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Abstract

Article Information

The mineralogical and geochemical composition of serpentinites aids in identifying the tectonic and Publication type: Research Papers

metamorphic processes that have altered these rocks throughout geological time. Their ultrabasic and
komatiitic signature can be linked to the high-temperature and high-pressure conditions present during
the formation of the protolith. The serpentinites in the central portion of the Rio Piranhas-Seridé6 Domain,
located in the northeastern extreme of the Borborema Province, are observed in the Serra Verde and
Qiticica mines near the town of Sdo Tomé, in the State of Rio Grande do Norte. These rocks occur as
elongated ellipsoidal bodies (300 x 50 m) tectonically embedded within the Paleoproterozoic gneisses of
the Caicé Complex and within the Neoproterozoic paragneisses and schists of the Serid6é Group. They are
melanocratic, fine-grained rocks with a greenish color and foliation aligned with the regional NE-SW trend.
The essential mineral is serpentine, which replaces the iron and magnesium minerals of the protolith,
with chlorite, tremolite, quartz, and magnetite occurring as accessory phases. Major, minor, and trace
chemical elements suggest an ultrabasic composition, indicating olivine as the primary mineral. Despite
the effects of metamorphic processes, the rock still retains the predominant chemistry of the protolith. The
high magnesium content points to a komatiitic signature, implying high temperature, high pressure, and
a high degree of partial melting in the genesis of the protolith. Serpentinites are not common lithotypes;
therefore, this publication, one of the few addressing the topic, aims to report the occurrence of these rare
lithotypes. Through chemical analyses and the evaluation of mineralogical transformations, these rocks
display characteristics compatible with those of a greenstone belt, which has been disrupted by the action
of shear zones with significant implications for the geodynamic setting of the region.
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1. Introduction

In the central portion of the Rio Piranhas-Seridé Domain,
located in the northeastern extreme of the Borborema
Province, serpentinites are associated with gneisses of the
Caicé Complex and paragneisses/micaschists of the Serido
Group (Figure 1). In other areas of the Borborema Province,
they typically occur in very restricted forms, composing mafic-
ultramafic sequences in contact with granites and gneisses
(Santos et al. 2014; Uchoa Filho et al. 2014; Pitombeira et al.
2016; Ferreira et al. 2020a, 2020b).

Serpentinites are rocks that consist primarily of minerals
from the serpentine group, which are formed by the hydration

of ultramafic rocks, where the main Mg-rich minerals (olivine
and pyroxenes) are replaced by hydrated magnesium silicate
minerals (serpentines; Evans et al. 2013). These lithotypes are
produced in a wide range of geological contexts and ages,
being found in hydrothermal systems of oceanic floors, mid-
ocean ridges, orogenic belts, and mantle plumes (Evans et al.
2013; Grove and Parman 2004). However, as most reported
occurrences are Archean in age, modern environments (such
as oceanic floor faults and subduction zones) are unlikely,
given that the thermal and tectonic regimes differ significantly
from those proposed for early Earth.

These rocks are challenging to interpret in terms of
petrogenesis, as their primary mineralogy is rarely preserved
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due to the hydration process that alters the original rock
composition (Szilas et al. 2014). Some major and minor
elements (Mg, Fe, Al, Ca, Na, K, P, Mn, Ti, Ni, Cr) of the
protolith tend to be preserved during hydration processes
when the primary mineral phase is olivine. In contrast, rare
earth elements (REE) and other trace elements are influenced
by fluid-rock interaction, their content in primary phases, and
their stability during hydration, as well as their affinity with
secondary minerals (Deschamps et al. 2013; O’Hanley 1996;
Bogolepov 1970; Coleman and Keith 1971).

(Meta)ultramafic bodies with a geochemical signature of
komatiites (MgO > 18%) are frequently found in volcanic rock
successions within most greenstone belts, yet they remain
quite rare, typically representing less than 10% of the total
volume of these associations (De Wit and Ashwal 1997). In
addition to serving as an important window into the primitive
mantle and providing significant implications for thermal
evolution models of the Earth, komatiites are of economic
interest due to their association with major nickel and gold
deposits in greenstone belts in Australia, Canada, and South
Africa (Dostal 2008).

