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Abstract

Heavy-mineral black sands along the Bayelsa coast of the Niger Delta were investigated using
aeromagnetic, geological, field and geochemical data to assess their magnetic expression and
mineralogical significance. Aeromagnetic data acquired at a nominal terrain clearance of 80 m and
500 m flight-line spacing were processed to generate total magnetic intensity (TMI), regional,
residual, reduction-to-equator and first vertical derivative maps. The TMI field ranges from
approximately —115.4 to —8.4 nT, while the residual field ranges from —52.4 to +31.5 nT. Broad
regional anomalies dominate the inland and offshore sectors, whereas shorter-wavelength magnetic
variations occur along the Akassa — Brass - eastern coastal corridor, where the black-sand sampling
sites are located. First vertical derivative and lineament analyses further emphasise shallow
magnetic heterogeneity along this coastal zone. Structural-complexity highs and the integrated
structural-anomaly polygons overlap or lie close to the three field-confirmed black-sand sites. Field
observations confirmed unconsolidated dark-grey to black sand concentrations within the modern
beach environment. Geochemical analysis of a representative sample yielded 34.112 wt% SiOs,
30.031 wt% ZrO2, 14.790 wt% Fe20Os and 14.412 wt% TiO., defining a pronounced Zr-Ti—Fe
geochemical fingerprint. The magnetic anomalies are interpreted to reflect mainly Fe-bearing heavy
minerals, including Fe — Ti oxides, whereas zircon enrichment is principally indicated by the high
ZrO: content. The coincidence of shallow magnetic variability, favourable coastal depositional
conditions and geochemical enrichment supports the presence of a heavy-mineral placer system.
Further systematic sampling, ground magnetic surveys and mineralogical analyses are required to
establish deposit continuity, mineral proportions and economic potential.

Keywords: aeromagnetics; black sand; coastal placer; heavy minerals; ilmenite; Niger Delta;

structural complexity; zircon

1 INTRODUCTION

Coastal heavy-mineral sands are placer accumulations formed when minerals of relatively high
density are hydraulically concentrated within beaches, barrier systems, dunes, tidal inlets and

shallow-marine environments (Dill et al., 2021). Economically important components include
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ilmenite, rutile and leucoxene as titanium feedstocks, together with zircon, monazite, garnet and
magnetite (Raju, 2025). Repeated weathering, fluvial delivery and coastal reworking separate grains
according to density, size and shape, producing dark heavy-mineral-rich laminae, lenses and lag
concentrations within otherwise quartz-rich sand (Surour & El-Tohamy, 2024; Griffioen et al.,
2016).

Magnetic and geochemical observations respond to different parts of this mineral assemblage and
are therefore complementary (Carrero et al., 2022). Magnetite and Fe-bearing titanium oxides can
generate measurable magnetic responses, whereas zircon contributes little directly to bulk magnetic
susceptibility (Liu et al., 2012). Magnetic mapping can consequently identify zones of enhanced
magnetic-mineral concentration, while bulk geochemistry can test whether Fe, Ti and Zr are
enriched in field samples. Recent coastal placer studies likewise show that mineral separation, XRD
and SEM-EDX are ultimately required to convert bulk chemical enrichment into defensible mineral
proportions (Trujillo et al., 2022; Ahmed et al. 2023; Hossain et al. 2024).

The Niger Delta is an appropriate setting in which to test this integrated approach. It comprises a
thick Cenozoic clastic succession overlain by extensive Quaternary deltaic and coastal deposits
(Ezeh & Bhattacharya, 2023). The modern coast contains distributary channels, tidal creeks,
estuaries, beaches and barrier systems that are repeatedly modified by fluvial, tidal and wave
processes (Allen 1965; Short and Stauble 1967; Doust and Omatsola 1990; Obaje 2009). At
Okpoama-Brass, beach sediments are dominated by fine- to medium-grained sand transported by
saltation, traction and suspension, conditions compatible with hydraulic sorting of dense minerals
(Akpofure and Akana 2019).

