolute zoning (Fig. 6), which are
textures of local recrystallization at medium to high tempera-

ture metamorphism (Corfu et al. 2003).

Figure 5. Concordia diagrams with the analytical points of zircon grains from Maribel area: (A) Sample JB-70A; (B) Sample JB-73.
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Migmatitic orthogneiss JB-73

This granitic rock from Maribel is banded showing schlie-
ren and granitic bands (Fig. 4D). Banding and schlieren could
be syn-emplacement structures resulting from the stretching
of magmatic enclaves or boudinage of mafic dikes by sub-mag-
matic flow. However, these structures are also seen in migmatites
and are common in the leucosome of migmatites transitional
between metatexite and diatexite (Sawyer 2008). The porphy-
roclast and granoblastic fabrics (Fig. 4E) could be formed by
solid state flow, which are usual in migmatites (Sawyer 2008).

The granoblastic recrystallization of K-feldspar and pla-
gioclase crystals (Fig. 4E) was probably formed by bound-
ary-grain migration at high temperature (> 5$50°C), as indicated
by Passchier and Trouw (2005). However, mortar texture of
quartz and K-feldspar (Fig. 4F) indicates mechanical crush-
ing of the porphyroclastic and granoblastic fabrics, as well as
recrystallization at lower temperatures (ca. 300°C) through
sub-grain rotation (Passchier and Trouw 2005).

Most zircon grains in this sample present high common Pb
(Tab. 2), and seven are almost aligned (MSWD =4.2) along a
Discordialine with 2149+ 20 Ma (Fig. SB). Three of them yielded
an upper intercept age of 2155 & 8 Ma in the same Concordia
diagram, which is interpreted as the possible age of leucosome
formation of this migmatitic orthogneiss. The near-concordant
zircon 13-1, bearing very little common Pb, supports this age.
Another near-concordant zircon, 14-1 (Fig. 5B), with an age
close to 2450 Ma, may be interpreted as an inherited grain. The
232Th /23U ratios of 0.14 to 0.80 (Tab. 2) are typical of igneous
zircon grains (Hoskin and Schaltegger 2003). Patchy zoning is
present in zircons of this granitic orthogneiss (Fig. 6), as well as

Figure 6. Cathodoluminescence (CL) images of some zircon crystals
with their SHRIMP spots and respective 2’Pb/**Pb ages. Some
of them exhibit igneous oscillatory zoning, convolute and patchy
zoning of local recrystallization, fracturing, metamictic zones and
alteration pathways.

fracturing and alteration pathways and metamict zones, indicat-
ing alate alteration (Corfu et al. 2003). The most altered zircon
grains have high common-Pb (> 1.0 in Tab. 3).

Migmatitic orthogneiss JB-86B

This migmatitic orthogneiss from Morro Grande is a
banded granite with schlieren, stromatic, and net structures
(Fig. 7A). The estimated degree of a partial melting struc-
ture (60%) corresponds to that of a transitional migmatite
(Sawyer 2008). The melanosome (dark portion) is present,
but the paleosome is not distinguished. Leucosome or neo-
some presents porphyroclasts of K-feldspar, quartz, and pla-
gioclase in a granoblastic matrix of quartz-feldspar grains that
show interlobate and polygonal grain boundaries (Figs. 7B
and 7C), which indicate high-temperature recrystallization
(Passchier and Trouw 2005).

Zircon grains generally show igneous oscillatory zon-
ing, radial fracturing, and local patchy zoning (Fig. 6). In the
Concordia diagram of Figure 8, the zircon grains are discor-
dant and yielded a Discordia straight line with a combined
weighted mean 2"Pb/>*Pb age of 1983 £ S Ma (MSWD =
1.2). It can be interpreted as the crystallization age of the
leucosome, which is possibly related to the partial melting
of the igneous protolith of this migmatitic rock. The calcu-
lated Concordia age of 1979 + 8 Ma is another way to its
calculation (Fig. 8A).

