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ARTICLE INFO ABSTRACT

Handling Editor: DR Damien Delvaux We present petrographical and geochemical data of paraschists and orthoamphibolite from the Suhum-Akwadum
area of the Suhum Basin, Ghana, to determine their provenance, petrogenesis, and tectonic setting, and discuss
the crustal evolution of the Rhyacian Birimian terrane of the West African Craton. The amphibolite exhibits trace
element signatures similar to those of subalkaline basalts. Two main geochemical groups are present: (1)
dominant arc-rocks with negative Nb-Ta, Ti, low Nb/Th and high La/Nb, and (2) subordinate enriched mid-
ocean ridge basalts characterised by moderate to high TiO,, positive Ta and high Nb/Th value. These compo-
sitions are interpreted as formation in a supra-subduction zone setting. The schists are geochemically classified as
shales and wackes and have <60 CIA, <70 CIW, moderate to high Al;03/TiO3 and Nay0/K30, low SiO2/Al;03,
La/Sc, and Ti/Zr values. These geochemical signatures are consistent with low chemical weathering intensity,
immature to moderately mature sediments and deposition in an active continental margin setting with sediments
sourced from greenstone and granitoid-gneiss complexes of the Rhyacian Birimian terrane. Therefore, the current
and previous geochemical data confirm the presence of an arc tectonic setting in the formation of the meta-
sedimentary basins of the Birimian terrane. The overall geochemical data suggest that the greenstones and
metasedimentary rocks formed during an orogenic event related to an arc environment where subduction zone
components contributed to the generation of their parental magmas and sedimentation. This finding is consistent
with the onset of “modern-style” subduction-related processes during the Archean-Paleoproterozoic transitional
period.

most widely accepted evolutionary model for the Rhyacian Birimian
terrane is that of subduction-accretion in either arc-back-arc or supra-
subduction setting (Dampare et al., 2008; Senyah et al., 2016; Sakyi

1. Introduction

The southeastern part of the West African Craton (WAC) is composed

mainly of the Rhyacian Birimian terrane of greenstone belts, metasedi-
mentary basins and granitoid-gneiss complexes (Fig. 1) (Sakyi et al.,
2014; Nunoo et al., 2022; Amponsah et al., 2023; Atanga et al., 2023).
Other components of the WAC include the Archean domains to the west
(Kouamelan et al, 2015; Rollinson, 2016) and Neoproterozoic
Pan-African belts that surround the WAC to the east (Nude et al., 2015;
Kwayisi et al., 2022a,b, 2023, 2024). The Rhyacian Birimian terrane
archived the evolution of the southeastern portion of the WAC during
the Eburnean orogeny between 2.2 and 2.0 Ga (Abouchami et al., 1990;
Sakyi et al., 2014, 2018, 2019, 2020; Asiedu et al., 2019; Baratoux et al.,
2019; Agra et al., 2023; Amponsah et al., 2023; Atanga et al., 2023). The
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et al., 2018; McFarlane et al., 2019). The Rhyacian Birimian terrane is
exposed in Ghana as six granitoid-greenstone belts separated by meta-
sedimentary basins (Fig. 2a; Agyei-Duodu et al., 2009). The greenstone
belts are Lawra, Bole-Nangodi, Bui, Sefwi, Ashanti and Kibi-Winneba
belts, with the metasedimentary basin being Maluwe, Sunyani,
Kumasi, Cape Coast and Suhum basins (Fig. 2a) (Asiedu et al., 2019;
Sakyi et al., 2019; Agra et al., 2023; Kazapoe et al., 2022, 2023; Kwayisi
et al., 2025). Four broad types of granitoids intrude the greenstone belts
and metasedimentary basins, and these are Dixcove, Cape Coast, Win-
neba, and Bongo-type granitoids (Anum et al., 2015; Abitty et al., 2016;
Amponsah et al., 2023; Sakyi et al., 2024).
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Available petrographic, major and trace element, and Rb-Sr and Sm-
Nd data for the metasedimentary rocks from the Ashanti, Lawra, Sefwi,
and Bole-Nangodi belts, and Kumasi basin suggest deposition in an
active continental margin characterised by subduction-accretion pro-
cesses, with sediments sourced from the greenstone and granitoid-gneiss
complexes of the Rhyacian Birimian terrane (Roddaz et al., 2007; Asiedu
et al., 2009, 2017, 2019; Manu et al., 2013; Sakyi et al., 2019; Brako
et al., 2022). Until recently, the Suhum Basin had received very little
research attention. Detailed petrographical and geochemical studies,
including isotopic and geochronological studies of granitoids in the
Suhum Basin, indicate juvenile mantle rocks with significant recycled
Archean crust formed during subduction-accretion processes in a
supra-subduction (Amponsah et al., 2023). However, paraschists and
amphibolites that occur as pockets within the Suhum Basin have not
been documented. Sedimentary rocks and their metamorphosed equiv-
alents are important in crustal evolutionary studies because their
petrographic features and geochemical signatures serve as archives for
provenance, source area paleoweathering, paleoclimatic conditions, and
paleotectonic settings (Bhatia and Crook, 1986; Nesbitt and Young,
1982; Verma and Armstrong-Altrin, 2016). It is important to note that
the current understanding of continental crust mainly stems from studies
on the geochemistry of sedimentary rocks (Taylor and McLennan, 1985;
Condie, 1993; Roddaz et al., 2007).

Therefore, this research aimed to analyse the petrography and major
and trace-element geochemistry of the paraschists and amphibolite from
the Suhum-Akwadum area of the Suhum Basin. The objectives of this
study are (i) to determine the protolith of the schists and amphibolite,
(ii) to discuss the effect of weathering/metamorphism/alteration on the
compositions of the schists and the amphibolite, (iii) to interpret these
data in relation to source rock composition, provenance, and tectonic
setting of the depositional basin of the schists, and petrogenesis, and
tectonic setting of the amphibolite; and iv) to compare the data to other
Birimian terranes of Ghana to put constraints on the crustal evolution of
the Suhum Basin in the context of the Rhyacian Birimian terrane of the
West African Craton.
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1.1. Geological setting

