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characteristics, trace-element enrichment patterns and tectonic setting. Elemental
compositions obtained by energy-dispersive X-ray fluorescence (ED-XRF) reveal silica-rich
assemblages dominated by quartz, together with significant TiO, and Fe,O; contents reflecting
heavy minerals and secondary iron oxides. High CIA (81-91) and PIA (> 89) values indicate
intense chemical weathering under humid tropical conditions, consistent with advanced
feldspar alteration and clay formation. Herron’s discrimination diagram shows that most
samples plot in the ferruginous sandstone field, with minor ferruginous shale-litharenite
compositions, pointing to oxidative weathering typical of ferralitic soils. Provenance indicators
suggest derivation mainly from mafic protoliths, combined with contributions from recycled
crustal material and possible hydrothermal quartz inputs. Enrichment of Cr, V and Zr reflects
the concentration of resistant heavy minerals, whereas anomalous Ag and Cd contents may
be linked to sulfide phases and/or hydrothermal influence. Tectonic discrimination plots
display mixed signatures between passive and active continental margin settings, implying a
composite geodynamic control on sediment supply. Overall, the geochemical dataset reveals
highly weathered, compositionally mature sediments sourced from variably altered mafic
rocks and recycled materials, deposited under humid tropical conditions. These results provide
new insights into sediment generation processes and the tectono-sedimentary evolution of
alluvial systems associated with Archean greenstone terranes in Central Africa.
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1. Introduction

Alluvial sediments play a key role in reconstructing
weathering, erosion, and sediment-transport processes at the
scale of drainage basins. Geochemical characterization of
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major and trace elements enables identification of potential
source lithologies, evaluation of compositional maturity, and
inference of depositional conditions (McLennan et al., 1993;
Nesbitt and Young, 1982).In Archean greenstone belts, such
approaches are particularly valuable because complex
tectono-metamorphic histories and strong lithological
variability exert a major control on sediment composition
(De Wit and Ashwal, 1997).

The Baboa de Kole area (Tshopo Province, Democratic
Republic of Congo) lies within the northeastern Congo

Craton, a region characterized by extensive Archean
greenstone—granite terranes commonly referred to as the
Bomu-—Kibalian block (Turnbull et al., 2021; Cahen et al.,
1984). This block encompasses several terranes, including the
Bomu Amphibolite and Gneiss Complex and the West Nile
Gneissic Complex, with felsic-intermediate magmatism
dated between ca. 3.2 and 2.5 Ga, as constrained by recent
U-Pb zircon geochronology (Turnbull et al., 2021). The
northern part of this domain hosts structurally complex
greenstone belts with documented gold mineralization,
notably in the Moto—Kibali district (Allibone et al., 2020).
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Fig. 1: a) Map of the Democratic Republic of Congo highlighting Tshopo Province in black, b) Geological map of Tshopo Province showing major geological
units, with the Banalia territory highlighted in green; the arrow indicates the location of the study area (modified from Kabete et al., 2021) and c) Map of the
study area showing the hydrography of the Baboa de Kole sector, elevation, and sampling locations

Despite the geological significance of the Baboa de Kole
region and the increasing interest in its mineral resources,
detailed geochemical investigations of its alluvial sediments
remain limited. Previous studies have largely been
descriptive and rarely integrate geochemical analyses with
systematic interpretations of sediment provenance,
weathering intensity, and tectonic setting. In this context, the
combined application of major- and trace-element
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geochemistry, alongside weathering and sediment-maturity
indices (e.g., Chemical Index of Alteration (CIA),
Plagioclase Index of Alteration (PIA), Index of
Compositional Variability (ICV)) and tectonic discrimination
diagrams, provides a robust framework for reconstructing
sediment sources and paleoenvironmental conditions
(McLennan et al.,, 1990; Herron, 1988; Taylor and
McLennan, 1985).
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This study aims to (i) characterize the geochemical
composition of alluvial sediments from Baboa de Kole, (ii)
constrain their likely source rocks and degree of chemical
weathering, and (iii) discuss the sedimentary and tectonic
processes that influenced their evolution. By integrating
geochemical data with the regional geological framework,
this work provides new insights into sedimentary dynamics
in the northeastern Congo Craton and offers a baseline for
future geological, environmental, and mineral-resource
assessments.