Muscovite gneiss JB-86A

This muscovite gneiss from Morro Grande presents migma-
titic structures, as well as a discrete foliation, without banding
(Fig. 7D). It shows rotated porphyroblasts of muscovite, por-
phyroclasts of quartz, and K-feldspar in a granolepidoblastic
groundmass (Fig. 7E), with aggregates of fibro-radiated and
elongated flakes of muscovite, as well as inter-lobated and
polygonal granoblastic aggregates of quartz and K-feldspar
(Fig. 7F). The presence of muscovite (30-40%) and absence
of orthopyroxene indicate the rocks did not attain granulite-fa-
cies metamorphic conditions (Pattison et al. 2003, Bucher
and Grapes 2011).

Most of the grains were near the Concordia in Figure 7B,
and the weighted mean *Pb/?*Pb age of 1990 £ 3 Ma
(MSWD = 1.3) for 22 points could be easily interpreted as a
magmatic crystallization age. However, in the same diagram,
many zircons were aligned along a Discordia straight line of
1981 + 6 Ma, indicating Pb loss. The apparent *’Pb/**Pb
ages between 2120 and 2180 Ma of four other zircon grains
(Fig. 7B) are surely due to inherited material. Their ages are
like those of granitic rocks from Maribel. Igneous oscillatory
zoning is preserved in the zircon grains of 2119, 2164 and
between 1968 and 1984 Ma, but it becomes blurred in the
grains of 1994 and 2009 Ma (Fig. 6).

DISCUSSION AND CONCLUSIONS
The pelitic paragneiss JB-70A could represent the basis of
a volcano-sedimentary sequence that underwent high-grade

metamorphism. The oldest zircon grains furnished Neoarchean
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Table 2. Summary of SHRIMP U-Pb zircon data for samples JB-70A and JB-73 from Maribel area.

Pb,  Pb* U Th err err err 06Pp /= 27Ph/25Pb* Disc
spot Th/U *Pb/?U 206ppb/3$U ——— 27Pb/**Pb Rho 10 10
(%) (ppm) (ppm) (ppm) (%) (%) (%) (Ma) (Ma) (%)
Pelitic paragneiss JB-70A
1-1  0.59 43 124 87 0.73 7.8441 12 04060 1.1 0.1401 0.5 0.896 2196 21 2229 9 2

(e
N

2-1 047 129 389 128 034 71779 1.1 03884 1.0 0.1340 0.3 0954 2115 18 2151
3-1 635 115 317 121 039 11.7885 1.5 04473 1.0 0.1911 1.1 0.663 2383 20 2752 19 16

41 176 99 264 175§ 0.68 10.0592 1.1 04453 1.0 0.1638 0.3 0.954 2375 21 2495 S 6
S-1 010 194 525 144 028 87780 1.0 04315 10 0.1475 02 0979 2312 19 2318 4 0
6-1 048 88 222 107 0.50 10.3197 1.3 04614 12 01622 03 0970 2446 25 2479 N 2
7-1 312 227 627 328 0.54 10.0555 1.1 04329 1.0 0.1685 0.5 0.889 2319 19 2542 8 10
81 071 139 382 241  0.65 87647 1.0 04270 1.0 0.1489 03 0961 2292 19 2333 N 2

9-1 282 35 121 N 042 63078 1.3 03430 1.1 0.1334 0.8 0.819 1901 18 2143 13 13
10-1 2.64 176 637 206 033 5.9531 1.1 03301 1.0 0.1308 0.4 0926 1839 16 2109 7 15

