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Abstract

The Jacareacanga Group comprises mafic to ultramafic schists, metacherts, quartzites, pelitic paragneisses, and amphibolites related to siliciclas-
tic-chemical sedimentation and mafic-ultramafic volcanism. These rocks of the Jacareacanga Group correspond to turbidite-related sediments
and oceanic crust basalts of a back-arc or trench basin of the early magmatic Cuit-Cuitl Arc of the Tapajés Domain in the Amazon Craton.
Field data and petrographic analysis support the new zircon U-Pb ages obtained through LA-ICP-MS for the rocks of the Jacareacanga Group.
A +10% concordance criterion applied, along with an exclusion of ages < 2000 Ma to mitigate interference from later events, such as granitic
intrusions. Two pelitic paragneisses yielded *"Pb/>*Pb ages between 2008 and 2042 Ma and mica schist ages of ca. 2056 Ma, considered to be
the maximum sedimentation age of the protoliths of metasedimentary rocks. Zircon populations from the Rhyacian to the Mesoarchean indi-
cate provenance from adjacent cratonic areas. This study shows that the Jacareacanga Basin was formed during the early Orosirian. The oldest
detrital zircon ages support provenance from a magmatic arc basin of a continental margin comprising Rhyacian to Mesoarchean crust.
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1 INTRODUCTION amphibolites, whose sedimentation and volcanism are related

The Tapajés Domain is located in the central part of the to the formation of basins associated with the early Cuiu-
Amazon Craton (Fig. 1) and is related to the accretion of one Cuitt Magmatic Arc (2040-1998 Ma) of the Tapajés Domain
(Tassinari, 1996; Tassinari & Macambira, 1999, 2004) or (Santos et al., 2004).

more magmatic arcs (Santos et al., 2000, 2001,2004) onto an The amount of zircon crystals necessary to investigate
Archean continent during the Orosirian period. the provenance of detrital zircon populations and constrain

The Jacareacanga Group consists of metavolcano-sed- the maximum sedimentation ages varies across the litera-
imentary rocks, with subordinate pelitic paragneisses and ture. Most researchers recommend more than 100 crystals

(Andersen, 2005; Vermeesch, 2004). They also recommend
the application of geochronological methods that allow dating

large quantities at low cost and in a short time. Therefore, in

Supplementary file:
situ dating methods, such as U-Pb dating via LA-ICP-MS, have

Supplementary data associated with this article can be found in the

online version: https://doi.org/10.48331/scielodata. SHYME4. become widely adopted for such purposes (GehreIS; 2014;
Supplementary File 1. LA-ICP-MS U-Pb isotopic data for pelitic Von Eynatten & Dunkl], 2012). Previous studies involving the
paragneiss FH-27. Jacareacanga Group schists assumed these rocks to be para-
Supplementary File 2. LA-ICP-MS U-Pb isotopic data for sample FH-27, derived. Santos et al. (2000) dated only four zircon crystals
taken from Vasquez et al. (2019). using TIMS. In turn, Almeida et al. (2001b) dated ten zircon

Supplementary File 3. LA-ICP-MS U-Pb isotopic data for pelitic
paragneiss FH-21.

Supplementary File 4. LA-ICP-MS U-Pb isotopic data for sample FH-21,

grains using the Pb-evaporation method. Unfortunately, both
studies employed inadequate methods and insufficient quan-

taken from Vasquez et al. (2019). tities of zircon crystals. Vasquez et al. (2019) applied the U-Pb
Supplementary File 5. LA-ICP-MS U-Pb isotopic data for sample MV- dating method bY LA-ICP-MS on zircon crystals from pelitic
58Aand MV-58C. paragneisses of this unit, but the sample size (< 100 crystals)
'Universidade Federal do Par4, Instituto de Geociéncias, Programa de was not sufficient for comp rehensive analy51s.
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lyzed for each rock type (117 crystals from FH-27, 116 crys-
tals from FH-21, and 163 crystals from MV-58A and 58C),
supplemented by data from Vasquez et al. (2019). The appli-
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Figure 1. Map of the geochronological provinces of the Amazon Craton and the tectonic domains of Santos (2003) of the eastern part

(modified after Vasquez et al.,, 2008), with the location of the study area.

datasets provided more robust zircon populations. The U-Pb
zircon ages allowed the identification of the main detrital zir-
con populations and helped constrain the sedimentation age
of the Jacareacanga Basin, identified as the oldest basin of the
Cuit-Cuit Arc.

2 REGIONAL TECTONIC CONTEXT
The Tapaj6és Domain corresponds to the central part of
the Tapajos-Parima Province of the Amazon Craton (Fig. 1).

This province, also referred to as Ventuari-Tapajos Province,
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has been associated with the accretion of one (Tassinari, 1996;
Tassinari & Macambira, 1999, 2004) or more magmatic arcs
(Santos et al., 2000, 2001, 2004) onto an Archean continent.

The Geological Survey of Brazil has mapped the Tapajos
Domain since the 1970s (Almeida et al., 2000; Bahia &
Quadros, 2000; Bizinella et al., 1980; Ferreira et al., 2000;
Guimaraes et al., 2015; Klein & Vasquez, 2000; Klein et al.,
2001; Melo et al., 1980; Pessoa et al., 1977; Vasquez & Klein,
2000; Vasquez et al., 2017). This tectonic domain hosts import-
ant gold deposits and subordinate cassiterite (Sn), colum-
bite (Nb-Ta), and diamond (Coutinho, 2008; Guimaraes


https://creativecommons.org/licenses/by/4.0/

Braz. J. Geol. (2025), 55: €20240021

et al., 2015; Klein et al., 2001; Vasquez et al., 2017) depos-
its, which is why it is also called Tapajés Mineral Province
or Tapajos Gold Province.