Dark beach sand alone, however, does not establish either mineral composition or economic
significance, and regional airborne magnetic anomalies can be produced by sources much deeper

than surficial placer sediment (Aziz et al., 2020). A useful reconnaissance model must therefore
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separate broad regional magnetic components from shorter-wavelength responses, identify the
spatial organization of shallow magnetic heterogeneity, and then compare the magnetic targets with
field and geochemical evidence.

This study evaluates the Bayelsa coastal black sands using aeromagnetic, geological, field and
geochemical data. The specific objectives are to: characterize the regional and shallow magnetic
anomaly patterns; map magnetic lineaments and structural complexity; reinterpret the structural-
complexity and integrated structural-anomaly zones as Ti-Fe accumulation/prospectivity regions
where they coincide with the coastal black-sand system; and test that interpretation using the
available black-sand geochemistry. The working hypothesis is that a magnetically defined Ti-Fe
accumulation target should be supported by elevated Fe:Os and TiO: in a representative black-sand
sample, whereas ZrO. enrichment should provide independent evidence for a co-concentrated

zirconium-bearing phase rather than a direct magnetic response.

2 GEOLOGICAL AND GEOMORPHOLOGICAL SETTING

Regional geology of the Niger Delta

The Niger Delta occupies the continental margin of the Gulf of Guinea and is one of the world's
major Cenozoic clastic delta systems (Francis et al., 2026; George et al., 2019). The study area lies
in southern Bayelsa State and covers the Brass-Nembe coastal sector of the Niger Delta,
southwestern Nigeria (Fig. 1). Its position near the Atlantic margin places it within an active fluvial-
tidal-marine depositional system in which sediment supplied from the continental hinterland is
redistributed by distributary channels, tidal currents, waves and longshore transport (Macquen &
Omonefe, 2026).

The regional subsurface stratigraphy comprises, from base to top, the predominantly marine-shale
Akata Formation, the paralic interbedded sand-shale Agbada Formation and the continental sand-

dominated Benin Formation (Short and Stauble 1967; Doust and Omatsola 1990; Tuttle et al. 1999).
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For the present placer investigation, however, the most relevant materials are the much younger
unconsolidated sediments of the modern deltaic and coastal plain. Late Quaternary evolution
generated distributary channels, tidal creeks, mangrove swamps, estuaries, tidal flats, beach ridges,
barriers and shallow-marine environments (Woodroffe, 2000). Repeated erosion, transport and
redeposition provide a mechanism for sediment recycling and hydraulic concentration of dense

detrital minerals (Richard et al., 2025; Allen 1965; Obaje 2009).
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Fig. 1 Regional setting of the Brass-Nembe coastal study area. The map locates Bayelsa State and the study
boundary within southern Nigeria.

Bayelsa coastal setting

The investigated area extends approximately from 6°00'E to 6°30'E and 4°00'N to 4°30'N,
encompassing the Akassa-Brass-Nembe coastal corridor and the adjoining offshore sector. Macquen
and Omonefe (2026) states that the terrain is low-lying and dissected by distributary channels, tidal

creeks and estuarine waterways. Near-surface lithostratigraphy is dominated by unconsolidated
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alluvial and coastal sediments (Fig. 2). These young deposits constitute the host material for the
investigated black-sand concentrations. The dense network of distributary and tidal channels
indicates strong coupling between fluvial sediment supply and marine reworking (Ejaita &
Omonefe, 2026; Syvitski et al., 2005). Repeated erosion and redeposition can separate grains by
density, size and hydraulic equivalence, progressively concentrating ilmenite, magnetite, rutile,

zircon and other heavy minerals within beach and nearshore sediment.
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Fig. 2 Lithostratigraphic setting of the Brass-Nembe coastal sector. Unconsolidated alluvial/coastal deposits and
distributary-tidal networks dominate the near-surface study area.