11-1 0.31 96 268 78 030 83863 1.1 04201 1.0 0.1448 0.3 0961 2261 19 2285 S 1
12-1 0.14 260 713 118 0.17 85059 1.1 04245 10 0.1453 0.3 0961 2281 20 2291 S 1
13-1 0.77 71 179 202 1.17 104920 12 04627 1.1 01645 0.6 0.868 2451 21 2502 10 2
14-1 - 85 225 166 076  9.0720 1.2 04406 1.1 0.1493 0.3 0.966 2353 22 2338 S -1
15-1 0.06 119 301 68 023 10.0496 1.5 04606 1.1 0.1582 1.0 0.750 2442 23 2437 17 0
16-1 047 163 440 148  0.35 89138 12 04333 1.1 0.1492 03 0970 2321 22 2337 S 1
17-1 0.02 92 258 128 0.51 8.0893 1.3 04162 1.1 01410 0.6 0.892 2243 21 2239 10 -0
18-1 - 66 173 137 0.82 82892 12 04372 12 01375 04 0938 2338 23 2196 8 -8
19-1 0.42 36 10S 73 072 73191 14 03941 12 0.1347 0.8 0.845 2142 22 2160 13 1
20-1 415 171 624 257 042  6.5623 1.1 03324 11 01432 03 0970 1850 18 2266 S 21
21-1 - 152 395 235 0.61 89740 1.1 04443 1.1 01465 02 0979 2370 22 2305 4 -3
22-1 0.07 100 249 128 0.53 102528 12 04674 1.1 01591 0.5 0922 2472 23 2446 8 -1
23-1 0.86 193 534 153 0.30 8.6275 1.1 04230 1.1 0.1479 03 0964 2274 21 2322 N 2
24-1 - 81 236 95 042 745855 12 04015 11 0.1347 04 0954 2176 21 2160 6 -1
25-1 1.50 155 497 222 046 6.7840 12 03674 1.1 01339 04 0939 2017 19 2150 7 7

26-1 1.54 114 286 213 077 111239 1.5 04704 1.1 0.171S 1.0 0.758  248S 23 2573 16 4
27-1 135 343 944 354 039 92275 1.3 04291 1.1 01560 0.6 0.884 2302 22 2412 10 N
28-1 0.05 176 501 277 057  7.5464 1.1 04065 1.1 0.1346 0.3 0966 2199 20 21589 N -2
29-1 118 125 396 223 058 6.8433 12 03717 1.1 01335 0.5 0923 2037 19 2145 8 6
30-1 0.4S 88 240 95 0.41 8.8004 1.5 04286 1.1 0.1489 09 0.896 2300 22 2333 16 2

Pelitic paragneiss JB-70A

31-1 - 92 214 96 046 10.2196 1.3 04870 12 01522 0.5 0.779 2558 24 2371 8 10
32-1 - 117 328 152 048 7.7119 1.1 04121 1.1 01357 03 0922 2224 21 2174 4 -3
33-1 198 145 399 80 021  8.5951 1.5 04238 14 01471 0.7 0975 2278 27 2312 12 2
34-1 037 190 469 394 0.87 109191 1.1 04745 1.1 01669 0.2 0.896 2503 23 2527 3 1

35-1 5.00 212 924 247 028  5.2430 23 02800 2.1 01358 1.1 0987 1591 29 2174 20 30
36-1 147 160 415 291  0.72 10.3323 12 04533 1.1 0.1653 0.4 0.874 2410 22 2511 6 S
37-1 2.02 38 121 83 0.71  6.9279 1.5 03726 12 0.1349 0.8 0945 2041 21 2162 14 7
38-1 0.84 134 396 170 044  7.5420 14 03971 11 0.1377 0.8 0.837 2156 20 2199 14 2