The geochronological database for igneous rocks of
the Tapajés Domain encompasses U-Pb ages from zircon,
titanite, and baddeleyite, as well as Pb-Pb ages from zircon,
ranging from 2033 £ 7 to 1864 * 18 Ma, with subordinated
agesof 1786+ 14,1780+ 7,and 1186 + 12 Ma, as compiled
by Vasquez et al. (2017). Sm-Nd data for the igneous rocks
from 2020 to 1981 Ma include eNd(t) values from -0.59 to
-3.71 and Sm/Nd-T ages from 2.26 to 2.49 Ga (Lamario
et al., 2005; Vasquez et al., 2017). Local granitoids yield-
ing eNd(t) of +2.6 and +1.8 with Sm/Nd-T  ages of 2.16
to 2.09 Ga and eNd(t) of -1.49 and -5.45 with Sm/Nd-T |
ages of 2.58 to 2.41 Ga (Sato & Tassinari, 1997) indicate a
Paleoproterozoic juvenile accretion with few interactions
with the Archean crust. This Nd-isotope signature is also pres-
ent in igneous rocks from 1907 to 1864 Ma, as compileded
by Vasquez et al. (2017). These two Paleoproterozoic juve-
nile accretions would be related to early Cuiti-Cuit and late
Tropas magmatic arcs of the Tapajos Domain, respectively
(Lamario et al., 2005; Vasquez et al., 2017).

The calc-alkaline granitoids of the Cuit-Cuit Complex
(Coutinho et al., 2008; Santos et al., 2004; Vasquez et al.,
2002, 2017) and felsic volcanic and pyroclastic rocks of the
Comandante Arara Formation (Vasquez et al.,, 2017) were
succeeded by high-K calc-alkaline to shoshonitic felsic vol-
canic and pyroclastic rocks of the Vila Riozinho Formation
(Guimaraes et al., 2015; Lamario et al., 2002; Vasquez et al.,
2017). Calc-alkaline rocks from 2033 to 1996 Ma were related
to the early stages of the Cuii-Cuiti Arc, while high-K calc-al-
kaline to shoshonitic granitoids from 1989 to 1955 Ma of the
Creporizdo Suite (Borgo et al., 2017; Cassini et al., 2020;
Lamario etal.,, 2002) could be related to the late stages of the
Cuit-Cuiu Arc. However, these high-K calc-alkaline granit-
oids have also been related to a transcurrent post-collisional
setting (Vasquez et al., 2002, 2017). Additionally, the calc-al-
kaline granitoids of the Tropas and Parauari suites, along
with felsic volcanic and pyroclastic rocks of the Salustiano
Formation, high-K calc-alkaline intermediate volcanic and
pyroclastic rocks of the Bom Jardim Formation, and gab-
bros of the Ingarana Suite emplaced between 1907 and 1870
Ma, were related to the Tropas Arc (Coutinho et al., 2008;
Santos et al., 2004; Vasquez et al., 2002, 2017). Coeval alka-
line granites and felsic volcanic and pyroclastic rocks of the
Moraes Almeida Formation (Lamario et al., 2002; Vasquez
etal.,, 2002, 2017) could be related to a post-orogenic exten-
sion (Fig. 2).

3 JACAREACANGA GROUP

The Jacareacanga Group is located in the southwestern
portion of the Tapajés Domain (Fig. 1). These rocks crop
out as belts of supracrustal rocks elongated in the NW-SE to
NNW-SSE direction (Ferreira et al., 2000).

The Jacareacanga Group was divided into the Sai Cinza
and Cadiriri Formations (Vasquez et al., 2019, 2020) (Fig. 2).

3/16

The Sai Cinza Formation is composed of muscovite, bio-
tite, chlorite, and actinolite schists, along with ferruginous
metacherts. Locally, tremolite and talc schists, meta-grey-
wackes, and amphibolites also crop out (Ferreira et al., 2000;
Melo et al., 1980; Vasquez et al., 2019, 2020). The Cadiriri
Formation corresponds to quartzite lenses oriented in the
NNW direction, in agreement with the foliated rocks of the
Sai Cinza Formation (Ferreira et al., 2000; Vasquez et al.,
2019, 2020). This formation is a volcano-sedimentary
sequence composed of siliciclastic and chemical sediments
related to platform sedimentation with associated basic sea-
floor volcanism (Ferreira et al., 2000). However, Santos et al.
(2000) interpreted it as turbidite sedimentation and basic
volcanism occurring in either an arc-trench basin or a mag-
matic back-arc basin.

The volcano-sedimentary sequence of the Jacareacanga
Group underwent a regional low- to medium-grade metamor-
phism, from the greenschist to the epidote amphibolite facies
(Melo et al., 1980). Locally, this sequence attained very low-
grade metamorphism conditions, resulting in meta-greywackes
(Ferreira etal,, 2000). High-grade metamorphism is marked by
the metamorphic paragenesis (sillimanite-cordierite-garnet-bi-
otite) observed in the pelitic paragneisses (Figs. 3 and 4), with
neosome development marked by veins of garnet-muscovite
granite/peraluminous leucogranite, indicating anatexis at ca.
1960 Ma (Vasquez et al., 2019). This wide range of metamor-
phic conditions is likely associated with progressive regional
metamorphism related to the accretion of Cuit-Cuitl magmatic
arc. However, detailed studies supporting this interpretation
are currently lacking.