The Rhyacian Birimian terrane, also known as the Baoulé-Mossi
Domain, outcrops east of the Leo-Man Shield of the West African Craton
(Fig. 1). It extends from the western half of Ghana into countries such as
Cote D’Ivoire, southern Mali, Senegal, Burkina-Faso and west of Niger
(Fig. 1). The Rhyacian Birmian terrane which formed during the 2.2-2.0
Eburnean tectono-metamorphic events, is comprised of greenstone
belts, metasedimentary basins, and granitoid-gneiss complexes (Sakyi
et al.,, 2014, 2020; Anum et al., 2015; Nunoo et al., 2022; Amponsah
et al., 2023; Atanga et al., 2023). The metasedimentary rocks comprise
phyllites and graywackes, while the greenstones are composed of ba-
salts, andesites, and rhyolite (Asiedu et al., 2009; Manu et al., 2013;
Sakyi et al., 2020). Chemical units comprising chert, carbonate rocks
and manganese often mark the boundary between the greenstones and
metasedimentary rocks (Nyame and Beukes, 2006; Nyame, 2008). The
granitoid-gneiss complexes intrude the greenstone belt (known as
belt-type) and the metasedimentary basins (referred to as basin-type)
(Sakyi et al., 2014, 2019; Nunoo et al., 2022; Amponsah et al., 2023).
The greenstone belts and metasedimentary basins are contemporaneous
lateral facies equivalents formed in an arc-back-arc or supra-subduction
environment (Leube et al., 1990; Dampare et al., 2008; Baratoux et al.,
2011; Sakyi et al., 2018; Asiedu et al., 2019; McFarlane et al., 2019).
However, other researchers have proposed intra-continental rifting or
plume setting for the greenstone belts (Abouchami et al., 1990; Leube
et al., 1990; Boher et al., 1992; Agra et al., 2023). The greenstone belts
are of both tholeiitic and calc-alkaline signatures, with the tholeiites
considered older than the calc-alkaline series (Baratoux et al., 2011;
Sakyi et al., 2020). These contradictory interpretations of the evolution
of the Birimian Paleoproterozoic rocks have attracted a lot of attention
for nearly a century.

As stated earlier, the Rhyacian Birimian terrane exposed in Ghana is
characterised by six greenstone belts (Fig. 2a). The Kibi-Winneba
greenstone belt (Fig. 2a) in southeastern Ghana is characterised by
volcanic lobes, made up of basaltic flows, andesitic lavas, amphibolite,
pyroclastics with granite-diorite plutonic suites and metasedimentary
rocks (Anum et al., 2015). Mafic plutonic bodies also intrude on parts of
the belt. This belt displays very similar lithological and structural
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Fig. 1. Geological map of Southern West African Craton (After Milesi et al., 1992).
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characteristics to the greenstone belts located in western Ghana. Ac-
cording to Anum et al. (2015), both the Birimian metavolcanic and
metasedimentary rocks of the Kibi-Winneba belt are intruded by
different types of granitoids. The most obvious feature in all the outcrops
within this terrane is the presence of mafic enclaves, made up mostly of
amphibolite and gabbro. The Kibi-Winneba belt is separated from the
Ashanti belt to the west by the Cape Coast Basin and from the
Pan-African Dahomeyide belt to the east by the Suhum Basin (Fig. 2a:
Agyei-Duodu et al., 2009).

The Suhum Basin separates the Kibi-Winneba belt into the northern
Kibi and southern Winneba belts (Fig. 2a and b). To the west and east of
the Suhum Basin are the Cape Coast Basin and Pan-African Dahomeyide
belt, respectively, and to the north is the Voltaian Supergroup (Fig. 2a
and b). Fig. 3 illustrates the lithological distribution and relationship of
the Suhum-Akwadum area of the Suhum Basin. From Fig. 3, the Suhum-
Akwadum area is underlain by (1). Amphibolite originates partially as a
result of contact metamorphism (2). Biotite granitoid, which are mostly
granodioritic in composition (2132 + 4 Ma), described as “Tamnean”
protoliths, are also affected by Eburnean Tectono-metamorphic over-
printing. (3). K-feldspar-rich granitoids, mainly granite and monzonite
(2088 + 1 Ma), are locally leucogranitic. (4). Locally migmatitic biotite
gneisses and minor biotite schists (metasedimentary rock), which may
include garnet and/or amphibole, dated at 2187+1Ma and 2165 + 9 Ma
(Davis et al., 1994; Hirdes et al., 1996; Hirdes and Davis, 1998). (5).
Pre-Mesozoic mafic dolerite dyke, inferred from aeromagnetic data.
These are bounded by basalts and subvolcanic rocks interbedded with
minor volcaniclastics of the Kibi belt and Biotite granitoid of the Cape
Coast Basin to the east (Fig. 3). The rocks in the Suhum-Akwadum area
have generally undergone up to greenschist facies regional meta-
morphism. However, the metasedimentary and mafic rocks near the
granitoids display various degrees of contact metamorphism up to
amphibole-hornfels facies (Agyei-Duodu et al., 2009). The rocks have
been affected by low-grade metasomatic alterations involving silicifi-
cation and widespread formation of secondary chlorite and sericite.

2°00°W 0°0'0"
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2. Materials and methods

Fig. 3 shows the various lithological units in the study area, with
sampling points of amphibolite represented by red-filled triangles and
those for the schists represented by filled blue squares. The short, dashed
circles indicated the various areas where the schists (blue) and
amphibolite (red) were observed. Sixteen fresh samples were prepared
into thin sections, and their texture and mineralogy are studied using the
Leica DM750P polarising microscope.

Ten amphibolite and six schist rock samples were selected for whole-
rock geochemical analysis. The sample preparation followed standard
procedures at the ALS laboratory outlet in Kumasi, Ghana. The crushed
rock chips were reduced to a powder below 2 mm (<70 %). Later, the
samples were split using a riffle splitter and pulverising through <75 pm
(pulverised split to 85 %). Standard procedures were followed for
Crushing QC and Pulverising QC tests at the ALS laboratory. The
Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES)
method was used for the major element analysis at the ALS laboratory in
Vancouver, following the standard procedure accredited to ISO/IEC
170252005 standards. The Inductively Coupled Plasma-Mass Spec-
trometry (ICP-MS) technique was used to analyse the trace elements.
The results were corrected for spectral interference, and the necessary
geochemical diagrams were plotted to aid data interpretation. Protocols
for the analyses can be found in Nude et al. (2015). Precision is generally
better than 2 %.

3. Results
3.1. Petrography

3.1.1. Amphibolite

The amphibolite occurs as elongated units, mostly in contact with the
granitoids, with baked contact and chill margins in some places, and as
large enclaves within the granitoids, as shown in Fig. 4a and b. The field
mapping has revealed a greater occurrence of the amphibolite than re-
ported previously (Fig. 3). They are generally dark green and medium to
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coarse-grained (Fig. 4a). The amphibolite is composed predominantly of
amphibole (mainly hornblende, 20-85 %), plagioclase (10-12 %) and
pyroxene (4-40 %) (Fig. 4b). The hornblende and pyroxene have un-
dergone partial alteration into chlorite (5-35 %) and epidote (3-30 %),
whereas the plagioclase is partially altered to sericite (6-15) and car-
bonate minerals (4 %). A trace amount of opaque minerals (<1 %) can
be observed, mainly as alteration products of the ferromagnesian min-
erals. The estimated modal composition of amphibolite is presented in
Table 1. Quartz (2-14 %) is also observed in some samples. In some
samples, the mineral assemblage shows a somewhat preferred
orientation.