Mineral deposits (tungsten, gold, tantalite-columbite, iron,
gemstones, etc.) in the study area have been known since
the 1940s and are mostly temporally and spatially associated
with plutons of the Brasiliano igneous suite and/or shear
zones acting as fluid conduits (Souza Neto et al. 2008). The
interaction between serpentinites and Brasiliano granites in
the study area is already recognized as responsible for the
emerald mineralization at the Serra Verde Mine (Figure 1 and
2). The abrupt contacts between pegmatitic and phlogopite-
rich bodies with serpentinite clearly indicate that metasomatic
reactions with the ultramafic rocks played a crucial role in
bringing together the key elements for emerald formation
(Cr from the ultramafic rocks, and Be, Al, and Si from the
pegmatites) (Zwaan et al. 2012; Santiago et al. 2019).

As these are uncommon lithotypes, rarely documented
in the regional geological literature, associated with
economically significant mineralization, and reported as
the oldest rocks in South America (Santos et al. 2020),
it is essential to highlight their discovery and deepen the
understanding of these serpentinites. To achieve this,
chemical analyses of major, minor, and trace elements
were conducted to characterize their geochemistry. This
study aims to enhance the understanding of metasomatic
processes and the concentration of key elements, providing
crucial information for future research on the genesis and
economic potential of the associated mineralizations.

2. Geotectonic context

The Borborema Province (Almeida et al. 1981)
comprises the northeastern portion of the South American
platform and resulted from the tectonic convergence of the
West African-Sao Luis and Sao Francisco-Congo cratons
(Caby 1989; Brito Neves et al. 2000; Arthaud et al. 2008),
as part of the consolidation of West Gondwana (Figure 1A).
This province is located in the northeastern edge of Brazil
and is bounded to the south by the Sao Francisco Craton,
to the west by the Parnaiba Basin, and to the north and
east by the Coastal Province.

The Borborema Province consists of an Archean to
Paleoproterozoic  gneiss-migmatite basement overlain

by supracrustal sequences, all intruded by numerous
Neoproterozoic granitoids (Jardim de Sa 1994; Souza et al.
2007, 2015). It is segmented by a complex Neoproterozoic
system of high-temperature, crustal-scale shear zones
(Jardim de Sa 1994), which define a configuration of
independent tectonic domains. Generally, the Borborema
Province is divided into three major subprovinces (Figure
1B): the External or Southern Subprovince, located between
the Pernambuco Lineament and the S&o Francisco Craton;
the Transversal Zone or Central Sector, situated between
the Pernambuco and Patos Lineaments; and the Northern
Subprovince, located north of the Patos Lineament. The
Northern Subprovince includes the Sdo José de Campestre,
Rio Piranhas-Serid6, Jaguaribeano, Ceara Central, and
Médio Coreau domains (Delgado et al. 2003; Angelim et al.
2006; Medeiros et al. 2017).

The study area (Figure 1D) lies within the limits of the Rio
Piranhas-Serid6 Domain, whose basement is composed
of rocks from the Caic6 Complex. This complex includes
Paleoproterozoic metavolcanic and metasedimentary rocks,
dated to 2.15-2.20 Ga (Rb-Sr, Souza et al. 2007), such as
metabasalts, amphibolite gneisses, intermediate-felsic tuffs,
and sillimanite-muscovite-garnet-biotite gneisses, as well as
metaplutonic rocks (gabbros, tonalites, granodiorites, and
granites) metamorphosed to upper amphibolite to granulite
facies near plutonic intrusions (Jardim de S& 1994; Souza et al.
2007). This basement is overlain by rocks of the Seridd Group,
which encompasses a Neoproterozoic supracrustal sequence,
dated to 0.65-0.61 Ga (U-Pb SHRIMP, Van Schmus et al. 2003).
The sequence includes the Jucurutu Formation at the base
(dominantly paragneisses intercalated with marbles, quartzites,
calc-silicate rocks, metaconglomerates, metavolcanic rocks,
and iron formations), quartzites and metaconglomerates of the
Equador Formation in the intermediate portion, and muscovite-
biotite schists of the Seridé Formation at the top (with diverse
intercalations of marbles, metavolcanic rocks, calc-silicate
rocks, and metaconglomerates) (Jardim de Sa 1994). The
Rio Piranhas-Seridé6 Domain witnessed significant Ediacaran
magmatism during the Brasiliano orogeny, marked by massive
plutonism with a wide compositional range occurring between
0.6 and 0.5 Ga (U-Pb, Rb-Sr, and Sm-Nd, Nascimento et al.
2015) (Jardim de Sa 1994; Souza et al. 2015).

