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Abstract

Dikko area, Niger State, North Central Nigeria falls within the Pan-African
thermo-tectonic event which occurred in Nigeria as in other parts of West
Africa with widespread effect on the mineralization of rejuvenated basement
and geosynclinal trough deposits. The Pan-African Belt in Nigeria forms part
of the Benin-Nigeria (Dahomeyan) shield which is regarded as the southern
prolongation of the circumcratonic Pan-African belt of the West African
Craton. Structurally controlled, gold-bearing quartz veins were measured and
studied in the area from an extensive geological ground investigation. Field
and petrographical studies indicate that the Neoproterozoic rocks constitute
gneisses, amphibolite schist, amphibolites and migmatites. The amphibolites
are intruded by pegmatites. The associated quartz veins are generally concor-
dant with the main N-S regional structural trend. The lithological and struc-
tural studies carried out in these areas have demonstrated the relationship
between structures and mineralization and/or lithology. The main characte-
ristics of the gold mineralization in the area appear to indicate hydrothermal
mineralization in connection with shear zones. This study allows us to predict
that quartz veins in the amphibolite can be mined at a profit and a detailed
geochemical and resource valuation needs to be carried out for the Au and
associated Galena and Ag mineralization to fully exploit their economic po-
tential.
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1. Introduction

The use of gold as an ornament and as money makes it a precious metal with the
attendant rush for its exploration and exploitation worldwide. Considering the
uncertainties also in the international market for Nigeria’s major source of rev-
enue (oil), there is that urgent necessity, therefore, to diversify the economy into
other non-oil sectors which have been proven promising by many countries
around the world. One of such sectors is the mineral resources, and of the many
mineral potentials Nigeria has is Gold (Au) which is considered the most sen-
suous metal, no precious metal is as legendary and beautiful as gold. Its rarity,
beauty, and enigma have provided it with status as a valuable commodity through-
out the history of humanity. Nevertheless, not much is known about the poten-
tials of Nigeria’s Gold belts, the Dikko area is one that has not received any at-
tention.

The paucity of information regarding the emplacement of the Gold-bearing
quartz veins is there and there is a general lack of geological data and inconsis-
tencies for the host lithologies. The relationship between the different geological
structures which may together control gold and gold-related mineralization/al-
teration zones is also lacking. There is also the issue concerning many parts of
the schist belts where little geological information is available. One of such areas
is the schist belt exposures around Dikko area, border between Suleja Local gov-
ernment from Northwestern Niger and areas around Kwakuti and Gedan, Sou-
theastern border to Gurara Local Government of Niger State; this area geologi-
cally forms part of the Zungeru—Birnin Gwari Schist belt.

Turbidite-hosted mesothermal (orogenic) gold-bearing quartz veins have tra-
ditionally been assumed to have negligible wall rock alteration zones, but recent
research has shown that these deposits typically have hydrothermal alteration
haloes (e.g., Bierlein et al., 2000). Recognition of these alteration zones is impor-
tant, as this increases the size of the target mineralized zone during mineral ex-
ploration (Osman & Dardir, 1990; Bierlein et al., 2000). Thus, the volume of po-
tential ore may be greater when alteration zones can be identified (Craw et al.,
1999). This has led to the development of the concept of large tonnage,
low-grade mesothermal gold deposits that include mineralized host rock as well
as the narrow-mineralized quartz veins that have traditionally been the focus of
mining (Mitchell et al., 2006). Osman (1995) used infrared absorption spectra
and neutron activation analysis for the identification of similar alteration zones
around gold-bearing quartz veins in the Eastern Desert of Egypt. Ramadan et al.
(2001) used Landsat TM and SIR-C/X SAR imagery in mapping gold-bearing
massive sulphide deposits in the Neoproterozoic Allaqi Suture, in southeastern
Egypt. Other researchers (e.g., Kaufmann, 1988; Ramadan et al., 2001; Ramadan
& Kontny, 2004) used different remote sensing data to distinguish the minera-
lized alteration zones from the surrounding country rocks. Spectral variations
associated with altered rocks caused by hydrothermal fluids are detected on

Landsat TM images. Several authors studied the gold mineralization and the
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host rocks in Nigeria, e.g., Woakes and Bafor (1984) and Garba (2000, 2002,
2003). Garba (2003) suggested that the gold mineralization is present in alluvial
and eluvial placers and primary veins from several parts of supracrustal (schist)
belts in the northwest and southwest of Nigeria. He added that the most impor-
tant occurrences are found in the Maru, Anka, Malele, Tsohon Birnin Gwari-
Kwaga, Gurmmana, Bin Yauri, Okolom-Dogondaji and Iperindo areas (Figure
1)

The schist belts (Figure 1) are low to medium grade deformed super crustal
assemblages and have been intruded by Pan-African-syn to-late tectonic intru-
sions of granitoids (Abubakar, 2012).