3.2. Schists

The schists have been intruded by the granitoids, and even in some
places, they occur as enclaves within the granitoids (Fig. 5a and b). Two
types of schists were identified: hornblende-biotite schist and
muscovite-biotite schist. They are generally fine to medium-grained and
exhibit strong schistosity, defined by the preferred alignment of micas
and hornblende (Fig. 5c-e). The hornblende-biotite schist contains
35-40 % biotite, 20-30 % hornblende, 15-25 % Quartz, and 10-15 %
plagioclase (Table 2). The ferromagnesian minerals have significantly
altered to chlorite and epidote (Fig. 5¢). The muscovite-biotite schist
contains 40-50 % quartz, 35-40 % biotite, 10-15 % plagioclase, and 5 %
muscovite (Table 2).

3.3. Major and trace element geochemistry

The geochemical data for the 16 samples (10 amphibolite and 6
schists) are presented in Table 3.

3.3.1. Amphibolite

The amphibolite in the Suhum-Akwadum area of the Suhum Basin
has a narrow range of SiO; contents, ranging from 47.3 to 50.2 wt %.
They have moderate to high TiO5 (0.90-2.29 wt %), MgO (3.93-9.90 wt
%), and high Alo03 (10.8-15.80 wt %), Fes03 (10.4-16.1 wt %) and CaO
(9.89-14.90 wt %) contents. The high Fe;O3 content and moderate to
high MgO content correspond to low to moderate Mg# (31-59). The LOIL
contents recorded for the amphibolite are very low (0.20-1.35 wt %;
Table 3). The study area amphibolite has low to moderate Cr (100-640
ppm), Ni (32-339 ppm), Co (39-56 ppm), and Zr (60-203 ppm) con-
tents. Their Ni, Ti, and Zr contents indicate that they are igneous
amphibolite (Fig. 6a and b) (Winchester and Max, 1982). The study area
amphibolite plot as sub-alkaline magma series and can be classified as
subalkaline basalt, similar to the mafic volcanic and mafic intrusives of
the Kibi belt (Fig. 6¢ and d; (Sakyi et al., 2018).

The amphibolite found in the Suhum-Akwadum area generally de-
picts a nearly flat REE pattern, which is similar to MORB on the
Chondrite-normalised REE diagram, with no noticeable Eu anomalies
(Eu/Eu* = 0.85-1.03; Fig. 7a; Gale et al., 2013). However, two samples
display a relative enriched (E-MORB/OIB) pattern (Fig. 7a). The La/Yb
values of the amphibolite range from 1.30 to 2.63, except for three
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Fig. 4. (a) field photo of amphibolite, (b) large enclaves of amphibolite inclusions in the granitoid, (c) photomicrograph of the amphibolite showing hornblende-
plagioclase microtexture and (d) photomicrograph of amphibolite showing significant alteration of the ferromagnesian minerals.

Table 1
The estimated modal composition of amphibolite.
ASO1A AS09B AS01B ASO5B ASO5A AS05C AS015A(18) AS018A GRO14A GRO014B

Amphiboles 20 - 25 25 75 85 75 65 85 75
Feldspars - 10 12 10 - - - 12 - -
Pyroxenes 25 45 25 40 - - - - 4 -
Quartz - 2 - 8 8 - 14 5 5
Chlorites 10 35 25 20 - - 5 - - 5
Epidotes 30 8 3 - - - 10 9 - -
Sericites 15 - 10 5 12 7 9 - 6 15
Carbonates - - - 4 - - - - -
Opaque <1 <1 <1 <1 <1 <1

samples that have LREE-enriched patterns and depleted HREE patterns,
which correspond to high La/Yb values of 12.76-14.20 (Table 3). The
REE pattern of the amphibolite is comparable to the mafic volcanic rocks
of the Kibi belt (Sakyi et al., 2018). However, the amphibolite exhibits
weaker REE fractionation than the mafic volcanic rocks of the Kibi belt
(Fig. 7a). The multi-element normalised to primitive mantle diagram for
the amphibolite of the Suhum-Akwadum area is characterised by Nb-Ta,
P, and Ti negative peaks (Fig. 7b). Overall, the multi-element pattern for
the amphibolite of the Suhum-Akwadum area is similar to the mafic
volcanic rocks of the Kibi belt (Fig. 7b; Sakyi et al., 2018). This near-flat
multi-element pattern is similar to rocks derived from MORB sources
(Gale et al., 2013).

3.3.2. Schists

The schists from the Suhum-Akwadum area of the Suhum Basin
exhibit significant variations in their major element compositions,
characterised by a wide range of SiO5 contents of (54.8-71.3 wt %), TiO5
of (0.55-1.49 wt %) Fe,O3 of (4.88-14.95 wt %), MgO of (1.03-2.14 wt

%), and CaO of (2.05-7.08 wt %). However, they have somewhat
restricted AlyO3 (12.9-15.9 wt %), Na,O (2.80-3.80 wt %), KO
(1.02-2.26 wt %) and P505 (0.13-0.61 wt %) contents. On the SiO, vs
TiOy diagram (Tarney, 1977), the schists from the Suhum-Akwadum
area mainly plot in the sedimentary protolith field (Fig. 8a). The
schists show major element composition similar to shales and wackes
and metasedimentary rocks of the Birimian terrane (Fig. 8b; Asiedu
et al., 2007, 2009, 2017, 2019; Manu et al., 2013; Sakyi et al., 2019).
The schists are characterised by enriched concentrations of the
LREEs and depleted HREE contents with pronounced Eu anomalies (Eu/
Eu* = 0.62-0.84) on the Chondrite-normalised REE diagram (Fig. 9a).
This REE pattern is akin to Upper Continental Crust (UCC) and Post
Archeean Australian Shale (PAAS) and falls within the field of Birimian
metasedimentary rocks (Fig. 9a) (Rudnick, 2005; Mclennan, 2018; Sakyi
etal., 2019). On the multi-element diagram normalised to UCC (Fig. 9b)
(Rudnick, 2005), the schists from the study area display nearly flat LILE
contents and enriched HFSE and REE contents, with negative peaks of
Rb, K, Sr and Ti. Although the LILE contents of the schists of the
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Fig. 5. (a) field photo of enclave of schist included in the granitoids, (b) field photo of schist in contact with granitoid, (c) photomicrograph of schist showing
significant alteration of biotite and hornblende into chlorite and epidote, (d) hornblende-biotite schist with biotite-hornblende defining the schistosity and (e)

muscovite-biotite defining schistosity in the muscovite-biotite schist.

Table 2
The estimated modal composition of schists.
ASO6A  ASO6E  AS08.1A  AS08.1C  AS014A  AS014C
Hornblende-biotite schist Muscovite-biotite
schist
Hornblende 25 25 30 20 - -
Feldspars 10 5 13 22 15 10
Biotites 35 35 40 35 40 35
Muscovites - - - - 5 5
Quartz 25 19 15 20 40 50
Chlorites 5 15 2 3 - -
Sericites - - - - - -
Opaque - 1 - - - -
Minerals

Suhum-Akwadum area are similar to UCC and PAAS, their HFSE and
REE contents are slightly higher than UCC and PAAS (Fig. 9b)
(Mclennan, 2018; Rudnick, 2005). The overall multi-element pattern of
the schists is akin to the metasedimentary rocks of the Birimian (Fig. 9b;
Asiedu et al., 2007, 2009, 2017, 2019; Manu et al., 2013; Sakyi et al.,
2019).