The broader geological compilation likewise emphasizes sandy, unconsolidated deposits along the
coastal margin (Fig. 3). Field observations are consistent with a placer model: dark grey to black

mineral-rich sand occurs locally at the surface and in shallow excavations and is interlayered with
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lighter quartz-rich beach sand. This geometry favours repeated coastal sorting and concentration

rather than emplacement as a massive bedrock-derived body (Carvalho & Woodrofte, 2023; Nanson

et al., 2026).
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Fig. 3 Geological map of the Brass-Nembe coastal study area. Sandy and unconsolidated coastal units form the
principal host for heavy-mineral placer accumulation.

3 MATERIALS AND METHODS

Aeromagnetic dataset

The available aeromagnetic dataset was processed in Oasis montaj version 10.7.1. Acquisition and

delivered-grid specifications supplied with the dataset are summarized in Table 1. The delivered

TMI grid has a 50 m cell size and values ranging from approximately -115.4 to -8.4 nT.
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Table 1 Aeromagnetic survey and grid specifications.

Parameter

Specification

Magnetic recording interval

<=0.1 s (approximately 7 m)

Mean terrain clearance 80 m
Flight-line spacing 500 m
Tie-line spacing 5,000 m
Flight-line direction 135°
Tie-line direction 45°

Magnetometer 3 x Scintrex CS3 cesium-vapour sensors
Acquisition system FASDAS

Radar altimeter King KR405/KR405B
Barometric altimeter Enviro Baro/Digiquartz

Navigation NovAtel 3151R / Omnistar RTDGPS
Flight-path processing Real-time differential GPS
Delivered grid-cell size 50 m

Magnetic processing

Processing was designed to distinguish broad regional magnetic variation from shorter-wavelength
features of comparatively shallow origin. A smooth regional component was removed from the TMI
anomaly using the trend-removal workflow in Oasis montaj. The residual anomaly was defined as:
Tres = Trmr — Tregional (D

where (T,..5) 1s the residual magnetic anomaly, (Trp;) is the input magnetic-anomaly field and
(Tregionar) 1s the estimated regional component.

Because the study area lies at low geomagnetic latitude, a reduction-to-equator (RTE)
transformation was applied to improve the spatial association between anomaly patterns and their
causative sources. A first vertical derivative (FVD) grid was also generated to enhance high-

frequency responses and magnetic boundaries associated with comparatively shallow sources.
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Derivative products can amplify acquisition or processing noise and were therefore interpreted
together with the unfiltered and regional-separated fields rather than in isolation (Ejaita et al., 2025;

Blakely 1995; Verduzco et al. 2004).

Magnetic lineaments, structural complexity and target mapping

Magnetic lineaments were interpreted from the processed magnetic products to summarize the
spatial organization of short-wavelength boundaries and discontinuities. The resulting lineament
framework was used to generate the structural-complexity surface and the integrated structural-
anomaly map supplied with the magnetic study. These products were compared with the coastal
geomorphology and sampling locations to define reconnaissance target zones. Because the host
environment is unconsolidated coastal sediment and the target minerals are Fe-bearing heavy-
mineral phases, the high-complexity zones and polygonal structural anomalies are evaluated in this
paper as interpreted Ti-Fe accumulation/prospectivity regions. The mapping remains an indirect

magnetic interpretation and does not by itself identify mineral species, grade or deposit thickness.

Field investigation and sampling

Field reconnaissance focused on the coastal sector where dark heavy-mineral-rich sands were
exposed. Three bulk beach-sand locations were documented (Table 2). Location 1 was sampled
from a shallow excavation to approximately 1 m depth, whereas Locations 2 and 3 were sampled at
the surface. At each site, the colour, unconsolidated character and relationship between dark and
light sand fractions were visually examined. Representative field evidence and sample appearance

are shown in Fig. 4.

Table 2 Black-sand sampling locations.

|  Sample | Longitude (°E) | Latitude °N) | Depth | Material
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(a)

(c)

163
164
165
166

167

168

Location 1 6.050811 4.290034 ~l'm Bulk beach sand
Location 2 6.290140 4.293309 Surface Bulk beach sand
Location 3 6.412777 4.305805 Surface Bulk beach sand

(b)

(d)

Fig. 4 Representative field occurrence and black-sand sample material. (a) Shallow excavation at Location 1; (b)
collected bulk beach sand at Location 2; (c) representative black-sand specimen from Location 1; (d) packaged
black-sand sample.