The Rio Piranhas-Seridé Domain is characterized by three
deformational events that shaped the structures imprinted on
the rocks. The first event (D1) is associated with the formation
of gneissic banding, restricted to the Rhyacian orthogneisses
of the Caicé Complex. The D2 event generated isoclinal
to intrafolial folds with strong transposition, followed by a
tangential kinematic event. The final tectonometamorphic
event (D3) was marked by transcurrent to oblique shear zones
and the emplacement of late Neoproterozoic (Brasiliano)
granitoids. The associated metamorphism ranges from upper
amphibolite to granulite facies near plutonic intrusions and
crustal-scale shear zones to greenschist facies in more distal
areas (Jardim de Sa 1994; Souza et al. 2007).

The serpentinites outcropping near the city of Sdo Tomé,
in the state of Rio Grande do Norte (Figure 1C), occur as
discontinuous lenses up to 300 meters long, aligned with
the regional NNE-trending foliation. These lithotypes are
embedded within the gneisses and migmatites of the Caico
Complex and the metasedimentary rocks of the Seridé Group,
having been strongly affected by regional shear zones.
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FIGURE 1. A. Pre-drift reconstruction of South America and Africa within the Gondwana supercontinent; BLocation of the study area
within the Borborema Province (modified from Medeiros et al. 2017).; C. Study area location and nearby cities Lajes and Sao Tomé in
the state of Rio Grande do Norte; D. Geological map of the study area.

3. Materials and Methods

Seven serpentinite samples (whole rock) were chemically
analyzed at Acme Labs™ (Vancouver, Canada) using analytical
packages 4A and 4B. In package 4A, the concentrations of
major oxides and thirty-one minor elements were determined
by Inductively Coupled Plasma Emission Spectrometry (ICP-
ES). Sample preparation involved separating a 0.2-gram

portion from each sample for fusion with lithium metaborate/
tetraborate, with the resulting melt being rapidly digested in a
nitric acid solution. Loss on Ignition (LOI) was determined by the
difference in sample weights before and after being subjected
to a temperature of 1000°C. Package 4B complemented 4A
by determining the concentrations of rare earth and refractory
elements using Inductively Coupled Plasma Mass Spectrometry
(ICP-MS). The results are shown in Table 1.
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FIGURE 2 Field relationship of the serpentinite with the host rocks at Serra Verde Mine.

4. Results
4.1 Field Characteristics and Petrography

The serpentinites (Figure 3) occur as small lenticular
bodies, elongated or rounded, in the central-northern part
of the study area, as observed in the Serra Verde emerald
mine (Figure 3A) and in an old scheelite exploration
trench at the Oiticica mine (Figure 3B), both located near
the city of Sdo Tomé. The serpentinite lenses are always
less than 300 meters in length and 50 meters in width,
arranged discontinuously along the regional foliation over an
approximate distance of 5 kilometers.

Serpentinites are generally melanocratic, fine-grained
rocks, sometimes displaying elongated serpentine grains
up to 1.0 cm in length. The rocks typically exhibit a

greenish color when unaltered, primarily due to the high
abundance of serpentine. Serpentine is the main phase
(75-99%) in the lithotypes from both localities, occurring
as a replacement for the primary ferromagnesian minerals
of the protolith and forming micrometric veins filled with
magnetite. In the serpentinites from the Serra Verde mine,
accessory minerals include chlorite (<2%) and magnetite
(<1%). In contrast, the serpentinites from the Oiticica
mine show a more diverse mineralogical composition,
containing tremolite (<2%), magnetite (<3%), and exsolved
quartz (<3%). These minerals occur as xenoblastic
crystals, exhibiting irregular contacts with serpentine,
while magnetite also fills fractures in the rock (Figure 4).
Mafic-ultramafic lithotypes reported in the vicinity
(tremolitites, chlorite-talc schists, and metapyroxenites)
represent a petrographic variation that may result from different

FIGURE 3. A. Serpentinite from the Serra Verde Mine, Coordinates (UTM 24M) X: 819254 e Y: 9349535; B. Serpentinite
from the Oiticica Mine, Coordinates (UTM 24M) X: 819228 e Y: 9353606.
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FIGURE 4. A. Photomicrography of serpentinite: A. Photomicrograph of serpentinite from the Oiticica Mine, transmitted light,
N X; B. Photomicrograph of serpentinite from the Serra Verde Mine, transmitted light, N X. Mineral annotations: Srp =
Serpentine, Op = Magnetite, Tr = Tremolite, Ol = Olivine.

degrees of hydrothermal alteration in similar protoliths. Fluid
phases (K-P-H,0-Ca-Na and H,0-NaCl-CH,-CO,) identified
in phlogopite crystals within the study area indicate the
influence of granite intrusions, with fluids channeled through
the significant shear zones active in the region (Santos et al.
2020; Ruiz et al. 2018; Santiago et al. 2019). These features
suggest metamorphic processes, while the presence of
phlogopitites at the Serra Verde Mine further supports the
occurrence of metasomatism.