2. Geographical and Geological Setting

The Baboa de Kole area is located in Tshopo Province,
northeastern Democratic Republic of Congo (DRC) (Fig. 1),
in the Congo River drainage basin. The landscape is
characterized by low relief, dense equatorial forest, and
extensive lateritic mantles developed under persistently
humid tropical conditions. High rainfall, intense leaching,
and prolonged chemical weathering in tropical climates

result in the removal of mobile elements and the
accumulation of resistant elements in soils and sediments, as
shown in lateritic profiles and geochemical studies (Braun et
al., 2012; Braun et al., 2005; Tardy, 1997).

Geologically, the study area lies on the northeastern margin
of the Congo Craton, within the Bomu—Kibalian terrane, one
of the major Archean provinces of Central Africa. This
terrane consists mainly of granitoid batholiths, greenstone
belts, and gneissic complexes that record multiple episodes of
magmatism, deformation, and metamorphism between ca.
3.2 and 2.5 Ga (Turnbull et al., 2021; De Wit and Ashwal,
1997, Cahen et al.,, 1984). Archean greenstone belts,
including those of the Kibalien Superterrane, typically
consist of mafic-ultramafic volcanic sequences, intercalated
sediments such as banded iron formations, and are

commonly intruded by tonalite—trondhjemite—granodiorite
(TTG) granitoids (Kabete et al., 2021; De Wit and Ashwal,
1997; Condie, 1981).

Fig. 2: a-d) Representative sediment samples from the Baboa de Kole area, €) One of the sampled stream channels and f) A small sampling pit excavated for

sediment collection

The northeastern Congo Craton is well known for its
mineralization potential, particularly orogenic gold deposits
hosted along major shear zones and lithological contacts, as
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observed in the Moto—Kibali district and adjacent greenstone
belts (Kabete et al., 2021; Allibone et al., 2020; Groves et al.,
2010). Hydrothermal alteration associated with these systems
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commonly produces quartz veins, iron oxides, and sulfide-
bearing assemblages, which may contribute detrital material
to surrounding sediments (Taylor and McLennan, 1985;
Nesbitt and Young, 1982).

The alluvial sediments investigated here are mainly deposited
along active stream channels and floodplains. They represent

a mixture of materials derived from (i) in-situ weathering of
Archean basement rocks, (ii) reworking of older lateritic
mantles, and (iii)) recycling of detritus transported from
upstream areas. As such, they preserve an integrated record
of lithological variability, weathering intensity, and
sedimentary recycling across the catchment (McLennan et
al., 1993; Cox et al., 1995).

Table 1. Major and trace-element composition of sediments from the Baboa de Kole Area

