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Abstract

Gold occurrences are distributed across the Serrita—Salgueiro District in the Western Transversal
Zone, Borborema Province, Brazil. Hostrocks include sulfide-bearing quartz veins in metasedimentary
units of the Salgueiro Complex and quartz-monzodiorites, granodiorites, and tonalites of the Serrita
Suite. In both areas, gold is hosted in quartz veins arranged in extensional fractures, sheeted veins,
and hydrothermal breccias. These veins are 0.1-1.5 m thick, vertical to subvertical, and oriented
dominantly NW-SE, with E-W, NE-SW, and NNW-SSE sets also present. In Salgueiro, gold
occurs both free in quartz and as inclusions in pyrite, chalcopyrite, and arsenopyrite, with hematite
and martite subordinated; in Serrita, gold is associated with pyrite, chalcopyrite, centimeter-scale
galena, and locally Hg-bearing electrum. Gold particles from Salgueiro show Au = 44-92.5 wt%
and Ag = 6.8-51.5 wt%; in Serrita, Au = 74.4-94.7 wt% and Ag = 6-22 wt%. Fineness ranges
from 770 to 930 (average 875) in Serrita and from 461 to 930 (average 707) in Salgueiro. Potassic
to phyllic-like K-feldspar—muscovite + fluorite halos adjacent to granites indicate F-rich magmatic—
hydrothermal inputs, whereas major shear zones and chlorite—carbonate + sericite + cordierite halos
in metasediments are consistent with shallow orogenic conditions. Taken together, we propose a
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interacted with metamorphic—orogenic fluids in epizonal conditions to precipitate gold.

1. Introduction

Orogenic gold deposits form during compressive to
transpressive deformation processes at convergent plate
margins, particularly in accretionary and collisional orogenies
(Groves et al. 1998). These deposits occur mainly within
deformed metamorphic blocks, which are typically located
at mid-crustal levels, particularly in spatial association with
significant structures, such as large-scale shear zones, within
the Earth's crust (Goldfarb et al. 2001). On the other hand,
magmatic-hydrothermal deposits such as Reduced Intrusion-
Related Gold Systems (RIRGS) comprise various mineral
deposit styles with an Au-Bi-Te-W metal assemblage, including
skarns, replacements, and veins within the hydrothermal
influence zone around the causative pluton. Proximal Au-
W-As and distal Ag-Pb-Zn metal associations form a zoned
mineral system (Hart 2007). They form in a tectonic setting

characterized by weak post-collisional extension and are
associated with distinct magma types, including I, S, and A
granitoids (Hart 2007).

In this context, the Borborema Province is a geological
region with a history that spans various tectonic and magmatic
events that have influenced and favored the occurrence of
both orogenic and RIRGS gold mineralizations. Lastly, the
area experienced significant orogenic processes during the
Neoproterozoic, including multiple collisional and accretionary
episodes. These events led to a network of deep-seated shear
zones and subsidiary structures that extend into major mobile
belts in Africa (Santos and Medeiros 1999; Brito Neves et al.
2000; Archanjo et al. 2008; Santos et al. 2017). Additionally,
post-collisional magmatism, primarily through the intrusion of
transitional granitoids (monzogranites to monzonites) within
high-K calc-alkaline to shoshonitic suites, further shaped the
province's geological features that favor the generation of
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RIRGS deposits. These suites are associated with K-diorites
exhibiting characteristics of type | granites, which were
intruded between 595 and 576 Ma (Guimaraes et al. 2004;
Van Schmus et al. 2011). The intraplate granites, dated to be
around 570 Ma and younger, with distinctive geochemical
characteristics, reflect the ongoing geological development of
the Borborema Province (Van Schmus et al. 2011; Guimaraes
et al. 2004).

Gold mineralization is heterogeneously distributed in
Precambrian rocks throughout the Borborema Province, with
notable occurrences of gold deposits in skarns associated with
W-Mo-Bi-Te in the Seridé Belt (e.g., Bodé and Bonfim mines;
Souza Neto et al. 2008; Hollanda et al. 2017), and orogenic
gold deposits associated with strike-slip shear zones (e.g.,
Sao Francisco Mine; Araujo et al. 2002; Costa and Dantas
2018), orogenic gold deposits in quartz veins in the Pianco-
Alto Brigida Domain, Transversal Zone genetically linked
to large-scale shear zones (e.g., Itapetim Mine; Coutinho
1994; Coutinho and Aderton 1998; Santos et al. 2014); Cu-
Au deposits in mafic-ultramafic rocks in the Rio Coruripe
Domain (e.g. Serrote da Laje Mine; Horbach and Marimon
1988; Figueiredo 1995; Canedo 2016); and the presence of
an Au-Te-Ag association in the Troia Massif, Ceara Central
Domain (e.g. Serra da Pipoca greenstone belt; Lopez 2012;
Costa 2018; Costa et al. 2019).

The Serrita-Salgueiro District of the Cachoeirinha-
Salgueiro Gravata Metallogenic Province (Beurlen 1995;
Santos et al. 2014; Klein et al. 2024) is situated in the western
part of Pernambuco State. It belongs to the Piancé-Alto
Brigida Terrane (PAB) in the Transversal Zone (Figure 1).
Gold discoveries in this district have increased significantly in
recent years, particularly in the Salgueiro area, which is less
studied than the Serrita area, where extensive research has
been conducted since the 1980s.

The deposits found in this domain until now are attributed
to the circulation of hydrothermal fluids associated with the
final phases of ductile deformation and declining regional
metamorphism culminating in the formation of Au deposits in
second-order shear zones onwards (Coutinho 1994; Coutinho
and Alderton 1998; Marinho and Gomes 2013; Almeida et
al. 2024). In the Salgueiro area, prospecting and small-scale
mining activities have been ongoing for the last decade, and
there are recent targets for geological and metallogenetic
studies (see Silva et al. 2024; Noronha et al. 2024; Silva 2023).
On the other hand, the Serrita area of the district has been the
subject of mineral deposit identification studies since the 1980s
(Torres and Santos 1983; Torres et al. 1986; Mont'Alverne et
al. 1995; Beurlen et al. 1997; Marinho and Gomes 2013; Brito
and Marinho 2017; Cruz 2015). Estimation of 345 Kt ROM @
11g/t Au/t (Beurlen et al. 1997).