Migmatitic orthogneiss JB-73

1-1 087 294 1326 724 0.56 4.6731 3.8 02881 22 01313 3.1 0.591 1480 30 2116 54 34
2-1 130 94 296 91 032  6.8084 1.5 03697 10 01336 1.1 0.691 2028 18 2145 19 6
3-1 054 192 1500 97 0.07  1.8201 1.1 0.1487 0.9 0.0888 0.6 0.837 893 8 1400 12 39
4-1 011 202 1281 81 0.07  2.5217 1.0 0.1839 09 00995 04 0930 1088 9 1614 7 35
S-1 037 59 184 67 0.38  6.5787 20 03720 1.1 01283 1.7 0.525 2039 19 2074 30 2
6-1 042 117 812 108 0.14 2.0195 9.5 01676 63 0.0874 7.0 0.671 999 59 1369 13§ 29
9-1 0.13 78 195 116  0.61 8.4496 1.3 04664 1.1 0.1314 0.8 0.814 2468 22 2117 13 20
10-1 217 196 1163 327 029 3.3210 35 01963 14 0.1227 32 0.388 1155 14 1996 57 46
11-1 0.02 204 646 389  0.62 8.1869 12 03681 12 0.1613 0.2 0988 2020 21 2469 3 21
12-1 0.61 114 356 169 049 6.8444 14 03740 1.0 0.1327 0.9 0.744 2048 18 2134 16 S
13-1 - 141 416 254  0.63 7.3234 1.0 03950 1.0 0.1345 02 0971 2146 18 2187 4 1
14-1 031 21587 471 366 0.80 10.2215 1.0 04581 1.0 0.1618 0.2 0973 2431 20 2475 4 2

Errors are 16; Pb : total common **Pb; Pb*: radiogenic portion **Pb; Th/U: ***Th/**U; Rho: correlation of errors; *: common Pb corrected using measured ***Pb.
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Table 3. Summary of SHRIMP U-Pb zircon data for samples JB-86A and JB-86B from Morro Grande area.
Pb, Pb* U Th err err err 206pp /238 207ph /25Ph? Disc.
spot Th/U *Pb/*U ——— **Pb/**U —— *"Pb/**Pb Rho 10 16
(%) (ppm) (ppm) (ppm) (%) (%) (%) (Ma) (Ma) %)
Muscovite gneiss JB-86A
2-1 029 59 196 145 077 57385 1.8 03501 17 01189 0.5 0955 1935 28 1939 9 0
22 097 127 422 690 169 5.8710 1.6 0.3511 15 0.1213 0.5 0949 1940 26 1975 9
31 099 161 530 443 086 59772 16 03553 1S 01220 0.5 0942 1960 26 1986 10 1
41 213 82 270 278 106  6.7777 17 0361S 15 01360 06 0924 1989 26 2177 11 10
51 3.03 87 336 602 185 5.1991 19 03073 1.8 0.1227 06 0952 1727 28 1996 10 15
6-1 049 47 156 163 108 59535 17 03542 16 01219 05 0951 1954 27 1984 9 2
7-1 437 39 185 137 077 43773 1.8 02566 17 01237 07 0927 1472 22 2011 12 30
8-1 136 57 183 80 045 66254 1.6 03652 16 01316 05 0960 2007 27 2119 8
9-1 092 126 423 568 139 59222 15 03494 15 0.1229 03 0981 1932 25 1999 S 4
10-1 215 23 87 126 150 53392 19 03180 16 01218 09 0881 1780 25 1982 16 12
11-1 093 66 225 262 120 57764 1.6 03431 15 0.1221 04 0970 1901 25 1987 7 N
12-1 - 125 400 608 157 6.0930 15 03639 15§ 0.1214 03 0986 2001 26 1978 N -1
13-1 - 38 119 109 095 61621 17 03699 16  0.1208 06 0945 2029 28 1968 10 -4
141 013 39 112 65 060  7.5299 1.7 04045 16 01350 06 0938 2190 30 2164 10 -1
15-1 028 104 340 310 094 59863 1.6 03562 1.5 0.1219 03 0979 1964 26 1984 6 1
16-1 149 S8 214 177 086 52904 1.6 03214 16 01194 05 0950 1797 24 1947 9 9
17-1 031 118 386 530 142 59724 1.5 03558 LS 01217 03 0982 1962 26 1982 S 1
18-1 - 112 370 145 041 5.6062 1.8 03505 17 01160 04 0974 1937 29 1896 7 3
19-1 196 76 279 212 078 54448 1.6 03218 1S 0.1227 06 0933 1799 24 1996 10 11
20-1 038 161 S31 718 140 59492 1S 03532 15 01222 02 099 1950 25 1988 4
21-1 029 SS 177 237 138 6.0334 1.6 03582 1.6 0.1222 04 0967 1974 26 1988 7
22-1 041 226 763 389 053 @ 56928 LS 03453 1§ 01196 02 099 1912 25 1950 4 2
7
N
7