Ductile deformation is marked by schistosity (Fig. S),
compositional banding (Fig. 3), boudinage of quartzite lenses,
and tight folds initially with NNW-SSE orientation (Fig. 4).
The ductile foliations were transported by mylonitic folia-
tion and crenulation cleavage trending NW-SE (Almeida
etal.,, 2001a, Santos & Coutinho, 2008; Vasquez et al.,, 2019).
Intrusions of lenses of peraluminous leucogranites bearing
biotite, muscovite, and garnet (neosome) occurred within the
pelitic paragneisses (Fig. 3).

Xenoliths of pelitic paragneisses, amphibolite, and schists
from the Jacareacanga Group are hosted within the granitoids
and orthogneisses of the Cuiu-Cuiti Complex, indicating the
intrusive relationship. Furthermore, batholiths of tonalites, gra-
nodiorites, and granites of the Parauari and Tropas Suites (1900
- 1870 Ma) cut the rocks of the Jacareacanga Group (Fig. 2).

Santos et al. (2000) obtained TIMS U-Pb zircon ages
around 2100 Ma for a schist of the Sai Cinza Formation. In turn,
Almeida et al. (2001b) obtained zircon ages between 2034
and 2008 Ma using the Pb-evaporation method. The number
of dated zircon crystals and the methods applied were not
appropriate to determine the age of the zircon sources and the
maximum sedimentation age of the metasedimentary rocks.
The researchers recommend more than 100 crystals, and the
application of geochronological methods that allow dating
large quantities of crystals (Andersen, 2005; Vermeesch, 2004).
Furthermore, Vasquez et al. (2019) dated zircon grains from

the pelitic paragneisses and peraluminous leucogranite veins
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by LA-ICP-MS and determined sedimentation ages of 2049 to the granitic rocks that crosscut the paragneisses. Thus, the
and 2000 Ma for the protoliths of the paragneisses,andageof ~ younger zircon population was correlated with the intrusions
1956 £ 27 Ma for the neosome of peraluminous leucogranitic of the Parauari Suite granitoids (1895 and 1873 Ma) that cross-
veins. Zircon populations of ca. 1950 and 1890 Ma were related cut the Jacareacanga Group (Fig. 2).
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Figure 2. Simplified geological map of the Jacareacanga area, with the location of the dated samples and samples selected for this study.
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Figure 3. Structures and textures of the pelitic paragneiss FH-27: (A) Gneissic banding with concordant mm- to cm-thick leucogranitic
lenses; (B) Gneissic banding composed of felsic and mafic bands alternating with mm- to cm-thick granitic lenses; (C) Granoblastic bands
of quartz (Qz) and feldspars (Fsp) with garnet porphyroblasts (Grt) and lepidoblastic bands of muscovite (Ms) with biotite (Bt) and
sillimanite (Sil); (D) Detail of lamellar sillimanite and muscovite with interspersed biotite; (E) Cordierite porphyroblast (Crd) in
granoblastic quartz and feldspar band; (F) Cordierite porphyroblast in a granolepidoblastic band with biotite. Photomicrographs taken
in polarized light.

4 PROCEDURES AND METHODS

4.1 Sample preparation

Heavy mineral separations were carried out at the Mineral
Analysis Laboratory of the SGB Branch Office in Belém
(LAMIN-BE). The rocks were crushed and sieved, and the
heavy minerals of the 0.250 to 0.180 mm grain-size fraction

were concentrated by gravity methods in aqueous and dense
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liquids (bromoform). It was refined by magnetic separation
with ferrite and neodymium magnets, followed by isodynamic
separation in a Frantz-type magnetic separator.

The zircon crystals were selected under a stereomicroscope,
mounted in epoxy resin (mounts), and subsequently ground
and polished in the facilities of the Institute of Geosciences of
the Universidade Federal de Par4 (IG-UFPA). The polished

mounts were covered with an approximately S m-thick gold
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(B) Biotite porphyroblasts and granitic lenses concordant with banding; (C) Granolepidoblastic bands of muscovite (Ms), biotite
porphyroblasts (Bt) and granoblastic quartz lens (Qz); (D) Detail of rotated biotite porphyroblasts; (E) Garnet porphyroblast (Grt) in a
granolepidoblastic band; (F) Cordierite porphyroblast (Crd) in a granolepidoblastic band. Photomicrographs taken in polarized light.

film. Images of the zircon grains were obtained by a cathodo-
luminescence (CL) detector attached to a scanning electron
microscope (SEM) at LAMIN-BE.

4.2 Cathodoluminescence images

CL images were used to select locations on zircon crystals
free from fractures, mineral inclusions, and post-crystallization
changes. These CL images revealed oscillatory zoning (igneous

texture) in zircon crystals, core and edge structures related to
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inherited core resorption, and mantle overgrowth by meta-
morphic recrystallization. Additional features included erasure
of igneous zoning, dissolution of crystal edges, and metamict
structures. Thus, the external morphology and internal textures
of the crystals helped identify different zircon populations.

4.3 Analytical procedures
U-Pb zircon dating by LA-ICP-MS was performed at the
Laboratory of Isotopic Geology of the Universidade Federal


https://creativecommons.org/licenses/by/4.0/

Braz. J. Geol. (2025), 55: €20240021

g -
iw
Hy
0
s 2
ig

- = o ’ a Pt
= 4 o T T e Wy L.