This work aims to present petrographic data from quartz
veins and mineral chemistry of gold particles from the
Salgueiro area (Algoddes deposit) and the contiguous Serrita
area (Barra Verde deposit). The results enable us to contribute
to an enhanced understanding of the genesis of gold in
the Serrita-Salgueiro District, providing clues about both
magmatic and non-magmatic-hydrothermal contributions.

2. Geological setting

The Borborema Province in northeastern Brazil has
a geological history spanning from the Archean to the

Phanerozoic (Almeida et al. 1981), part of it consolidated as a
product of a vast Neoproterozoic orogenic system associated
with the assembly of Western Gondwana (e.g., Almeida et al.
1981; Brito Neves et al. 2000, 2014; Neves 2003; Santos et
al. 2010; Ganade et al. 2014). Due to the diverse and complex
geologic arrangements found in this province, some models
have been proposed to explain its development, such as: (i)
amalgamation of allochthonous/exotic terranes (Jardim de Sa
et al. 1992; Santos 1995; Santos 1996; Santos and Medeiros
1999; Brito Neves et al. 2000, 2018, 2021); ii) Reworking of the
Paleoproterozoic crust during an intracontinental/intracratonic
Ediacaran orogeny (Neves 2015; Neves et al. 2021); iii)
Different phases of a Wilson cycle that includes rifting, drifting,
subduction and continent-continent collision (Caxito et al.
2014a, 2014b, 2016); iv) continent-continent collision on the
northwestern margin and intracontinental reworking in the
interior of the province, including destabilization of adjacent
cratons in the form of ribbon continents (Ganade et al. 2014,
2016, 2021).

Based on prominent crustal discontinuities, Brito Neves
et al. (2000) partitioned the province into several distinct
domains: Médio Coreau, Ceara Central, Rio Grande do Norte,
Central or Transversal Zone, and Meridional. These domains
are thought to record a polyphasic history of accretion
and collision events, culminating in an intricate mosaic of
tectonostratigraphic terranes. Analogous tectonic episodes
are delineated in the African counterpart of the province,
particularly within the Trans-Saharan Belt located between
the Hoggar Shield and the Benin-Nigerian Province (Black
et al. 1994; Liégeois et al. 1994; Liégois et al. 2003). Gold
deposits studied here are concentrated within the Central
Domain, specifically in the Piancé-Alto Brigida domain.

The Central Domain, also known as the Transversal Zone,
is a crustal structure characterized by a sigmoidal arrangement,
bounded by two east-west-oriented shear zones: Patos to the
north and Pernambuco to the south (Figure 1). The Central
Domain (Transversal Zone) is characterized by a network
of dextral strike-slip shear zones with E-W to ENE-WSW
orientation and sinistral strike-slip shear zones with NNE-SSW
to NE-SW orientation (Vauchez and Egydio-Silva 1992; Neves
and Vauchez 1995; Vauchez et al. 1995; Neves and Mariano
1999; Neves et al. 2000; Silva and Mariano 2000; Archanjo
and Fetter 2004; Archanjo et al. 2008; Hollanda et al. 2010)
closely associated with significant Neoproterozoic magmatism.

The Central Domain has been further divided into
tectonostratigraphic terranes (Figure 1), including the Piancé-
Alto Brigida (PAB), Alto Pajeu (AP), Alto Moxoté (AM), Rio
Capibaribe (RC) (Santos and Medeiros 1999; Brito Neves et
al. 2000; Van Schmus et al. 2008), and sub-terrains such as
Riacho Gravata and Sao José do Caiana (Santos et al. 2010;
Brito Neves et al. 2005, 2016).

The PAB or the equivalent Cachoeirinha-Salgueiro Belt
(Sial 1986; Sial and Ferreira 2016) originated through collision
by accretion during the Cryogenian-Ediacaran transition
(Brito Neves et al. 2018). The Pianco-Alto Brigida terrain
comprises Paleoproterozoic basement rocks, Neoproterozoic
supracrustal rocks with low- to medium-grade metamorphism
belonging to the Cachoeirinha Group, as well as the Salgueiro
Complex, and plutonic bodies from the Ediacaran period (Silva
Filho 1984; Brito Neves et al. 1995; Caby et al. 2009).

The Cachoeirinha Group includes metapelites and
metasandstones intercalated with acidic metavolcanic
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FIGURE 1. Location of the study area (green box) within the context of the Transversal Zone/Central Domain (black box), Borborema
Province. Modified from Neves et al. (2021). Domains: MC - Médio Coreau; CC - Ceara Central; RGN - Rio Grande do Norte; PAB
- Pianco Alto-Brigida; AP - Alto Pajeu; AM - Alto Moxoté; RC - Rio Capibaribe; PEAL - Pernambuco-Alagoas; RP - Riacho do
Pontal; SE - Sergipano. Shear Zones: WPSZ, EPSZ - Pernambuco Oeste and Leste; CNSZ - Cruzeiro do Nordeste; CSZ - Congo;
CoSZ - Coxixola; CGSZ - Campina Grande; AISZ - Afogados da Ingazeira; SCSZ - Serra do Caboclo; PaSZ - Patos; RPSZ -
Remigio Pocinhos; JCSZ - Jodo Camara; PASZ - Porto Alegre; JSZ - Jaguaribe; SPSZ - Senador Pompeu; TSZ - Transbrasiliano.
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rocks, iron formations, and metacarbonate rocks from the
Santana dos Garrotes Formation. The Serra do Olha d’Agua
Formation comprises layers of metaconglomerates, immature
sandstones, metagraywackes, and meta-rhyolites, which are
exposed at the base of the Cachoeirinha Group (Medeiros
2004). The Salgueiro Complex is characterized by micaceous
schists, quartzites, and, to a lesser extent, graphitic
schists, ferruginous metacherts, and acidic to intermediate
metavolcanic rocks (Silva Filho 1984).

The Neoproterozoic granitic plutonism in the Transversal
Zone comprises three main events. The first event occurred
between 650 and 600 Ma and is associated with plutons
displaying a calc-alkaline signature, including high-K calc-
alkaline and shoshonitic compositions (Guimaraes et al. 2004;
Ferreira et al. 2004). These bodies typically exhibit low-angle
foliation and are either antecedent or contemporaneous
with migmatization events and the metamorphic peak of the
Transversal Zone/Central Domain (Guimardes et al. 2004;
Neves et al. 2006).