Geochemical analysis

A representative black-sand specimen from Location 1 was submitted for an ilmenite/multi-element

assay. The analytical programme used atomic absorption spectrometry (AAS), colorimetry,
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gravimetry and titrimetry with reference to laboratory ASTM procedures, ISO/IEC 17025
requirements and internal standard operating procedures. The requested suite included Al, As, Ba,
Ca, Cd, Cr, Cu, Co, Fe20s, Ga, Ge, K, Mg, Mn, Mo, Ni, P, Pb, SiO2, S, Sb, TiO2, Sn, V, Zn and

ZrO2. Only the reported quantified values are tabulated in the Results.

Geochemical indices and mineral-equivalent calculations
Two simple oxide ratios were calculated to characterise the Fe—Ti—Zr association:

TiO0,

Ryijpe = Fe30s ()
and

Zro
Rar/mi = 7o (3)

Zircon-equivalent and ilmenite-equivalent contents were calculated by assigning all measured ZrO-
to stoichiometric zircon (ZrSiO4) and all measured TiO: to ideal ilmenite (FeTiOs). These values
are theoretical mineral equivalents, not certified mineral grades, because bulk chemistry cannot

uniquely identify the host phase of Ti or Zr.

4 RESULTS

Total magnetic intensity

The TMI anomaly ranges from approximately -115.4 to -8.4 nT and displays a marked north-south
magnetic contrast (Fig. 5). Relatively higher responses dominate the northern part of the study area,
whereas lower values occur across the central and southwestern offshore sectors. A broad west-east
magnetic high characterizes the north, while the offshore area is dominated by a broad magnetic
low.

For black-sand exploration, the most relevant feature is the Akassa-Brass-eastern coastal corridor,

where shorter-wavelength magnetic variations are superimposed on the regional field. The sampling

10
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locations lie within or close to this coastal magnetic-gradient zone. The TMI pattern is therefore

treated as reconnaissance evidence of magnetic heterogeneity rather than direct confirmation of

mineralized sand.
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Fig. 5 Total magnetic intensity anomaly and black-sand sampling sites. TMI values range from approximately -

115.4 to -8.4 nT; shorter-wavelength variability is evident along the coastal corridor.

Regional and residual magnetic fields

The regional magnetic field ranges from approximately -76.3 to -23.4 nT and increases smoothly
towards the northeast (Fig. 6). Its long-wavelength character is consistent with a regional magnetic

source and was treated as background for the shallow-target interpretation. Removal of this

11




202 component produced a residual field ranging from approximately -52.4 to +31.5 nT. The residual
203  grid is not reproduced here, but it was used together with the derivative products to distinguish local

204  magnetic variability from the broad regional trend.

i 12
(
REGIONAL MAP OF THE STUDY
0.1 0 0.1
degrees
205
206 Fig. 6 Regional magnetic anomaly of the study area. The smooth long-wavelength component ranges from
207 approximately -76.3 to -23.4 nT.

208 4.3 Reduction-to-equator magnetic anomaly

209  The RTE magnetic field ranges from approximately -108.7 to -13.2 nT and retains the principal
210  regional anomaly domains while modifying anomaly position for the low-latitude geomagnetic

211  setting (Fig. 7). Higher responses remain concentrated in the northern sector and a pronounced

12



212 magnetic low occupies the central-southwestern sector. Local short-wavelength variations persist
213  along the coastline after transformation, supporting their use as shallow-source reconnaissance

214  features.
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216 Fig. 7 Reduction-to-equator magnetic anomaly of the study area. RTE values range from approximately -108.7
217 to -13.2 nT; coastal short-wavelength variability remains evident.