.ﬁP

Figure S. Structures and textures of MV-58A and quartz-mica schist MV-58C: (A) Pink gray and ocher saprolite of mica schists showing
quartz venules along the schistosity; (B) Lepidoblastic layer of muscovite (Ms) in sample MV-S8A and granoblastic layer of quartz (Qz)
and opaque (iron hydroxide) minerals; (C) Granoblastic texture with quartz clasts, subordinate layers of biotite (Bt) and opaque minerals in
sample MV-58C; (D) Detail of sigmoidal quartz and feldspar (Fsp) clasts surrounded by biotite in sample MV-58C. Photomicrographs taken

in polarized light.

de Para (Para-Iso) using a Thermo Finnigan high-resolution
inductively coupled plasma source mass spectrometer equipped
with a Neptune multi-collector and coupled, equipped with an
Nd YAG 213 nm LSX-213 G2 CETAC laser ablation micro-
probe. The protocol and equipment configuration were applied
according to Milhomem Neto et al. (2017). Analytical read-
ings on samples were intercalated with standards to ensure
accuracy and analytical control to avoid laser-induced ele-
mental fractionation and instrumental mass discrimination.
The zircon standards used were GJ-1 0£ 608.5 = 1.5 Ma of age
(Jackson et al.,, 2004) and Blue Berry (BB) of 562 =9 Ma of
age (Santos et al., 2017).

Raw U, Pb, and Th isotopic data were reduced and cor-
rected using a macro-enabled Microsoft Excel spreadsheet
adapted by Chemale Jr. et al. (2012). Ages were calculated
and isotopic results were plotted on concordia diagrams
using the Isoplot/Ex software by Ludwig (2012). To cal-
culate zircon U-Pb ages, data with **°Pb/2*Pb ratios below
2500 were excluded from the age calculation to minimize
the uncertainties resulting from common Pb correction.
In this study, the ages provided from **’Pb/**Pb ratios
were adopted and plotted with 100% £ 10% concordance,

which were considered the most representative ages of the
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grains in frequency distribution graphs and relative prob-
ability curves.

When treating the results, a cutoff age of 2000 Ma was
adopted as, according to Vasquez et al. (2019), ages below this
threshold are related to metamorphic and magmatic events
younger than the formation of the Jacareacanga Group (e.g.,
tonalites to granites of the Tropas and Paraguari Suites - 1900-
1870 Ma and Creporizo Suite - 1990-1960 Ma). This crite-
rion was based on field and petrographic features that indi-
cate granitic intrusion and anatexis of the Jacareacanga Group
paragneisses, as identified by Vasquez et al. (2019). In addi-
tion, a more rigorous treatment was carried out using only
grains of *’Pb />, 2%Pb/>**U, and *’Pb/**Pb ages that
overlapped the limits of analytical errors. This step reduced
the dataset to 100% 2% concordance, with *’Pb/2Pb ages
regarded as the most representative of the zircon populations
analyzed in this study.

5 RESULTS PETROGRAPHY

Samples from two pelitic paragneisses (FH-21 and FH-27),
two muscovite schists (MV-5S8A and MV-58C), and an amphi-
bolite (MV-59) were collected during the mapping campaigns
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sponsored by the Crustal Evolution and Metallogenesis of
the Tapajés Mineral Province Project (Vasquez et al., 2020).

5.1 Pelitic paragneisses

The pelitic paragneisses of the Jacareacanga Group crop out
in the Sai Cinza indigenous area along the bank of the Tapajés
River near Jacareacanga downtown (Fig. 2). Earlier mapping
projects di not classify these rocks as paragneisses of the
Jacareacanga Group — only Vasquez et al. (2019) correlated
them to this unit.

The pelitic paragneiss of the FH-27 outcrop is a foliated, medi-
um-grained gray gneiss displaying felsic bands of quartz-feldspathic
composition alternating with mica-rich mafic bands that mark
the compositional banding (Figs. 3A and 3B). Lenticular leu-
cogranite veins are concordant with the mm- to cm-thickbanding
of the gneiss. Microscopically, this gneiss exhibits granoblastic
bands of quartz, feldspar, and garnet, alternating with lepi-
doblastic bands of muscovite, biotite, and sillimanite (Figs. 3C
and 3D). Cordierite is observed in both granoblastic and gran-
olepidoblastic bands (Figs. 3E and 3F).

The pelitic paragneiss of the FH-21 outcrop is a gray gneiss
with pinkbands. The fine-grained and foliated appearance marks
a subtle gneissic banding with concordant granitic lenses and
biotite porphyroblasts (Figs. 4A and 4B). This gneiss shows
tight folds and boudinated quartz veins. Microscopically, this
rock exhibits a granolepidoblastic texture of muscovite and
quartz with biotite porphyroblasts and granoblastic quartz
lenses (Fig. 4C). These biotite porphyroblasts were rotated
and are transversal and concordant with the rock foliation
(Fig. 4D). Cordierite and garnet crystalloblasts are locally pres-
ent (Figs. 4E and 4F), Classifying this rock as a cordierite-gar-

net-biotite-muscovite gneiss.

5.2 Mica shists

Mica schists and quartz-mica schists have been mapped as
the predominant rocks of the Jacareacanga Group, although
they rarely crop out as xenoliths, which are hosted in the
orthogneisses and porphyroclastic granitoids of the Cuiu-Cuit
Complex (Ferreira et al., 2000; Melo et al., 1980).