The second event occurred between 590 and 570
Ma and is characterized by a voluminous magmatism
that includes high-K calc-alkaline rocks associated with
K-diorites, peralkaline to ultrapotassic potassic syenitoids
(Ferreira et al. 2004), and high-K metaluminous syenitoids.
This post-collisional magmatism records the transition from
tangential tectonics to transcurrent/transpressive tectonics
that developed in the province (Guimardes et al. 2004;
Lages et al. 2016). The last event, which extended from
540 to 520 Ma, is associated with the emplacement of calc-
alkaline plutons exhibiting signatures of A-type granites and
peralkaline dikes, representing the post-orogenic phase
(Guimaraes et al. 2004).

The Serrita Suite formed plutonic stocks that crop
out in the study area and are classified as peraluminous
leucogranodiorite to leucotonalite  with  trondhjemitic
characteristics (Sial 1986; Neves 1986). This classification is
based on its petrographic characteristics, including magmatic
epidotes, which exhibit more potassic features than true
trondhjemites, with a K,O content greater than 2.5% (Sial and
Ferreira 2016). Geochemically, the Serrita Stock is part of
the magmatic epidote-bearing calc-alkaline and trondhjemitic
plutons, indicating its formation in a magmatic arc setting (Sial
and Ferreira 2016). The age of the Serrita Stock has been
determined to be approximately 630 million years old (Sial
and Ferreira 2016); however, the rounded ellipsoidal shapes
of the bodies, with a northeast-trending axis and discrete
brittle-ductile strike-slip shear zones, suggest a syn-kinematic
setting younger than this supposed age.

The Serrita-Salgueiro District of the Cachoeira-Salgueiro-
Gravata Metallogenic Province (Beurlen 1995; Santos
et al. 2014; Klein et al. 2024) comprises predominantly
metasediments, granodiorites/tonalites, and quartz veins
within the Salgueiro and Cachoeirinha schists, impacting the
Serrita Intrusive Suite and Barra Verde Stock. Studies on
Serrita gold deposits are interpreted as orogenic gold deposits
due to hydrothermal alterations and low-salinity, aqueous-
carbonic fluids, resulting in chloritization, carbonatization, and
sericitization halos (Marinho and Gomes 2013; Beurlen et al.
1997). The ongoing interest in these areas is fueled by the
high market value of gold and the potential for discovering new
deposits, making them important targets for geological and
metallogenic studies.

3. Analytical methods

In order to better characterize the studied mineralizations,
two hundred fifty-five (255) gold particles from quartz veins
distributed in the following occurrences along the Serrita-
Salgueiro District: Santa Rosa (AL-010.vein, AL-010.
boxwork), Sitio Algodées and Algoddes Mine (Al-012, Al-
013, GL-018), Barra Verde Mine and Santa locality (AL-011,
CP-025.galena, chalcopyrite vein), and Garimpo do Gaviao
(AL-068), the material was crushed and concentrated in a
pan. The gold particles obtained were investigated using
Electron Microprobe Analysis (EPMA) to capture variations
in gold composition. The chemical composition was analyzed
using a JEOL JXA-8230 electron microprobe at the Electron
Microprobe Laboratory of the State University of Sdo Paulo.
The analyses were conducted at an acceleration voltage of
25 kV, a beam current of 100 nA, and a beam diameter of
1-10 ym. Calibration standards included natural and synthetic
minerals from P&H Developments and Geller. The elements
analyzed in EPMA and detection limits values are: Au (436
ppm), Ag (44 ppm), Hg (109 ppm), Pt (121 ppm), Cu (41 ppm),
Ni (36 ppm), Co (33 ppm), As (55 ppm), Pb (93 ppm), S (28
ppm), Pd (9 ppm). Petrographic analyses of hydrothermally-
altered granitoids and gold-mineralized quartz veins helped
to understand the mineral assemblage associated with the
Au and Au-Ag particles.

4. Geology of the Serrita-Salgueiro District

The Serrita-Salgueiro District (Beurlen 1995; Santos et al.
2014; Klein et al. 2024) comprises the contiguous Salgueiro
and Serrita areas (Figure 2). The Salgueiro area encompasses
the occurrences and mines in the Salgueiro and Verdejante
municipalities, while the Serrita area includes the occurrences
and mines of Serrita, Barra Verde, and Cedro.

4.1 Salgueiro area

The Salgueiro area comprises the gold occurrences
near Salgueiro, in Monte Alegre (Salgueiro), and Algoddes
(Verdejante) in the State of Pernambuco. These are recent
discoveries made by artisanal miners. The Monte Alegre
mining area is mainly associated with veins hosted in tonalites
to granodiorites of the Serrita Suite, while the mineralizations
in Algodbdes are hosted in metasediments (garnet mica-
schists) of the Salgueiro Complex (Figure 3A).

The Salgueiro Complex consists of garnet mica schists
and quartz-feldspathic metarhythmites with millimeter- to
centimeter-scale micaceous and quartz bedding in the
mining areas. The mineralogy includes biotite, muscovite,
quartz, garnet, sillimanite, and cordierite, presenting an
upper greenschist to amphibolite facies as a regional
metamorphic gradient. Chlorite and carbonate are the most
common hydrothermal alterations on these schists. The gold-
mineralized quartz veins are massive and form tabular bodies
(Figure 3B), sometimes with fragments of the host rocks. They
exhibit an arborescent pattern in cross-sections and consist
of milky quartz, with or without sulfides, carbonates (calcite in
close contact with wall-rocks and siderite within quartz veins),
hematite, limonite, and boxwork textures (partially filled with
sulfides, hematite/goethite, and clay minerals) related to the
ore (Figure 3C). The contact with the host rocks is abrupt
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FIGURE 3. A) Open pit oriented parallel to the guide vein (135°
Azimuth). Algoddes locality, Verdejante, Pernambuco; B) Quartz vein
filling a fracture (63°/245° Azimuth) cutting through the foliation of
the Salgueiro Complex shale (Dip: 17°/015° Azimuth). Inactive gold
mine, Algoddes locality, Verdejante, Pernambuco; C) Detail the milky
quartz vein with pyrite and hematite filling the fracture.