218  First vertical derivative

219  The FVD map enhances short-wavelength magnetic responses and shallow magnetic boundaries
220  (Fig. 8). High-frequency variations are particularly evident along the Okumbiri-Akassa-Brass-

221  Otokolopiri coastal corridor, where the black-sand sampling sites occur near local positive-negative

13



222 derivative contrasts. The pattern indicates pronounced shallow magnetic heterogeneity relevant to
223  Fe-bearing heavy minerals. The strongest high-frequency texture, especially in the northern sector,

224  isinterpreted cautiously because vertical derivatives can also enhance survey noise.
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225

226 Fig. 8 First vertical derivative and black-sand sampling sites. The FVD emphasizes shallow, short-wavelength
227 magnetic variability along the coastal target corridor.

228  Magnetic lineaments

229  Interpreted magnetic lineaments are concentrated mainly in the northern and coastal parts of the
230  study area and show dominant NE-SW to ENE-WSW trends, with subordinate E-W, NW-SE and
231 N-S orientations (Fig. 9). Longer NE-SW features are prominent around the Brass sector, whereas
232 the southern offshore sector contains fewer and mainly E-W features. The lineaments are treated as

233 magnetic boundaries or discontinuities and not automatically as confirmed faults.
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coastal magnetic heterogeneity.

Structural complexity and interpreted Ti-Fe accumulation regions

15

Fig. 9 Interpreted magnetic lineaments and sampling sites. Dominant NE-SW to ENE-WSW trends organize the

The structural-complexity surface shows markedly higher values across the northern and coastal
sectors, with low values over much of the offshore area (Fig. 10). Local high-complexity zones
occur around Akassa, Brass and the eastern coastal corridor near the black-sand sampling locations.

These zones coincide with increased magnetic variability and lineament concentration.
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242
243 Fig. 10 Magnetic structural complexity and interpreted Ti-Fe accumulation prospectivity. Elevated complexity
244 values cluster across the northern and coastal sectors and occur near the black-sand sampling sites.
245

246 In the context of this study, the high-complexity belt is interpreted as a Ti-Fe
247  accumulation/prospectivity region derived from the magnetic dataset. This terminology reflects the
248  target process being investigated: local concentration of Fe-bearing and titaniferous heavy minerals
249  within unconsolidated coastal sediment. The interpretation is not intended to imply hydrothermal

250 alteration or bedrock mineralization.
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251  Integrated structural map and Ti-Fe accumulation targets

252  The integrated structural map contains discrete polygonal anomalies that cluster around Akassa,
253  Balatiama, Brass, Whale Island, Gold Coast and the eastern coastal corridor (Fig. 11). The three
254  black-sand sampling locations occur within or adjacent to some of these polygons and lineament
255  clusters. The polygonal zones are therefore treated here as interpreted Ti-Fe accumulation targets

256  defined by the magnetic structural analysis. Their significance is evaluated against the field and

T
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257  geochemical data below.
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259 Fig. 11 Integrated magnetic structural map and interpreted Ti-Fe accumulation zones.
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260  Field occurrence of black sands

261  Field observations confirm dark-grey to black unconsolidated sand within the modern Bayelsa beach

262  environment (Fig. 4). The dark fraction occurs within lighter quartz-rich beach sand and as locally
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enriched material in shallow excavations. Its granular, unconsolidated character and association

with the active beach system are consistent with hydraulic sorting and placer-style concentration.

Geochemical composition and mineral-equivalent estimates

The analysed Location 1 black-sand sample is dominated by SiOa, ZrO-, Fe.Os and TiO: at 34.112,
30.031, 14.790 and 14.412 wt%, respectively (Table 3). The closely comparable Fe.Os and TiO-
abundances define a strong Fe-Ti association, while the high ZrO: concentration demonstrates
substantial enrichment of a zirconium-bearing phase.

Table 3 Major and selected trace-element composition of the Location 1 black sand.