In the Espirito Santo artisanal mine, located at the head-
waters of the Parauari River (Fig. 2), mica schist (MV-S8A)
and quartz-mica schist (MV-58C) crop out. The saprolite of
these schists is pink and ocher, while the fresh rock is light
gray. Locally, quartz venules are mineralized with gold lattices
concordant with the schistosity (Fig. SA).

The Mica schist MV-58A is composed of lepidoblastic mus-
covite layers intercalated with subordinate granolepidoblastic
quartz and feldspar layers. Both layers are impregnated with
iron hydroxide ions along the schistosity (Fig. SB). The quartz-
mica schist MV-58C is composed of granolepiblastic layers of
quartz and feldspar, with subordinated biotite (Fig. SC). The
sigmoidal quartz and feldspar clasts of the matrix are contoured
by biotite lamellae (Fig. SD).

5.3 Amphibolites

Actinolite schists, talc-tremolite schists, and amphibo-

lites, previously mapped by Ferreira et al. (2000) and Melo
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et al. (1980), are interlayered with the mica schists of the
Jacareacanga Group, and locally crop out as xenoliths hosted
within the orthogneisses and porphyroclastic granitoids of
the Cuiu-Cuit Complex. The amphibolite of the MV-59 out-
crop is close to the pelitic paragneiss FH-27 (Fig. 2), proba-
bly representing an amphibolite lens interlayered in the pel-
itic paragneiss.

The MV-59 amphibolite is a fine-grained, greenish-black,
metamorphosed mafic rock characterized by tight folds in its
foliation (Fig. 6A). Microscopically, MV-59 shows an alter-
nation of hornblende-rich mafic levels and subordinate pla-
gioclase-rich felsic levels (Fig. 6B). The mafic levels display
nematoblastic arrangements of hornblende crystals (Fig. 6C),
and the felsic levels exhibit polygonal granoblastic structures

of plagioclase and subordinate hornblende (Fig. 6D).

6 LA-ICP-MS U-Pb ZIRCON DATING

Two samples of pelitic paragneisses (FH-21 and FH-27)
from different outcrops and a mica schist (MV-S8A) and
quartz-mica schist (MV-58C) sample from the same outcrop
were selected for LA-ICP-MS U-Pb zircon dating (Fig. 2).

6.1 Pelitic paragneiss FH-27

Pelitic paragneiss FH-27 contains elongated, euhedral
prismatic crystals, with subordinate subhedral, sub-rounded,
and rounded crystals. These zircons are transparent or
translucent, ranging from colorless to yellow-brownish.
CL images show well-defined oscillatory concentric zon-
ing (Fig. 7), similar to those shown by Corfu et al. (2003)
for igneous zircon crystals. Some crystals exhibit rounded
and metamictized cores.

The paragneiss FH-27 zircon crystals yielded U contents
between 2 and 157 ppm and Th/U ratios between 0.03 and 1.55
(Suppl. File 1). Despite most of the crystals yielded *"Pb/**Pb
ages concordant by up to 100 = 10%, some presented high
discordance (> 10%) or were affected by U and Pb losses
and plotted above and below the concordia curve (Fig. 8A).

In order to obtain a more robust dataset, previous results
obtained by Vasquez et al. (2019) were added to our data
(Suppl. File 2). The resulting histograms and relative probability
curves highlight two populations of *’Pb/>*Pb ages -— one
of 2021 Ma and another of 1970 Ma (Fig. 8B). The 2021 Ma
population complies with the age cutoff of 2’Pb/2*Pb > 2000
Ma adopted by Vasquez et al. (2019) (Fig. 8C), and is main-
tained using only our data (Fig. 8D). However, using only the
crystals with superposition of *’Pb/**Pb ages, the diagrams
show peaks at 2010 Ma and 2035 Ma (Fig. 8E). This may indi-
cate that the 2"Pb/**Pb age 0f 2021 Ma represents an average
value of these two populations.

Other peaks in the relative probability curves indicate
modest inputs from Rhyacian, Siderian, Neoarchean, and
Mesoarchean zircon sources (Figs. 8B to 8E).

6.2 Pelitic paragneiss FH-21
Pelitic paragneiss FH-21 zircon crystals are either rounded

orirregular, transparent or translucent, and brownish. CL images
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Figure 6. Structures and textures of amphibolite MV-59: (A) Tight folds in the amphibolite foliation; (B) Mafic band rich in amphibole

v e P

and felsic band rich in plagioclase; (C) Nematoblastic texture of hornblende (Hbl) in the mafic band; (D) Polygonal granoblastic texture of

plagioclase (P1) and subordinate hornblende in the felsic level. Photomicrographs taken in polarized light.

indicate that igneous oscillatory zoning has been erased, with
convoluted and sectoral zoning (Fig. 7) indicative of high-grade
metamorphic recrystallization (Corfu et al., 2003). U con-
tents and Th/U ratios in these zircon crystals range between
1 and 144 ppm and 0.06 to 1.39 respectively (Suppl. File 3).
Additional LA-ICP-MS U-Pb isotopic data for sample FH-21
was taken from Vasquez et al. (2019) (Suppl. File 4). A few
crystals plot above the concordia curve, exhibiting high errors
(large ellipses) and high common lead (horizontal ellipses),
marked by high ***Pb contents (Fig. 9A).