Under the microscope, gold particles occur within quartz
grains both as unencapsulated “free” gold and as gold
associated with cavities (possibly remnants of inclusion-hosted
sulfides), as seen in Figures 4A and 4B. Gold can also occur
with hematite in fractures. Pyrite occurs freely in quartz veins
and/or filling fractures, with a pale yellow color and occasional

(Figure 3B), and the veins range from 10 to 50 cm in width,
positioned vertically to subvertically, with E-W, NE-SW, and
NNW-SSW orientations similar to what is observed in the
Serrita outcrops. Sometimes, a thick, milky quartz central vein
is used as a guide vein to prospect mineralized veins and is
oriented NW-SE.
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fracturing (Figures 4C and 4D). Chalcopyrite and arsenopyrite
are other sulfide phases of the mineralization, occurring in
contact or as inclusions, mainly in pyrite. In addition to these
minerals, martite, hematite, and siderite occur, filling fractures
(Figure 4D). It is worth noting the presence of smoky to milky
quartz veins parallel to the foliation of the host schist, often
boudinaged, with cavities and, locally, associated with sulfides
such as pyrite.

4.2 Serrita area

The Serrita area encompasses the gold occurrences
located to the north-northeast of the town of Serrita, in
Pernambuco. The Serrita-type granites include biotite-
hornblende monzodiorite, monzonite, quartz monzonite,
tonalites, and biotite granite. They are considered late
orogenic, with trondhjemitic affinity (Sial 1986; Neves 1986,
1988; Kosin et al. 2004) (Figure 2).

In the Serrita area, there is the Barra Verde mining area,
wherelithotypes consist of fine-to medium-grained equigranular
leucogranodiorites to leucotonalites, composed of plagioclase,
microcline, quartz, biotite, and amphibole (Figures 5A and 5B).
The plagioclase crystals exhibit albite and pericline twinning,
substituting muscovite and sericite, indicating sericitization.
Biotite shows yellow to greenish-yellow pleochroism and alters
to muscovite, chlorite, and epidote. Accessory minerals include
titanite, zircon, and apatite.

Hydrothermal alteration intensifies toward the vein
walls. Distal margins display fine-grained white mica with
trace fluorite (Figures 5F, 6C). Where the vein network is
denser, centimeter-scale replacement of plagioclase and
biotite by K-feldspar, muscovite, and sericite is common,
locally with K-feldspar flooding and perthitic textures at the
granite—vein contact (Figures 5B-C, 6B). Away from veins,
feldspars, mainly plagioclase, remain better preserved
and muscovite is scarce (Figure 6A). In proximal thin
sections, secondary muscovite increases and quartz is
recrystallized; representative modal estimates reach ~45%
white mica and ~35% quartz, with ~9% microcline, ~6%
plagioclase, and ~1% epidote.

Within the vein system, milky to sub-translucent quartz
veins form one to two anastomosing sets and attain widths
of ~1-1.5 m. Coarse muscovite occurs at vein contacts
where plagioclase is replaced by muscovite, outlining
centimeter-scale alteration bands (Figures 5B, 6B-C).
Galena is frequent as fracture-fill and as centimeter-scale
aggregates encapsulated by quartz; pyrite and chalcopyrite
also occur within the vein sets (Figures 5D-E, 6D).

There are two types of sub-vertical mineralized veins and
one thick, commonly barren, central vein according to the
temporal order: 1) large NW-oriented, commonly barren veins
(central vein); 2) highly fractured quartz veins with ENE-ESE
orientation, which have the highest content in Au, Ag, and Pb;
3) late N-S/NNW-SSE-oriented veins.

FIGURE 4. Mineralized quartz vein under the microscope (polished section), Algoddes Mine. A) Free gold (Au) grain in
quartz vein (Qtz), sample AL-082; B) Primary Gold (Au) present in cavity, possibly hosted as inclusion within sulfide
now decomposed, sample AL-082; C) Fractured euhedral pyrite (Py) crystal included in quartz (Qtz), sample CP-145A;
D) Fracture in quartz vein (Qtz) filled with silica (Qtz2), magnetite/spinel (Mgt), and pyrite (Py), sample CP-145A.
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FIGURE 5. A) Overview of the Serrita Suite tonalite closer to the quartz veins; B) Detail of the coarse muscovite hydrothermal
halo in contact with the quartz vein; C) Field appearance of the leucogranodiorite with potassic to phyllic alteration halo; D and
E) Centimetric galenas formed during sulfide stage and encapsulated by quartz vein; F) Presence of fluorite in host tonalite rock
composition. Barra Verde Gold artisanal Mine, Serrita, Pernambuco State.

FIGURE 6. Photomicrographs of the Serrita Suite tonalite. A) Well-preserved rock with numerous plagioclase (Plg) crystals and
almost absence of muscovite (Msc) and; B) Rock intersected by a quartz vein (Qtz); in this proximal halo, plagioclase has mainly
been replaced by Kfeldspar + muscovite (Msc), highlighting the hydrothermal potassic to phyllic halo to the rock; C) idiomorphic
Fluorite in low hydrotermalized granitic portion; D) Galena (Gn) filling fractures in a quartz vein (Qtz). Barra Verde Gold Mine,
Serrita, Pernambuco.
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In this area, the guiding veins that control mineralization
predominantly trend NW-SE (115° Az), perpendicular to the
regional foliation trend. The mineralized quartz veins within
the granites tend to be coarser than in schists and present
as sheeted veins. Sub-vertical sets exhibit mainly NW-SE
directions; meanwhile, the directions 1, 2, and 3 presented
above are expected to be similar to those in the schists.

5. Mineral chemistry

Electron microprobe analyses to capture variations in
gold composition were conducted on 100 gold particles from
Salgueiro and 139 gold particles from Serrita mineralizations
of Serrita-Salgueiro District: quartz veins in Salgueiro area
- Sitio Algoddes (AL-012, AL-013) and Algoddes Mine (GL-
018) and Serrita area - Santa Rosa (AL-010), Barra Verde
Mine and Santa Cruz locality (AL-011, CP-025) and Garimpo
do Gaviao (AL-068). The macroscopic features of quartz
veins are listed in Table 1.

The total closure of gold particle analyses considered for
this study ranges from 95% wt.% to 101% wt.%, combining
the highest possible amount of data, containing 90% of the
analyses, with the fact that other elements such as Bi, Te, and
Sb, among others, were not analyzed, which may be present in

gold particles as minor or trace elements. The main statistical
values of mineral chemistry are summarized in Table 2.