4.2. Lithogeochemistry

The chemical compositions of the serpentinites are
presented in Table 1 and the graphs below, based on the
collection sites at the Oiticica and Serra Verde mines.
The rock analyses revealed SiO, values ranging from
35.72% to 43.48%, MgO from 28.88% to 34.63%, Fe,O,
from 7.08% to 11.29%, Al,O, from 1.04% to 3.42%, TiO,
from 0.02% to 0.05%, CaO from 0.05% to 2.53%, K,O from
0.01% to 0.20%, Na,O from 0.01% to 0.03%, and LOI from
12.4% to 16.9%. Binary plots of MgO vs. major element
oxides (Figure 5) do not show distinctions between the
serpentinites from the two mines, with no clear correlation
trends. In general, the serpentinites from the Oiticica
and Serra Verde mines exhibit similar behavior for major
element oxides. However, some samples from the Oiticica
mine display higher contents of CaO, K,0, P,0O,, FeO,, and
Cr,O,, while at the Serra Verde mine, some samples have
higher Al,O, contents. SiO, and TiO, values did not show
any clear distinction between the two locations.

Diagrams with molecular ratio proportions involving
magnesium, silicon, and aluminum were constructed to
evaluate whether the initial composition of the studied
serpentinites was disrupted.

In the MgO/Al 0, vs. SiO,/Al,O, diagram (Pearce 1968,
1970) (Figure 6), two linear trends can be identified for the
studied serpentinite samples. One trend is closely aligned
with the olivine slope (1:4), while the other trend (1:0) does
not approach the arrow indicating augite fractionation.
This suggests that olivine constituted a fundamental
fractionation phase in these rocks, and the chemical
analysis results likely still reflect the original composition
of the protolith.

In the trace element diagram normalized to the primitive
mantle according to McDonough and Sun (1995), a pattern
is observed with strong positive peaks for U and Pb and
moderate negative peaks for Sr and Ti. The LILE elements
show slight enrichment relative to the primitive mantle, while
the HFSE elements are depleted (Figure 7A). The Oiticica
Mine exhibits slightly more variability in certain points of the
graph, with minor enrichment in elements such as P, Zr, Ta,
and La compared to the Serra Verde Mine. However, overall,
both mines follow similar patterns, suggesting they share
analogous geological processes.

In the rare earth element (REE) diagram normalized
to chondrites (Figure 7B) according to McDonough and
Sun (1995), a near-horizontal pattern is observed, without
prominent anomalies, and with concentrations lower than
the primitive mantle, except for La and Ce, which are more
enriched, creating a slightly fractionated pattern. Samples
from the Oiticica Mine show a slight enrichment trend in
light REEs (such as La and Ce) and fluctuations in heavier
REEs (such as Dy and Yb). In contrast, samples from the
Serra Verde Mine exhibit a less varied pattern, with some
pronounced depletions in specific elements (such as Eu and
Lu), indicating possible differentiation or selective depletion
during geological processes.

5. Discussion

5.1 Chemical Composition: Influence of Hydrothermal/
Metasomatic Processes and the Relationship with
Mineral Deposits

The mineralogy identified through thin sections and field
observations (serpentine, chlorite, tremolite, muscovite,
magnetite) suggests metamorphism consistent with the
greenschist facies. The dispersion observed in the major
and trace element diagrams (Figures 5, 6, and 7) indicates
some disruption of the rock's original chemistry caused
by metasomatism. Such processes have already been
reported in other mafic-ultramafic rocks in the region
(Zwaan et al. 2012; Santiago et al. 2019; Ruiz et al. 2018;
Ferreira et al. 2020a, 2020b; Santos et al. 2020).