BKO01 BKO02 BKO03 BK04 BKO05 BK06
Si0, 81.43 75.30 19.60 60.92 84.60 82.11
TiO, 6.13 4.98 4.96 2.30 0.69 4.08
Al,O3 7.27 7.08 10.70 6.40 8.01 5.40
Fe,03 3.73 6.68 791 0.64 1.00 4.39
MnO 0.09 0.09 0.07 0.03 0.01 0.08
MgO 0.27 0.29 0.69 0.40 0.22 0.32
CaO 0.23 0.02 0.04 0.11 0.18 0.31
Na,O 0.56 0.57 0.52 0.54 0.30 0.22
K,O 0.11 0.13 0.09 0.18 0.02 0.31
P05 0.17 0.19 0.08 0.15 0.10 0.24
Total 100.00 95.32 44.66 71.67 95.12 97.45
LOI 0.00 4.68 55.34 28.33 4.88 2515
Zr 10.81 0.00 0.00 20.15 0.15 13.53
Nb 1.15 0.66 0.92 0.87 1.29 0.85
Th 0.00 0.85 0.55 0.00 0.00 0.00
Pb 0.21 0.55 0.67 0.26 0.33 0.05
Sr 0.01 0.00 0.00 0.02 0.01 0.07
Nd 7.08 0.32 0.00 2.04 0.77 0.00
Cd 20.41 9.18 68.37 45.92 57.14 60.20
Sn 0.00 0.00 6.56 6.31 4.02 7.76
Zn 1.29 0.27 0.68 0.20 0.00 0.00
Y 0.96 0.00 0.34 0.43 0.36 0.35
\4 0.00 60.00 0.00 0.00 0.00 0.00
Cr 133.94 5.40 7.44 0.96 1.79 16.20
Ag 0.00 197.33 0.00 146.67 160.00 0.00
Cl 262.7 338 843 299.1 223 325
Si0,/AL0O; 11.20 10.64 1.83 9.52 10.56 15.21
Log (5i0,/Al,03) 1.05 1.03 0.26 0.98 1.02 1.18
ALO3/TiO, 1.19 1.42 2.16 2.78 11.64 1.33
K,0/Na,O 0.20 0.22 0.17 0.33 0.08 1.45
Na,0/K,0 491 4.48 5.94 3.05 13.32 0.69
Fe,0:/K,0 32.59 52.72 91.02 3.62 44.71 14.00
Log (Fe;03/K,0) 1.51 1.72 1.96 0.56 1.65 1.15
Na,0+K,0 0.68 0.69 0.60 0.71 0.32 0.53
ALO3+Na,0+K,0 7.95 7.77 11.30 7.11 8.33 5.93
Fe,0;+MgO 4.00 6.97 8.60 1.04 1.22 4.72
ALO;3/(CaO+MgO+Na,0+K,0)  6.19 7.08 8.00 5.22 11.13 4.65
DF1 -12.87 -8.86 -6.27 -9.30 -4.80 -10.29
DF2 -3.77 -5.12 -5.77 -4.92 -5.95 -5.24
CaO* -0.0010 -0.0022 -0.0008 -0.0013 -0.0004 -0.0014
CIA 83.20 86.48 91.32 83.42 90.56 81.15
PIA 89.66 90.68 93.24 89.18 94.64 95.97
ICv 1.70 1.76 1.32 0.88 0.36 1.87

ICV = (Fe;0; + K20 + NayO + CaO* + MgO + TiO)/ALO; after Cox et al. (1995)
CIA (%) = (AL,O3/(AL,Os+CaO* + Na,0 + K,0)) x 100 after Nesbitt and Young (1982)
PIA (%) = [(ALOs - Kz0)/(ALO; + CaO* + Na,O - K,0)] x 100 after Fedo et al. (1995)

CaO* = 3 CaO - 10/3 P,Os

DF1 (Discriminant Function 1)=(-1.773%x Ti0,%)+(0.607xA1,0;%)+(0.76 X Fe;0;T%)+(-1. 5% Mg0%)+(0.616 X Ca0%)+(0.509%X Na,0 %) +(-1.22 XK ,0 %) +(-9.09). DF2 (Discriminant Function 2)
=(0.445X Ti0,%)+(0.07X A1,05%)+(-0.25X Fe;05 T%)+(-1. 142X Mg 0 %)+(0.432X Na,0 %) +(1.426 xK,0%)+(-6.861). Major oxides are reported in weight percent (wt%), whereas trace and minor

elements are expressed in parts per million (ppm).

At the regional scale, the Bomu—Kibalian terrane forms part
of the broader Central African Shield and interacts
structurally with the Ubendian—Usagaran and Kibaran belts
that developed during Paleoproterozoic to Mesoproterozoic
orogenic cycles (Tack et al., 2010; Begg et al., 2009). These
large-scale tectono-magmatic events promoted exhumation
and exposure of Archean crustal blocks that today constitute
the main sediment sources feeding the Baboa de Kole
drainage basin.