Gold particles from Serrita area mineralizations exhibit Au
and Ag contents ranging from 74 to 92 wt.% and 6.1 to 22
wt.%, respectively. Salgueiro area gold particles exhibit Au and
Ag contents ranging from 44 to 93 wt.% and 6.9 to 52 wt.%,
respectively (Table 1). The gold fineness, which measures the
gold purity, expressed by the formula [Au / (Au + Ag) x 1000],
varies from 770 to 938 in the Serrita area and ranges from 461
to 930 in the Salgueiro area.

The elements Hg, Ni, Co, Pb, and S concentrations show
low values above the detection limit of the EPMA, evidenced
in boxplot diagrams, and exhibit a scattered distribution vs.
Au, except for Hg, whereas Cu, As, Pt, and Pd concentrations
have a value of zero (Figure 7, Figure 8, Table 2). The elements
Au, Ag, and Hg show notable correlations, highlighting the
compositional differences in gold between each area. When
each location is plotted separately on binary diagrams (Figure
9), the values reveal a strong negative linear correlation
between Au and Ag for all gold particles in the Serrita-
Salgueiro District, a positive linear correlation between Au
and Hg, and a negative correlation between Ag and Hg for a
few areas, mainly for Algodées Mine, Barra Verde, and Santa
Cruz localities (Figure 10).

TABLE 1: Macroscopic features of the studied veins in the Serrita-Salgueiro district.

Sample Locality Et); T:sure Host-rock | Assemblage |Width/length Direction Textures Wall-rock
. ) ) Two shafts .
AL-10 SantaRosa | rench; shaft | dense milk | pyrite, measuring Veins 34/109 boxworks with biotite schist
along veins | quartz veins | chalcopyrite limonite
1.5x1.5x1 m
trench; shaft | dense milk pyrite, Shafts measurin boxworks with
AL-10-boxwork | Santa Rosa - ) chalcopyrite, 9 | Veins 34/110 ) ) biotite schist
along veins | quartz veins ) 2x1.5x1 m limonite
oxides
AL-11 Barra Verde /| trench; S.haﬂ m|!k quartz pyrite, oxides | 30m length N315; vertical boxworks biotite schist
Santa Cruz along veins | veins
boxworks with
AL12 Sitio Algodaes | "eNo shaft i milk quartz —pyrite, o e N145: vertical oxidized material; | Lo ey
along veins | veins chalcopyrite breccia/stockwork
net vein
AL-13 Sitio Algodaes | enc shaft | milk quartz 50m length N15; subvertical boxworks with biotite schist
along veins | veins limonite
coarse free cordierite-
AL-68 Garllrppo do shaft dense mlllk Au, sgcondary 400m extension F’It .N25E. with N8OW poxwgrks with clay, garnet schist/
Gaviéo quartz veins | limonite and veinlets limonite )
paragneiss
clay
veins with sulphide
trench: shaft | milk quartz arsenopyrite, parallel veins NG6E; and 240/43 Potassification, fine-arained
CP-25 Barra Verde e . 4 galena, with up to 200m | metasomatic halos | sericitic alteration, g )
along veins | veins . . : . leuco tonalite
covellite extension boarding quartz sulphides
veins
boxworks with
clay and oxidized
Algoddes milk quartz rite, oxides material; breccia/ | cordierite-
GL-18 9 trench . a pyrite, ’ | 2-3m width N30W; vertical stockwork net garnet schist/
Mine veins clay halo . . )
vein; chlorite halo | paragneiss
in contact with
schist
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TABLE 2: Results of chemical analyses on goDL grains from the Serrita and Salgueiro localities.