The Pan-African terrane of northwestern Nigeria is part of the vast Late Pro-
terozoic-Early Phanerozoic terrane separating the West African and Congo cra-
tons. It consists of an older crust in which Archean (ca. 2700 Ma) and Early
Proterozoic (ca. 2000 Ma) ages have been recorded (Grant et al., 1972), but were
generally reactivated by the Pan-African event (Turner, 1983; Wright et al.,
1985). The Pan-African event (600 + 150 Ma) caused regional metamorphism,
imposed a generally N-S foliation and brought about the emplacement of grani-
toids in the region (Turner, 1983). Wright et al. (1985) mentioned that a colli-
sion-type orogeny has been suggested by involving the Pan-African region and
the West African craton, where a subduction zone dipped eastward beneath the
Pan-African region. Deformation and metamorphism followed the continental
collision around 660 Ma ago with consequent crustal thickening in the Nigerian

region.
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Figure 1. Schist Belt Localities within the context of the Geology of Nigeria, the yellow
box insert; is the location of the study area (modified after Ajibade et al, 1987).
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2. Geology of the Study Area

The proposed study area falls between latitude 9°13'00"N to 9°22'00"N and lon-
gitude 7°00'00"E to 7°11'15"E which span an area of about 110 km? geographi-
cally located along the border of Suleja Local Government Area of Niger State
(Figure 2) Northcentral Nigeria. The study area geologically forms part of the
Zungeru—Minna—Birnin Gwari Schist belt (Figure 1) which is one of the ele-
ven Precambrian to early Paleozoic schist belts in Nigeria as documented by
Turner (1983).

The general geology of Nigeria was given by several authors, e.g., Turner (1983),
Wright et al. (1985), Ajibade and Wright (1989) and Garba (2003). Wright et al.
(1985) gave a more general review and relating the evolution of Nigeria to other
parts of West Africa.

The study area extents from the north-central to northwest Nigeria and it is
mostly subdivided into three lithostratigraphic units: viz., the gneiss—migmatite
complex, the supracrustal schist belts and the Pan African granitoids. The gneiss-
migmatite complex yielding Archean and Early-Proterozoic isotopic ages pos-
sesses generally an amphibolite facies grade of metamorphism (Fitches et al.,
1985). They show complex structural styles and are extensively invaded by gra-
nitoid plutons of Pan-African magmatism. The schist belts of Late-Proterozoic
age were deposited and metamorphosed together with the basement gneiss-mig-
matite complex during the Pan-African event. These belts contain assemblages
of mafic igneous rocks, pelitic sediments and banded iron formation (BIF) and
show complex structural styles. The belts trend N-S and NNE-SSW and were
deformed and metamorphosed generally in the greenschist facies grade. The gra-
nitoids are mainly syn- to late-tectonic Pan-African intrusions of granites, gra-
nodiorites and diorites with some gabbros and syenites. They range in size from
small sub-circular, crosscutting stocks to large elongate concordant batholithic
bodies emplaced into both the gneiss-migmatites and supracrustal rocks during
or just after the main phase of Pan-African deformation (Wright et al., 1985).

The area is characterized by some rock exposures, with elevations ranging
between 420m to about 630m above sea level. The rocks of the area include am-
phibolite schist, amphibolites, gneisses, migmatites and pegmatites.

The area has a few networks of streams that appear to be ephemeral, which
passes in between the hills and drains southwards into a river southward of Kwa-
chife. The area is connected by several untarred roads and foot paths; it has no

problem of accessibility.

3. Methodology

The method adopted in this work involved systematic surface mapping of out-
crops, field observations, mapping and recording of structural features and col-
lection of representative samples. Rock heterogeneity, quartz veining and gold
mineralization guided the sampling. A total of 56 rocks samples with representa-

tive quartz veins samples were collected for this work.
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Figure 2. (A) Political map of Nigeria (Modified from Google Search), insert is the location of
the study area; (B) The Google Earth extract of the exact location of the study area.

Macroscopic and microscopic (thin sections) examination of rock samples em-
ploying hand specimen examination and petrographic microscopic studies was
conducted. Fractures within rocks and quartz minerals were observed carefully
for gold occurrences. Veins and fractures within quartz veins were also looked
at.