Histograms and relative probability curves of the *’Pb /**Pb
ages obtained in this study and by Vasquez et al. (2019) highlight
populations with ages of 1993, 2042, and 2117 Ma (Fig. 9B).
Disregarding ages < 2000 Ma, the 2042 Ma-old population
stands out, and peripheral populations of 2074 and 2197 Ma
appear (Fig. 9C). Applying this criterion only to our data, two
peaks — one at 2008 Ma and another at 2039 Ma (Orosirian
ages) — stand out, along with a Rhyacian population with a
peak of 2117 Ma (Fig. 9D). The superposition treatment of the
27Pb /2*Pb ages for all results > 2000 Ma reveals a bimodality
for the Orosirian population with peaks at 2009 and 2050 Ma
and a Rhyacian population of 2165 Ma (Fig. 9E).

Zircon sources with Rhyacian, Siderian, Neoarchean,

and Paleoarchean *’Pb/2%Pb ages were also identified in
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pelitic paragneiss FH-21 (Figs. 9B to 9E). Peaks of differ-
ent ages (2117, 2165, and 2197 Ma) mark the Rhyacian
zircon sources. A peak of 2074 Ma is difficult to distinguish
from the Orosirian population distribution curve (Fig. 9C).
Subordinate contributions from Siderian, Neoarchean, and
Mesoarchean sources were evident in the sediments that

constituted this paragneiss.

6.3 MV-58 mica schists

Zircon crystals from mica schist MV-58A and quartz-mica
schist MV-58C are euhedral, subhedral, and sub-rounded,
transparent, colorless and brownish, with elongated, flattened
prismatic habit. Most CL images show igneous oscillatory
zoning in the crystals (Fig. 7). Some crystal cores present
high luminescence (white color) that contrasts with less lumi-
nescent (gray) rims, indicating varying Th and U contents
(Corfuetal, 2003). U contents and Th/U ratios range from
2 t0 2,935 ppm and from 0.03 to 1.81 respectively (Suppl.
File 5). A few crystals deviate significantly from the concor-
dia curve, indicating high errors and high elevated common
lead contents (Fig. 10A).

Histograms and relative probability curves of the *”Pb/>*Pb
ages obtained for mica schist MV-58A zircons reveal sources
with a peak at 2055 Ma, followed by peaks at 2113 Ma and
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2192 Ma (Fig. 10B). In quartz-mica schist MV-58C, a peak
at 2034 Ma is distinguished, followed by a peak at 2121 Ma
and subordinate peaks of Rhyacian ages (Fig. 10C). The 163
crystals of the two samples yield notable age peaks at 2056 Ma

Braz. J. Geol. (2025), 55: €20240021

and 2113 Ma and a subordinate peak at 2192 Ma (Fig. 10D).
Restricting the analysis to ages > 2000 Ma, peaks of similar ages
(2057,2116,2and 2193 Ma) are obtained (Fig. 10E), suggesting

little influence of events occurring after the formation of these

FH-27

2043 Ma

FH-21

2
2035 Ma

05
2009 Ma

MV-58

12
2025 Ma

F9
2017 Ma

100 pm

2007 Ma
2005 Ma £

2052 Ma
s 4

4

N

1

2053 Ma

G4
1996 Ma

Y

B11
2000 Ma

[
1996 Ma

2024 Ma

.12
1998 Ma

All
2004 Ma

N2
2037 Ma

B12
2034 Ma

K5
2013 Ma

2061 Ma

NT
2032 Ma

B3
1996 Ma

)
4

-
(T

K13
2050 Ma

G4
2039 Ma

—
=

i
-
-

9 "
A
=1

E5
1983 Ma

Figure 7. Representative cathodoluminescence images of detrital zircon crystals from two pelitic paragneisses (FH-21 and FH-27) and a
mica schist (MV-58). The circles demarcate the spot locations (25 im) and their respective *’Pb/**Pb ages by LA-ICP-MS.
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mica schists. Applying the 2"Pb />%Pb age superposition treat-
ment to these data, a subtle peak appears at 2041 Ma, which is
associated with the younger detrital source distribution curve.
It is marked by the peak at 2064 Ma, followed by successive
Rhyacian sources and subordinate Siderian, Neoarchean and
Mesoarchean sources (Fig. 10F).

The peak at 2034 Ma (Fig. 10C) indicates that zircon sources
of Orosirian ages contributed to the sediments that formed the

mica schists, with major inputs from Rhyacian-age sources.

7 DISCUSSION

The metasedimentary and basic metavolcanic rocks of the
Jacareacanga Group are the oldest rocks of the Tapajos Domain in
the Tapajés-Parima Province and represent a Cuiti-Cuiti Arc basin
(Santos et al,, 2000, 2004 ). These rocks were formed during the
Orosirian, when this magmatic arc was accreted. Contributions
from older crustal sources are evident in these rocks, as the Cuit-
Cuiti Arc was accreted to an Archean craton (Santos et al., 2000;
Tassinari, 1996; Tassinari & Macambira, 1999, 2004 ).