N° GoDL

Locality . Min 1° Quartile Mean Median 3° Quartile Max
Particles
(Salgueiro) Sitio Algoddes 17 78 83 85 86 87 89
(Salgueiro) Algoddes Mine 83 44 51 61 56 69 93
Au (Serrita) Santa Rosa 24 87 90 90 90 91 92
(Serrita) Santa Cruz 1 83 85 88 90 91 92
(Serrita) Garimpo do Gaviao 89 82 85 86 86 88 90
(Serrita) Barra Verde 15 74 80 82 82 86 87
(Salgueiro) Sitio Algoddes 17 8.5 10 12 12 14 18
(Salgueiro) Algoddes Mine 83 6.9 27 35 39 45 52
Ag (Serrita) Santa Rosa 24 6.8 7.6 8 7.7 8.4 9.6
(Serrita) Santa Cruz 1" 6.1 7.7 10 9 12 16
(Serrita) Garimpo do Gavido 89 8.5 10 12 12 13 15
(Serrita) Barra Verde 15 1 13 15 15 17 22
(Salgueiro) Sitio Algoddes 17 815 859 874 882 896 913
(Salgueiro) Algoddes Mine 83 461 530 633 588 718 931
Finesses (Serrita) Santa Rosa 24 902 914 919 921 922 931
(Serrita) Santa Cruz 1 834 873 896 909 922 938
(Serrita) Garimpo do Gaviao 89 842 867 880 874 894 914
(Serrita) Barra Verde 15 770 827 842 843 871 886
(Salgueiro) Sitio Algoddes 17 0.25 0.26 0.28 0.27 0.29 0.33
(Salgueiro) Algoddes Mine 83 0.076 0.12 0.16 0.15 0.19 0.25
Hg (Serrita) Santa Rosa 24 0.3 0.33 0.34 0.34 0.34 0.38
(Serrita) Santa Cruz " 0.29 0.31 0.33 0.33 0.34 0.36
(Serrita) Garimpo do Gaviado 89 0.24 0.29 0.31 0.31 0.34 0.39
(Serrita) Barra Verde 15 0.24 0.24 0.27 0.27 0.28 0.31
(Salgueiro) Sitio Algoddes 17 <DL <DL 0.011 0.0079 0.022 0.033
(Salgueiro) Algoddes Mine 83 <DL 0.0046 0.016 0.013 0.024 0.051
Pb (Serrita) Santa Rosa 24 <DL 0.011 0.018 0.016 0.024 0.045
(Serrita) Santa Cruz 1 <DL 0.004 0.016 0.011 0.024 0.049
(Serrita) Garimpo do Gavido 89 <DL 0.0017 0.016 0.015 0.025 0.077
(Serrita) Barra Verde 15 <DL 0.0051 0.015 0.01 0.023 0.04
(Salgueiro) Sitio Algoddes 17 <DL 0.0007 0.0045 0.0036 0.0071 0.021
(Salgueiro) Algoddes Mine 83 <DL 0.0041 0.006 0.0055 0.008 0.017
s (Serrita) Santa Rosa 24 0.0032 0.0064 0.009 0.0093 0.013 0.013
(Serrita) Santa Cruz 11 0.0018 0.0061 0.0093 0.0084 0.011 0.024
(Serrita) Garimpo do Gavido 89 <DL 0.0033 0.01 0.0084 0.014 0.049
(Serrita) Barra Verde 15 <DL 0.0021 0.0059 0.0052 0.0092 0.015
(Salgueiro) Sitio Algoddes 17 <DL <DL 0.00041 <DL <DL 0.0069
(Salgueiro) Algoddes Mine 83 <DL <DL <DL <DL <DL <DL
cu (Serrita) Santa Rosa 24 <DL <DL <DL <DL <DL <DL
(Serrita) Santa Cruz 11 <DL <DL <DL <DL <DL <DL
(Serrita) Garimpo do Gaviao 89 <DL <DL <DL <DL <DL <DL
(Serrita) Barra Verde 15 <DL <DL <DL <DL <DL <DL
(Salgueiro) Sitio Algoddes 17 <DL <DL 0.000041 <DL <DL 0.0004
(Salgueiro) Algoddes Mine 83 <DL <DL 0.0001 <DL <DL 0.0025
Ni (Serrita) Santa Rosa 24 <DL <DL 0.00043 <DL 0.00083 0.0032
(Serrita) Santa Cruz 1 <DL <DL <DL <DL <DL <DL
(Serrita) Garimpo do Gavido 89 <DL <DL 0.00016 <DL <DL 0.0031
(Serrita) Barra Verde 15 <DL <DL <DL <DL <DL <DL
(Salgueiro) Sitio Algoddes 17 <DL 0.0009 0.0022 0.0023 0.0038 0.0058
(Salgueiro) Algoddes Mine 83 <DL <DL 0.001 0.0004 0.0017 0.0054
o (Serrita) Santa Rosa 24 <DL 0.001 0.0022 0.0021 0.0033 0.0052
(Serrita) Santa Cruz 1 <DL 0.00055 0.0022 0.0024 0.0033 0.0051
(Serrita) Garimpo do Gavido 89 <DL 0.0006 0.0018 0.0017 0.0027 0.0065
(Serrita) Barra Verde 15 <DL 0.0002 0.0017 0.0014 0.0026 0.0047

<DL: below detection limit
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6. Discussions

The investigation of gold particle composition has
significantly contributed to primary mineralization studies
(Chapman et al. 2021; Townley et al. 2003; Palacios et al.
2001). Additionally, the variation in the composition of gold
particles is a source of information that can indicate the type
of deposit source (Chapman et al. 2021).

The chemical compositions of gold particles from the
studied area exhibit considerable similarity; however, notable
differences emerge when examining specific localities within
the collection. In all localities except Algoddes Mine, Ag
concentration ranges between 6.1 and 22 wt%, with Santa
Rosa showing the lowest Ag concentrations, between 6.1
and 9.6 wt%. Additionally, a robust correlation is observed
between Au and Ag across samples. In contrast, Au-Hg and
Ag-Hg correlations are not uniformly present in gold particles
across localities. Specifically, Sitio Algoddes, Santa Cruz,
and Barra Verde exhibit clear correlations among these
elements, while Santa Rosa and Garimpo do Gavido do not
display such patterns.

Algodbes Mine is particularly distinct regarding Ag
concentration variability in its gold particles, showing
significantly higher Ag content than other sites. The
gold grains from this locality can be categorized into two
groups: one with exceptionally high Ag concentrations
(62-40 wt%) and another with high concentrations (30—
20 wt%). Two gold particles exhibit Ag concentrations
below 10%, suggesting either the reduction of Ag content
via supergene processes in near-surface environments,
which altered gold composition (Hough et al. 2009), or the
existence of a rarer, third group with low Ag concentrations.
Another distinctive feature of Algoddes Mine is the positive
correlation between Au and Hg, also observed in Sitio
Algoddes, Santa Cruz, and Barra Verde.

The chemical variations in gold from the Serrita-Salgueiro
District enable differentiation of mineralization groups based
on the presence or absence of Au-Ag-Hg correlations and
ranges of Ag concentration in gold particles. These distinctions
become clearer when using gold fineness as an indicator,
facilitating inferences on primary deposit style (Morrison et
al. 1991; Liu and Beaudoin 2021; Ketchaya et al. 2022). This
approach suggests that mineralization in the Serrita-Salgueiro
District forms a hybrid system, incorporating an epithermal
component at Algoddées Mine along with probable contributions
from orogenic, porphyry, and/or Reduced Intrusion-Related
Gold (RIRG) systems (Figure 10).

Another means of assessing gold particle composition is
through the Au-Ag-Cu ternary diagram, which serves as an
indicator of the primary deposit style for gold mineralization
(Townley et al. 2003; Omang et al. 2015; Ateh et al. 2021).
Within the Serrita-Salgueiro District, gold particles fall within
ranges consistent with hydrothermal, epithermal, and gold-
rich porphyry deposits (Figure 11). Note that Cu contents are
extremely low in most grains, causing points to cluster along
the Au—Ag axis; consequently, the discriminatory power of
this diagram is limited and should be treated as qualitative.
Where Cu is above the detection limit, Serrita grains tend to
show slightly higher Cu grades relative to Salgueiro, which is
more consistent with an intrusion-related signature, whereas
the Ag-richer compositions at Salgueiro are compatible with
shallow epizonal/orogenic and/or epithermal conditions.

Overall, orogenic gold deposits and Reduced Intrusion-
Related Gold Systems (RIRGS) share several similarities,
suggesting that there may be overlap in their formation
processes and fluid sources. Orogenic and RIRGS gold
deposits are associated with ore-forming fluids, typically H,O-
NaClI-CO,-rich, with low-to-moderate salinity. These fluids
may also contain W, Te, and Bi elements, indicating a sulfide-
dominated fluid source. Both deposit types exhibit similar
mineralization styles, with auriferous sheeted vein arrays
(Goldfarb and Groves 2015).