Structural features such as veins hosting quartz and other minerals were stu-

died and their trends, sizes and orientations recorded.

4. Results and Discussion
4.1. Mineralization
Gold mineralization in the study area occurs in a variety of quartz veins and is

generally related to the supracrustal schist belts (Figure 1). Some authors, e.g.,

(Amuda et al., 2013, Usman & Ibrahim, 2017) also worked on such gold minera-
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lization that is restricted to quartz veins. Several locations of gold mineralization
were detected in and around the Dikko area (Figure 2). The new gold occur-
rences associated with quartz veins were detected from geological studies (Figure
3) and conform to the general trend direction of N-S. This gold mineralization
occurs along shear zones and parallel to the shear zones. These shear zones trend
majorly in a N-S direction with few trending in a NE-SW direction and plunging
NE.

4.2. Petrography

Hand specimen samples of rocks are presented here for the macroscopic identi-
fication (Plates 1-3).

Microscopic studies indicate that the amphibolite is composed of predomi-
nantly, the minerals hornblende and plagioclase feldspar, with minor amounts
biotite and opaque minerals. It has very little amount of quartz with a weakly fo-
liated or schistose (flaky) structure. The amphibolite schist is an amphibole sch-
ist metamorphic rock composed of opaque minerals, glaucophane, hornblende
and minor actinolite and very little quartz. The gneiss has quartz and plagioclase
which forms the light-colored bands of the rock, with mafic minerals including
biotite, pyroxene and hornblende. Migmatite minerals in microscopic examina-
tion reveal quartz, plagioclase, amphibole and biotite. The pegmatite constitutes
essentially quartz and the alkali feldspar with accessory muscovite, biotite and

opaque minerals.
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Figure 3. A simplified geological map of the study area (Dikko and Environs).
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(a) (b)

Plate 1. (a) Field sample of a quartz vein and (b) hand specimen sample of
a quartz mineral.

(a)

(b)

(d)

Plate 2. Hand Specimen samples of (a) Amphibolite, (b) Am-
phibolite Schist, (c) Gneiss and (d) Porphyroblastic Gneiss.
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(d)

Plate 3. Field Samples of migmatite (a), (b) and (d), while
(c) is an Amphibolite.

4.3. Structures

Many vein structures were measured and observed to be the structural barriers
hosting the gold mineralization in the Dikko area. The amphibolites are the rocks
hosting majority of the mineralization within quartz veins (Plate 4 and Plate 5).
These structurally controlled gold mineralization hosted within quartz is repre-
sented in Plate 6.

The geological and tectonic setting of the Dikko deposits is critical to under-

standing their genesis, structural controls, and potential. As stated by Peters et
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al. (2002), tectonic and sedimentary environments, in relation to the metallo-
genic epochs of such deposits, allow the evaluation of the geological terrains in
which they occur. Adama et al. (2019), discriminate directional trends towards
gold mineralization. The gold mineralization of Dikko area occurs in a N-S

trend direction.

Plate 4. Photomicrographs (a & b) showing fractures or veins within Quartz minerals
under cross polarized light.

~within [\
- quartz L

acture

Plate 5. Photomicrograph (a & b) showing Blebs of Gold within quartz fractures/veins
under cross polarized light.

(a) (b)

Plate 6. Showing veins striking N-S within the study area and hosting quartz minerals.
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From Plates 4-6 above, we conclude that the mineralization in this area
therefore has lithological control. It appears mainly linked to the structures and
therefore has structural control too. Several mineralized zones of the Dikko area
have been controlled by these vein structures with a N-S steering structures. The
interaction of hydrothermal fluids with the metamorphic rock could be one of

the causes or formation of the respective gold mineralization.

5. Conclusion

This paper improves structural and lithological study of gold mineralization in
the Dikko areas and surroundings. The analysis of the results of the work carried
out here, allowed us to have an overview of the geology of these areas, which are
located within the Pan-African Belt in Nigeria being part of the Benin-Nigeria
(Dahomeyan) shield rocks of Proterozoic Formation. The lithological and struc-
tural studies carried out in these areas have demonstrated the relationship be-
tween structures and mineralization and/or lithology. The main characteristics
of the gold mineralization in the area appear to indicate hydrothermal minerali-
zation in connection with shear zones. The process of structural and lithological
study in this work indicates two aspects. Firstly, the interpretation of the work
carried out in the area showed that the mineralization is localized within the
metamorphic amphibolite rock. Secondly, not all the amphibolite rocks of the
area are affected by mineralization. It appears to be mainly linked to the struc-

tures and therefore has structural control.
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