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INTRODUCTION

The late Rhyacian high-grade metamorphic complex (Tartarugal Grande Complex - TGC; Fig. 1) is located at
the transition between the Rhyacian Lourenco domain and the Archean Amapa block, in the central eastern
region of the state of Amapa, Brazil, southeastern Guiana Shield (Rosa-Costa et al., 2006, 2014; Gorayeb et al.,
2021). The Amapa Block, to the south, is alarge Archean continental landmass roughly oriented ina WNW-ESE
direction. It consists mainly of a high-grade metamorphic granulitic-migmatitic-gneiss complex of Meso- to
Neoarchean age (3.19-2.60 Ga), strongly reworked during the Transamazonian orogeny, responsible for its
deformation, metamorphism and granitic magmatism. The Lourengco Domain, to the north, is constituted by a
Rhyacian lithological association of granitoid-greenstones, with dominant granitoids and orthogneisses and
restricted metavolcanosedimentary sequences metamorphosed in the greenschist to amphibolite facies,
locally granulite (Rosa-Costa et al., 2006, Milhomem Neto and Lafon, 2019). This granitoid-greenstone
association formed in a long-lived continental magmatic arc setting (~2.26-2.12 Ga), which evolved to a
collisional setting with the amalgamation of the Amapa Block and the Lourenco Domain at 2.11-2.08 Ga (Rosa-
Costaetal., 2014; Milhomem Neto & Lafon, 2020; Vianna et al., 2020).
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The TGC rocks outcrop in the beds of the Tartarugal Grande and Falsino Rivers, on the margins of the BR-156
highway (Macapa-Oyapock) and nearby roads (Fig. 2). The TGC encompasses an association of high-grade
metamorphic rocks composed by dominant felsic granulites and aluminous leucogneisses, besides of rare
mafic granulites and amphibolites that occur as tabular bodies or lenses of metrical dimensions intruded in the
felsic granulite and leucogneiss protoliths, before metamorphism. It also includes some charnockite and granite
bodies with preserved magmatic structures. Both granulites and gneisses were affected by thrust and
transcurrent shear zones along a NW-SE trend. Quartz-feldspathic neosomes, with or without orthopyroxene
and garnet-rich neosomes occur in the felsic granulites and the leucogneisses, respectively, as a product of
anatexis. The peak of granulite metamorphism was estimated by Gorayeb et al. (2021) at 800 £ 20 °C
(temperature) and 6-7 Kbar (pressure). Retro-metamorphism and cooling during exhumation to higher crustal
levels was also evidenced. A geochronological data set indicates that the TGC includes rocks formed during the
Rhyacian and the Neoarchean and metamorphosed during a late Transamazonian granulitic episode (Table 1).
In this work we present a new set of LA-ICP-MS U-Pb ages for monazites from two leucogneisses, a neosome
derived from a migmatitic leucogneiss and for zircons from an amphibolite (Fig. 3) from the TGC to better
constrain the timing of the high-grade metamorphism in this part of the southeast Guiana Shield.

- J— — J— «oow | 1ADle 1- Summary of geochronological data for granulites and gneisses from
= . L . the Tartarugal Grande Complex
A Rock Type Age Method Interpretation Ref.
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granulite Ma (2.77Ga) ICP-MS) protolith
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1 - Avelar (2002); 2 - Rosa-Costa et al. (2014); 3 - Milhomem Neto and Lafon
(2019); 4 - Enjolvy (2008); 5 - Oliveira et al. (2008); 6 - Gorayeb et al. (2021).

Figure 2: Geological map of the TGC occurrence region. Adapted from Rosa-Costa
etal. (2014) and Barbosa & Chaves (2015).
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Figure 3: Petrographic aspects of the samples investigated in this study. HP-09C: A) Outcrop in a quarry, B) Hand sample highlighting the neosome of a migmatitic
leucogneiss, C) and D) monazite crystals included in feldspar and garnet, respectively. HP-17: A) hand sample of leucogneiss, B), C) and D) photomicrographs
highlighting the main and accessory mineralogy (microcline, mimerchitic plagioclase and monazites). HP-04: A) Leucogneiss hand sample, B), C) and D)
photomicrographs highlighting the main and accessory mineralogy with quartz, garnet, biotite and monazite. DAM-05B: A) and B) amphibolite beds intercalated in felsic
granulite, C)and D) crystals of diopisidium associated with hornblende.