4. Discussion
4.1. Petrogenesis of the Suhum-Akwadum area amphibolite

The amphibolite in the Suhum-Akwadum area experienced weak
mineral alteration and high metamorphism, likely under amphibolite
facies conditions. The presence of chlorite, epidote, sericite, and quartz
may indicate retrograde metamorphism under greenschist facies. Low
LOI contents (0.20-1.35 wt%) suggest minimal alteration and limited
element mobility. Element mobility was assessed using Zr versus major
and trace elements. Significant mobility was indicated by negative
trends between Zr, K50, and Ba, whereas stable elements such as TiOs,
Nay0, Th, Nb, Hf, La, and Y exhibited positive, coherent trends (Fig. 10).

Plot of Zr/Hf and Y/Ho (Bau, 1996, Fig. 11) confirmed minimal alter-
ation effects on HFS, REE, and some major elements, supporting their
reliability for petrogenetic interpretations.

4.2. Magma source and evolution

Evolved magmas typically have low Ni, Cr and Mg# contents
(Winter, 2001), which is characteristic of the Suhum-Akwadum area
amphibolite (Table 3), which suggests that they are from evolved
magma. The moderate to high TiO, contents, coupled with the nearly
flat REE and multi-element patterns, suggest that these samples were
derived from moderate to enriched mantle sources like E-MORB and OIB
or were formed by different degrees of partial melting of the same source
but at different depths (Sun and McDonough, 1989; Gale et al., 2013).
The enriched LREE pattern relative to HREE exhibited by some samples
may probably be due to variable degrees of partial melting at different
depths or the melting of different sources (Gale et al., 2013; Hofmann,
2014). Higher Zr/Nb ratios (around 28) are characteristic of N-MORB,
whereas lower Zr/Nb values of (5.8-6.4) are typical of rocks from
E-MORB and OIB sources, respectively (Sun and McDonough, 1989;
Gale et al., 2013). The amphibolite of the Suhum-Akwadum area have
Zr/Nb ratios between 10 and 29, indicating a MORB-like source as the
origin of the Suhum-Akwadum amphibolite. Peate et al. (1999) and
Song et al. (2001) indicate that because the ratio of La/Nb varies be-
tween MORB-like sources (with La/Nb > 1) and OIB-like sources (with
La/Nb < 1), it can be used to determine the source of magma. The La/Nb
values for the amphibolite are in the range of 1.0-8.2, suggesting the
melting of a MORB-like magma source, although, source enrichment of
an enriched component or sediment recycling cannot be ruled out. The
wide variations of the Zr/Nb and La/Nb values for the amphibolite,
coupled with their REE patterns, imply they were probably derived from
variable degrees of partial melting of MORB-like sources at different
depths or two distinct sources.
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Table 3

Geochemical data for the amphibolite and schists.
Amphibolites
Sample ASO1A AS09B AS01B ASO5B ASO5A ASO5C AS015A(18) AS015B(18) GRO14A GRO014B
wt%
Si02 48.3 50 50.2 47.3 47.2 48.7 48.8 48 48.9 47.3
TiO2 1.11 1.37 0.91 1.26 1.26 1.23 2.29 2.29 0.9 0.97
Al203 13.75 13.1 14.1 11.1 11.25 10.8 14.65 14.4 14.15 15.8
Fe203 13.3 12.5 13 12.25 12.25 12.1 15.9 16.1 10.4 11.85
MnO 0.23 0.18 0.22 0.19 0.19 0.19 0.25 0.25 0.21 0.2
MgO 6.33 5.94 5.99 9.6 9.6 9.9 3.93 4.02 5.84 5.85
CaO 11.3 11.45 11.15 13 12.95 13.05 9.89 9.96 14.9 13.35
Na20 2.89 2.78 1.6 1.99 1.94 1.99 2.76 2.69 1.32 1.9
K20 0.66 0.51 0.99 0.49 0.43 0.47 0.49 0.49 0.56 0.53
P205 0.13 0.11 0.11 0.46 0.45 0.44 0.31 0.31 0.09 0.09
LOI 1.33 0.55 0.89 1.16 0.86 1.02 0.26 0.2 1.35 1.23
Total 99.39 98.54 99.25 98.98 98.56 100.07 99.6 98.77 98.7 99.13
ppm
Co 55 43 48 54 56 54 41 39 40 46
Ni 77 67 109 311 305 339 32 33 73 73
Pb 2 2 4 6 2 5 6 6 4 3
Sc 42 35 39 41 41 42 36 35 32 35
Zn 106 91 96 109 110 105 138 135 79 83
Ba 170 106 164.5 232 289 289 141.5 135.5 244 145.5
Ce 18.4 17.6 17.1 104.5 98.8 104.5 41.4 39.8 14.8 12.1
Cr 140 100 340 590 560 640 120 110 210 180
Cs 0.7 0.16 2 0.26 0.21 0.39 0.21 0.16 4.74 2.82
Dy 4.48 5.49 3.86 6.11 5.73 6.06 9.47 9.06 4.14 4.15
Er 2.81 3.2 2.37 2.49 2.6 2.73 5.91 5.5 2.74 2.52
Eu 1.21 1.55 0.84 3.45 3.32 3.37 2.25 2.13 1.17 1.02
Gd 4.09 5 3.68 9.72 9.21 10.1 8.6 8.35 4.11 3.49
Hf 1.9 2.6 1.8 3.5 3.8 3.8 5.5 5.1 2.2 1.8
Ho 0.96 1.12 0.8 1.08 1.04 1.08 2 1.93 0.93 0.85
La 7.8 10.1 7.4 41.1 39 40.9 18.1 17.6 6.5 4.7
Lu 0.38 0.4 0.32 0.3 0.29 0.32 0.79 0.8 0.42 0.38
Nb 3.4 4 3.3 5 5.7 5.6 12.1 11.6 6.5 2.1
Nd 12.3 16.1 10.7 64.5 61.1 65.2 26.9 25.8 9.9 8.7
Pr 2.54 3.27 2.29 14.5 13.8 14.45 5.83 5.65 2.06 1.75
Rb 23.3 7.3 25.6 8 4.1 7.1 5.7 5.5 27.6 17.3
Sm 3.42 4.36 2.89 12.85 11.7 12.75 7.1 6.93 3.07 2.59
Sr 237 296 228 632 631 610 272 251 310 232
Ta 0.1 0.2 0.1 0.2 0.2 0.2 0.7 0.7 1.3 0.1
Tb 0.71 0.87 0.62 1.17 1.15 1.17 1.52 1.33 0.68 0.63
Th 0.64 0.42 0.83 1.65 1.75 2.31 2.07 1.95 0.63 0.49
Tm 0.41 0.43 0.36 0.37 0.33 0.34 0.79 0.8 0.39 0.38
18) 0.19 0.16 0.19 0.49 0.55 0.67 0.56 0.54 1.45 0.2
\Y% 325 383 274 235 222 240 279 262 250 276
Y 24.4 29.1 21.3 27.4 25.8 27.8 52.4 50.9 24.4 23
Yb 2.58 2.68 2.31 2.16 1.92 2.24 5.37 5.21 2.74 2.52
Zr 69 93 70 134 146 146 203 199 66 60
Schists
Sample ASO6A ASO6E AS08.1A AS08.1C AS014A AS014C
wt% Hornblende-biotite Muscovite-biotite
Si02 55.1 54.8 62.2 61.8 67.7 71.3
Tio2 1.49 1.46 0.91 0.86 0.55 0.55
Al203 13.75 13.75 129 13.25 15.9 13.7
Fe203 15 14.95 11.2 10.75 4.98 4.88
MnO 0.24 0.25 0.17 0.2 0.07 0.06
MgO 2.14 2.02 1.31 1.03 2.04 1.44
CaO 6.61 7.08 4.34 5.09 2.05 2.19
Na20 2.8 2.93 2.87 3 3.67 3.8
K20 1.38 1.02 2.26 1.92 2.8 1.87
P205 0.61 0.59 0.3 0.25 0.24 0.13
LOI 0.35 0.26 0.33 0.26 1.23 0.62
Total 99.53 99.18 98.88 98.51 101.37 100.65
ppm
Co 19 19 9 7 13 10
Ni 9 6 4 2 18 21
Pb 12 10 8 12 15 11
Sc 29 28 20 19 9 9
Zn 190 182 199 211 74 82
Ba 402 395 697 706 870 617
Ce 120 116 151 165.5 81.4 68.6
Cr 30 20 20 20 50 70
Cs 3.4 1.83 10.15 5.83 19.75 16.9