23-1 033 47 1S5 141 094 59356 1.6 03541 16 01216 04 0969 1954 26 1980

241 003 212 682 S42 082 60370 1S 03611 1.5 01212 03 0980 1987 26 1975

25-1 - 98 309 246 082 61067 16 03681 15 0.1203 04 0967 2020 27 1961

26-1 271 33 113 121 111 57132 S1 03431 1.8 0.1208 48 0352 1902 30 1968 86
27-1 065 41 150 143 099 48656 20 03185 17  0.1108 L1 0848 1782 26 1812 19
28-1 231 37 131 79 062 62041 16 03404 16 01322 05 0961 1888 26 2127 8 13
29-1 152 S6 200 171 088 55210 23 03288 19 0.1218 11 0862 1833 31 1982 20

30-1 010 168 543 395 075  6.0998 1.8 03609 1.8 01226 02 09% 1986 31 1994 3 0
31-1 215 71 268 277 107 5.2904 19 03136 19 0.1223 04 0978 1759 29 1991 7 13
32-1 92 339 178 054 52537 19 03192 18 0.1194 0.7 0938 1786 28 1947 12 9
331 113 66 228 242 110 57394 1.6 0339 15 0.1228 04 0974 1882 25 1997 6 7
341 098 44 145 172 122 61067 34 03533 16 01254 31 0456 1950 26 2034 54 S
351 035 74 244 165 070 5.8676 1.6 03522 1S 0.1208 04 0974 1945 26 1968 6 1
361 097 126 433 438 104 57658 1.5 03416 15 01224 03 0987 1894 25 1992 4 6
37-1 070 S1 170 227 137 59063 16 03498 16 01224 04 0965 1934 26 1992 8 3
381 104 S1 172 235 141 5.791S 16 03446 16 01219 05 0949 1909 26 1984 9 4
39-1 038 81 264 249 097 61327 17 03599 LS 01236 06 0931 1982 26 2009 11 2
Migmatitic orthogneiss JB-86B
1-1 002 38 132 167 131 5.6975 11 03391 1.0 0.1218 04 0919 1883 16 1983 7 6
2-1 018 84 280 269 096 56614 10 03364 09 01220 04 0932 1869 15 1986 6 7
3-1 009 S1 172 123 074 58133 10 03477 09 01213 04 0921 1924 16 1975 7 3
41 089 60 201 145 075 S.7774 1.6 03478 09 0.120S 12 0.600 1924 16 1963 22 2
51 033 31 99 58 060 60148 14 03572 13 01221 0.7 0890 1969 22 1988 12 1

6-1 081 62 227 230 105 52730 11 03163 09 01209 06 0850 1771 14 1970 10 12
7-1 007 44 147 84 059 58783 10 03505 09 01216 04 0916 1937 16 1980 7 3

8-1 017 59 197 121 063 58901 10 03482 09 01227 04 0908 1926 15 1996 8
9-1 068 69 275 118 044  4.8662 1.1 02929 09 0.120S5 06 0854 1656 13 1963 10 18
10-1 039 57 197 182 095  5.6841 13 03366 12 01225 0.5 0928 1870 19 1993 9
11-1 013 63 205 158 080 59637 10 03550 09 0.1218 04 0926 1958 16 1983 7
12-1 021 93 312 202 067  5.8247 1.0 03459 09 0.1221 04 0930 1915 15 1987 6
13-1  01S 57 191 149 081 S.7773 10 03458 09 01212 04 0918 1914 15 1974 7
141 019 54 174 151 090  6.0734 12 03596 11 0.1225 05 0914 1980 19 1993 9