Data-point error ellipses are 68.3% conf.
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Figure 8. Diagrams of LA-ICP-MS U-Pb detrital zircon ages for pelitic paragneiss FH-27: (A) Concordia diagram; (B, C, D, E) Histograms
and relative probability curves for 27Pb/2°Pb ages of 100 = 10% concordance. (B) All grains from this study and from Vasquez et al. (2019);
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Detrital zircon ages have been obtained to help discrimi-
nate tectonic settings (Cawood et al., 2012; Gehrels, 2014; Von
Eynatten & Dunkl, 2012). Previous studies of the Jacareacanga
Group schists provided ages of ca. 2100 Ma and 2875 Ma (Santos
etal.,, 2000) and of 2008 and 2034 Ma by the Pb-evaporation
method (Almeida et al., 2001b). Despite restrictions on the
number of dated crystals and on the adequacy of the method

applied, the 2008 and 2034 Ma ages obtained by Almeida et al.
(2001b) are compatible with the ages expected for the sedi-
mentary rocks associated with the Orosirian (2050-1998 Ma)
Cuitt-Cuit Magmatic Arc (Santos et al,, 2004). Furthermore, the
ages of ca. 2100 Ma and 2875 Ma may represent detrital zir-
cons derived from the oldest crust of the craton bordered by
this arc (Santos et al., 2000).
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Figure 9. Diagrams of LA-ICP-MS U-Pb detrital zircon ages for pelitic paragneiss FH-21: (A) Concordia diagram; (B, C, D, E) Histograms
and relative probability curves for 27Pb/2°Pb ages of 100 = 10% concordance. (B) All grains from this study and from Vasquez et al. (2019);
(C) Zircon ages > 2000 Ma from this study and from Vasquez et al. (2019). (D) our data; (E) Zircon grains with superposition of age errors.
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The new LA-ICP-MS U-Pb zircon data obtained for four

metasedimentary rock samples (two from pelitic paragneisses

represent a 2021 - 2056 Ma interval for sedimentation of the
Jacareacanga Group.

and two from mica schists) of the Jacareacanga Group, based Previous mapping campaigns of the Jacareacanga Group
on the treatment of 2’Pb /**Pb ages, reveal significant contri- have only identified low-grade metamorphic rocks, such as
butions from Rhyacian zircon sources (peaks from 2056 to mica schists, chlorite schists, actinolite schists, tremolite-talc
2197 Ma), especially concerning samples FH-21, MV-584,
and MV-58C (Figs. 9 and 10). Siderian (2322 - 2453 Ma),
Neoarchean (2510 - 2732 Ma), and Meso- to Paleoarchean
(2878 - 3246 Ma) zircon sources were subordinate (Suppl.
Material). Orosirian and Late Rhyacian populations, marked
by peaks at 2021 Ma (sample FH-27), 2042 Ma (sample

FH-21), and 2056 Ma (samples MV-58A and MV-58C),

schists, ferruginous metacherts, and quartzites (Melo et al.,,
1980). Locally, very low metamorphic grade meta-greywackes
and metasiltites were mapped (Ferreira et al., 2000). Medium
to high metamorphic grade rocks were only mapped as xeno-
liths hosted in granitoids and orthogneisses of the Cuiu-Cuiu
Complex. Melo et al. (1980) described amphibolites and
Ferreira et al. (2000) described sillimanite-cordierite-biotite
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gneisses (pelitic paragneisses). In recent mapping campaigns,
Vasquez et al. (2019, 2020) identified pelitic paragneisses
(samples FH-21 and FH-27) and amphibolite (sample MV-59)
in the eastern part of the main body of the Jacareacanga
Group (Fig. 2). Intense mylonitic recrystallization caused
by the transposition of earlier metamorphic foliation in pel-
itic paragneisses and intercalated amphibolite lenses (Figs.
4 and 6) likely led to their previous mapping as mica schists
and actinolite schists.

In this study, the microtextures of polygonal granoblastic
recrystallization and paragenesis with sillimanite, cordierite,
garnet, and biotite in the pelitic paragneisses (Figs. 3 and 4),
along with polygonal nematoblastic recrystallization of the
amphibolite (Fig. 6), indicate that these rocks have reached
medium- to high-grade metamorphic conditions, possibly
close to low-pressure granulite facies conditions (Bucher &
Grapes, 2011; Passchier & Trouw, 2005).

In the northwest part of the main body of the Jacareacanga
Group (Espirito Santo mine), mica schists (sample MV-58A)
and quartz-mica schists (sample MV-58C) do not show relicts
ofhigh-temperature granoblastic recrystallization microtextures
(Fig. 5), comparable to the polygonal granoblastic texture of
ca. 500°C (Passchier & Trouw, 2005). In addition, these schists
do not present the paragenesis (garnet, sillimanite, cordierite)
typical of medium to high metamorphic grade pelitic rocks.

The high-grade metamorphic conditions are reinforced by
the occurrence of cordierite-garnet-muscovite granite (peralu-
minous granite) lenses that crosscut pelitic paragneiss FH-27
(Figs. 3A and 3B). U-Pb zircon dating of this peraluminous
granite yielded an age of 1956 £27 Ma, interpreted as the crys-
tallization age of a probable anatexis product of pelitic parag-
neisses (Vasquez et al., 2019). Furthermore, these authors
identified a zircon population of 1890 + 34 Ma of age in the
pelitic paragneiss FH-21, correlatable with the granitoids of
the Tropas Suite or of the Parauari Suite that intruded the
main body of the Jacareacanga Group (Fig. 2). Based on this
evidence, Vasquez et al. (2019) proposed that events younger
than 2000 Ma aftected the rocks of this unit, supporting the
criterion adopted in this study of restricting data treatment to
U-Pb zircon ages older than 2000 Ma.