Overall, the geographical and geological framework of the
Baboa de Kole area provides an appropriate natural
laboratory for evaluating sediment provenance, the degree of
chemical weathering, and the imprint of tectonic setting on
alluvial geochemistry

3. Materials and Methods
3.1 X-ray Fluorescence Spectroscopy (ED-XRF)
The elemental composition of the samples was performed
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using energy-dispersive X-ray fluorescence (ED-XRF) with a
XEPOS III spectrometer at the Central Laboratory of
Analyses of the Commissariat Geénéral a [I’Energie
Atomique/Regional Center for Nuclear Studies of Kinshasa
(CGEA/CREN-K). Samples were oven-dried, ground, and
sieved to <63 um. Pellets were prepared by mixing 5 g of
powdered material with 1 g of Fluxana binder and pressing
them wunder hydraulic pressure, following standard
procedures for sediment geochemistry. Analytical conditions
and quality control followed general ED-XRF protocols
(Jenkins, 1999; Potts and Webb, 1992).

Measurements were carried out using the “FP-Pellets” and
“TQ-Pellets Fast” analytical modes. Certified reference
materials (ISE-870, ISE-890, ISE-919, ISE-961 and SOIL-7)
were used to check accuracy and reproducibility throughout
the analytical sequence (Costa et al., 2024; Barreto et al.,
2004).

Four secondary targets (Mo, Al,Os;, Co and HOPG) were
used sequentially to optimize excitation conditions across the
periodic table. Concentrations were obtained by external
calibration, and uncertainties were evaluated from replicate
analyses. Detection limits were typically <1 wt% for major
oxides and lower for most trace elements, in agreement with
previously reported performance ranges for ED-XRF applied
to geological materials (Potts and Webb, 1992).

3.2. Weathering and Sediment Maturity Indices

Several chemical indices were calculated to evaluate the
degree of source-rock weathering, sediment recycling and
compositional maturity. Major oxides were recalculated on a
volatile-free basis prior to computation (McLennan, 1993).
The Chemical Index of Alteration (CIA) was calculated
following Nesbitt and Young (1984):

CIA = ALOs/ (AL,Os + CaO* + Na,O + K>0) X 100 o
(molar compositions)

where; CaO* represents only calcium hosted in silicate
minerals. Carbonate- and phosphate-bound Ca was corrected
using established procedures (Fedo et al., 1995).

To further constrain feldspar alteration, the Plagioclase Index
of Alteration (PTA) was calculated after Fedo et al. (1997):

PIA = ALO;/ (ALOs; + CaO* + Na,0) x 100 (molar @
compositions)

Sediment compositional maturity was also assessed using the
Index of Compositional Variability (ICV), which reflects the
relative abundance of labile versus stable phases (Cox et al.,
1995).

ICV = (Fe;05 + K0 + Na;O + CaO + MgO + MnO + 3)
TiO,) / TiO; (molar compositions)

Together, CIA, PIA and ICV provide complementary
information on weathering intensity and provenance and
have been widely applied in tropical sedimentary systems
(McLennan, 1993).
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4. Results and Discussion

4.1 Major and Trace Element Geochemistry

Six alluvial deposit samples were collected, some of them are
reported in Fig. 2. The major and traces element
compositions of the Baboa de Kole alluvial sediments are
summarized in Table 1.

Silica contents are high (60.9-84.6 wt.%), indicating a detrital
assemblage strongly dominated by quartz. Only sample
BKO03 displays an anomalously low SiO, value (19.6 wt.%),
which likely reflects a higher proportion of fine, clay-rich
and/or Fe-bearing phases.

ALOj; contents (5.4-12.0 wt.%) point to moderate amounts
of aluminosilicate minerals, largely derived from feldspar
weathering, whereas Fe,Os values (0.64-7.91 wt.%) are
consistent with secondary iron oxides formed during
weathering and early diagenesis. The low alkali contents
(Na;0 + K,0 = 0.3-0.7 wt.%) suggest limited feldspar input
and relatively high chemical maturity, in agreement with the
high CIA values (Amiewalan et al., 2020; Nesbitt and
Young, 1982).

TiO, concentrations range from 0.68 to 6.10 wt.%, which,
although relatively high for typical siliciclastic sediments, fall
within the range reported for deposits enriched in Ti-bearing
heavy minerals such as rutile and ilmenite. These values
indicate significant contributions from Ti-rich heavy-mineral
concentrates, probably sourced from basement and mafic
lithologies (Mbala Ngama et al., 2019; Nyobe et al., 2018;
Tonje et al., 2014).