SAMPLING AND ANALYTICAL METHODS

Samples from previous studies (Paiva, 2016; acronym HP) and from the collection of the Research Group in
Isotope Geology at UFPA (Acronym DAM) were used. Four samples including leucogneisses and one
amphibolite from the eastern portion of the TGC were selected. Separation and concentration procedures for
monazite and zircon, mounts preparation and scanning electron microscopy (SEM) were performed using at the
laboratory facilities of the UFPA Geoscience Institute. LA-MC-ICP-MS monazite U-Pb analyses were carried
out using a multi-collector Neptune Thermo Finnigan mass spectrometer coupled with a Nd:YAG LSX-213 G2
CETAC laser microprobe at the Para-lso. The analytical conditions, instrumental corrections, raw data
reduction and age calculation are described in Ferreira (2022). LA-MC-ICP-MS zircon U-Pb dating of the
amphibolite sample was carried at the Geochronological Laboratory of the Brasilia University, using similar
equipment to those of the Para-lso and following Buhn et al. (2009).
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RESULTS

The samples of this study were petrographically classified as a garnet-biotite leucogneiss of monzogranitic
composition (Sample HP-04), a garnet-biotite leucogneiss of syenogranitic composition (Sample HP-17), a
neosome derived from a migmatitic leucogneiss (HP-09C) associated with felsic granulites and one biotite-
clinopyroxene amphibolite which occurs as centimeter wide lenses in felsic granulites (sample DAM-05B).
Metamorphic conditions are similar to those described by Gorayeb et al. (2021). U-Pb ages obtained on
monagzite and zircon grains are listed in Table 2 and presented in the diagrams of figure 4.

Table 2- Summary of the LA-ICP-MS U-Pb ages obtained in this work for the samples of the Tartarugal Grande Complex

Litology Sample U—Pb assigned age (Ma) Statistical parameters Mineral
Neosome of migmatitic leucogneiss HP-09C 2056 &+ 5* 26; n=30; MSWD = 0.31 Monazite
Garnet-biotite leucogneiss HP-17 2058 + 19** 20;n=>51; MSWD = 0.64 Monazite
Garnet-biotite leucogneiss HP-04 2096 £ 16 to 2056 + 16*** 20;n=27 Monazite
Biotite-clinopyroxene amphibolite | DAM-05B 2069 £ 11°* 20;n=6; MSWD = (.47 Zircon
*U-Pb Concordia Age, **Upper intercept age, *****’Pb/**°Pb range dates.
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TIMING CONSTRAINTS ON THE HIGH-GRADE METAMORPHISM OF THE TGC

The new U-Pb results on monazite and zircon and the previous geochronological data on rocks from the TGC
and neighboring magmatic units indicate a magmatic-metamorphic event at the end of the Rhyacian and
beginning of the Orosirian in the central region of Amapa marked by intense magmatism between ~2.10 and
2.08 Ga. This magmatic episode triggered regional warming and was followed by a high temperature,
intermediate pressure metamorphic event that affected both Archean ortho and paraderived rocks and
Rhyacian granitoids. This episode, with a metamorphism peak around 2.06-2.04 Ga, produced granulitic rocks,
local migmatization and the intrusion of charnockitic plutons. Metamorphic cooling occurred between ~2.04 and
~1.98 Ga until reaching a temperature below 300°C around 1.97 Ga (“Ar-"Ar biotite metamorphic cooling age;
Enjolvy, 2008). The high-grade metamorphism in central Amapa (2.06-2.04 Ga) is coeval with the UHT
metamorphism of the Bakhuis granulitic beltin Suriname (2.09-2.03 Ga; De Roever et al., 2003, 2019, Klaver et
al., 2015, 2016), however, this does not imply that were generated by the same metamorphic processes. The
model of mantle upwelling in a zone of maximum crustal thinning associated with vertical tectonics proposal by
Deloretal. (2003) seems more consistentto explain the formation of the TGC.
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Figure 5: Synthesis of the chronology of magmatic and metamorphic events of the Tartarugal Grande granulitic complex.
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