~

- W A =

Errors are 16; Pb : total common **Pb; Pb*: radiogenic portion **Pb; Th/U: >*Th/>*U; Rho: correlation of errors; *: common Pb corrected using measured ***Pb.
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ages around 2500-2540 Ma, but this rock also includes many
younger detrital sources within the 2500-2160 Ma time inter-
val. The histogram inserted in Figure 4A shows three clear peaks
at about 2500, 2335 and 2160 Ma, associated with the mag-
matic crystallization of different groupings of detrital zircons,
which may represent the timing of successive magmatic pulses

in the regional tectonic history. In addition, as the rock did not
present migmatitic structures and was not cut by granitic veins,
its Rhyacian zircon grains could represent a younger detrital
source and, hence, a maximum age for sediment deposition.
The migmatitic orthogneiss JB-73 presents meso-

scopic migmatitic structures, but its microstructures and

A D
B E
C F

Figure 7. Basement rocks of Morro Grande area. All microphotographs of thin sections were taken in crossed polarized light. JB-86B
migmatitic orthogneiss sample: (A) Granitoid bands, schlieren, stromatic and net structures (star — selected part); (B) Porphyroclasts of
K-feldspar (Kfs), quartz (Qtz) and altered (sericite) plagioclase (Pl) in a granoblastic matrix of quartz and feldspar grains with interlobate and
polygonal grain boundaries and recrystallized flakes; biotite (Bt); (C) Ribbons of porphyroclasts of quartz (Qtz) and rounded porphyroclasts
of altered (sericite) plagioclase (Pl); (D) Discrete foliation of the muscovite gneiss JB-86A muscovite gneiss sample: (E) Rotated
porphyroblast of muscovite (Ms), relict grains of quartz (Qtz) and K-feldspar (Kfs) in a granolepidoblastic matrix with rutile (Rt) crystals;
(F) Porphyroclast of altered plagioclase (P1), aggregates of muscovite flakes (Ms) and elongated grains of quartz (Qtz) in an interlobate and
polygonal granoblastic matrix.
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Figure 8. Concordia diagrams with analytical points of zircon grains from Morro Grande area: (A) Sample JB-86B; (B) Sample JB-86A.
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micro-textures give no conclusive evidence that it was
formed through anatexis. The single concordant zircon grain
of 2470 Ma shown in Figure SB may be a xenocryst of the
wall rocks or an inherited crystal from partial melting of the
protolith. This rock was dated by means of 12 zircon grains
in the Concordia diagram of Figure 5B, in which most ana-
lytical points were aligned along a Discordia straight line,
where the three best aligned grains yielded 2155 * 8 Ma,
interpreted as the possible crystallization age of the leu-
cosome. A magmatic event of similar age (2160 + 8 Ma)
was obtained from the youngest detrital population of the
paragneiss JB-70A, located in the same region and, there-
fore, subjected to the same tectonic evolution. The 2160~
2150 Ma magmatic/metamorphic ages yielded by JB-70
and JB-73 are coeval with the Rhyacian tectono-metamor-
phic episode characteristic of the nearby Bacajd tectonic
domain, which occurs to the east of the IXD.

Indeed, pelitic and pelite-psamitic paragneisses with
Mesoarchean to Siderian detrital sources that underwent
Rhyacian granulite metamorphism are widespread within
the western Bacaji domain (Vasquez 2006, Vasquez et al.
2014). In addition, the Bacaji domain also contains gran-
itoids of 2215-2154 Ma related to Rhyacian magmatic arcs
(Vasquez et al. 2008a, Macambira ef al. 2009), as well as
older igneous rocks yielding ages from ca. 2670 to 2300 Ma
(Vasquez et al. 2008a, Macambira et al. 2009). Rocks with
such ages could have produced detrital zircons for the pro-
tolith of the JB-70A paragneiss. Therefore, considering the
possible Rhyacian age of sample JB-73 (Fig. SB), and the
Neoarchean to Rhyacian detrital zircons of sample JB-70A
(Fig. SA), we may propose a correlation of the Maribel base-
ment rocks with the Bacajé domain. This is supported by the
relatively close occurrence (< 10 km) of the basement win-
dows to the Bacajé domain (Fig. 2).