The gold mineralizations in the Serrita-Salgueiro District
are hosted in quartz veins within metasediments of the
Salgueiro Complex and granites of the Serrita Suite, arranged
in fracture systems and faults of extensional systems, sheeted
veins, and hydrothermal breccias with veins ranging from
0.1 to 1 meter in thickness, usually discordant (high angle)
to the foliation of the host rock. These quartz veins, when
mineralized, contain higher gold content and sulfides and
constitute a complex stockwork of anastomosed vein systems
originating from a central vein. In the field, these veins exhibit
textural characteristics, such as boxworks or cavities (locally
referred to as carious veins), which result from the leaching
of sulfide phases. These veins occur extensively in the
same direction and can reach up to 670 meters in the study
area. In addition to the discordant veins, there are smoky
to milky quartz veins concordant to the main foliation of the
metasediments of the Salgueiro Complex. These veins have
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orogenic—epithermal conditions.

sulfide portions and may be related to mineralization in a
minor proportion compared to discordant veins.

The distinction between free gold and sulfide-hosted gold
highlights different precipitation mechanisms within these
complex systems (Groves et al. 2003). Free gold is typically
associated with orogenic systems, where it precipitates
from CO,-rich metamorphic fluids into quartz veins, whereas
inclusion-hosted gold, especially within pyrite and chalcopyrite,
tends to indicate precipitation from magmatic-hydrothermal
fluids. In the Serrita—Salgueiro gold district, free gold is
observed as visible native gold within quartz veins or otherwise
outside sulfide minerals, in contrast to gold sequestered as
inclusions within sulfides such as pyrite, arsenopyrite, and
chalcopyrite; this dual mode of occurrence implies multiple
mineralization processes and supports a hybrid genetic model

(with contributions from both metamorphic—orogenic and
magmatic—hydrothermal gold-forming systems) for the deposit.

The chemical signatures of gold differ between the
studied districts. Gold particles from the Serrita district have
the highest gold content (fineness), while in the Salgueiro
district, there are also significant concentrations of silver,
nickel, cobalt, mercury, lead, and sulfur. This compositional
difference reflects the sulfide paragenesis, with the Au-Pb-
(Cu) association in Serrita and the Au-Ag-(As) association
in Salgueiro.

Mercury isotopic compositions suggest a significant
contribution from magmatic sources in iron oxide-copper-
gold (IOCG) hydrothermal systems (Yin et al. 2023), and
the recycling of Hg into volcanic-arc environments, where
epithermal gold deposits are common, also highlights the
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contribution of magmatic-hydrothermal processes to Hg
enrichment in gold systems (Deng et al. 2021).

The isochores for the aqueous-carbonic primary and
pseudo-secondary fluid inclusions from the Serrita area
indicated entrapment pressures between 1.3 and 1.8 kbar
(Beurlen et al. 1997), suggesting a shallower entrapment level,
where, in low-pressure settings, mercury remains stable and
is more likely to be trapped within the gold particles (Naumov
et al. 2018). Elevated Hg in gold from the Serrita-Salgueiro
district is consistent with shallow entrapment and magmatic—
hydrothermal input, but we treat it as indicative rather than
diagnostic, pending corroboration by fluid-inclusion data and
paragenetic constraints.

Typical fluids in orogenic gold deposits encompass a
range of compositions (Ridley and Diamond 2000; Goldfarb
and Groves 2015; Groves et al. 2018). Aqueous-carbonic
inclusions of low salinity and low molecular CO, content
mainly represent mineralizing fluids.

Beurlen et al. (1997) investigated the fluid compositions
in gold- and sulfide-mineralized quartz veins and barren
quartz veins from the Barra Verde prospect, hosted in
granodiorites and schists in the Serrita area. These authors
described two fluid inclusion types: (FI-A) represented by
primary and pseudo-secondary fluid inclusions, triphasic
with aqueous-carbonic composition (H,Olig +CO,liq
+CO,gas) at room temperature, and (FI-B) secondary
fluid inclusions, aqueous bifasic (H,O lig + H,O gas) and
aqueous monofasic (H,0liq).

Microthermometric data obtained for FI-A type revealed
CO, melting temperatures of -56.6 to -59.3 °C (indicating
contributions of CH, or N,), clathrate melting temperatures
around 5.0 to 7.6°C, ice melting temperatures of -4.3 to -0.5
°C, indicating low salinity of approximately 6.9% NaCl eq.
Total homogenization temperatures for FI-A type ranged from
280°C to 440°C, with a concentration of around 341°C, and
for FI-B type, from 110°C to 330°C, with a concentration of
around 320°C (Beurlen et al. 1997). Additionally, Beurlen et al.
(1997) suggested that these two immiscible fluids coexisted
during alteration, quartz crystallization, deformation, and
mineralization at temperatures ranging from 290°C to 310°C,
characteristics similar to those found in other Archean
metamorphic gold vein deposits.

The hydrothermal halo in RIRGS, identifiable by its
zoned mineral associations of proximal Au-W-As and distal
Ag-Pb-Zn metal assemblages, reflects the temperature of
the fluids during mineral deposition and their interactions
with surrounding rock formations (Groves et al. 2003; Hart
2007). These halos, commonly associated with magmatic
fluids, exhibit a distinct spatial, temporal, and geochemical
correlation with single intrusions (Sillitoe and Thompson
1998). They emerge within the hydrothermally-influenced
area, encompassing the causative pluton and a variety of
mineral deposit types, including skarns, replacements, and
veins (Hart 2007).

On the other hand, orogenic gold systems present
hydrothermal architectures associated with significant fault
zones characterized by fluid mixing and wall rock reactions.
The relationship between first influences the deposition of
gold in these systems and lower-order structures (Groves et
al. 2003; Sillitoe and Thompson 1998).