The enrichment in incompatible elements (U, Pb,
and Ta) (Figure 7A) and disturbances in the Eu content
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TABLE 1. Chemical Composition (ICP-ES) of Serpentinites Sampled from the Oiticica and Serra Verde Mines

Oiticica mine

Serra Verde mine

STB-03 STB-03C STB-03D STC-14C2 STE-14 STE-14B AM-7C
Si0, (wt. %) 43.48 35.72 43.25 36.53 39.62 42.95 36.69
MgO 30.27 33.59 30.12 28.88 33.10 30.36 34.63
ALO, 1.04 1.23 1.24 3.42 1.34 1.19 1.37
Cr,0, 0.65 1.22 1.06 1.64 0.97 1.06 0.92
Fe,0, 10.46 7.08 8.39 11.29 9.44 9.05 7.46
K,0 0.03 0.02 0.01 0.06 0.20 0.01 0.01
Na,0 0.01 0.01 0.01 0.01 0.03 0.01 0.01
P,0, 0.02 0.01 0.02 0.02 0.01 0.01 0.01
MnO 0.09 0.11 0.07 0.22 0.13 0.13 0.11
Tio, 0.02 0.03 0.03 0.05 0.04 0.03 0.03
LOI 12.40 16.70 14.20 15.90 14.20 13.60 16.90
Sum 98.81 98.55 98.75 98.66 99.38 98.75 99.22
Ba (ppm) 4.00 16.00 3.00 74.00 8.00 10.00 9.00
Co 195.60 112.90 128.40 193.30 130.00 192.80 112.10
Cs 0.10 0.20 0.10 0.10 0.10 0.10 0.10
Cu 2.40 12.90 2.60 8.10 12.80 2.50 5.90
Ga 2.50 1.80 2.40 4.00 3.80 2.40 1.40
Hf 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Nb 0.20 0.10 0.20 1.70 1.00 0.60 0.30
Ni 2606.00 2426.00 2636.00 4623.00 2310.00 2481.00 2346.00
Pb 1.60 7.70 0.10 7.60 0.20 0.10 4.30
Rb 0.80 1.10 1.00 3.00 1.10 0.80 0.30
Sc 6.00 4.00 5.00 8.00 6.00 4.00 5.00
Sr 3.50 50.70 1.40 5.70 1.30 1.40 8.80
Ta 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Th 0.20 0.20 0.20 0.20 0.20 0.20 0.20
U 0.10 1.30 10.30 3.00 6.20 10.50 0.10
\% 51.00 47.00 41.00 56.00 59.00 33.00 11.00
Y 1.40 1.00 1.60 2.10 1.00 1.50 0.80
Zn 12.00 11.00 23.00 25.00 36.00 24.00 7.00
Zr 6.10 4.30 2.20 6.30 5.00 2.50 2.40
La (ppm) 0.40 1.10 0.70 2.50 0.80 0.70 0.30
Ce 0.70 1.90 0.50 3.90 1.50 0.40 0.70
Pr 0.12 0.21 0.12 0.45 0.22 0.10 0.10
Nd 0.30 1.00 0.30 1.10 1.60 0.50 0.70
Sm 0.13 0.16 0.08 0.38 0.13 0.07 0.15
Eu 0.04 0.10 0.03 0.07 0.07 0.02 0.02
Gd 0.15 0.21 0.13 0.37 0.17 0.08 0.08
Tb 0.04 0.04 0.04 0.07 0.04 0.01 0.03
Dy 0.31 0.20 0.34 0.33 0.28 0.13 0.10
Ho 0.03 0.04 0.04 0.07 0.056 0.02 0.03
Er 0.20 0.12 0.16 0.29 0.18 0.09 0.04
Yb 0.22 0.05 0.08 0.30 0.08 0.11 0.05
Lu 0.05 0.02 0.04 0.04 0.02 0.01 0.01
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FIGURE 5. Variation diagrams using MgO (wt%) as a differentiation index versus major element oxides (wt%) for the serpentinites from
the Serra Verde and Oiticica mines. (Values recalculated on an anhydrous basis).

(Figure 7B) suggest that these rocks may have undergone
magmatic differentiation processes or were influenced by
hydrothermal fluids enriched in these elements, as the
various possible origins for ultramafic rocks typically do
not involve significant amounts of these components. The
relatively flat REE pattern (Figure 7B) indicates that the
rocks may have formed in an environment where rare earth
element fractionation processes were not very intense or
where equilibrium was maintained during processes such
as partial melting or fractional crystallization (Frey et al.
1971; Rollinson 1993).