Trace-element data (Table 1) show high Ti abundances
(13,800-36,750 ppm), except in BKO05, further supporting the
control exerted by Fe-Ti oxides on the heavy-mineral
assemblages (Cullers, 2000). Zirconium concentrations vary
widely and reach up to 4,837 ppm, reflecting zircon
enrichment — a typical feature of detrital heavy-mineral
suites and a useful provenance indicator (Garzanti et al.,
2007; Morton and Hallsworth, 1999). The relative
enrichment in V and Cr in several samples is consistent with
contributions from titanomagnetite and other Fe—Ti phases
commonly associated with mafic or volcanic components
(Cullers, 2000). Overall, the geochemical signatures point to
quartz-rich alluvial sediments derived mainly from
weathered basement lithologies, with localized inputs of
heavy-mineral-bearing components.

4.2. Geochemical Classification

The geochemical classification of the Baboa de Kole
sediments using the log(SiO,/Al,0s)-log(Fe,03/K;0)
discrimination diagram (after Herron, 1988) (Fig. 3) shows
that most samples plot in the ferruginous sandstone field (=
67%), whereas the remaining ones fall within the ferruginous
shale-litharenite fields (= 33%).

4.3. Degree of Weathering and Chemical Maturity

The SiO,/AlO; ratio, a widely used indicator of
mineralogical maturity, reflects progressive enrichment in
quartz at the expense of feldspars, mafic minerals and lithic
fragments (Roser et al., 1996; Potter, 1978). The values
obtained (8.29-26.87), except for BKO03 (1.8), suggest
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progressive mineralogical maturity and strong quartz
enrichment in most samples.

These values also imply quartz-rich and clay-poor
assemblages, since SiO, is mainly hosted in quartz whereas
Al,O3 is largely accommodated in clay minerals. Increasing
Si0,/Al1,03 is therefore consistent with sedimentary
recycling and hydrodynamic sorting, reflecting the
preferential survival and concentration of resistant quartz
relative to less stable phases (Armstrong-Altrin et al., 2017,
Roser and Korsch, 1988).
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Fig. 3. Discrimination diagram Log (Si0,/Al,Os) versus Log (Fe,03/K,0)
(after Herron (1988)) showing that the studied alluvial sediments plot mainly
in the ferruginous sandstone field, with minor occurrences in the ferruginous
shale and litharenite fields
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Fig. 4. SiO, (Wt%) versus Al,03+K,0+Na,O (wt%) diagram (after Suttner
and Dutta (1986)), indicating that the studied alluvial sediments were
derived under humid climatic conditions and are compositionally mature

The Al,03/(Ca0O + MgO + Na;O + K;O) ratio ranges from
4.65 to 11.13, indicating advanced chemical weathering and
preferential retention of Al in residual phases (Gill and
Yemane, 1996).

The ICV ranges from 0.36 to 1.87. The lowest value in BK05

28

points to higher proportions of clay minerals or muscovite,
whereas values close to or above 1 indicate contributions
from feldspars in the source terrain (Cox et al., 1995). This
implies that BK05 derived from more intensely weathered
parent rocks compared with the other samples.

The CIA calculated using silicate-bound CaO (CaO?%*), varies
between 81.15 and 91.32, suggesting intense chemical
weathering commonly associated with humid climatic
conditions (Mbale Ngama et al., 2019; Chen et al., 2016;
Singh et al., 2005; Fedo et al., 1995). Finally, the SiO; versus
(AlL,O3 + K0 + Na,0) diagram (Fig. 4) after Suttner and
Dutta (1986) is consistent with deposition under
predominantly humid climatic conditions.