(continued on next page)
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Schists
Sample ASO6A ASO6E AS08.1A AS08.1C ASO014A AS014C
wt% Hornblende-biotite Muscovite-biotite
Dy 13.8 13.4 15.5 17.6 3.57 2.59
Er 7.86 7.97 9.56 10.7 1.84 1.3
Eu 3.7 3.54 3.51 3.82 1.15 1.06
Gd 14.55 13.85 15.4 16.9 5.02 3.29
Hf 9.6 9.3 139 15.5 4.6 4.9
Ho 2.67 2.76 3.27 3.73 0.7 0.47
La 58.3 529 70.3 76.6 40.8 28.7
Lu 1.07 1.16 1.35 1.6 0.23 0.16
Nb 31.8 32.3 37.1 42.5 11.9 8.2
Nd 66.6 60.5 74.1 80.8 345 25.8
Pr 15.9 14.45 18.4 19.8 9.12 6.69
Rb 52.1 30.6 92.7 62.5 112.5 119.5
Sm 13.8 13.4 15.8 17 6.22 4.45
Sr 225 250 212 251 346 422
Ta 2.1 2 2.3 2.6 0.6 0.6
Tb 2.22 2.18 2.45 2.76 0.67 0.47
Th 6.67 6.56 9.5 10.7 7.09 5.55
Tm 1.11 1.16 1.32 1.59 0.27 0.16
U 1.72 1.75 2.54 2.83 2.26 1.9
\Y% 48 45 26 24 91 63
Y 71.6 74.2 88.2 99 18.8 11.8
Yb 7.09 7.41 9.1 10.65 1.86 1.04
Zr 379 386 575 649 174 182
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Fig. 7. (a) Chondrite-normalised REE and (b) Primitive mantle-normalised
diagrams for the amphibolite. The amphibolite data is compared to the data
from the Kibi belt (Sakyi et al., 2018).

4.3. Melting source and depth

Several factors, such as the extent of partial melting, the presence of
spinel or garnet in the mantle source, and the overall geochemical
composition of the source, influence the composition of mantle-derived
magmas (McDonough and Rudnick, 1998; Yaxley, 2000; Xu et al., 2005;
Lai et al., 2012; Manikyamba et al., 2015). REEs play a crucial role in
determining the melting conditions in the mantle (McDonough and
Rudnick, 1998; Manikyamba et al., 2015). The HREEs, especially Yb, are
compatible, whereas LREEs like La and MREEs such as Sm and Gd are
incompatible in garnet (Blundy and Wood, 1994; Van Westrenen et al.,
2001). This means Yb has a high garnet/melt partition coefficient
relative to La, Sm, and Gd (Blundy and Wood, 1994; Van Westrenen
et al.,, 2001). When a garnet lherzolite undergoes partial melting, the
La/Yb and Sm/Yb ratios are strongly fractionated, whereas these ratios,
especially the Sm/Yb ratios, remain relatively unchanged during partial
melting in the spinel lherzolite stability field, although this depends on
the degree of partial melting (Yaxley, 2000; Xu et al., 2005; Lai et al.,
2012). On the (La/Yb)n vs (Sm/Yb)n diagram, the amphibolite of the
Suhum-Akwadum area mostly plot between N-MORB and E-MORB,
similar to the Kibi mafic volcanic rocks; however, three samples plot
above OIB (Fig. 12a). This geochemical feature may indicate variable
degrees of partial melting at different depths or derivation from two
distinct sources. Similarly, on the Dy/Yb vs La/Yb plot, most of the
amphibolite samples fall within the field of spinel-lherzolite stability,
with three samples plotting in the garnet-lherzolite stability field
(Fig. 12b), corroborating variable degrees of partial melting at different
depths or derivation from two distinct sources. Thus, the amphibolites of
the Suhum-Akwadum area were produced by different degrees of partial
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melting of or sourced from mantle source between spinel and garnet
lherzolite stability fields, probably at depths 80 and 150 km (White and
McKenzie, 1995; Reichow et al., 2005).