The similar pattern between the two mines suggests
that they may share a common origin or type of geological

process. The greater variability in some elements at the
Oiticica Mine (such as P and Zr) could indicate a slightly
different composition or local variations in the mineral
alteration process. Overall, the serpentinites from both
locations exhibited similar concentrations of trace elements
(LILE, HFSE, and REE) (Figure 7). Despite being less mobile
elements, there is significant overlap in the observed values,
with no clear differentiation of these samples based on the
collection locality.

At the Oiticica Mine, the main product is scheelite (CaWO,),
whose genesis was based on the interaction of Brasiliano
granitic fluids with the Neoproterozoic metasediments of the
Seridd Group (Cavalcanti Neto 1986; Souza Neto et al. 2008;
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Cr from the serpentinite with K, Al, and Be from the pegmatites
to create an intermediate phlogopitite layer that hosts the
emerald mineralization (Figure 2).

Thus, the understanding of ultramafic bodies near
igneous suites is of great importance for opening a new
exploration window in a region already well-known for its
strong mining tradition.

5.2 Chemical Classification and Genetic Implications

The high MgO and Fe,O, contents, along with low Al,O,,
TiO,, and K,O levels, suggest a komatiitic classification for
the studied rocks, following the parameters of Jensen (1976),
Viljoen et al. (1982), Le Bas (2000), and Le Maitre (2002)
(Figure 8). The absence of spinifex texture (Kerr and Arndt
2001) is understandable and likely erased due to the multiple
deformation phases experienced by the rocks in the region.

The average magnesium content in the studied rocks
is 31.56%. According to Nisbet (1982), the temperature
of komatiitic lavas can be calculated using the equation:
Tliquidus = 1400 + [(MgO% - 20) x 20], resulting in a value of
1631.2°C. At this temperature, Bickle et al. (1977) suggest that
komatiitic liquids would form at a pressure of approximately 30
kbar. Additionally, Condie (1989) indicates that partial melting
under these conditions could range from 35-50%.

The origin of komatiites has, in recent years, sparked
significant  petrogenetic  debate. = Various  geological
environments have been proposed for the emplacement of
komatiites, including mid-ocean ridges, plumes, oceanic
plateaus, giant meteorite impacts, magma oceans (Grove
and Parman 2004), and remnants of plateaus or oceanic arcs
(Condie 2001). The most widely accepted model suggests
that komatiitic magmas are related to deep mantle plumes
without associated volatiles (Campbell et al. 1989). However,
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FIGURE 8. Chemical classification of the studied serpentinites according to: A. Jensen (1976); B. Viljoen et al. (1982);

C. Le Bas (2000) and Le Maitre (2002).
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some researchers propose that komatiites can be produced by
hydrated melting at shallow mantle depths in a subduction (arc)
environment (Parman et al. 1997; Grove and Parman 2004;
Wilson et al. 2003). Nevertheless, there is still no consensus on
whether plate tectonics was already active during the Archean.

Models for generating high-MgO magmas, such as
komatiites, suggest that these rocks crystallized from
nearly anhydrous magmas formed by partial melting of
mantle peridotites at temperatures exceeding 1600°C and
pressures of approximately 18 GPa (Green 1981; Nisbet et
al. 1993). These values are consistent with those found for
the serpentinites in the study area and would only be possible
under a much higher geothermal gradient than the present, as
was characteristic of the Archean Eon.

5.3 Could the Serpentinites be part of a
greenstone belt?

Greenstone belts are highly diverse geological entities
composed of a wide range of lithologies. Among the

various types of volcanic, plutonic, and sedimentary rocks,
komatiites and TTGs (tonalite-trondhjemite-granodiorite)
stand out, as they were formed under extreme petrogenetic
conditions on early Earth and are found in several regions
worldwide. Due to their great age and the complex
geotectonic environments in which they formed, these
rocks typically underwent multiple stages of deformation,
metamorphism, and metasomatic alteration, recording a
complex tectonic evolution (Anhaeusser 2014).

Santos et al. (2020) identify the serpentinites from
the Serra Verde and Oiticica mines as the oldest rocks
in South America, with Eoarchean to Paleoarchean ages
(3526 and 3747 Ma, U-Pb, SHRIMP). Similarly, Ruiz et
al. (2018) report Paleoarchean ages (3506 Ma and 3508
Ma, U-Pb, LA-ICP-MS) in pyroxenites and orthogneisses
within the study area. Additionally, Dantas et al. (2004,
2013) and Souza et al. (2015) classify the Mesoarchean to
Paleoarchean rocks of the Sdo José do Campestre Domain
as a TTG (tonalite-trondhjemite-granodiorite) association
(Table 2).