Analyte Concentration (wt%)
SiO: 34.112
Z10: 30.031
Fe20s 14.790
TiO2 14.412
\Y% 0.083
Mn 0.072
Ni 0.071
Al 0.062
Ca 0.037
Zn 0.035
Cu 0.016
Cr 0.011
Co 0.009
P 0.007
As 0.005
Sn 0.003

The calculated TiO2/Fe:0s ratio is 0.97 and the ZrO/TiO: ratio is 2.08. The near-unity TiO2/Fe.O3
ratio supports a substantial Fe-Ti-bearing component. If all ZrO: is provisionally assigned to
stoichiometric zircon, the sample contains approximately 44.7 wt% zircon-equivalent. If all TiO: is

assigned to ideal ilmenite, the result is approximately 27.4 wt% ilmenite-equivalent. These are
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stoichiometric equivalents only and should not be reported as measured mineral percentages until

mineral phases are confirmed by XRD, SEM-EDS or quantitative mineral separation.

5 DISCUSSION

Magnetic basis for the Ti-Fe accumulation interpretation

The airborne data separate two magnetic scales that are important for placer exploration. The broad
TMI and regional domains extend far beyond the modern beach and are therefore unlikely to be
caused by thin surficial black-sand horizons alone. By contrast, the RTE and FVD products retain
or enhance shorter-wavelength variability along the coastal corridor. Because magnetite and Fe-
bearing titanium oxides are capable of contributing substantially to magnetic susceptibility, this
coastal magnetic heterogeneity provides a physically plausible proxy for changes in the abundance
of the magnetic heavy-mineral fraction.

The structural-complexity map and integrated structural map provide the key spatial synthesis. Their
high-complexity zones and polygonal anomalies are concentrated where magnetic gradients and
lineaments are dense, including sectors around Akassa and Brass and the eastern coastal corridor.
In a placer setting, these features are better described as Ti-Fe accumulation/prospectivity zones
than as hydrothermal alteration zones. The maps do not prove mineral identity; rather, they delineate
zones in which the magnetic architecture is consistent with enhanced concentration or redistribution
of Fe-bearing heavy minerals. This is the principal exploration interpretation advanced by the

present study.

Geochemical corroboration of the magnetic target

The Location 1 geochemistry independently corroborates the Ti-Fe component of the magnetic
interpretation. The assay contains 14.790 wt% Fe20s and 14.412 wt% TiO2, giving a Ti02/Fe20s
ratio of 0.97. These concentrations show that the field-confirmed black sand contains a substantial

Fe-Ti chemical component, consistent with the magnetic target concept. The result is particularly
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relevant because the sampling locations fall within or adjacent to the coastal structural-complexity
and polygonal target zones.

The term "confirmation" must nevertheless be used at the correct scale. The assay confirms Fe-Ti
enrichment in the analysed Location 1 material and therefore supports the interpretation of the
mapped coastal target system. It does not demonstrate that every structural-complexity high or
polygon has the same composition or grade. Only one of the three field locations currently has a

reported multi-element assay, so spatial continuity remains to be established.

Zr enrichment and magnetic-geochemical complementarity

The 30.031 wt% ZrO- concentration is a major finding but should be interpreted independently from
the magnetic response. Zircon is comparatively non-magnetic, so a magnetic anomaly cannot be
treated as a direct zircon anomaly. Instead, the Zr enrichment is consistent with hydraulic co-
concentration of zircon with denser magnetic minerals such as magnetite and Fe-Ti oxides. The
magnetic survey therefore provides a regional proxy for the magnetic fraction of the placer
assemblage, while geochemistry demonstrates that the same black-sand system is also strongly
enriched in a zirconium-bearing phase.

The theoretical zircon- and ilmenite-equivalent calculations illustrate the magnitude of the oxide
enrichment but are not quantitative mineralogy. Natural ilmenite may deviate from ideal FeTiOs
composition, Ti can occur in rutile, leucoxene or other phases, and Zr can occur outside ideal zircon.
Recent coastal placer characterization demonstrates the value of combining bulk geochemistry with
XRD and SEM-EDX to resolve mineral hosts and proportions (Hossain et al. 2024). The same

mineralogical confirmation is required here before resource-grade statements can be made.