4.4. Influence of crustal contamination

On the primitive mantle-normalised diagram (Fig. 7b), the Suhum-
Akwadum amphibolite depicts negative Nb, Ta and Ti peaks, which
are typical of subduction-related rocks or rocks affected by continental
crust contamination (Pearce and Peate, 1995; Elburg, 2010; Pearce,
2014). Th is generally higher in subduction zone-related fluids and
continental crust materials than Nb and Yb. Consequently, Th/Yb in
rocks influenced by subduction-zone-related fluid or continental crust
material will be higher than Nb/Yb (Pearce and Peate, 1995). Such
contaminated rocks will typically plot away from the mantle array to-
wards elevated Th/Yb on the Th/Yb vs Nb/Yb diagram (Pearce and
Peate, 1995; Hofmann, 1988; Manikyamba et al., 2020). Given that, the
amphibolite from the Suhum-Akwadum plot within the mantle array,
which may suggest insignificant contamination by subduction
zone-related fluid or continental crustal contamination (Fig. 13a).
However, mafic volcanic and intrusive rocks of the Kibi belt show evi-
dence of magma-crust interaction during their evolution as they plot
mostly away from the mantle array (Fig. 13a). Three samples, on the
other hand, plot away from the mantle array, which may indicate source
enrichment “metasomatism” by subduction zone component or
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sediment. All the amphibolite samples except two samples plot within
the field defined by arc rocks or rocks influenced by continental
contamination on the Nb/Th vs La/Nb diagram (Fig. 13b). This is similar
to mafic volcanic and intrusive rocks from the Kibi blet. Continental
crust contamination is expected to enrich the LILEs relative to HFS,
which is not the case for most of the Suhum-Akwadum amphibolite
(Fig. 7b). Thus, the geochemical features of the amphibolite might have
experienced insignificant or very minimal continental crust
contamination.

4.5. Depositional setting of the schists

The schists in the Suhum-Akwadum area, characterised by mica,
quartz, and amphibole, suggest metamorphism under greenschist to
lower amphibolite facies. Weak alterations such as sericitisation and
chloritisation are observed. Low LOI, positive geochemical trends
(Fig. 10), and position in the CHARAC field (Fig. 11) imply these ele-
ments remain immobile, validating their use in provenance and tectonic
setting studies.

4.6. Paleoweathering conditions

The Chemical Index of Alteration (CIA = Al;03/(Al;03 + CaO* +
NayO + K20)]*100) measures weathering of source rocks, indicating
how primary minerals like feldspars have transformed into aluminous
clays depleted in Ca, Na, and K (Nesbitt and Young, 1982). According to
Roddaz et al. (2012) unaltered feldspars have a CIA of 50, similar to
unaltered upper crustal rocks. In the Suhum-Akwadum area, the schists
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CIA values range from 47 to 56 (Table 3), close to 50, suggesting little to
no weathering. K-metasomatism can lower CIA, so the Chemical Index of
Weathering (CIW) was introduced (Harnois, 1988); higher CIW than CIA
indicates more weathering and possibly K-metasomatism. In the
Suhum-Akwadum area, CIW values of 50-67 (Table 3) show minimal
weathering. The A-CN-K diagram confirms mostly no to incipient
weathering, with most samples plotting below or on the’ feldspar join”
line (Fig. 14a).

McLennan and Taylor (1991) indicated that Th/U ratios reveal
weathering conditions at the source of siliciclastic rocks. U is concen-
trated during sedimentation in reducing environments, resulting in
lower Th/U ratios. Th/U ratios above 3 typically indicate weathering
effects. The Th/U ratio also infers provenance, as ratios less than 3
suggest a passive margin source. McLennan et al. (1993) found that
sediments from active margins have Th/U ratios of 1-6 and low Th
concentrations. In contrast, the studied schists from the
Suhum-Akwadum area have Th/U ratios of 2.92-3.88 and Th values of
6.56-10.70 ppm. Their weathering trend indicates an increasing
weathering intensity, aligning with sources in and above depleted
mantle arc fields, as shown in Fig. 14b. Low LOI, CIA, CIW, Th/U, and
minimal mineral replacement suggest the schists experienced little to no
source area weathering.

4.7. Sediment maturity, recycling, and source rock composition

The maturity of the Suhum-Akwadum schists was determined by
calculating and evaluating the SiO5/Al;03 and NayO/K20 ratios. Typi-
cally, mature siliciclastic sedimentary rocks have high SiO/Al,05 ratios
(>10) and low NayO/K50 ratios (<1) (Cullers, 1994; Armstrong-Altrin
et al., 2015; Hadji et al., 2024). The schists from the Suhum-Akwadum
area exhibit low SiO3/Al,03 (3.99-5.20) and high Na,O/K»0 values
(1.27-2.87). These values suggest that the schists are composed of
sediments that range from immature to moderately mature. The high
Nay0/K20 values in the schists could be due to the presence of plagio-
clase feldspars, as observed from the petrographic investigation. The
La/Sc ratio can be used to evaluate sediment maturity. The schists have
low to moderate La/Sc values between 1.89 and 4.53, signifying
immature to moderately mature sediments. Sedimentary rocks with
mature sediments show a low (<1) index of compositional variability
(ICV= (Fe203 + K20 + NapO + CaO + MgO + MnO + TiO3)/Al03),
whereas first-cycled immature sediments show high (>1) ICV values.
The Suhum-Akwadum schists have ICV values of 1.38-2.86, indicating
compositional immaturity. In first-cycle sediments, Th/Sc ratios show
an overall positive correlation with Zr/Sc, depending on the nature of
the source rock. In contrast, Zr/Sc ratios in mature or recycled sediments
display considerable variation with little accompanying change in Th/Sc
(McLennan et al., 1993). A plot of the Th/Sc versus Zr/Sc (Fig. 15a)
shows most of the analysed schist samples exhibiting a positive corre-
lation within the mantle compositional fields with low Th/Sc values.
This reflects the dominant input of rock materials from the mantle re-
gion having varying mineral or elemental compositions, with insignifi-
cant recycling. The mineralogical compositions, various ratios and plots
have been utilised to determine the source rocks of the schists. The high
percentage of amphibole (20-30 %) and biotite (35-45 %) in some of the
schists may indicate they originated from mafic or intermediate source
rocks. However, some samples have quartz between 15 and 50 %,
feldspar between 10 and 22, and muscovite around 5 %, which may
indicate felsic to intermediate source rocks. The concentrations of major
and trace elements in siliciclastic sedimentary rocks are crucial in
determining the composition of their source rock. Because mafic rocks
have higher TiO, and lower Al,O3 concentrations compared to felsic
rocks, the Al,03/TiO, ratio can be used to assess the composition of the
source rock of siliciclastic sedimentary rocks (Hayashi et al., 1997;
Nagarajan et al., 2007). Typically, mafic rocks tend to have the lowest
Al,03/TiO, ratio of 3, followed by intermediate rocks with an Al,O3/-
TiO, ratio of 8 with the highest values of 21, recorded for felsic igneous
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(Bau, 1996).

rocks (Hayashi et al., 1997). The schists of the Suhum-Akwadum area
have moderate to high values of Al;03/TiO; between 9 and 27, sug-
gesting an intermediate to felsic source rock composition.