Table 2 - Relationship of Archean rocks in the eastern portion of the Rio Piranhas-Seridé Domain (RPSD)
and the S&o José do Campestre Domain (SJCD), Borborema Province.

Dated rock Domain Age (Ma) Method TDM (Ga) Epsilon Nd(t) Reference
Tonalite SJCD 3412+ 8 TIMS, SHRIMP 3.81 -2.24 Dantas et al. (2004)
Granite SJCD 3356 + 21 LA-ICP-MS 3.54 +0.34 Souza et al. (2015)
Granite SJCD 3393 +17 LA-ICP-MS 3.66 -1.16 Souza et al. (2015)
Granite SJCD 3255+ 4 TIMS, SHRIMP 3.63 -2.39 Dantas et al. (2004)
Tonalite SJCD 3333177 SHRIMP 3.27 +1.40 Dantas et al. (2004)
Tonalite SJCD 3178+ 8 TIMS, SHRIMP 3.25 +1.20 Dantas et al. (2004)
Granite SJCD 3118 £ 19 LA-ICP-MS 3.53 -3.21 Souza et al. (2015)
Gabbro SJCD 3033+3 TIMS, SHRIMP 3.91 -2.87 Dantas (1996)
Granite SJCD 2685+ 9 SHRIMP 3.32 -4.20 Dantas et al. (2004)

Amphibolite SJCD 3447 £ 17 SHRIMP 4.02 -5.0 Dantas et al. (2004)

Amphibolite RPSD 2657 + 14 ICPMS-LA Ferreira et al. (2020a)

Amphibolite RPSD 2663 + 16 ICPMS-LA Ferreira et al. (2020a)

Amphibolite RPSD 2675 + 21 ICPMS-LA Ferreira et al. (2020a)

Amphibolite RPSD 2692 +13 ICPMS-LA Ferreira et al. (2020a)

Pyroxenite RPSD 2717 £ 20 ICPMS-LA Ferreira et al. (2020b)

Migmatite RPSD 2923 + 16 ICPMS-LA Ferreira et al. (2020a)

Orthogneiss RPSD 3508 + 16 LA-ICP-MS Ruiz et al. (2018)

Clinopyroxenite RPSD 3506 + 20 LA-ICP-MS Ruiz et al. (2018)
Serpentinite RPSD 3747 £12 SHRIMP Santos et al. (2020)
Serpentinite RPSD 3526 +£5 SHRIMP Santos et al. (2020)
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Thus, by combining field data with petrography, whole-rock
chemistry, and isotopic data available in the literature (Dantas et
al. 2004, 2013; Souza et al. 2015; Ruiz et al. 2018; Santiago et al.
2019; Santos et al. 2020), we arrive at a scenario consistent with
the studied serpentinites being part of a greenstone belt that was
fragmented by the influence of tectonic regimes acting through
the Bonfim, Santa Moénica, and Sao Francisco shear zones.

6. Conclusion

Based on the acquired data, our study of the serpentinites
from the Rio Piranhas-Seridé Domain indicates that:
e The serpentinites occur as small, elongated bodies in
contact with the metasediments of the Seridé6 Group and
the gneiss-migmatites of the Caic6 Complex. They are
melanocratic, fine-grained rocks with a greenish color,
serpentine as the primary phase, and chlorite, magnetite,
muscovite, and tremolite as accessory minerals.
e Rock analyses revealed SiO, values ranging from
35.72% to 43.48%, MgO > 28.88%, Fe, O, between 7.08%
and 11.29%, ALO, < 3.42%, with very low concentrations
of TiO,, Ca0, K,0, and Na,O.
e No direct relationship was found between scheelite
mineralization (Oiticica Mine) and the serpentinite, unlike
at the Serra Verde Mine, where the genesis of emeralds is
conditioned by the presence of this ultramafic rock.
e Ultramafic rocks are associated with significant mineral
deposits worldwide, and advancing studies may lead
to new discoveries in a region already renowned for its
strong mining tradition.
e Temperature, pressure, and partial melting conditions
align with bibliographic data, supporting the interpretation
that the studied serpentinites are part of a greenstone belt.
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