In RIRGS, the halo is characterized by a transition from
proximal potassic alteration to phyllic and distal propylitic

alteration (Silltoe and Thompson 1998). The alteration
assemblages, commonly including K-feldspar, albite, and
sericite alteration, are often accompanied by carbonate
(Thompson et al. 1999). Characteristic alteration halos in
orogenic gold systems typically involve sericite, carbonate,
and sulfide minerals. These characteristics indicate that these
deposits originate from low-salinity, CO,-rich fluids, which are
attributed to the involvement of metamorphic fluids (Groves
2019; Hart 2007; Thompson et al. 1999). Pathfinder elements
such as As, Sb, and Au often accompany these fluids. The
Salgueiroand Serrita areas are situated near plutons. In Serrita,
a polymetallic association similar to distal, such as Ag-Pb, is
present with gold mineralizations entering the granodiorite to
trondjhemitic bodies of the Serrita suite. In Salgueiro, gold
occurrences are hosted within the Salgueiro pluton, which also
has a granodioritic to trondjemitic composition. The metallic
association is similar to the more proximal one, mainly when
mineralizations occur in the enclosing schist, with As, Au, and
Ag as metals.

In both areas, granites display coexisting sericitic and
potassic alteration. Distal margins contain fine-grained white
mica with rare fluorite. Toward quartz veins, feldspar is locally
replaced by K-feldspar with perthitic textures and coarse
muscovite at vein contacts; plagioclase shows sericitization.
Adjacent to schists, carbonate, chlorite, sericite, and cordierite
are present. The presence of paragonite in mineralized
quartz veins near Salgueiro was interpreted as a product of
magmatic-hydrothermal fluids (Noronha et al. 2024).

Gamma-ray spectrometric data indicate that potassium
hydrothermalism has significantly altered the host rocks near
mineralized areas (Oliveira et al. 2024). The 3D inversion of the
magnetization vector reveals large magmatic bodies from the
Serrita Suite, extending over 5 km in depth, with no induced or
remanent magnetization (Oliveira et al. 2024). This assumption
implies a low magnetic susceptibility, suggesting a magmatic
influence with a low oxidation state, a key feature favorable in
forming reduced intrusion-related gold systems (Hart 2007).

Although most mineralizations occur east of the Parnamirim
Shear Zone, the study's advances present new occurrences
to the west close to other shear systems, providing a fresh
perspective on the area's geological dynamics.

Electrum, an Au-Ag alloy, is significant in hydrothermal
systems as it is a petrogenetic indicator of ore-forming
processes. It can provide valuable information about the
conditions and mechanisms of ore deposition (Gammons
and Williams-Jones 1995). Orogenic gold systems may
exhibit preconcentration of Au relative to Ag, leading to fluids
that form deposits with higher Au/Ag ratios (Gammons and
Williams-Jones 1995).

In the vein deposits of the Salgueiro and Serrita areas,
Ag-Au alloys with silver content reached up to 51wt.% may
indicate variations in fluid compositions. This suggests that
more than one fluid type is involved beyond the metamorphic
fluid commonly inferred from the aqueous and aqueous-
carbonic fluid types. These additional fluids could include
magmatic or non-magmatic sources, possibly derived from
wall rocks or circulating meteoric or connate fluids.

Pb-Pb isotopic values obtained from the whole rock of
granites, schists, and mineral galena of the Serrita district
(Barra Verde Mine) (Marinho 2012) show homogeneous values
from granites compared to those found in the galena hosted
in the veins cutting through them. In contrast, the same does
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not occur in the Pb-Pb isotopic compositions for the galena
and host schists, suggesting in part that metals such as lead
could come from/carried out by the magmatic-hydrothermal
source. Similar lead behavior between veins, batholiths, and
wall rocks occurs in Au-As-Pb-Zn-Cu Parcoy-Pataz district,
Peru, and Au-Te-Pb-Zn-Cu Dongping, Hebei province, China
(Sillitoe and Thompson 1998).

In summary, hydrothermal halos such as potassic,
phyllic, and sericitic surrounding mineralizations enclosed in
granites; Ag-Au alloys; anomalous potassic with low magnetic
susceptibility features suggesting reduced granites; Ag-Pb
sheeted veins (distal?); and Pb-Pb isotopic data favors the
contribution of magmatic-hydrothermal fluids; the aqueous-
carbonic fluid inclusions with low salinity, high content of
mercury, major shear zones close to some deposits, chlorite-
carbonate halos in metasediments favor orogenic gold
deposits at shallower emplacement at all.

We consider the scenario for the coexistence of
free gold (in quartz veins) and inclusion-hosted gold
(in pyrite, arsenopyrite, chalcopyrite) within contrasting
alteration assemblages (proximal potassic-like K-feldspar—
quartz—muscovite in granite vs. chlorite—carbonate in
metasediments) to a contemporaneous interaction between
a magmatic—hydrothermal fluid exsolved from reduced
intrusions and a metamorphic—orogenic fluid contributed
by the surrounding supracrustal pile, promoting gold
precipitation at the vein scale. The spatial juxtaposition of
free and inclusion-hosted gold within the same vein sets,
together with K-rich halos and Hg-bearing electrum, favors
a syn-mineral, mixing-dominated model at epizonal depth.
We frame this as a working hypothesis pending targeted
fluid-inclusion and isotope studies to resolve timing and
sources (cf. Groves et al. 2003; Lang and Baker 2001,
Goldfarb and Pitcairn 2023).

7. Conclusions

Field, petrographic, and microchemical data indicate
two recurring vein architectures hosted by granites and
metasediments, respectively, with vertical to subvertical
quartz lodes arranged as sheets and local breccias.
Alteration halos are systematically contrasted: K-feldspar—
quartz—muscovite * rare fluorite potassic to philic-like
assemblages in granites versus chlorite—carbonate %
sericite + cordierite in metasediments. These patterns
point to distinct thermal and fluid regimes linked to intrusive
bodies and major shear zones.

Gold occurs as free particles in quartz and as inclusions
in pyrite, chalcopyrite, arsenopyrite, hematite, and martite,
with systematic domain-scale differences in fineness
and Ag contents. Hg-bearing electrum and local Ag—Pb
associations near granites are consistent with reduced,
F-bearing magmatic—hydrothermal inputs, whereas chlorite—
carbonate halos in metasediments align with shallow
orogenic conditions. The spatial juxtaposition of free and
inclusion-hosted gold within the same vein sets records for
fluid evolution at the vein scale.

The integrated evidence suggests a hybrid, mixing-
dominated model in  which magmatic—hydrothermal
fluids exsolved from reduced intrusions interacted with
metamorphic—orogenic fluids in epizonal conditions, triggering
gold precipitation
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