Generally, the REE patterns show little variation when sediments are
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sourced from a single source. On the other hand, significant variations in
REE patterns are recorded when sediments come from multiple, diverse
origins (Nance and Taylor, 1977; Taylor and McLennan, 1985; Cullers,
1995). In the case of the schists from the Suhum-Akwadum area, the REE
patterns display slight variations (Fig. 9). This slight variation in REE
patterns suggests diverse sediment sources, indicating that these rocks
have variable provenances. Sc and Th often tend to be transferred easily
from source to sediment without significant change in concentrations.
Hence, Th/Sc ratios reflect bulk source compositions (Taylor and
McLennan, 1985; McLennan and Taylor, 1991). On the Th/Sc versus
Zr/Sc diagram (Fig. 15a), the schists were sourced from intermediate to
felsic source rock as they plot between the compositions of andesite and
TTG, similar to metasedimentary rocks from the Birimian terrane.
Similarly, the La/Sc versus Co/Th plot also indicates an intermediate to
felsic source rocks as the source rock composition for the
Suhum-Akwadum area schists (Fig. 15b). The ratios of Cr/Th, Eu/Eu*,
La/Co, (La/Lu)y, La/Sc, Th/Sc, and Th/Co can provide valuable infor-
mation about the composition of the source rock (Cullers, 1994, 2002;
Cullers et al., 1988). From Table 4, the elemental ratios suggest that the
sediments for the schists from the Suhum-Akwadum area were derived
from intermediate and felsic source rocks. However, the high horn-
blende content in the hornblende-biotite schist could point to some
mafic contribution. The Rhyacian Birimian terrane could be the prob-
able source of sediments for the schists, as they comprise basaltic,
basaltic andesitic and granitoid rocks.
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4.8. Provenance

McLennan et al. (1993, 1995) described five major provenance types
based on geochemistry, the characteristics of which are summarised in
Table 5. These provenance types are i) Old Upper Continental Crust, ii)
Recycled Sedimentary Rock, iii) Young Undifferentiated Volcanic Arc,
iv) Young Differentiated Volcanic Arc, and v) Exotic component. From
this study, the majority of the results obtained suggest that the sources of
the schists from the Suhum-Akwadum area are typical of Young Undif-
ferentiated Arc terranes. The evidence leading to this deduction are:

1. Unevolved major and trace element compositions (e.g., low SiOy/
Al,0s3, low CIA, Th/Sc, Zr/Sc ratios) in Table 5,

2. Variations of major and trace element compositions in Table 3, and
low negative Eu anomalies,

3. Low REE abundances and variable but less LREE enrichment than
those of Post-Archean Australian Sedimentary rock (PAAS).

The term “Young” refers to the age difference between the prove-
nance terrane and the Birimian metasedimentary rocks. The available
age data for the metasedimentary rocks indicate that their formation is
contemporaneous with the Rhycian Birmian granitoid-greenstone belts
(Leube et al., 1990). This implies that the metasedimentary rocks were
derived from an arc crust that was not significantly modified by intra-
crustal differentiations. Asiedu et al. (2017) and Sedziafa et al. (2025)
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have observed similar provenance types from their studies on the met-
asedimentary rocks from the Kumasi Basin and Ashanti Belt.

4.9. Tectonic settings

Geochemical signatures such as Ti, Nb, and Ta enrichments are
typical features of rocks from MORB or OIB environments (Sun and
McDonough, 1989; Gale et al, 2013). On the other hand,
subduction-related magmas are characterised by enrichment in Ba and
Th and depletion in Nb, Ti, and Ta (Elburg, 2010; Fitton et al., 1988;
Saunders et al., 1988). Therefore, the negative Ti, Nb, and Ta peaks
observed in the amphibolite from the Suhum-Akwadum area (Fig. 7b)
may suggest that they are derived from subduction-related magmas.
Their enriched LILE and flat HFSE patterns are similar to those of rocks
from a subduction zone setting (Elburg, 2010). The amphibolite plots on
the island arc basalt and MORB field on the Zr vs TiO, diagram
(Fig. 16a). Again, on the Zr-Y*3-Ti/100 diagram, the Suhum-Akwadum
amphibolite plots in the field of MORB, island and calc-alkaline basalts
(Fig. 16b). The ratio of Nb/Th have been useful in distinguishing rocks
from arc and non-arc settings (Fitton et al., 1988). Typically, rocks
derived from arc setting have low Nb/Th (<7.5) values (Fitton et al.,
1988; Jenner et al., 1991; Gill, 2012). The Nb/Th ratios for the
Suhum-Akwadum amphibolite are 2.4-10.3. The two samples with high
Nb/Th values > 7.5 show they are different from arc-related rocks.
Therefore, the amphibolite from the study area were probably derived
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Fig. 14. (a) A-CN-K and (b) Th vs Th/U diagrams for the schists to assess
weathering intensity. Kibi data is from Sakyi et al. (2018) whereas N-MORB and
E-MORB values are from Gale et al. (2013) and OIB values from Sun and
McDonough (1989). Data for the field of Birimian metasedimentary rocks is
from (Asiedu et al,, 2007, 2009, 2017, 2019; Manu et al., 2013; Sakyi
et al., 2019).

from subduction zone and exhibit signatures typical of Mid-Ocean ridge
basaltic rocks and island arc tholeiitic basalts. The samples exhibiting
non-arc characteristics could indicate source enrichment of a subduction
zone component or sediment recycling.

Most tectonic settings with stable crust or recycled sediment expo-
sures have Th/Sc values > 1.0 (McLennan and Taylor, 1991). From
Table 5, the low Th/Sc values of 0.23-0.79 indicate that the schists from
the Suhum-Akwadum area formed in active tectonic settings, such as
active continental margin. Verma and Armstrong-Altrin (2013) pro-
posed two multidimensional discrimination diagrams (high-silica
((SiO2)adj = 63-95 %) and low-silica ((Si02)adj = 35-63 %)) in order to
identify arc, rift, and collisional settings. On the high-silica diagram
(Fig. 16c¢), the schists of the Suhum-Akwadum area are entirely plotted
in the arc setting. This corroborates the fact that these samples were
derived from an active continental margin setting. To further constrain
the tectonic setting of the schists from the Suhum-Akwadum area, the
La/Sc versus Ti/Zr tectonic discriminant diagram was plotted (Bhatia
and Crook, 1986). The La/Sc versus Ti/Zr tectonic discriminant diagram
(Fig. 16d) places the schists from the Suhum-Akwadum area mostly
within the continental Island Arc setting akin to Birimian metasedi-
mentary rocks, and a few samples sprawling within the active
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The Co/Th vs La/Sc Diagram (after McLennan and Taylor (1991) for the schists.
Data for the field of Birimian metasedimentary rocks is from (Asiedu et al.,
2007, 2009, 2019, 2017; Manu et al., 2013; Sakyi et al., 2019).

continental margin setting.