The 2021 Ma-old zircon population of the pelitic parag-
neiss FH-27 (Fig. 8C) shows a peak at 2010 Ma and another at
2035 Ma, when applying the superposition criterion (Fig. 8E).
This bimodality of the Orosirian population identifies pulses
in the zircon sources compatible with the ages of the 2033 to
2005 Ma-old granitoids of the Cuit-Cuiti Complex (Santos
etal., 2004; Vasquez et al,, 2017) and the 2009 to 2020 Ma-old
telsic volcanic rocks of the Comandante Arara Formation
(Vasquez et al,, 2017). The peak at 2042 Ma identified in the
pelitic paragneiss FH-21 data is followed by Rhyacian peaks
at 2074 Ma and 2197 Ma (Fig. 9C). The bimodality of the
Orosirian population (Fig. 9D) is accentuated when applying
the superposition criterion (Fig. 9E).

Mica schist samples MV-58A and MV-58C were analyzed
together due to their similar outcrop origins, e.g. quartz-mica
schist MV-58C is richer in quartz than MV-58A. The detrital
zircon crystals older than 2000 Ma show a main peak at 2057

Ma, followed by peaks at 2116 Ma and 2193 Ma (Fig. 10E).
The superposition criterion reveals a peak at 2041 Ma, subordi-
nate to the main peak at 2064 Ma (Fig. 10F). The distribution
curves of detrital zircon populations in the mica schists sug-
gest a significant contribution from Rhyacian zircon sources
(Figs. 10E and 10F). According to these results, the input from
Rhyacian zircon sources is more significant to the mica schists
than to the pelitic paragneisses (Figs. 8D and 8E).

The significant contribution of Rhyacian sources may
have attenuated the contribution of Orosirian sources derived
from the rocks of the Cuit-Cuit Arc to the mica schists of the
northwest part of the Jacareacanga Group. On the other hand,
the contribution from Rhyacian sources and sources of older
ages to the pelitic paragneiss FH-21 was weaker (Figs. 9C to
9E), indicating that its primary source was the Cuit-Cuit Arc
igneous rocks.

It was not possible to properly date amphibolite MV-59,
which marks the basaltic volcanism intercalated with the
pelitic sediments represented by the pelitic paragneisses
(samples FH-21 and FH-27). Only three crystals were
dated, one of them yielding a 2’Pb/**Pb age of 2059 + 25
Ma, which is close to the ages of the sediments that formed
the paragneisses.

The immature pelitic sedimentation is marked by pelitic
paragneisses (samples FH-21 and FH-27), and possibly the
mica schists (samples MV-S8A and MV-58C), with interca-
lations of ocean floor basaltic lavas represented by the actin-
olite schists, talc-tremolite schists, and amphibolites mapped
by Ferreira et al. (2000) and Melo et al. (1980). This volca-
no-sedimentary sequence represents turbiditic sedimenta-
tion in an oceanic trench basin of the Cuit-Cuiti Arc (Santos
etal, 2000, 2004). According to our LA ICP-MS U-Pb data,
the pelitic sediments were deposited in the Jacareacanga
Basin between 2057 and 2021 Ma. The peraluminous gran-
ites represent a probable anatexis of these metapelitic rocks,
which underwent high-grade metamorphism at 1956 +27 Ma
(Vasquez et al,, 2019).

8 CONCLUSIONS

Based on data obtained from Geological Survey of Brazil
mapping campaigns in the Tapajés Domain (Mineral Province
of Tapajés) within the Tapajés-Parima Province, combined with
petrographic studies and LA-ICP-MS U-Pb zircon geochro-
nology applied to metasedimentary rocks of the Jacareacanga
Group, it was possible to not only investigate provenance and
constrain the maximum sedimentation age.

The pelitic paragneisses in the eastern part of the main
body of the Jacareacanga Group comprise sillimanite-cord-
ierite-garnet-biotite gneisses (samples FH-21 and FH-27),
intercalated with amphibolite lenses (sample MV-59). High-
grade metamorphism with anatexis of indicated by the pres-
ence of peraluminous granites veins. In contrast, mica schists
(samples MV-58A and MV-58C) from the northwestern part
of the Jacareacanga Group resulted from low-grade metamor-
phism to the greenschist facies, indicating increasing meta-

morphic conditions from west to east.
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Previous dating of the peraluminous granite veins cross-
cutting the pelitic paragneisses yielded ages of ca. 1960 Ma.
Likewise, granitoid intrusions in mica schists and paragneisses
were dated ca. 1890 Ma. Thus, detrital zircon data were con-
strained to *”Pb/>%Pb ages > 2000 Ma, in order to define prov-
enance. To eliminate spurious data, a concordance of 100 *
10% was adopted in relation to the apparent *’Pb/***Pb and
27Pb/>3U ages in order to better evaluate the relative probabil-
ity curves obtained for each zircon population. Furthermore,
by applying the superposition of *’Pb/2**Pb, 2°Pb /**Pb, and
207U /23°Pb ages to obtain these curves, it was possible to verify
polymodalities of the main Orosirian and Rhyacian zircon pop-
ulations of the paraderived rocks of the Jacareacanga Group.

The geochronological data obtained for the pelitic parag-
neisses and mica schists point to sources with ages from 2021
to 2057 Ma, which represent the maximum age of sedimenta-
tion of the sediments that originated the Jacareacanga Group
metasedimentary rocks.

ARTICLE INFORMATION

The Orosirian ages of deposition of the original pelitic sed-
iments reinforce the correlation of the Jacareacanga Basin with
the Cuit-Cuit Arc. The occurrence of zircon populations of
Rhyacian ages and subordinate Siderian to Archean ages attests

that it was a continental margin magmatic arc.
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