Coastal controls on heavy-mineral concentration

The geological and field evidence supports a placer origin for the black sands. The coastal plain is

dominated by unconsolidated sediment and dissected by distributary and tidal channels (Figs. 2 and
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3). Wave uprush, backwash, tidal currents and longshore transport repeatedly rework this sediment.
Under suitable hydrodynamic conditions, lower-density quartz-rich grains can be preferentially
removed while denser grains such as zircon, ilmenite and magnetite are retained as lag
concentrations (Van Gosen et al. 2014).

The observed dark fractions occur within and beneath lighter beach sands rather than as an exposed
bedrock body. This field geometry, together with the active coastal setting, favours repeated sorting
and redeposition. The magnetic structural patterns may therefore reflect spatial compartments in
which sediment pathways, boundaries and local hydrodynamic conditions have promoted
differential accumulation of the magnetic heavy-mineral fraction, rather than tectonic structures

alone.

Exploration implications and limitations

The most useful reconnaissance targets are not necessarily the strongest regional magnetic highs.
Priority should instead be given to short-wavelength residual/RTE/FVD anomalies that coincide
with favourable coastal geomorphology and with the structural-complexity or integrated Ti-Fe
target zones. In the present dataset, the Akassa-Brass-eastern coastal corridor satisfies these criteria
and contains the field-confirmed black-sand occurrences.

A practical follow-up programme should acquire high-resolution ground magnetic profiles and
magnetic-susceptibility measurements across the mapped Ti-Fe targets, paired with systematic
shore-parallel and shore-normal sampling. Each of the three field locations should be analysed using
the same geochemical protocol, with replicates and quality-control samples. Grain-size analysis,
heavy-liquid or magnetic separation, XRD and SEM-EDS should then determine mineral species
and proportions.

Two limitations are fundamental. First, the 500 m airborne flight-line spacing and approximately 80

m terrain clearance are coarse relative to the likely thickness and lateral variability of individual
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beach-sand lenses; the acromagnetic products should therefore be used for reconnaissance targeting
rather than direct ore-body delineation. Second, only one reported multi-element assay is available,
preventing extrapolation of the Location 1 Fe-Ti-Zr composition across all mapped target zones.
Future work should also archive the detailed lineament-extraction and structural-complexity

parameters to maximize reproducibility of the target-mapping workflow.

6 CONCLUSIONS

This study establishes a coherent magnetic-geochemical interpretation for the Bayelsa coastal black
sands. Short-wavelength magnetic variability, magnetic lineaments and structural-complexity highs
define a prospective coastal belt from Akassa through Brass to the eastern study area. The structural-
complexity and integrated structural-anomaly maps are interpreted as reconnaissance Ti-Fe
accumulation/prospectivity maps for the coastal placer system, rather than as maps of hydrothermal
alteration.

The Location 1 assay provides independent geochemical support for this interpretation, with 14.790
wt% Fe20s and 14.412 wt% TiO: and a TiO2/Fe20s ratio of 0.97. The same sample contains 30.031
wt% ZrO., demonstrating substantial co-enrichment of a zirconium-bearing phase. The magnetic
and geochemical datasets are therefore complementary: the magnetic response primarily targets Fe-
bearing heavy minerals, whereas geochemistry demonstrates both Fe-Ti enrichment and the
associated Zr-rich component.

The results support the presence of a Fe-Ti-Zr-bearing coastal placer system and provide a practical
targeting framework for follow-up exploration. However, the current evidence is reconnaissance-
scale. Ground magnetic surveying, magnetic-susceptibility measurements, systematic multi-site
geochemistry, grain-size analysis, and XRD/SEM-EDS are required before continuity, thickness,

mineral proportions or economic grade can be established.
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AAS, atomic absorption spectrometry;

FVD, first vertical derivative;

RTE, reduction to the equator;

SEM-EDS, scanning electron microscopy-energy-dispersive X-ray spectroscopys;
TMI, total magnetic intensity;

XRD, X-ray diffraction.
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