5. Implications for the crustal evolution of the Rhyacian
Birimian terrane in Ghana

The Birimian Paleoproterozoic rocks were formed during the Rhya-
cian Eburnean event (Abouchami et al., 1990; Baratoux et al., 2011).
The regional geochemical dataset indicates the involvement of sub-
duction processes in their formation and evolution (Dampare et al.,
2008; Senyah et al., 2016; Sakyi et al., 2018, 2020; McFarlane et al.,
2019). The trace element signatures of the greenstones that make up the
Birimian terrane show consistent negative Nb-Ta troughs, negative P
and Ti anomalies, along with positive Pb anomalies, variable enrichment
of LILE and depletion of HFSE typical of arc crust (Dampare et al., 2008;
Senyah et al., 2016; Sakyi et al., 2018, 2020). The amphibolite of the
Suhum-Akwadum area in Ghana were compared to other greenstone
belts in the Birimian terrane, such as the Kibi belt. The amphibolite
exhibit similar major and trace element characteristics as those of the
Kibi belts. The greenstones from the Kibi belt are mainly classified as
subalkaline basalts with low Mg# and Nb contents, resembling the
amphibolite from the Suhum-Akwadum area of the Suhum Basin. The
negative Nb-Ta peaks displayed by the greenstones from the Kibi belts
suggest an arc-setting character, implying subduction zone processes for
their formation (Fig. 7) (Sakyi et al., 2018). The Suhum-Akwadum area
amphibolite may have been formed in a similar subduction zone setting
as the greenstones from the Kibi belt as they display negative Nb-Ta
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Table 4
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Elemental ratios for the schists compared to sediments from felsic and mafic sources (Amstrong-Altrin et al., 2004).

Schists from Suhum Basin

Range of sediments from felsic sources

Range of sediments from mafic sources

La/Sc 1.89-4.53 2.50-16.3 0.43-0.86
Th/Sc 0.23-0.79 0.84-20.5 0.05-0.22
Cr/Th 1.87-12.61 4.00-15.0 25.0-500
La/Co 2.78-10.98 0.67-19.4 0.04-1.40
Th/Co 0.35-1.53 1.80-13.8 0.14-0.38
Eu/Eu* 0.62-0.84 0.40-0.94 0.71-0.95
La/Lu 4.73-18.60 3.00-27.0 1.10-7.00
Table 5

Summary of geochemical characteristics of provenance types (after McLennan et al., 1993; 1995).

Terrane type Eu/Eu* Th/Sc Other geochemical features Description
Old Upper Continental ~0.60-0.70 ~1.0 Evolved major element compositions (e.g. High 0Old igneous/metamorphic/sedimentary terranes affected intracrustal
Crust (OUC) Si/Al, CIA); High LILE abundances, uniform differentiation. Stable cratons, old foundation of active settings.
compositions.
Recycled Sedimentary ~0.60-0.70 >1.0 Evidence of heavy mineral concentrations in Recycled sedimentary/metasedimentary rocks specifically identified.
Rocks (RSR) trace elements (e.g. Zr, Hf for Zircon, REE for If not separately identified part of OUC.
monazite).
Young Undifferentiated ~1.0 <1.0 Unevolved major element compositions (e.g. Young mantle-derived volcanic/plutonic arc rocks. Dominates
Volcanic Arc (YUA) Low Si/Al, CIA); High LILE abundances, variable forearcs, component in continental arcs, backarcs.
compositions.
Young Differentiated ~0.50-0.90  Variable  Evolved major element compositions (e.g. High Young mantle-derived volcanic/plutonic arc rocks affected by

Volcanic Arc (YUA)
compositions.

Si/Al, CIA); High LILE abundances, variable

intracrustal differentiation. Similar environments as YUA but more
mature arcs or more dissection.

Various exotic components: Chemical signature depends on the nature of the component. For example, very high Mg, Cr, Ni, V and Cr/V would be distinctive of

ophiolitic sources.

troughs, negative P and Ti anomalies, variable enrichment of LILE and
depletion of HFSE. This is consistent with findings from the other
greenstone belts of the Birimian terrane (Dampare et al., 2008; Senyah
et al., 2016; Sakyi et al., 2018, 2020). Overall, our new and published
geochemical data suggest that the greenstones of the Birimian terrane
are related to a volcanic arc environment during the
subduction-accretion process.

The available petrographic and geochemical, including Rb-Sr and
Sm-Nd data for the metasedimentary rocks from the greenstone belts
and metasedimentary basins indicate that these rocks were deposited in
an active continental margin (Roddaz et al., 2007; Manu et al., 2013;
Asiedu et al., 2017, 2019; Sakyi et al., 2019; Brako et al., 2022; Kazapoe
et al., 2023). The deposition was characterised by subduction-accretion
processes, and the sediments were sourced from the greenstone and
granitoid-gneiss complexes of the Rhyacian Birimian terrane (Roddaz
et al., 2007; Manu et al., 2013; Asiedu et al., 2017, 2019; Sakyi et al.,
2019; Brako et al., 2022; Kazapoe et al., 2023). The geochemical sig-
natures recorded in the studied schists from the Suhum-Akwadum area
of the Suhum Basin are consistent with those reported in previous
studies. This reflects low chemical weathering intensity, immature to
moderately mature sediments and deposition in an active continental
margin setting with sediments sourced from greenstone and
granitoid-gneiss complexes of the Rhyacian Birimian terrane (Figs. 14
and 156¢ and 16d). Therefore, the current and previous geochemical
data confirm the presence of an arc tectonic setting in the formation of
the metasedimentary basins of the Birimian terrane.

Our findings thus support the subduction-accretion process model
proposed for the evolution of the Birimian terrane of the West African
Craton. According to the literature, sedimentation and volcanism occur
simultaneously (Leube et al., 1990). Hence, active continental and arc
signatures should be the most plausible results for greenstones and
metasedimentary rocks, as in the case of this study. The overall
geochemical data suggest that the greenstones and metasedimentary
rocks formed during a single orogenic event related to an arc environ-
ment where subduction zone components contributed to the generation
of their parental magmas and sedimentation. This finding is consistent
with the onset of “modern-style” subduction-related processes during

14

the Archean-Paleoproterozoic transitional period in the West African
Craton. The finding, corroborated by Ganne et al. (2012), identified
HP-LT blueschist Paleoproterozoic rocks (a hallmark of modern-style
subduction) in the WAC.

6. Conclusions

The petrographical and geochemical data of metasedimentary rocks
and amphibolite from the Suhum-Akwadum area of the Suhum Basin
have been analysed with the following conclusions:

e The Suhum-Akwadum amphibolite are ortho-amphibolites, chemi-
cally resembling subalkaline basalts.

e They exhibit negative Nb-Ta, P, and Ti anomalies, low Nb/Th ratios,
and LILE enrichment with HFSE depletion, signatures typical of
subduction-related greenstones in the Birimian terrane, however,
few samples show enriched characteristics.

e The schists are geochemically classified as shales and wackes,

showing low weathering intensity (CIA <60, CIW <70) and deriva-

tion from greenstone and granitoid-gneiss sources.

Their geochemical characteristics indicate deposition in an active

continental margin, consistent with other Birimian metasedimentary

basins formed in an arc setting.

Overall data suggest both the amphibolite and metasedimentary

rocks formed during a single orogenic event linked to a volcanic arc/

subduction environment, reflecting the emergence of modern-style
plate tectonics in the Archean-Paleoproterozoic transition in the

WAC.
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