The PIA ranges from 89.18 to 95.97%, indicating intense
plagioclase alteration and advanced chemical weathering of
the source rocks (Fedo et al., 1997; Fedo et al., 1995).
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Fig. 5. Provenance discrimination diagrams: a) DF1 versus DF2 plot (after
Roser and Korsch (1988)) indicating that the Baboa de Kole alluvial
sediments were largely derived from recycled quartz-rich sedimentary rocks.
DF1 (Discriminant Function 1) = (-1.773xTiO,%) + (0.607xAl,03%) +
(0.76XFe;03T%) + (-1.5xMgO0%) + (0.616xCa0%) + (0.509xNa,0%) + (-
1.22xK,0%) + (-9.09). DF2 (Discriminant Function 2) = (0.445xTiO,%) +
(0.07xALL,03%) + (-0.25%Fe,03T%) + (-1.142xXMgO0%) + (0.432XNa,0%) +
(1.426xK,0%) + (-6.861) and b) Al,O3 versus TiO; plot (after Hayashi et al.
(1997)) suggesting additional contributions from mafic source rocks

4.4. Weathering Indices and Provenance Constraints
The DF1 versus DF2 discrimination diagram (Roser and
Korsch, 1988) (Fig. 5a) places most samples in the field of
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recycled quartzose sedimentary rocks, suggesting significant
sediment recycling and hydrodynamic sorting, in agreement
with the high quartz contents. The Al,O3-TiO; relationships
(Hayashi et al., 1997) (Fig. 5b) plot predominantly within the
mafic protolith field, broadly consistent with the occurrence
of Archean greenstone belts in the region. However, the very
high SiO; contents are not typical of mafic sources and may
instead reflect contributions from felsic rocks and/or quartz
veining, which is commonly associated with hydrothermal
systems in greenstone terranes (Groves et al., 2010; McCuaig
and Kerrich, 1998).
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Fig. 6. LOI versus CIA plot (after Babechuck et al. (2014)) showing that the
sediments are dominated by chemically resistant minerals, as reflected by
CIA values exceeding 80. CIA (%) = (Al1203/(A1203+CaO* + Na20 +
K20)) x 100 (after Nesbitt and Young (1982))

No systematic relationship is observed between loss on
ignition (LOI) and CIA (Fig. 6). The geochemical
composition indicates limited contributions from unaltered
primary minerals and supports intense, prolonged chemical
weathering. Sediments are dominated by resistant mineral
phases, producing a mature weathering signal (Babechuk et
al., 2014; Nesbitt and Young, 1982).

4.5. Degree of Trace-element Enrichment

To evaluate trace-element enrichment, the measured
concentrations were normalized to Upper Continental Crust
(UCCQC) values following the approach of Yang and Blum
(1999), using the reference dataset of Taylor and McLennan
(1985). This normalization allows the distinction between
non-enriched, weakly enriched, and highly enriched
elements relative to the average composition of the UCC
(Fig. 7).

The results indicate that Zn, Y, Sr, Pb, Th and Nb display
values close to those of the UCC, suggesting no significant
enrichment. Sn, Cd, V, Nd and Zr show weak enrichment,
probably related to the presence of resistant minerals such as
zircon and monazite, as well as inherited clay phases
(Wedepohl, 1995; Taylor and McLennan, 1985). In contrast,
Cr, Ag and Cd exhibit pronounced enrichment.

The positive Cr anomaly implies a significant contribution
from mafic to ultramafic source rocks or Cr-rich heavy
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minerals (e.g., chromite, titanomagnetite), whereas Ag and
Cd enrichment may reflect sulfide phases and/or
hydrothermal inputs associated with the source rocks
(McLennan, 2001; Krauskopf and Bird, 1995). Taken
together, these geochemical signatures support a mixed
provenance involving mafic, sulfide phases and sedimentary
units, combined with sediment recycling and selective
concentration during transport and deposition.

4.6. Correlation of Major and Trace Elements

Correlation coefficients for major and trace elements are
summarized in Table 2. The strong negative relationship
between SiO, and most other oxides is consistent with a
significant proportion of quartz, which tends to be
mechanically stable and only weakly affected by chemical
weathering (Taylor and McLennan, 1985; Nesbitt and
Young, 1982).