The medium to high-grade rocks, JB-86A and JB-86B,
are located very close together and they therefore must have
undergone the same conditions of metamorphism and duc-
tile deformation. Their Concordia ages (Figs. 8A and 8B) are
identical within experimental error, confirming the robust
significance of the ca. 1980-1990 Ma age, which is the crys-
tallization age of the igneous protolith.

The muscovite gneiss JB-86A does not have banding
and mineral assemblages of granulite facies metamorphism,
but its polygonal micro-texture (Fig. 7F) indicates grano-
blastic recrystallization at high-temperature (>550°C),
corresponding to amphibolite facies metamorphism.
Due to the 1982 £ 7 Ma Concordia age of this sample
(Fig. 8B), we tentatively consider this as the magmatic
crystallization age of a volcanic rock that underwent a
potassic hydrothermal alteration before the amphibolite
facies metamorphism.

The migmatitic orthogneiss JB-86B presents some typical
migmatitic structures that correspond to a transitional migma-
tite, as characterized by Sawyer (2008). Its porphyroclastic
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and granoblastic micro-textures are typical of a high-tem-
perature solid state deformation. The dated sample very
probably corresponds to a portion of the leucosome of this
migmatite, which does not include inherited zircon grains.
The Concordia diagram of Figure 8A shows the age of 1979
+ 8 Ma, identical, within analytical error, with that of sam-
ple JB-86A. This age could represent the anatexis time that
formed this migmatite. If this is so, Morro Grande area is the
first piece of evidence of formation of igneous rocks of ca.
1980 by partial melting of old crust in the southern part of
the Amazonian craton.

The granitoid emplacement climax within the large
NW-SE transcurrent shear zones of Tapajés domain
occurred between 2000 and 1960 Ma (Vasquez et al. 2002,
2008b). The same magmatic event is also present in the
IXD (Padilha and Barros 2008, Alves et al. 2010, Semblano
et al. 2016), and many of its rocks exhibit preserved igne-
ous textures with local protomylonitic textures. High-
temperature recrystallization and migmatitic structures
identified in these rocks of Morro Grande are the first
occurrence of high-grade metamorphic rocks formed at
about 1980 Ma in the area of the IXD. It is also the first
piece of evidence of an Orosirian high-grade metamor-
phism in the Central Brazil shield, which forms the south-
ern half of the Amazonian craton.

Tassinari et al. (2004) identified a high-grade meta-
morphism of ca. 1.98 Ga in the northwestern corner of
the Guiana shield, which is associated with the exhuma-
tion that followed high-grade metamorphism of Imataca
Complexat2.07-2.05 Ga. This situation of two successive
episodes of high-grade metamorphism is similar to that
encountered in the Bakhuis granulite belt of the central
part of the shield, in which a late episode 0f 1.99 to 1.95 Ga
succeeded the main high-grade regional metamorphism of
the area (2.07 to 2.0S5 Ga). It has been considered as a late
high-grade metamorphism of the Trans-Amazonian cycle
(De Roever et al. 2015, Klaver et al. 2015, Kroonenberg
et al. 2016). Moreover, the ca. 1.98 Ga Orocaima igneous
belt formed essentially by felsic volcanic rocks and gran-
ites (Reis et al. 2000) is widespread through the entire
Guiana shield, comprising from Venezuela in the west to
Suriname in the east, the Cuchivero, Surumu, Iwokrama

and Dalbana units.
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