In contrast, positive correlations among Ti, Fe, Mn and
several transition metals (e.g., V, Cr) may reflect
contributions from Fe-Ti oxides and ferromagnesian
minerals (Duchesne and Bologne, 2009), as observed in
regional surface sediments where significant positive
correlations of Ti with Fe and Mn are interpreted to indicate
detrital and heavy-mineral control (Selvaraj and Chen, 2006).
Associations between Ti and selected high-field-strength
elements likely reflect co-occurrence with resistant accessory
minerals rather than simple incorporation into a single phase
(McLennan, 2001).
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Fig. 7. Trace-element normalized patterns (after Yang and Blum (1999)) for
the studied alluvial sediments, using the Upper Continental Crust values of
Taylor and McLennan (1985). The diagram shows three domains: (i) non-
enriched elements (Nb, Th, Pb, Sr, Zn, Y), (ii) weakly enriched elements
(Nd, Sn, Zr, V), and (iii) strongly enriched elements (Cd, Cr, Ag)

Positive relationships involving Al-rich components (e.g.,
Al,0Os together with Ca, Sr or Zr) may indicate a combination
of feldspar weathering and the formation of clay minerals,
although part of the Zr is probably hosted by zircon (Fedo et
al., 1995; Nesbitt and Young, 1984). The correlation between
Al,O; and REE suggests adsorption or retention within clay
and other aluminosilicate phases, but multiple mineral hosts
are likely (McLennan and Taylor, 1991).

Overall, these patterns point to mixed mineralogical controls
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rather than single-phase behavior and should be interpreted  in the source area (Fedo et al., 1995; Taylor and McLennan,
cautiously. The observed correlations among major and trace ~ 1985). Enrichments in Ti, Fe, Mn, and Cr are consistent with
elements likely reflect combined mineralogical and the presence of resistant heavy minerals and ferromagnesian
weathering controls. Positive correlations between SiO,, phases, such as ilmenite, magnetite, and spinels, which serve
CaO, and P,0s suggest contributions from feldspars and as carriers of these elements in sediments (McLennan, 2001;
apatite, potentially derived from mafic or felsic components  Nesbitt and Young, 1982).

Table 2. Correlation matrix of the alluvial sediments from Baboa de Kole

SiO; TiO: ALOs; Fe:0; MnO MgO CaO Na.O KO P:0s v Cr Cu Zn Ag Cl1 Zr

Method : A correlation matrix was computed in Microsoft Excel using the Data — Data Analysis — Correlation procedure applied to the normalized dataset. The matrix was subsequently visualized
using conditional formatting to enhance readability. A color scale was defined such that coefficients approaching +1 are shown in blue and those approaching 1 in red, with intermediate values
represented by gradual transitions. This visualization facilitates the assessment of both the magnitude and direction of relationships among the analyzed variables
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Fig. 8. Tectonic discrimination diagrams based on the major-element geochemistry of the analyzed alluvial sediments: a) SiO, (wt%) versus K,O/Na,O plot
(after Roser and Korsch (1986)), showing that the sediments mainly derive from passive margins and, to a lesser extent, from active continental margins. (b)
Adapted version of the SiO, (wt%) versus K,O/Na,O diagram (after Roser and Korsch (1986)), highlighting the relative contribution of active continental
margin sources and c) (Fe;O3T+MgO) (wt%) versus Al,O3/SiO, diagram (after Bhatia (1983)), showing that the sediments plot near passive and active
continental margin fields. The fields correspond to passive margins (PM), active continental margins (ACM), continental island arcs (CIA), oceanic island
arcs (OIA), and continental rift settings (CR)

Al-rich clay minerals likely acted as important adsorption  diagenesis (Cox et al., 1995; McLennan and Taylor, 1991).
sites for several trace elements during weathering and The behavior of relatively immobile or incompatible
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elements, such as Zr and REE, reflects the influence of
resistant accessory minerals, while K and P behavior may be
controlled by both primary mineralogy and post-depositional
processes. Because many of these geochemical associations
are not unique, their interpretation should be approached
with caution.

Several studies have shown that intense chemical weathering
in source areas results in elevated chemical alteration indices.
The Chemical Index of Alteration (CIA) and Plagioclase
Index of Alteration (PIA) are widely used to quantify
weathering intensity, with values above ~75-80 % typically
indicating strong weathering of source rocks (Fedo et al.,
1995; McLennan et al., 1993). In weathering profiles
developed on Archean granitoids, mobile elements such as
Na, Ca, and Sr are progressively lost, whereas high-field-
strength elements (HFSE) like Ti, Zr, and Th remain
relatively immobile, resulting in their relative enrichment in
highly weathered sediments (Panahi et al., 2000).

4.7. Tectonic Contexts

The mixed tectonic signal observed in the Baboa de Kole
sediments, plotting between typical passive- and active-
margin fields (Fig. 8), is comparable to many Precambrian
and Phanerozoic siliciclastic successions worldwide.
Previous studies have shown that sediment recycling and
variable inputs from magmatic arcs can produce intermediate
patterns on major- and trace-element discrimination
diagrams, complicating simple tectonic interpretations
(McLennan et al., 1990; Bhatia and Crook, 1986; Roser and
Korsch, 1986; Bhatia 1983).

Many Archean and Paleoproterozoic sediments also display
intense chemical weathering, reflected in high CIA and PIA
values and relative enrichment in immobile elements such as
Ti, Zr, and Th (Taylor and McLennan, 1995; Nesbitt and
Young, 1982). In several cratonic successions, these
geochemical patterns may plot between passive- and active-
margin fields, although tectonic interpretations remain
debated (Condie, 1993). Similar weathering-related trends
have been documented in West African and Amazonian
cratons, where prolonged alteration and sediment recycling
dominate (Martins et al., 2004; Kroonenberg, 1994; Nahon,
1991).

Analogous tectono-sedimentary settings occur in many
forelands and strike-slip basins bordering orogenic belts,
where quartz-rich recycled sediments are commonly mixed
with arc-derived volcanic detritus (Ingersoll, 1990;
Dickinson, 1988). Such mixtures can produce intermediate
geochemical signatures that sometimes plot near the
boundary between passive- and active-margin fields on
commonly used discrimination diagrams (Floyd et al., 1991).

In Central and East Africa, comparable mixed signatures
have been interpreted in basins influenced by greenstone belts
and intracratonic rifting, although the geodynamic histories
are complex and remain debated (Kabete et al., 2021; De
Waele et al., 2006; Kampunzu and Lubala, 1991).

Collectively, these analogues suggest that the Baboa de Kole
alluvial sediments likely originated from a composite
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hinterland composed of (i) recycled and weathered cratonic
and sedimentary units and (i) mafic-intermediate volcanic
or volcanogenic rocks related to ancient tectono-magmatic
activity. This interpretation is consistent with the strong
chemical weathering indices, the occurrence of resistant
heavy minerals, and the influence of greenstone belts
documented in the study area.

5. Conclusion

This study provides a comprehensive geochemical
characterization of alluvial sediments from the Baboa de
Kole area, along the northeastern margin of the Congo
Craton. The sediments are compositionally mature and
quartz-rich, with variable contributions of clay-rich material,
reflecting progressive chemical weathering, hydraulic
sorting, and sediment recycling. Weathering indices,
including CIA, PIA, and ICV, indicate moderate to intense
chemical alteration under warm and humid conditions,
leading to the preferential loss of mobile elements and
residual enrichment in stable mineral phases. Provenance
analyses reveal a mixed source signature, with sediments
derived from both mafic-intermediate greenstone-belt
lithologies and highly weathered Archean granitoid and
gneissic crust. Trace-element patterns and tectonic
discrimination diagrams suggest that these sediments record
contributions from both recycled cratonic material and arc-
derived volcanic sources. The observed geochemical
signatures also reflect the influence of prolonged tropical
weathering and repeated fluvial reworking, highlighting the
complex interplay of provenance, weathering, and sediment
transport in shaping the alluvial deposits. Overall, the results
establish a geochemical baseline for the Baboa de Kole
alluvial system and provide new insights into the weathering
processes, sedimentary recycling, and landscape evolution of
Archean terranes. Future studies incorporating mineralogical
and isotopic analyses, along with broader spatial sampling,
will further refine source-area reconstructions and improve
our understanding of trace and heavy element mobility in
auriferous alluvial environments.
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